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SUMMARY 

Work on antigens from embryos or fetuses and tumors which cross-react 
immunologically is being continued with the aim of finding out whether 
identical molecules are involved in each cross-reaction and whether Iso
lated antigens can be used for immunization. 

Papain digests of purified plasma membranes from fetuses of syngeneic 
hamsters contain soluble antigens which stimulate the production of surface 
(S) antibody, cytostatic (C) antibody, and antibody against cell surface 
antigen detected by a radioimmunoassay in 4-to-8-week-old hamsters demon
strating conclusively that fetal cell membranes contain phase-specific auto-
antigens. Immunization with soluble antigen gave high circulating antibody 
levels; immunization with irradiated cells gave low levels of antibody and 
high levels of cell-mediated immunity. Problems with the radioimmunoassay 
are under investigation; they may be due to loss of antigen from the cells 
in repeated washings. Soluble antigens from either fetus or tumor give 
modest to strong antitumor challenge immunity in hamsters, however, when 
Immunization and splenectomy are carried out together. 

A 27-nm particle found to be associated with acute infectious non
bacterial gastroenteritis has been isolated and its infectivity demonstrated 
in volunteers. 

A vaccine against parainfluenza type 3 was prepared using the contin-
uous-flow-with-banding method followed by formalin inactivation. Good re
covery of HA was obtained and good immunogenic!ty in hamsters demonstrated. 
Accelerated stability tests are now under way. Parainfluenza 1 virus has 
also been highly purified for biophysical studies and subunlt isolation. 

A rapid method for the isolation of the respiratory syncytial virus 
using a two-step procedure (continuous-flow-with-banding followed by a sec
ond banding in a shallower gradient) was developed. The possibility of 
removing the glycoprotein "spikes" of the virus using bromelain is under 
Investigation. A protein kina r, has been found associated with the RS band 
and may serve as a useful virus marker. 

Five antigenic determinants have been described for human hepatitis B 
antigen yielding particles designated as adu, ayw, adr, or ayr. Purifica
tion of adu and ayw was described previously, while isolation of adr and 
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ayr is described in this report. Both soluble and particulate antigens 
were found with the ayr sample. HA polypeptides have been separated, iso
lated, and used to produce specific antisera. A solid-phase radioimmuno
assay for the core antigen of the Dane particle is under development. A 
heavy subpopulation of Dane particles has been isolated for infectivity 
studies. 

Work in clinical laboratory sciences is continuing and includes col
laborative evaluation of analytical systems with clinical laboratories 
outside ORNL. A miniature Mark II carbohydrate analyzer was installed at 
the University of Texas Medical School in Houston, and three on-line com
puter systems are being fabricated. A coupled-column technique for short
ening elution time is being examined. Beth columns are packed with the 
same resin and are uncoupled 6-8 hr after the start of the elution, after 
which elution continues separately on the two columns. The advantage is 
that the very acidic, strongly bound compounds are then rapidly eluted 
from the short top column and do not have to traverse a long column. A 
uv analyzer has been modified to achieve high-resolution separation of 
the normally occurring nucleosides and bases in body fluids and then to 
allow the tightly bound other urinary compounds to be rapidly stripped 
from the column. The coupled-column method facilitates this. The cycle 
time is as little as 12 hr. 

The use of cerate oxidimetry involving the conversion of Ce(IV) to 
fluorescent Ce(III) to detect oxidizable organic compounds in column ef
fluents continues to be explored. A miniature fluorometer has been com
pleted which permits multipl detection systems to be applied to column 
effluents, thus allowing uv absorbance, fluorescamine detection of amines 
including polyamines excreted in increased amounts in cancer, and cerium 
oxidimetry of aromatic acids. With the latter method the sensitivity is 
M).l ug for many aromatic acids, and the fluorescence response may be 
greater than the uv response by factors up to 50. Gradient heating of 
the ion exchange columns used has been shown theoretically and experi
mentally to improve resolution. Seventeen new uv-absorbing compounds have 
been identified during this period, bringing the total number identified 
to 119 (131 total if carbohydrates are included) . In patients with 
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Parkinson's Disease on L-Dopa therapy, three new compounds including 
dopamine sulfate have been round. The systematic examination of fragmen
tation patterns of urinary compounds is continuing and provides reference 
data valuable for the identification of new unknowns. The excretion of 
pseudouridine, 1-methylinosine, and N2-dimethylguanosine has been studied 
in normal and cancer patients. Pseudouridine excretion is elevated in 
most cancer patients relative to controls, while the excretion of the 
other two nucleotides varies from normal to high. The relation of prod
ucts of phenylalanine and tyrosine metabolism to certain neurogenic sei
zures in children is under investigation. 

For the miniature fast analyzer a new control circuit has been de
veloped which keeps the signal from cuvet 1 constant as the wavelength is 
shifted. The temperature control is now ±0.003 at zero absorbance. An 
automatic sample-reagent loader for the miniature plastic disks has been 
completed with a precision of ±3.5% at 1 ul to 0.25% at 20 ul. Carry
over between samples is approximately 1%. The mechanical data processor 
has been modified so that each enzyme assay may be done at an optircvm 
absorbance span and maximum. An improved fluorescence fast analyzer ex
tends the useful range down to 10 ng fluorescein/ml. A new compact com-
puter system using a PDP-8/E with a tape unit for program and data stor
age has been completed. A number of new computer programs have been com
pleted, including one for isozyme stripping to identify kinetically iso
zymes in mixtures. Procedures for serum calcium, bilirubin, and triglyc
erides hav«> been developed for fast analyzers. A subminiature fast ana
lyzer for both fluorescence and absorbance measurements has been completed 
which is self-contained and battery driven. 

The development of improved methods for obtaining and processing 
scanning data for human tumor localization has led to the development of 
models for evaluating computerized smoothing. To date, 15C patient scan 
images have been accumulated and processed. A new high-sensitivity 
scanner with tomographic output is being developed to provide a step in
crease in absolute sensitivity of gamma-ray imaging. To secure this high 
efficiency, it is necessary to accept an increased solid angle of gamma-
ray emission, to process the data with a small computer, and to present 
the data as a tomographic image. Design and new fabrication methods for 
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the collimators have been completed. Using interleaving derandomizers, 
count rates up to 300,000/min from each of two channels with no appreci
able count rate loss have been recorded using a small magnetic tape cas-

O AC 

sette. New potentially useful radionuclides such as i U t tBi are being 
investigated. 

Immunoabsorptive techniques are being developed and automated to 
allow small amounts of either antigen or antibody to be used to isolate 
large amounts of the paratactic counterpart. Systems for the isolation 
of human alpha-fetoprotein and human placental antigens which recur in 
cancer have been completed, in addition these systems (Cyclums) allow 
the isolation of specific IgG from antisera. Using a technique termed 
the "antiserum-minus-one" method, single pure proteins may be prepared. 
Porous glass beads have been investigated as an alternative to Sepharose. 

Methods for enzyme assay in single cells have been devised and shown 
to be applicable to the problem of detecting inborn errors of metabolism 
using cells aspirated with amniotic fluid. This technique eliminates 
the long delay associated with methods requiring tissue culture. 

Theoretical studies on a new design for a centrifugal blood cell 
separator have been completed and methods for monitoring the separation 
during operation developed. 

Quantitative cytofluorometry using a modified Cytofluorograf has 
been explored and a computer interface, PDP-8 software, and data-handling 
techniques developed. These have been applied to the problem of quanti-
tating the amount of tumor-fetus cross-reacting antigen on fetal and tu
mor cells. 
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I. CANCER 

Staff: K. R. Ambrose, N. G. Anderson, E. L. Candler, P. C. F. Castell ni, 
J. E. Caton, J. H. Coggin, Jr., P. J. Dierlam, J. W. Eveleigh, 
W. H. Hannon, G. M. Henderson, D. W. Holladay, E. G. Rogan, and 
M. P. Schafer 

Support Staff: B. B. Bellomy, J. M. Connor, G. W. Fortner, A. Inouye, J. 
Maddox, J. P. Oakes, W. A. Rutala, W. P. Smales, C. S. Whitley, 
and S. E. Winslow 

I. A. INTRODUCTION -

The cancer study at the Molecular Anatomy (NAN) Program originated 
some 10 years ago as a joint AEC-NIH (NCI) interagency agreement to support 
the development of technology and analytical systems for isolating and pu
rifying human viruses. This early venture led to the development of the 
zonal centrifuge, the early discovery of Australia antigen, the advent of 
purified, human viral vaccines, and more recently the development of the 
automated clinical fast analyzer. A transition in the orientation of the 
program was encouraged some four years ago, and a new emphasis on tumor 
biology and tumor immunology was instituted. Cancer biologists were added 
to the staff to support an expanded immunology program. The forte of the 
newly reorganized group was to be the integration of biophysical separa
tions expertise with tumor biology and molecular biology. 

Many tumors possess antigens which cross-react with those present in 
the embryo or fetus. Our work exploits this fact by characterizing the 
immune responses of the host to a developing tumor and by preparing the 
reagents (antigens and antibodies) required for determining the cancer 
status of tumor-bearing animals. Wc measure circulating â *:igen and anti
body levels and the antitumor activity of circulating lymphocytes during 
tumor development (using oncogenic viruses) and after surgical, radiation, 
Immunological, or chemotherapeutlc intervention. 
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I .B. OBJECTIVES 

I . B . I . Long-Term 

Simply stated, the long-range objectives of the cancer study at the 
MAN Program are twofold: to characterize the iauune responses of the host 
to a developing turner and to isolate and prepare useful reagents (antigens 
and antibodies) for determining the presence of tumor and the cancer sta
tus of tumor-bearing animals. The long-term goals of our investigations 
of the character and interplay of the different immunologic responses to 
tumor antigens have been and continue to be to develop systems to monitor 
the cancer-bearing animal and determine the status of his reaction pattern 
which might occur concurrent with surgical, radiation, immunological, or 
chemotherapeutic intervention. Doubtless these monitoring studies will 
require not only suitably pure immunological reagents but sensitive, quan
titative, short-term assays which can be adapted to automated clinical 
analysis. Successful development of tests, biological reagents, and the 
knowledge to use them meaningfully are our long-range goals. 

I.B.2. Immediate 

Our immediate objectives are as follows: 

1. To isolate and identify immunologically embryonic anti
gens on hamster and mouse tumor cells. Specific atten
tion will be given to determining the tumor specificity 
of the fetal antigenicity in promoting humoral and 

cellular immune reactions. 

2. To characterize the pattern of female responsiveness to 
syngeneic fetal antigen administered parenterally. 

3. To determine the role of soluble fetal and other tumor 
antigens in interfering with or blocking cellular immu
nity. 
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4. To attempt to prevent spontaneous nouse cancers by immu-
nization with fetal cells and purified fetal and tumor 
extracts. 

5. To characterize fetal antigens to a limited extent bio
chemically and biophysically and to characterize fetal 
antigen phasing. 

6. To further investigate the role of in utero sensitiza
tion to fetal antigens and to discover the mechanism for 
fetal homograft survival. 
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I.C. SPECIFIC PROGRESS 

I.C.I. Isolation of Fetal and "Tamor-Speclf1c" Hembrane Antitens 

We are most pleased with our progress in isolating cell-free, soluble 
antigens fro* haaster fetal cells and froa SV40 and adenovirus-induced ham
ster tuaors. Confirmed work has brought us to the point in our studies 
where we can now obtain, reliably, large amounts of veil-characterized 
soluble components from fetus and tumor for physical and biochemical anal
ysis and for additional :.n vivo and in vitro biological exaaination. 

In summary our results to date (data submitted to International Jour
nal of Cancer) support the following contentions: 

1. Papain digests (soluble antigens) of purified plasma mem
branes from fetuses of syngeneic hamsters stimulate the 
production of surface (S) antibody, cytostatic (c) anti
body, and IAT antibody (antibody against cell surface 
antigen detected by the radioimmune assay) when injected 
intraperitcneally into 4-to-8-week-old male hamsters 
(see Table I.C.I). 

2. Whole, washed, irradiated cells (5-8 x 10G cells/dose) 
given on four occasions at weekly intervals induce humoral 

responses and strong protection against tumor challenge 
(80-100%) using homologous tumor cells or fetus. The ex
ception, repeatedly obtained, is the failure of the radio-
immune assay to detect significant levels of antibody (A/R 
> 2.0) in comparison with the other assays used. A/R ra
tios obtained with serum from hamsters primed with as many 
as four injections of whole SV40 or adenovirus tumor cells 
fail to give significant values; this in spite of the fact 
that one or two injections of soluble material from the 
same cells will confer A/R ratios >17-20 routinely. Ab
sorption studies show that the antibody induced by soluble 
antigen has some specificity for SV40 or adenovirus tumors. 
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Table I .C.I . Summary of Humoral and Cellular Responses 

Induced in Male Haasters laaunised v l th Four Injections 

(ip) of Fapaln-Soluble Digests or Whole Tuaor Cells froa 

SV40, Adenovirus Tumor, or Noraal Haaster Fetus a 

•a 

& J* S o * >» 
«t» "O . 0 M t* > *» 
O O f* O M i*i* 

S i H 8 S i 

Source of Soluble Extract 

Adult kidney -
Ten-day fetus + • + - -

SV40 tuaor cells • + + - -

Adenovirus 31 tuaor + + + - -
cells 

Whole Cells (5000 R 
X Ray) 

Ten-day fetus + + - + + 

SV40 tuaor cells + + - + + 

Adenovirus 31 tuaor + + - + + 
cells 

Adult kidney -

values given are typical. 

Percent cytostasls: +• » 20-602; - « <20Z; homologous target cells, 

"fluorescence index: • • >0.5; - - <0.5; homologous target cells. 

IAT: + - A/R >2.0; - - A/R <2.0; homologous target cells. 

^Protection against challenge vlth 1 x 10** homologous live tuaor cells, 

''Protection against challenge vlth 1 x 101* live ttnror cells (effector 
cell:tuaor cell ratio, 200:1). 
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These studies continue in progress using fetus for 
absorptira of the antibody. Animals receiving four injec
tions of whole irradiated tutor cells and having no demon
strable "1AT" antibody by the radlol—line assay are abso
lutely immune to cell challenge. We vill nevertheless 
try serum froa animals vith up to 18 laaunizations in
cluding several live cell challenges tc produce useful 
sera for specificity studies. Limited work will be per
formed in the mouse system for comparison and correlation 
with Dr. C. C. Ting's observations. 

3. Using undiluted sera or low dilutions (1:8) we can detect 
some minor specificity with anti-SV40 vs anti-adenovirus 
sera with the IAT test, although the counts do not exceed 
background by a factor of 2. Haa&ter and mouse sera used 
undiluted are frequently cytotoxic, whether froa normal 
or immunized animals, limiting the use of undiluted sera. 
He have used a number of SV40 target cells (mouse and 
hamster) in our work. To date none have reacted in the 
IAT test with sera against whole cells, whereas all react 
specifically with sera against soluble antigen. 

4. Absorption studies for C antibody, S antibody, ar.«* IAT 
are going slowly. Sera raised in syngeneic har«ster 
donors against SV40, adenovirus, fetus, or adult tis
sues have been absorbed under a variety of conditions 
to establish specificity of the antibodies present. 
In addition to low or negligible titers obtained with 
whole cell immunogens in the IAT mentioned above, we 
have often encountered increases in cytostasis (cytotox
icity) or 1 2 5 I counts or surface membrane fluorescence 
following absorption of the test sera used in these anti
body assays. Several variations have been tried in ab
sorption and postabsorption techniques with limited 
success. We expect that resolution of this problem 
will come as our expertise with each test increases. 
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This work continues in progress; we recognize its impor
tance, and we want to establish tuat surface-reactive 
antibody absorption studies are featibie in other systea* 
and are not unique for the mouse systea. 

S. Our aost exciting observation, recently reported, is 
that soluble antigens froa fetus and tuaor induce aodest 
to strong timor immmity in haasters whan iaaunization 
is tiaed with splenectoay (Table I.C.2). This work now 
stands confirmed, lie are currently evaluating huaoral 
responses in similar aniaala. 

6. He are continuing our studies to isolate antibody (IgH 
and IgG) froa SV40- or adenovirus-tuaor-iaauae or froa 
pregnant donors which will reproducibly induce cyto-
stasis to tuaor target cells in vivo and in vitro. This 
work should be coapleted within 3 months, and results 
will be presented at the next Fetal Antigen Conference. 
Our purpose is to establish absolutely whether the cyto
static factor is or is not an iaaunoglobulin. 

He feel that establishing the "specificity" of the antifetal cross-
reactivity with tuaor cells is vital. First, we must be certain that anti-
fetal antibody and effector cells from pregnant or fetal-primed animals 
are nonreactive with noncancerous cells. In large part this work has been 
done, but some details require cleaning up. He know that hamster fetal 
cells of 10 but not 11-14 days of gestation absorb antifetal antibody pre
pared in hamsters by direct immunization vith fetus or obtained froa aulti-
parous donors. These antibodies do bind to a variety of tuaor cells. He 
know that "fetal" sensitized or pregnant LNCs do not destroy normal adult 

Coggin, J. H., Jr., K. R. Ambrose, and N. G. Anderson. "Phase Specific 
Surface Autoantigens on Membranes of Fetus and Tumors." Advances in 
Experimental Biology and Medicine, Vol. 29. (B. D. Jankovic and K. 
Isakovic, eds.). New York: Plenum, 1973, pp. 483-90. 
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Table I.C.2. Effects of Splenectomy on Induction of 
Tumor leslsteace la Male Haasters Seal eying Soluble 

Papain Digests froa Fetus end Tuaor Cells 

adult kidney 

Fetus (10 day) 

SV40 tuaor 

T . . . . Percent Protection Against SV4C Tuaor Challenge" 
Soluble Extract tforael Splenectoay Splenectomy 

Prelemunlzatljn Postiaaunization 

0 0 0 

0 0 0 

0 10 70 

0 80 30 

"challenged with 5 x 101* SV40 iiaaster tuaor cells; aale animals 
Immunized with 4 ag of soluble antigen(s) each week, if, for four 
consecutive weeks and challenged two weeks after last immunization. 



9 

cells or "contact-inhibited" target cells (3T3 or BHK-21, e.g.) in vitro. 
These effector cells are very cytotoxic to a variety of tuaor cells. We 
aust establish whether highly proliferative, normal, dividing cells are 
sensitive. Initial studies in our lab and elsewhere indicate that prolif
erating or blastogenic tissues are not sensitive or reactive with our anti-
fetal antibodies. 

Ke are atteapting to deacnstrate that 10-day fetal cells exhibiting 
fetal antigens are sensitive to fetal-sensitized effector lyaphocytes xn 
the eabryoaa-spleen colony systea in haasters and guinea pigs. This would 
confirm the findings reported for the mouse by Dr. M. G. Hanna, Jr., who 
is working collaboratively with us in this venture. In earlier work fetaJ-
primed haasters did not reject eabryoaas. 

Equally important are unfinished studies to show that fetal antigens 
on tuaor cells are capable of inducing cellular immunity and humoral re
sponses cross-reactive with 10-day haaster or mouse fetal cells. -This line 
of study is very important for determining the immunogenicity of tumor-borne 
fetal antigens. We also wish to know whether antibody to fetal antigen on 
one type of tuaor, SV40, cross-reacts with fetal antigens on a different 
tumor, adenovirus 31 or polyoma tumor. 

We are continuing our efforts to define the specific type of fetal 
cell(s) expressing fetal antigens immunogenic in the DMA oncovirus and 
RNA oncovirus model systems. 

I.C.2. Female Responses to Petal and TSTA Immunization 

We have been particularly intrigued by our observation, which now 
stands confirmed by at least three other labs, that female hamsters and 
mice do not demonstrate cell-mediated umune responses against tuaor or 
fetus either in vitro or in vivo following extensive efforts to immunize 
them with syngeneic fetus. Female recipients of these parenteral fetal 
immunizations do develop strong humoral (IgG) responses. The dilemma 
here is posed by the observation that female hamsters experiencing one or 
more natural pregnancies have highly cytotoxic effector cells (LNCs and 
PECs), both in vicro and in vivo, for tumor cells. Thus, cell-mediated 
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immunity can be activated in utero by matemo-fetal exposure, but we cannot 
duplicate a similar response by artificial presentation of fetus to normal 
females through direct immunization. Antifetal antibody in the mouse and 
hamster appears in the latter stages of pregnancy and is in higher "titer" 
with increasing numbers of pregnancies. These data have been published in 
the past year, and more details are in press now. How can we achieve tumor 
immunity in female hamsters in two ways involving augmented hosts? First, 
if 5-to-6-week-old females (virgins) are immunized with three weekly injec
tions of irradiated 10-day fetal cells and 7-10 days later are subjected to 
splenectomy, 70% protection is seen against a subsequent TPDJQQ challenge 
with SV40 tumor cells. Sham-splenectomy or nonvaccinated controls all de
velop tumors. Immunized, splenectomized animals have no detectable block
ing factor (microcytotoxicity test) and have cytotoxic effector cells. 

Another method is to immunize virgin females with soluble extracts 
from 10-day fetal cells and employ a splenectomy at a selected time. These 
females show modest resistance to tumor challenge. We do not know if sol
uble extract from term fetus is similarly immunogenic, but extracts from 
adult tissues do not confer protection. We will test 14-day fetal cells 
in repeat, confirming experiments. 

We are new characterizing the "blocking" potential of sera from fe
males primed with fetus before and after splenectomy using several assay 
methods. We have very interesting data on blocking factors stimulated in 
pregnancy which cross-abrogate tumor-sensitized cytotoxic effector cells 
against tumor target cells. These data have been published in preliminary 
form and will be presented in detail later. 

The primary focus of present work is to confirm and extend the above 
findings and to describe the basis for the observed differences between 
the female and the male rodent primed against syngeneic fetal vaccines. 

I.C.3. Soluble Fetal and Tumor-Associated Antigens 
in Blocking Reactions In Vitro and In Vivo 

We have proposed that fetal antigens present on tumors may play an 
important role in the failure of cytotoxic effector cells to destroy tumor 
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cells in vivo. Several different kinds of data lend some support to this 
treatise. 

1. Fetal antigens are readily released from fetal membranes 
without extreme solubilization efforts (without enzymatic 
digestion). These antigens have been partially charac
terized by gel electrophoresis. 

2. Antigenic constituents with similar physical properties 
have been isolated from SV40 and adenovirus 7 tumor cells 
or from culture fluid where these cells have been grown. 

3. These constituents will desensitize cytotoxic LNCs from 
SV40 effector cells so that they are unable to destroy 
SV40 target cells in the microcytotoxicity test. We 
obviously have much to do with these soluble antigens 
to determine their role in abrogation of tumor-specific 
kill by cytotoxic effector cells. 

4. Free antibody to tumor surface neoantigens can, in part, 
be neutralized by absorption with soluble fetal antigens. 

With these supporting data we are attempting to determine whether, in
deed, tumor-associated fetal antigens coat tumor-sensitized lymphocytes in 
vivo in hamsters and mice with progressive sarcomata and desensitize their 
cytotoxicity. We feel strongly that some tumor-derived constituent does, 
and the supporting data are accumulating rapidly. Last year we reported 
that lymphocytes (LNCs) from tumor-bearing animals were coated with com
ponents that prevented their protective cytotoxic action in adoptive immu
nity tests in vivo and cytotoxicity in vitro as well. The factor could be 
washed free from the tumor-bearer lymphocytes with buffer rendering the 
effector cells cytotoxic. Normal target cells were not rendered cytotoxic, 
and the washing gave only specific cytotoxicity to tumor-bearer LNCs 
(Table I.C.3). 

Dr. Peter Alexander's associates have recently confirmed our observa
tion in the rat system with MCA-induced tumors and have shown similar find
ings in humans with bladder cancers. The effector cells from these patients 



Table I.C.3. Specific Activation of SV40 Tumor-Bearing Lymph Node 
Cells After Washing 

Experiment LNCs Treatment 
of LNCs 

No. Surviving 
Tumor Cells 
per well , 

(Mean ± S.E.) 

Percent 
Cell 

Reduction 

109B 

1A1 

154 

Normal 
SV40 Tumor 
Normal 
SV40 Tumor 

Normal 
SV40 Tumor 
Normal 
SV40 Tumor 
Normal 
SV40 Tumor 

Bearing 

Bearing 

Bearing 

Bearing 

Bearing 

Normal 
SV40 Tumor Immune 
Ad 7 Tumor Immune 

Wash IX 
Wash IX 
Wash 4X 
Wash AX 

Wash IX 
Wash IX 
Wash 3X 
Wash 3X 
Wash 6X 
Wash 6X 

Wash IX 
Wash IX 
Wash IX 

102 ± 6 
108 ± 6 
104 ± 4 
87 ± 6 

72 ± 5 
75 ± 6 
76 ± 8 
50 ± 7 
80 ± 8 
52 ± 4 

144 ± 8 
100 ± 11 
136 ± 12 

16 

0 

30 

35 

30 
6 

<0.05 

<0.01 

<0.02 

<0.001 



Table I.C.3. (Continued) 

Experiment LNCs1 Treatment 
of LNCs 

No. Surviving 
Tumor Cells 
per Well . 

(Mean ± S.E.) 

Percent 
Cell 

Reduction 

154 Normal 
SV40 Tumor Immune 
Ad 7 Tumor Iumune 

Normal 
SV40 Tumor Bearing 
Ad 7 Tumor Bearing 

Normal 
SV40 Tumor Bearing 
Ad 7 Tumor Bearing 

Wash 6X 
Wash 6X 
Wash 6X 

Wash IX 
Wash IX 
Wash IX 

Wash 6X 
Wash 6X 
Wash 6X 

163 ± 13 
122 ± 9 
157 ± 18 

144 ± 3 
160 ± 17 
176 ± 14 

152 ± 7 
118 ± 11 
141 ± 14 

25 
4 

0 
0 

22 
7 

<0.05 

<0.05 

aLNC, lymph node cell. 

n - 8-16 wells per group. 

'Probability 
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are noncytotoxic for autochthonous target tumor cells in vitro until washed 
in the manner we described for SV40 tumor-bearer LNCs [see Currie, G. A., 
and C. Basham, Brit. J. Cancer 26, 427 (1973)]. 

We are currently seeking to determine whether these "inactivating" 
tumor-derived antigens are "fetal-like" in character and whether their de
sensitizing capacity can be duplicated with fetal-derived soluble compo
nents. Are they present in multiparous serum? 

In other work we are concluding our investigation of the cross-abro

gating potential of multiparous pregnant sera for tumor-specific cytotoxic 
reactions in vitro (employing a new microcytotoxicity assay using 1 2 5I-IUDR 
released from target cells as the indicator system). Effector cells are 
from hamsters and mice immunized to viral (SV40 and polyoma), chemical, or 
spontaneous tumors. Sera tested for blocking are from once- or thrice-
pregnant females or from virgin female donors or fetal-primed donors. Pre
liminary results will be reported at the Third Conference on Embryonic and 
Fetal Antigens in Cancer, to be held Nov. 5-7, 1973; detailed studies are 
the subject of two papers currently being submitted for publication. These 
data do not agree with the initial findings of Dr. Bob Baldwin using preg
nant rat sera and chemically induced rat tumors. We are searching for 
explanations for our divergent findings. 

In other studies we are seeking to determine the capacity of soluble 
fetal or tumor-derived antigens to diminish the titers of various IgGs 
(detected by one of the three tests previously mentioned) present in tumor-
resistant animals in vivo. 

We are collecting the soluble constituents released from washed tumor-
bearer LNCs to determine the immunoglobulin and antigenic nature (Ag:Ab 
complex) of (:he factor (s). 

I.C.4. Prevention of Spontaneous Mouse Cancer 
by Fetal Immunization 

The protocols for this work have been presented in detail in several 
proposals. We do not have funds sufficient to initiate the study. Long-
range support must be fixed, and animal costs for the protocol are quite 
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high due to the great reduction in general animal use and skyrocketing 
costs per animal. We already know that two spontaneous mouse tumors (one 
carcinoma and one sarcoma) were sensitive to direct fetal immunization in 
that they would not "take" (100% protection) in fetal-primed, syngeneic mice 
upon transplant, whereas all control mice (immunized) developed these tumors. 

We wish to do a study wherein we follow the above-mentioned protocols to 
prevent spontaneous cancers from "occurring" in high- and moderate-inci

dence strains. As soon as our funding is worked out for this our studies 
will be initiated (see Dr. Herberman's letter of Nov. 2, 1972, for details 
of what is required). 

I.C.5. Characterization of Fetal Antigens Biophysically 
and Biochemically and Description of Antigen Phasing 

This work can proceed in earnest now that we can isolate soluble anti
gens as described in Sect. I.C.I. The phasing of the fetal antigen for 
SV40 has been described (Table I.C.4; in press), and biochemical data de
scribed in two papers in press (Hannon, W. H., N. G. Anderson, and J. H. 
Coggin, Jr., "The Relationship of Sialic Acid to the Expression of Fetal 
Antigens in the Developing Hamster Fetus," accepted for publication in 
Intern. J. Cancer; Rogan, E. G., M. P. Schafer, N. G. Anderson, and J. H. 
Coggin, Jr., "Cyclic AMP Levels in the Developing Hamster Fetus: A Corre
lation with the Phasing of Fetal Antigens in Membrane Maturation," accepted 
for publication in Differentiation) demonstrate a correlation between sialic 
acid increases and fetal antigen silencing using the SV40 tumor model. We 
now have "concrete" proof using neuraminidase and electron microscopy. At 
the request of the project officer, we have terminated all further studies 
of the mechanism of antigen phasing and dismissed the scientific personnel 
who were conducting the work. We wish to determine whether other oncofetal 
antigens (those present on adenovirus and polyoma hamster tumors) are "si
lenced" in a similar fashion by immunologic testing, and we also wish to do 
a parallel study with one virus-induced mouse tumor to determine the pre-
ciseness of phasing of antigen expression in the mouse for at least one 
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Table I.C.4. The Phasing of Fetal or Phase-Specific Antigens 
as Demonstrated by Various Immunologic Tests Against 

SV40 Tumor Cells 

Immune Reaction 
8 

Age of Fetus (Days Postcoitus) 
1U 11 12 Birth 

Induction of cytostatic 
antibody 

Induction of cellular 
immunity 

Cytotoxic lymphocytes 
in vitro 

Cytotoxic lymphocytes 
in vivo 

Induction of tumor 
resistance 

Interruption oi: 
oncogenesis 

NT* 

NT 

NT 

NT 

NT 

Assays are presented in detail in Coggin, J. H., Jr., K. R. Ambrose, 
and N. G. Anderson, J, Immunol, 105, 524 (1970); Coggin, J. H., Jr., 
K. R. Ambrose, B. B. Bellomy, and N. G. Anderson, J. Immunol. 107, 526 
(1971); Hellstrom, I., K. E. Hellstrom, G. E. Pierce, and J. P.~S. Yang, 
Nature 220, 1352 (1968); Wood, W. C., and D. L. Morton, N. Engl, J, Med, 
284, 56971971). 

?NT • Not tested. 

'Microcytotoxicity test (colony inhibition). 

Adoptive transfer test. 

'Prevention of SV40 tumor induction in neonatally Infected animals. 
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tumor system. We feel that it is very important to determine fetal anti
gen phasing for at least one additional rodent system before drawing broad 
generalizations, if funding can be arranged. 

I.C.6. In Utero Sensitization to Fetal Antigen 

This work overlaps heavily with areas described in Sects. I.C.2, 
I,C^3j and I.C.5. Our objectives are: 

1. To confirm whether ovariau ligation leads to autosensitiza-
tion to fetal antigen. 

2. To determine quantitatively, using the IAT test and the 
Cytofluorograf, the amount of antibody reactive with 10-
and 11-day hamster and mouse fetus SV40 tumor cells. 
Correlations with parity status and temporal course of 
gestation are being evaluated. 

3. To evaluate the blocking potential of sera from primiparous 
and multiparous donors in a time-course study over the 
15-day gestation cycle by two tests: the microcytotoxicity 
test of Eva and Georg Klein, and the 125I-IUDR release 
test previously mentioned. 

4. To complete our studies of the effects of pregnancy on 
tumor immunity or tumor sensitivity. 

5. To complete our studies on the effects of the tumor-
bearing conditions on pregnancy. 

6. To conclude our studies on the effects of splenectomy 
on pregnancy (fetal tolerance) and tumor immunity. 

All work proceeds well and detailed information will be ready for 
reporting in the next progress report. 
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i/, I. INFECTIOUS DISEASES 

II.A. ACUTE INFECTIOUS NONBACTERIAL GASTROENTERITIS 

Acute infectious nonbacterial gastroenteritis is a self-limiting and 
generally benign illness that occurs both epidemically and endemically. It 
was second only to acute respiratory illnesses as the most frequent form of 
illness in U.S. civilian families during a 10-year study. A transmissible 
agent capable of clinically reproducing the illness has been isolated, and 
recently, using immune electron microscopy (IEM) , a 27-nm particle was iden
tified in a stool filtrate (8FIIa) prepared from a volunteer who received 
second passage material from a 1968 outbreak occurring in Norwalk, Ohio. 
Using paired sera from volunteers ill with the Norwalk agent and paired 
sera from the original outbreak, a significant rise in antibody titer to 
the 27-nm particle was demonstrated by IEM. Certain physical characteris
tics of the 27-nm particle, such as its buoyant density in CsCl as deter
mined in this laboratory and the NIAID and its acid resistance, strongly 
suggest that this virion is a irember of the parvoviruses. 

In order to identify the 27-nm particle as the causative agent of non
bacterial gastroenteritis, fractions of 8FIIa banded isopycnically in a po
tassium tartrate density gradient were given to volunteers at the Maryland 
House of Correction in Jessup, Maryland, under an approved NIH protocol. 
A 10X concentrate of 8FlIa was banded in K 2 tartrate (1.5 to 1.1 g/cm ) , 
and the gradient was fractionated into three density regions. Fraction I 
(1.39-1.50 g/cm 3), fraction II (1.26-1.38 g/cm 3), and fraction III (1.00-
1.25 g/cm ) were rediluted with PBS to the original IX volume and safety 
tested by standard procedures to assure bacteriological and standard viro-
logical sterility (samples were HBAg negative)> Oral administration of 
fraction I to four volunteers produced no clinical illness; one of eight 
volunteers receiving fraction II developed mild clinical illness; and two 
of four volunteers receiving fraction III became ill. 

Since we had predicted a buoyant density of 1.28 g/cm for the 27-nm 
virion based on its density of 1.38-1.40 g/cm in CsCl, the production of 
clinical illness in two of four volunteers from administration of fraction 

'-A*#" *aafortU/*«*»; f - fe-v 
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III was an unexpected result. A 10X concentrate of 8FIIa was banded to 
identical specifications in K tartrate and each fraction screened by IEM 
using an appropriate convalescent serum. As expected, no particles were 
found in the density region corresponding to fraction I of the volunteer 
study, whereas 14% of ti.e particles were recovered in fraction II. Con
sistent with the volunteer experience, 86% of the recovered 27-nm parti
cles were found in the density range encompassed by fraction III. Within 
the density range of fraction III, 66% of the total number of recovered 
particles were observed at a density of 1.04 g/cm3 in association with a 
light-scattering band. Subsequent experiments revealed that Genetron ex
traction of the 10X 8FIIa material resulted in the loss of the 1.04 g/cm3 

band, with the appearance of a light-scattering band at about the expected 
density of 1.28 g/cm3. Apparently, the high salt content of CsCl gradi
ents prevents a similar trapping of particles in lipoprotein contaminants 
of the fecal extract. 

The results of the volunteer study and the distribution of 27-nm par
ticles in the K tartrate gradient strongly support the IEM epidemiologi
cal data that this parvovirus-like particle is indeed the etiologic agent 
of acute infectious nonbacterial gastroenteritis. 

Serologic assays for this virus, including hemagglutination, comple
ment fixation, IEOP, and radioimmunoassays using convalescent sera from 
volunteers, have been nonspecific. Partially purified 27-nm particles, 
twice isopycnially banded in CsCl, have been used as antigen to prepare 
hyperimmune guinea pig antiserum in our animrl facility. Using IEM, spe
cific antibody to the 27-nm particle has been detected in the guinea pig 
hyperimmune serum, whereas no antibody was found in the preinoculation 
serum. Currently, this animal antiserum is being used to develop an ap
propriate quantitative serologic assay for antigen and antibody. 
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II.B. PARAINFLUENZA 

In an earlier report (ORNL-4771), we showed that while parainfluenza 
type 3 could be readily concentrated and purified by batch-type zonal cen-
trifugation procedures, the antigenicity of the material was unstable after 
inactivation. Not only was there a marked drop of hemagglutination titer 
upon formalin inactivation, but the ability of the preparation to stimulate 
HI antibody in guinea pigs was lost in accelerated stability studies per
formed at the National Drug Company under contract with the NIAID. 

Subsequently, Dr. G. Galasso, Infectious Disease Branch, NIAID, re
quested this laboratory to perform the research and development required to 
produce a purified, stable, inactivated trivalent parainfluenza vaccine 
suitable for clinical trials in human volunteers. Amniotically grown para
influenza viruses, types 1, 2, and 3, produced over the last few years as 
part of an NIAID contract with the National Drug Company, were available 
for use as the starting material. Parainfluenza type 3 was chosen for our 
initial experiments because of its clinical importance in pediatric popula
tions and its poor stability as judged from our own and others' experience. 

The experimental protocol was designed in collaboration with Dr. L. 
Fotash (Flow Laboratories). Initially, the stability of parainfluenza 3 
harvest to inactivation with either beta-propriolactone or formalin was 
evaluated; formalin was clearly superior as an inactivating agent for the 
preservation of biological activity. However, when crude harvest inacti
vated with formalin was sedimented in a sucrose density gradient, the he
magglutinin activity was recovered as a pellet with a buoyant density in 
sucrose greater than that of 55% w/w sucrose, and there appeared little 
chance of virus purification by straightforward zonal centrif»:gation tech
niques. The optimal procedure, then, was to purify and concentrate the vi
rus by continuous-flow-with-banding zonal centrifugation followed by the 
inactivation of virus infectivity with formalin. In our pilot experiment, 
1.3 liters of crude harvest were preclarified at 2,000 rpm for 10 min and 
processed through a continuous-flow B-XVI rotor at 35,000 rpm at a flow 
rate of 2.5 liters/hr; the rotor was preloaded at low speed (5,000 rpm) 
with a three-step discontinuous density gradient of 10, 30, and 55% w/w 
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sucrose in phosphate-buffered saline. After centrifugation the gradient 
was displaced from the center by pumping 55% w/w sucrose to the rotor edge. 
Twenty 40-ml fractions were collected by hand, and each fraction was assayed 
for hemagglutination in microtiter plates using 0.6% guinea pig red blood 
cells; the results of this experiment are shown graphically in Fig. II.B.l. 
Full recovery of hemagglutinin activity was achieved with the virus banding 
in a discrete zone in the density gradient. Electron microscopic examina
tion of the peak fraction revealed a clean preparation of morphological 
paramyxovirus particles. Fractions were combined, then the resulting pool 
washed with phosphate-buffered saline (2.8 volumes) and concentrated using 
an Amicon ultrafilter cell with a Diaflo XM-100A membrane. A final 130-ml 
concentrate, representing a 10X concentration with respect to the original 
crude harvest, was made using SPG (sucrose-phosphate-glutamate) buffer. 
Both the 10X concentrate of purified parainfluenza 3 and the crude harvest 
material were formalin inactivated for immunogenic!ty studies in hamsters 
by Dr. Potash. The stimulation of neutralizing antibody in seronegative 
hamsters was defined as the criterion of immunogenic!ty; neutralizing an
tibody was defined as that causing a greater than 80% plaque reduction in 
HeLa cells using a challenge dose of 55 PFU. Four groups of six hamsters 
each were inoculated intraperitoneally with 1 ml of either an inactivated 
preparation of crude harvest or the 10X concentrate as a zero time refer
ence point. The crude harvest was inoculated undiluted and at 1:5, 1:25, 
and 1:125 dilution, while the 10X concentrate was presented at dilutions 
1:5, 1:25, 1:125, and 1:625. Since earlier reports had indicated that 
parainfluenza 3 was not strongly immunogenic in animals, these hamsters 
were test bled on day 21, reinoculated intraperitoneally with 1 ml of an
tigen, and bled again on day 35. The summary results for the zero time 
point (Table II.B.l) based on ED50 values indicate that good concentration 
of immunogenicity was obtained with this purification and concentration 
procedure. This result was consistent upon comparison of the crude harvest 
(IX) and purified concentrate (10X) data after either a single inoculation 
(day 21) or double inoculation (day 35). Both the crude harvest and puri
fied concentrate preparations were held at 4, 22, and 37°C and again 
assayed for immunogenicity as described above after 1 and 4 weeks' storage. 
The results of the accelerated stability tests are currently on assay in 
Dr. Potash's laboratory. 
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Table II.B.l. Immunogenicity of Inactivated Parainfluenza 3 
Virus Preparations in Hamsters 

Pre 
50 

day 21 day 35 

Crude harvest (IX) 0/12 1:6 1:60 

Purified concentrate (10X) 0/12 1:170 >1:1000 

number of animals with >60% plaque reduction neutralizing antibody per 
number of animals tested. 

ED 5 Q based on neutralizing antibody response resulting in >80% plaque 
reduction. Day 21 and day 35 refer to response to first and second 
intraperitoneal inoculations respectively. 

Preliminary experiments on the physical behavior of parainfluenza 
type 1 are also in progress. 5.5 liters of contaminated harvest unusable 
for vaccine studies were used as starting material for the purification 
and concentration of type 1 by the procedures described above for type 3. 
After centrifugation the displaced gradient was monitored for uv absorb-
ance at 280 nm; the distributions of optical density and hemagglutinin 
(Fig. II.B.2) again show that the virus banded in a discrete zone corre
sponding to a uv-absorbing peak well separated from a lower-density host 
contaminant. The peak fraction titered over 20,000 by hemagglutination 
assay, and full recovery of about 10 6 HAU was achieved. This pool of 
virus has been aliquoted and stored for subsequent biochemical and immuno
chemical studies with glvcoprotein subunits of HA and neuraminidase. 
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II.C. RESPIRATORY SYNCYTIAL (RS) VIRUS 

Much effort was expended in this reporting period to develop improved 
methods for thi. purification and concentration of the virus from tissue 
culture fluids. Our previous methods were limited by the volume of the 
batch-type zonal centrifuge rotors and the time element involved in the 
precentrifugation concentration steps. With the availability of the con-
tiuuous-flow zonal systems, our procedure has been modified as follows. 
RS virus was grown in HeLa cells, the supernatant harvest being used as 
the starting material for continuous-flow centrifugation. The Beckman 
B-XVI rotor was preloaded at 5000 rpm with a discontinuous three-step (10, 
30, and 55% w/w) sucrose gradient containing 0.1% bovine serum albumin as 
a stabilizer. In the experiment described in Fig. II.C.l, 3 liters of 
harvest were processed continuously (two passes) at an average flow rate 
(Q) of 4.2 liters/hr while the rotor was spinning at 35,000 rpm. After 
processing, the material trapped in the gradient was centrifuged an addi
tional 1.5 hr at 35,000 rpm. The rotor was then decelerated to 5000 rpm 
and the gradient displaced from the rotor center by pumping heavy sucrose 
(55% w/w) to the rotor periphery. Finally 40-ml fractions were collected 
manually, and each was assayed for sucrose density by refractometry, op
tical density at 260 and 280 nm (continuous uv monitoring was not employed 
in order to protect the labile RS virus from ultraviolet inactivation), 
and infectivity by plaque assay. 

In this experiment some 15% of the viral harvest was pulse labeled 
with *4C-gIucosamine for use as a marker. The distribution of infectivity 
and TCA precipitable radioactivity are shown in Fig. II.C.l. Due to the 
lability of RS infectivity and our experience with its distribution in 
sucrose gradients, we presently select the appropriate fractions on the 
basis of sucrose concentration and optical density for immediate rebanding 
using the batch-type B-XXIX rotor as described in earlier reports. After 
dilution of the peak fractions of the B-XVI steps (in this case, fractions 
12-14) the first step pool is centrifuged overnight in the B-XXIX rotor on 
a sucrose gradient at 25,000 rpm. The next morning this rotor is deceler
ated and unloaded by standard procedures, and fractions are again immedi
ately assayed for optical density, sucrose concentration, and radioactivity 
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(if applicable). The results of this second-step procedure are shown in 
Fig. II.C.2. The peak fractions are again pooled, corcentrated, and washed 
with PBS using an Amicon ultrafilter, aliquoted, and stored at -70°C for 
further biochemical and immunochemical studies. The advantage of this pro
cedure is that we can obtain a considerable quantity of a twice-banded prep
aration of released RS in less than 24 hr, thereby decreasing the time-de
pendent loss of viral infectivity. 

II.C.l. Removal of Glycoprotein "Spikes" 

Although RS possesses no demonstrable hemagglutinin or neuraminidase 
activity, spikes protruding from the particle are a characteristic morpho
logical feature of the virus. Compans et aĵ . reported that spikes could 
be removed from the influenza virus by bromelain treatment, and similar ex
periments were done with RS preparations purified as described above. One 
of the most difficult aspects of RS research is the lack of defined anti
genic or enzymic markers; therefore, our attempts to isolate the RS surface 
projections were made using radioactive tracer and morphologic criteria. 

When purified RS virus, intrinsically labeled with either JI*C-glucosa-
mine or llfC-leucine, was treated with bromelain (37°C, 4 hr) and then cen-
trifuged on a density gradient (5-40Z w/w with a 652 w/w cushion), radio
active label was released from the virus particle, and the stripped virus 
was recovered at a density lower than the untreated control (Fig. III.C.3). 
Since both glucosamine (Fig. II.C-3A) and leucine (Fig. II.C.35) labels were 
released, the nonsedimenting material was considered to be a glycoprotein. 
Morphologic examination of the particulate fraction of the enzyme-treated 
RS material revealed smooth membranes (Fig. II.C.4) instead of the usual 
spikes observed with the untreated control (see previous report for compari
son) . As an important step in attempting to identify the various antigenic 
determinants of RS, the nonsedimenting material obtained by the treatment 

Compans, R. W., H-D. Klenk, L. A. Caliguiri, and P. W. Choppin. "Influenza 
Virus Proteins. I. Analysis of Polypeptides of the Virion and Identifica
tion of Spike Glycoproteins." Virology 42(b), 880 (1970). 
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of purified virus with bromelain was used for the preparation of hyperim
mune antiserum in guinea ?igs. The immunization schedule is currently in 
progress, and sera are being examined routinely for the development of neu
tralizing antibody by plaque reduction. 

II.C.2. Isolation of RS-Specific RNA 

RS-infected and HeLa control cells were pulse labeled for 90 min with 
3H-uridine, and RNA was isolated from the postnuclear fractions by phenol-
SDS extraction. The cells were scraped from the bottles, washed with RS3 
(0.01 M KC1, 0.0015 M MgCl , 0.01 M TRIS-HC1, pH 7.4), and Dounce homoge
nized. The resulting homogenates were centrifuged at low speed to remove 
nuclei and whole cells. The supernatant was made 0.1% with SDS, mixed with 
an equal volume of 88% phenol, and shaken for 5 min at room temperature. 
After phase separation, the phenol extraction was repeated and the aqueous 
phase precipitated with two volumes of 95% echanol plus 1/3 volume of 2% 
KAc. After overnight storage at -70 CC, the RNA was pelleted by centrifuga-
tion at 1000 g for 20 min at 4°C and resuspended in RSB or Tris-EDTA buffer. 
RNA preparations were centrifuged on 15-30% sucrose gradients in a SW 25.1 
rotor for 16-18 hr at 23,000 rpm; 1-ml fractions were collected and assayed 
for absorbance at 260 nm and radioactivity. The distributions of 4 2eo a n (* 
TCA-precipitable radioactivity for the HeLa cell control jf RS-infected cul
tures are shown in Figs. II.C.5 and II.C.6. No detectable labeled RNA with 
a sedimentation coefficient approximating that of the paramyxovirus genome 
(57 S) was observed in the RS-infected cells. Rather, a heterogeneous RNA 
population in the area of 10-12 S was the prominent labeled species; this 
could possibly represent virus-specific messenger RNA. 3H-labeled RNA ex
tracted from released virus which was purified by twice banding as described 
above also migrates with a sedimentation coefficient in this 10-12 S region. 
The addition of polyvinyl sulfate to inhibit RNase activity during extrac
tion did not affect this distribution. These preliminary results are quite 
unusual in that the RNA obtained from purified infectious virus should rep
resent the viral genome, yet there is no genetic evidence for a fragmented 
genome with RS. However, degradation of an unusually labile viral RNA by 
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lysosomal or soluble nucleases cannot be entirely excluded in the above 
experiments, and further attempts to protect the RS genome from such action 
will be pursued. 

II.C.3. Enzymatic Analysis of Purified RS 

Several attempts to find an RNA-dependent RNA polymerase activity in 
association with either singly or doubly banded RS virus have been incon
clusive to date. Routine enzymatic screening, however, resulted in the 
detection of a protein kinase activity in the peak fraction of twice-banded 
virus in two separate preparations. The enzyme activity was greatly en
hanced by pretreatment of the virus with NP-40, a finding consistent with 
published reports of this enzyme in other animal viruses. The function of 
protein kinase activity in viruses is unknown at this time, although a num
ber of laboratories are actively pursuing this question. The phosphoryla
tion of virus-s * ic proteins may play a role in virus maturation as reg
ulation of virus synthesis in cells. If further experiments support the 
association of this enzyme with RS, it could serve as a useful marker for 
virus purification studies. 

/ 
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II.D. HEPATITIS TYPE B ANTIGEN 

II.D.l. Zonal Centrifuge Purification of HBAg Subtypes 

Five antiger.Ii determinants have been identified in association with 
hepatitis type B antigen (HBAg). The antigenic particle possesses a group-
specific a determinant, by definition, and two subtype determinants, d or 
y and W or :». Therefore, the HBAg detected in an individual serum can pres
ently be described as adut aywt adr, or ayr, and rather extensive epidemi
ologic evidence indicates that the phenotypic subtype expression is directed 
by the HBV genome and not the individual host. Zonal centrifugation pro
cedures developed in this laboratory were used to purify all of the recog
nized subtypes of HBAg for biochemical and immunochemical studies and for 
the preparation of reference reagents. Purification of adw and ayw sub
types has been described in earlier reports; the physical characterization 
and purification of the monomeric forms of adr and ayr subtype antigens are 
described below. 

Aliquots (100 ml) of adr and ayr units of serum were provided by Drs. 
P. Holland and H. Alter (Blood Bank Department, Clinical Center, NIH). The 
adr serum was banded in a CsCl gradient using the Ti-14 edge-unloading ro
tor. The complement-fixing antigen was recovered in a sharp zone at a den
sity of 1.207 g/cm3 (Fig. II.D.l). Our present technique for second-step 
purification by rebanding oi" the antigen in CsCl involves the flotation of 
HBAg away from the contaminating serum proteins. An absorbance profile of 
the recovered gradient (Fig. II.D.2) revealed a symmetrical peak at a den
sity of 1.207 g/cm3 with an A value of 2.35; the distribution of anti-
genie activity was coincident with the 1.207 g/cm3 optical density peak. 
The peak fractions were pooled, concentrated in an Amicon ultrafilter using 
an XM-100A Diaflo membrane, and the concentrate was washed with phosphate-
buffered saline (PBS) to remove CsCl. A portion of this concentrate was 
used ?s the starting sample for the third-step rate separation in sucrose. 
Results (Fig. II.D.3) revealed the comigration of antigenic activity and 
the major optical density peak. The pooled fractions from the rate-zonal 
step were rebanded in CsCl; the antigen was again recovered in a sharp zone 
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at a density of 1.20 g/cmJ and was stored at this stage of purification 
for further analysis. Morphologic examination by electron microscopy re
vealed a very clean preparation of 22-om HBAg particles. 

The ayr subtype of HBAg is very rare and has only recently been dis
covered. Due to the low titer of the antigen in the serum received from 
the Blood Bank, the solid-phase radioimmunoassay (SP-RIA) (AusRIA, Abbott 
Laboratories) was used to follow the distribution of antigen in the densi
ty gradients- The antigenic activity of ayr, expressed as standard devia
tions above the mean negative control, was recovered in a major zone of 
activity at a density of 1.207 g/cm3 in the first-step CsCl isopycnic band
ing procedure (Fig. II.D.4). A small proportion of the total counts were 
observed in the starting sample zone. Fractions representing the major 
1.208 g/cm3 peak were pooled, rebanded in CsCl, and subsequently rate sep
arated in sucrose as described above for the adr subtype. The distribu
tion of HBAg {ayr) based on the SP-RIA (Fig. II.D.5) revealed the major 
22-nm particulate form of HBAg and a small but detectable amount of "sol
uble" antigen near the starting sample zone. After rebanding in CsCl, the 
particulate ayr antigen was used as immunogen for the preparation of hyper
immune animal serum. Fractions from the rate separation step representing 
"soluble" antigen (fractions 19-24) were pooled for further study. 

II.D.2. Nonspecific Reactions Using the AusRIA 
Radioimmunoassay for HBAg 

The presence of HBAg-positive material of the size range suggested by 
the rate separation experiment described in Fig. II.D.5 would have great 
significance in the clinical aspects of hepatitis. Clinical hepatitis ex
hibits many aspects of an immune-complex disease; based on the serum sick
ness model in rabbits it would require soluble antigens (<19 S) for the 
extrahepatic deposition of immune complexes. No clear evidence that HBAg 
exists in serum in such a form has yet been demonstrated. In an attempt to 
show that the soluble reactivity in the ayr material was specific, we pre-
incubated the soluble antigen (SA) pool with antibody to normal human serum 
(NHS). We reasoned that we might thereby block a reaction of some normal 

-*? * -*£*»S»w*r- «**i 
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serum component in our sample with trace anti—NHS antibody in the guinea 
pig serum used to coat the tubes. Surprisingly, the addition cf anti-NHS 
resulted in an increase in antigen titer. We therefore attempted to fur
ther characterize this positive reaction (Table II.D.l). 

Sheep anti-human normal serum and goat anti-human IgG both reacted 
positively in the AusRIA test (P/N ratios of 16.9 and 20.7 respectively). 
Further, the preincubation of sheep anti-human normal serum with hunan IgG 
blocked the reaction (P/N = 3.4), suggesting that the anti-IgG component 
was the source ox the reactivity. Normal human serum, hum^n IgG, and guin 
ea pig IgG assayed negative or borderline positive as indicated in Table 
II.D.l. 

Rabbit anti-guinea pig antibody reacted very strongly in this assay 
(P/N = 74). We reasoned that the antibody was recognizing the immobilized 
guinea pig antibody as an antigen resulting in a positive assay by forming 

* * 

a sandwich of antigen-antibody-antigen (IgG-anti-IgG-IgG ) rather than 
the designed antibody-antigen-antibody (HBAb-HBAg-HBAb ). Further, the 
results indicated a cross-reactivity between guinea pig and human IgG; 
cross-absorption experiments supported this conclusion. Anti-human IgG 
was blocked by either guinea pig or human IgG. Guinea pig IgG antibody, 
however, could be blocked by guinea pig IgG but only partially blocked by 
human IgG. Sequential absorptions are now in progress. 

It appears from these data that either anti-human or anti-guinea pig 
IgG in test serum would result :n false positives by the mechanism described 
above. 

Low-level positivity has always been of concern to blood banks when 
screening large numbers of sera. In collaboration with Dr. H. Alter we ex
amined two such sera (CEP-, RIA+). Serum A (100 ml) was isopycnically 
banded in the Ti-14 rotor in a CsCl density gradient as described above; 
100 ml of serum B was preconcentrated 4X in an Amicon before banding. The 
resulting fractions were each assayed using the AusRIA test, with the re
sults shown in Fig. II.D.6/1 and B. In neither serum were the counts con
centrated in the 1.20 g/cm3 region of the gradient (cf. Fig. II.D.4, 
for example). In the experiment using serum b, che reactivity did con
centrate at a density in CsCl of 1.28 g/cm3 — a density compatible with 
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Table II.D.l. Nonspecificity cf the 
AusRIA Test for HEAg 

Sample P/N Ratio 

ayr SA pool + PBS 4.5 

ayr SA pool + anti-huNS 16.6 

Goat anti-huIgG alone 16.9 

Sheep anti-huNS + PBS 20.7 
Sheep anti-huNS + hulgG 3.4 

Goat anti-huIgG + PBS 9.1 

Goat anti-huIgG + hulgG 2.6 

Goat anti-huIgG + GPIgG 1.8 

Rabbit anti-GPIgG + PBS 74.0 

Rabbit anti-GPIgG + hulgG 65.0 

Rabbit anti-GPIgG + GPIgG 7.8 

Human IgG (hulgC) alone 2.2 

Guinea pig IgG (GPIgG) alone 2.6 
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that of a protein. The 1.20 g/cm3 region of each gradient was further 
concentrated in the Amicon ultrafilter using a Diaflo XM-100A membrane to 
represent a 50-fold concentrate with respect to the original serum; no con
centration of reactivity was observed. Furthermore, the reactivity of the 
original serum was not blocked by specific antibody to HBAg. 

II.D.3. Soluble Antigen in ayr Serum 

The non-HBAg-specific reactions encountered with the AusRIA test could 
explain the presence of the soluble antlgen(s) found with ayr serum. Spe
cific reactivity is assessed by the preincubation of the test samples with 
an equal volume of specific homologous anti-HBAg serum, normal human serum, 
or normal guinea pig serum. A specific reaction should be blocked by pre
incubation with specific antibody and not by either the guinea pig or human 
normal serum. On this basis, the reactivity of a concentrated ayr SA pool 
was specifically blocked by preincubation (37°C, 1 hr, followed by over
night incubation at 4°C) with type-specific guinea pig HBAb or human anti
body-positive serum and not by guinea pig preserum or normal human serum 
(Table II.D.2). These data strongly suggest that the soluble antigen ob
served with this ayr specimen doe3 possess an HBAg-reactive determinant(s). 
In a preliminary experiment to size the antigen using a Sagavac 8 column 
(void volume * 800,000 Daltons) the AusAIA-positive activity was recovered 
between IgM and IgG markers with an apparent molecular weight of approxi
mately 400,000 Daltons. As already discussed, such an antigenic component 
could be of great Importance in clinical manifestations of immune complex 
disease. 

II.D.4. Production of HBAg Subtype Reagents 

An additional 200 ml of anti-HBAg (ay) reagent was prepared for the 
Research Resources Branch (RRB) of NIAID for consideration by the World 
Health Organization as an international reagent standard. This hyperimmune 
animal antiserum, prepared in guinea plga by Immunization with a purified 
ayw antigen, has been described in earlier reports; it is presently available 
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Table II.D.2. Speciticity or* ayr Soluble Antigen 

Samele 

ayr SA pool 

21/2* SA pool 

ayr SA pool 

Normal human serum 

Human ?erum #1 

Human scrum #2 

GP preserum 

Preincubation with equal volume of sample at 37°C for 1 hr and 4°C over
night. 

b AusRIA test for HBAg. 

Not determined. 

n • u ^ J . t, ̂  Result , 
Preincubated with: ,_ .„ _ . ,£> 

t.r/N Katio; 

PBS 8,6 

Normal human serum (HBAb-) 9.7 
Human serum #1 (HBAb+) 1.2 
Human serum #2 (HBAb-!-) 1.2 

GP preserum (HBAb-) 7.0 

GP anti-ayw HBAb+ (1 :2) 0.9 

GP anti-ayw HBAb+ (1:20) 1.2 

GP a n t i - a ^ HBAb+ (1:200) 1.5 

1.0 

1.3 

c 

1.2 
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as an interim reference i/-subtype reagent. An additional 400-ml aliquot 
of the bulk serum was processed by affinity chromatography to remove anti-
normal human serum antibodies, concentrated, filtered and shipped to the 
Center for Disease Control in Atlanta for final vialing and lyophilization. 
This serum was dispensed and is stored to meet requirements for its use as 
a standard. We have now produced two interim reference reagents currently 
being distributed by RRB for the subtyping of the d, y antigenic components 
of HBAg. 

The next phase of our reagent program for hepatitis type B antigens 
is the production of hyperimmune animal serum specific for the newly de
scribed r and w determinants. Retrospective analysis of our guinea pig 
sera failed to reveal any anti-w antibody despite very high titers of anti-
a and anti-c? or -y (the guinea pigs were immunized with either adw or ayw 

antigens). Since the w9 r system had been described using rabbit antiserum, 
we began our preliminary studies in rabbits. By intradermal inoculation 
of purified adr in Freund*s complete adjuvant (FCA) into two animals, we 
produced good anti-r antibody in one of them as detected by spur formation 
in agar gels; immunization with adtJ9 however, did not raise anti-u anti
body. On the possibility that anti-u antibody represented a transient 
response in rabbits, we performed a second experiment. Four rabbits (two 
animals/subtype) were again immunized with adr and adw antigens in FAC 
and wer.? boosted at 4 weeks. Weekly bleedings were obtained and assayed 
for anti-r and anti-u by AGD and anti-HBAg by passive hemagglutination. 
Again, one of the two rabbits inoculated with adr produced anti-r anti
body; neither of the two rabbits immunized with adw subtype antigen re
sponded with auwl-tf antibody. The antibody response curve for the anti-r 
positive rabbit is shown in Fig. II.D.7. Excellent titers of anti-HBAg up 
to 1:5 x 10 c were obtained with this animal, and the anti-r antibody fol
lowed that of the overall response curve. The three rabbits that failed 
to respond with detectable anti-r or -v antibodies also developed signif
icantly lower anti-HBAg (PHA) titers. It appeared from these limited data 
that a PHA titer of M.:65,000 was required in order to demonstrate anti-r 
antibody by AGD. Accepting an overall yield of 50Z (two anti-r per four 
animals immunized), we elected to proceed with anti-r reagent production 
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using our newly subcontracted animal facility. Fifteen New Zealand white 
rabbits were immunized with adr and bled weekly from the ear vein (25 ml 
serum/animal per week); the animals were boosted at 4 weeks. Every bleed
ing from each animal was handled separately and assayed for anti-HBAg by 
PHA and anti-r* antibody by AGD. Full details will be included in the next 
report, but preliminary results show that 14 of the 15 rabbits responded 
to high titer by PHA and developed detectable anti-r antibody. At this 
time we have already collected a sufficient volume of specific serum to 
meet the requirements of the RRB for this reagent. We will again attempt 
to produce anti-w antibody in a smaller number of rabbits using the same 
cchedule. 

II.D.5. Biochemical Studies 

Antiserum to the isolated polypeptides of both ayi) and adu HBAg was 
produced in guinea pigs. Preparations of highly purified 22-nm particles 
of both subtypes were solubilized in SDS and urea under reducing condi
tions and electrophoresed on SDS-urea-pH 7.6 acrylamide gels. The gels 
were sliced upon comparison with protein-stained companion gels to achieve 
maximum resolution of the polypeptides. Each slice was stored in 0.1 mi 
of PBS at -70°C until use as an antigen for animal immunization. 

When two polypeptides could not be adequately resolved, they were 
used in combination for antibody production. This procedure resulted In 
ten antigen preparations, as indicated In Table II.D.3. The P-l sample 
represents the lowest molecular weight polypeptide (26,000 Daltons), mo
lecular weight increasing in order P-2 through P-7. The P-l slices from 
each of two unstained gels were minced, diluted in 0.5 ml of PBS, and 
emulsified with 0.5 ml of FCA by repeatedly forcing the suspension through 
a #20 gauge needle. One half of the final emulsion, equivalent to the 
polypeptide content from one gel, was then used to Immunize each of two 
guinea pigs by footpad inoculation (0.25 ml of emulsion per hind foot). 
Each animal was then boosted intramuscularly at 4 weeks with an identical 
preparation in Incomplete Preund's adjuvant. All guinea pigs were bled 
out 2 weeks later; two animals were lost during the study. Table II.D.3 
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Table II.D.3. Anti-HBAg Response in Guinea Pigs 
to Inanunization with HBAg Polypeptides 

Immunogen Serum PHA Titer 
Pre Post 

adu> HBAg 

p-1 
P-1 

P-2 + P--3 
P-2 + P--3 

P-4 + P--5 
P-4 + P--5 

P-6 
P-6 

<1:4 1:2048 
<1:4 1:2046 

<1:4 1:2048 
<1:4 1:51,200 

<1:4 1:204,800 
<1:4 1:25,600 

<1:4 1:51,200 
a a 

ayw HBAg 
P-1 
P-1 

P-2 
P-2 

P-3 + P-4 
P-3 + P-4 

P-5 
P-5 

P-6 
P-6 

P-? 
P-7 

<1:4 1:51,200 
<1:4 1:32 

<1:4 1:12,800 
<1:4 1:12,800 

<1:4 1:256 
<1:4 1:800 

<1:4 1:102,400 
<1:4 1:3,200 

<1:4 1:32,000 
<1:4 1:3,200 

<1:4 1:512 
a a 

determined. 
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shows the results of antibody titrations by PHA using ach-coated human 0 
RBCs. Every animal responded with specific antibody to native antigen, 
and these positives were verified by radioimmunoprecipitation (RIP) assays. 
Since the antigenicity of native antigen depends on disulfide bonds, iso
lated polypeptides could be expected to renature after isolation. These 
data strongly suggest that at least the group-specific a antigenicity is 
dependent upon intrapeptide disulfide bonds. The type-specific response 
is presently being evaluated in collaboration with Dr. J. Gold (NIAID). 

The Draa serum, obtained from a chronic carrier of HBAg (adw), is the 
antigen source used by Vyas in his published studies. In our purification 
studies with this antigen-containing serum, we noticed that the antigen 
possessed some unusual physical and biochemical properties. The 22-nm 
form of Draa migrated at a much slower rate during rate-zonal centrifuga-
tion than did our standard antigens; the four-step purified antigen exhib
ited a much lower extinction coefficient (tfjon ~ 26.6) than our standard 
preparations and contained an inordinately high concentration of protein 
electrophoresing as the P-6 polypeptide. Purified Draa antigen was solu-
bilized and examined by PAGE. Stained gels revealed that the P-6 component 
polypeptide represented about 70Z of the total protein. When the HBAg 
particle was labeled with 3H in vitro to a specific activity of 70.4 x 10 6 

cpm/mg protein, solubilized, and electrophoresed, some 80Z of the label 
was recovered in association with the P-6 component. The remaining radio
activity was evenly distributed between P-l and P-2. The P-6 component 
tended to dissociate from the 22-nm particle upon storage, and treatment 
cf the particle with NP-40 accelerated this dissociation. Treatment of 
the particle with 0.5Z (v/v) NP-40 followed by isopycnic banding in sucrose 
resulted in a shift in density of the particle from 1.16 to 1.18 g/cm3, 
with the release of soluble or low-density radioactivity (̂ 1.03 g/cm 3). 
This released radioactivity was solubilized under reducing conditions and 
electrophoresed; a single polypeptide in the P-6 position was observed. 

Direct radiolmmunodiffu8ion analyses of the purified Draa preparation 
failed to reveal C3, IgM, or IgG zones of precipitation. Likewise, Immuno
electrophoresis of Draa using anti-human normal serum did not reveal any 
normal serum reactivity. A more sensitive double-antibody radioimmuno-
precipitin assay (DA-RIP) did suggest that the P-6 component represented 
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a normal serum antigen in association with the purified Draa HBAg particle 
(Table II.D.4). The antibodies used in the DA-RIP assay were hyperimmune 
animal sera to adw and ayw antigens before and after removal of anti-normal 
serum antibodies by affinity chromatographic (AC/NS) procedures. 

Table II.D.4. DA-RIP Assay of Draa and 
Its P-6 Polypeptide 

First Antibody 
anti-ae£j anti-ach) antl-ayv antl-ayw 

(1:4) (AC/NS) (1:4) (1:4) (AC/NS) (1:2) 

3H-Draa 8 6 . 3 a 22.9 81.8 12.6 

3H-P-6 79.0 0 80.2 0 

Percent of precipitable counts. 

In order to further characterize the polypeptide of HBAg and the re
lationship of P-6 to normal serum, the P-l, P-2, and P-6 peptides of Draa 
were individually isolated for subsequent analysis. The Draa antigen prep
aration (0.7 mg/ffil) was lyophilized to dryness and resuspended in 150 ul 
of H O and 150 ul o- solubilizer containing 2% w/v SDS, 2% v/v 2-ME, 20% 
v/v glycerol, and 0.002Z w/v bromphenol blue. After incubation at 37°C for 
30 min under N„, the sample was heated to 90°C for 2 min. The soluhilized 
antigen was then separated on a 0.9 x 6.0 cm 5% acrylamide gel (210 ug/gel) 
containing 0.1Z SDS. A companion tube containing 50 pg of solubilized anHi 
gen was electrophoresed and stained as a marker. After 4 hr of electro
phoresis at 10 mA/gel, the polypeptides were located by comparison with 
the stained marker and the appropriate area of the gel was retained for 
extraction of the individual polypeptide. These slices were crushed and 
extracted with 5 wM NaHC03 and 0.1Z SDS for 12 hr at 37°C. This extraction 
was repeated twice, and the combined extracts were filtered and lyophilized 
to dryness. When electrophoresed a second time, the polypeptides migrated 

W*y**U*-*-«N*«* V ,*•- = ir-«.̂ i --•£--
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to their characteristic positions, and the P-l, P-2, and P-6 polypeptides 
were then reisolated. They have been used for the immunization of guinea 
pigs, and the resulting antibody will be used to characterize these polypep
tides. Also, ail three polypeptides have been hydrolyzed and are presently 
being analyzed for their amino acid content. 

Other chemical studies with the purified Draa preparation revealed 
that the antigen contained 4.88% tryptophane as titrated by tf-bromo-succin-
imide in 6 M GuHCl, and that the immunological reactivity was not affected, 
by tryptophane modification. 

II.D.6. Development of a Solid-Phase 
Radioimmunoassay for Core Antigen 

In collaboration with Dr. Robert Purcell (NIAID) we have developed a 
micro solid-phase radioimmunoassay for the core or internal components of 
the Dane particle, Microtiter plates were coated with Beken antibody, which 
contains anti-core antibody as demonstrated by Dr. June Almeida using im
mune electron microscopy, but which contains no antibody to the group or 
type-specific determinants of HBAg. Dane-rich pellets selected from high-
titered HBAg-positive sera prepared as described in earlier reports were 
used as the antigen source. Dane-particle-poor but HBAg-positive and puri
fied 22-nm HBAg particles were used as control antigens. After an appro
priate incubation of antigen in the Beken antibody-coated microtiter plates, 
l25I-labeled Beken IgG was added as the second antibody. The Dane-particle-
rich preparations were all positive by this assay, whereas the appropriate 
controls were negative. The pcsitivity of most of the Dane-particle-rich 
samples increased after pretreatment with 1% NP-40, a procedure that we 
are using for the isolation of cores from the Dane particles. Electron 
microscopic examination of the Dane-particle-rich preparations before and 
after treatment with 1% NP-40 demonstrated the disruption of the intact 
Dane particles and the exposure of intact cores. The isopyenic banding of 
NP-40-treated Dane particles in CsCi resulted in the separation of intact 
core particles from outer coat determinants (Fig. II.D.8). Similar results 
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were obtained using ether-Tween 80 for the disruption procedure, and elec
tron microscopic examination of the gradient fractions of either gradient 
revealed a high concentration of cores in the peak fractions. The ceres, 
however, are aggregated with what appears to be a small protein, possibly 
an internal "matrix" protein of the Dane particle. Efforts are now under 
way to further purify the core particle and to prepare hyperimmune animal 
antiserum to its determinant(s)• 

II.D.7. Subpopulations of Dane Particles 

The preparation of Dane particle 20X pellets from HBAg-positive serum 
by differential centrifugation has been described in earlier reports. By 
morphological examination they contain varying relative concentrations of 
Dane particles, filaments, occasional 22-nm forms, free cores from spon
taneously disrupted Dane particles, and host-contributed material. 

All forms of HBAg can be well separated from host contaminants by iso-
pyenic banding in CsCl gradients. In these studies, however, we observed 
a heavy subpopulation of Dane particles which could be well separated from 
the other HBAg forms on the basis of its buoyant density (1.25 vs 1.20 
g/cm 3). This heavy population of Dane particles could be separated but 
not completely resolved from the remaining HBAg forms using sucrose as the 
gradient material. Individual Dane-particle-rich preparations varied in 
their total concentration of heavy Dane particles and in their relative 
proportion of heavy to light Dane particles. Electron microscopic examina
tion of the heavy band from CsCl gradients revealed a very clean prepara
tion of Dane particles; the 1.20 g/cm3 band contained filaments and Dane 
particles. 

Dane-particle-rich serum was aliquoted; a portion was used to prepare 
a Dane-particle-rich pellet, and another portion was purified by our stan
dard zonal centrifuge procedures. The zonal purified HBAg was twice banded 
in CsCl and rate separated in sucrose. High concentrations of filaments 
and Dane particles were recovered from the sucrose gradient well separated 
from the 22-nm monomers. When the fractions containing Dane particles and 
filaments were rebanded in CsCl, a single sharp band was observed at 1.20 
g/cm3 containing both filaments and Dane particles. When in a parallel 
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experiment the Dane-particle-rich pellet was isopycnically banded, two 
discrete bands were observed, one at 1.20 and another at 1.25 g/cm . The 
1.20 g/cm3 band contained both Dane particles and filaments; the 1.25 g/cm3 

band contained only Dane particles. Obviously, the heavy subpopulation of 
Dane particles from this serum had been removed during the first two steps 
of the zonal procedure. It should be noted that to my knowledge most ef
forts to infect cell cultures with Dane particles have been done using par
ticles selected from gradients in such a manner as to represent the light 
particles. We feel that the heavy subpopulation of Dane particles repre
sents the most likely source of material for successful infection of cell 
cultures. 

These above data are consistent with our previous observations from 
electron microscopic examination of stained sections of Dane particles, in 
that the particle could be distinguished on the basis of full, empty, or 
partially full cores. We predicted that the cores might be separated on 
the basis of their buoyant densities into heavy cores with a complete viral 
genome and lig!it cores with little or no nucleic acid. The possibility 
that heavy Dane particles represent HBV with full cores and therefore a 
complete genome will, of course, be evaluated. 
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' III. CLINICAL LABORATORY SCIENCES 

III.A. INTRODUCTION 

Progress continues oa tha application of advanced technology co tba 
clinical laboratory sciaacaa. The tvo aajor areas ara: (1) the develop-
aant aed use of automated high-resolution analytical systeaa for tha aaa-
aratloa and a&alyala of many of tha aolecular constituents la body aad 
tissue fluids, aad (2) tha developaent of faat analytical syateaa for tha 
rapid, parallel antlysis of large ouabers of body fluid saaplea alag 
colorlaatric aad fluoroaatrlc assays for individual aolecular constltueats. 
In both prograaa, baalc studies ara carried oac oa pertloant saparatloe 
techniques, data reduction eat hods, biochasjlcal procedure*, a t e ; however, 
la each program sped tic analytical systeaa that will ultlaately be use
ful la tha clinical or raaaarch laboratories ara being developed, built, 
and evaluated. 
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III .B. HIGH-tESOLUTIOti ANALYTICAL SYSTEMS 

J. E. Hrochak,1 V. V. P i t t , J r . , 1 D. D. Chl lcota , 1 S. Dlnsmore,2 

C. Jonas, J r . , N. E. Laa, D. V. Ohrt, C. D. Scott , 
and L. H. Thackar 

III.B.l. Introduction 

In tha future many dlsaasa statas will be studiad, diagnosed, and 
treatad on a molecular level. The hundreds of moleculur constituents of 
body fluids, tissus fluids, and othar physiologic fluids can ba usad as 
indicators of body function or malfunction. However, to take advantage 
of this approach la tha clinical or rasaarch laboratories, it will ba 
nacsssary to have automated analytical systems to determine, on an indi
vidual basis, tha large numbers of tha molecular constituents. To fill 
this need, several advanced automated analytical systems sra bains devel
oped. In general these systems include s sepsrstlon system such 9M chro
matography or electrophoresis, a detection or monitoring system such 99 
9 flow photometer or colorimeter, and other necesssry components for auto
mation and data processing. 

Two analytical systems hevs been developed through the prototype 
phase and are being evaluated at other laboratories, and several othar 
systems are being developed. Many Interesting and useful experimental 
results have been obtained with these advanced analytical systems. 

III.B.2. Prototype Systems 

The evslustlon in routine use of prototype models of the uv and car
bohydrate snslyxsrs continues st several laboratories. A Miniature Mark 

Chemical Technology Dlvlalon. 
Analytical Chemistry Division. 
Instrumentation and Controla Division. 
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III Carbohydrate Analyzer haa been delivered and installed at the Univer
sity of Texaa Medical School in Houston. Operation of al l ayeterns haa 
been very satisfactory. 

Three on-line computer systems will be aeeembled for uee with the 
prototype systems. One, along with al l the required auxiliary equipment, 
haa been received and ia being aeaeabled and teated; components for the 
other tvo are expected ahortly. 

III.B.3. Syatesja Development 

Work ia continuing on the devalopreot and evaluation of advanced sep-
•rations aysteas to decrease analysis time and to expand capability of the 
analytical ayateaa by uee of other monitoring devicee. Several new sepa-
rations concepts are alao being developed. 

III.B.3.a. Coupled-Coltai Chromatography to Reduce Time of Analysis 

Although analyele time can be significantly reduced by increasing the 
eluent flow rate, resolution of certain compounds (especially those aluting 
early) la decreased. As an alternate approach, a coupled-column mode of 
operation la being Investigated. A abort (0.45 x 15 cm) anion exchange 
column was coupled via a three-port valve to a longer anion exchange col
umn (0.45 x 125 cm). The ana ly a i s proceeded aa ueual, with the two col* 
umns connected In aeries. After elutlon of the compounds at the beginning 
of the analysis was complete (6-8 hr), the two columns were uncoupled by 
switching the two-poaition, three-port valve. Thia operation connected 
the short column directly to s photometer; the short column was then 
aluted to complete the analysis. 

Initial reaulta have shown that the resolution of those compounds 
which alute at the beginning of the analysis la not diminished by the 
coupled-column mode of operation. Alao, elutlon of the shorn column by 
splitting the stream coming from the hlgh-preeeure eluent pump prior to 
the column inlet has given excellent rtjolutlon for the remainder of the 
chromatogram. Since the short 15-ca column used In these testa contnine 
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1/10 the bed volume of the standard 150-cm coluan, the volumetric flow 
rate to the short coluan is reduced to 0.1 of that used for the usual 150-
ca coluan. This decreases the linear flow rate through the short coluan 
by the saae ratio, hence the analysis still takes about 40 hr to coaplete. 
Prior work Indicates that an increase in flow rate does not affect the 
resolution in the latter part of the chroaatograa; therefore, higher flow 
rates can be used, with a total analysis tlae of 20 hr or less. 

III.B.3.b. Rapid Chromatographic Analyzer for Urinary Nucleosides 

The liquid chroaatographic analysis of nucleosides and bases Is a 
well-established, coaaonly used procedure. However, auch of the work has 
been done on relatively clean hydrolysates. When a nucleoside analysis it 
atteapted on body fluids containing a wide variety of coapounds, two prob
lems arise: chroaatographic Interference caused by the simultaneous elu-
tlon of the nucleosides with other coapounds, and adsorption of a large 
variety of tightly bound biochemical* that are not eluted by the buffers 
normally employed to elute the nucleosides and bases. 

A chroaatographic scheae has been developed to alleviate the problems 
described above. A uv analyzer has been modified to achieve high-resolu
tion separation of the normally occurring nucleosides and bases in body 
fluids and to allow the tightly bound coapounds to be rapidly stripped 
from the coluan after the analysis Is coaplete. The high-resolution char
acteristics of the uv analyser eliminate much of the first problem men
tioned, since this analyzer was designed to achieve good separation of 
most of the uv-absorbing coapounds in body fluids. However, the introduc
tion of gradient heating (see Sect. III.B.3.f) significant lap roved 
resolution of many of the naturally occurring nucleosides in Che urine 
saaples. 

Although essentially all of the nucleosides and bases of Interest are 
•luted after about 4.5 hr of operation, the normal analysis tlas for all 
of the uv-absorbing constituents in urines is 40 hr. To significantly 
reduce the analysis or turn-around time while still aaintaining good reso
lution in the first 4 hr of operation, a coupled-column systea has been 
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developed. A 0.45 x 25 ca anion exchange column is connected through a 
four-way high-pressure valve to a 0.45 x 100 cm anion exchange column (see 
Fig. III.B.l). The 25-ca column is fitted with a sample Injection valve, 
and a three-way high-pressure valve is used to direct the eluent from the 
pump to either the sample Injection valve atop the 25-ca column or the 
four-way switching valve that joins the two columns. 

The analysis is started by loading a sample onto the two columns con
nected in series. After 4.5 hr of operation, the three-way and four-way 
valves connecting the columns are switched. At this point the ionic 
strength of the eluting buffer in the columns is quite low (<0.2 # ) , and 
the 25-cm column retains all of the compounds that normally elute after 
about 5 hr. The 100-cm column is essentially free of urinary constituents. 
Switching bosh valves serves two purposes: the two columns are uncoupled, 
and eluent from f.he pump is channeled directly to the 100-cm column. Ela
tion of the IGO-cn column continues for an additional 1.5 hr until it is 
free of urinary constituents. Then the three-way valve is again switched, 
and the shutoff valve to the dllute-eluent chamber: in the gradient gener
ating system is closed. The 25-ca column containing the bound compounds 
is stripped with concentrated buffer at 60*C for 2.5 hr. It is than re
generated with dilute buffer for 1.5 hr at 60*. The four-way valve is 
switched to rejoin the two columns, and they are regenerated in series for 
an additional 2 hr. During this time the constant-temperature circulator 
is allowed to cool to ambient teaperature. With this procedure, a turn
around tias of 12 hr is possible, with good resolution of the usual nucleo
sides and bases in urine (fig. IIX.B.2). 

III.B.3.C Coluan Monitoring Systeas 

The detection of fluorescent eaisslon and the development of new de
tection systeas utilizing fluorophore formation have ••naari new laportance 
in line with needs for Increased sensitivity in aonitorlng systeas for 
liquid chromatography. Development details reported in this section re
flect these needs and indicate current progress on new detection systeas. 
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Miniature Flow Fluorometer for Liquid Chromatography. — Continuing 
progress in the development and utilization of the Ce(IV) -> Ce(III) ox-

4 5 idimetric reaction ' as a sensitive neans of monitoring the effluent of 
a liquid chromatographic (LC) column for oxidizable substances required 
the development of a sensitive means of monitoring a flowing stream for 
fluorescent emission. Early experiments in developing the new monitoring 
system were conducted using a commercial flow fluorometer; however, the 
need for increased sensitivity, a miniature defector that could be mounted 
in close proximity to the LC column to minimize band-spreading, and a low-
cost detector that could be a permanent part of the analytical system led 
to the development of the instrument described here. In application to 
the cerium oxidimetric system, the instrument detects fluorescent Ce(III) 
generated by sample materials that react with reagent Ce(IV) added to the 
LC column effluent. 

The miniature flow fluorometer system consists of the fluorometer 
body and a chessis for electronic components and circuits. The fluorom
eter body is a machined aluminum block (Fig. III.B.3) which contains a 
low-pressure mercury lamp, appropriate excitation filter, quartz tube flow 
cell, appropriate blocking filter, photomultiplier housing, and a photo-
conductor which compensates for changes in lamp intensity. The mounting 
accommodations for all of these components are machined into the aluminum 
block along with the required optical apertures, so there is no problem 
in establishing or maintaining proper alignment of components. The fluo
rescence from the sample is observed at a right angle to the excitation 
radiation. 

The low-pressure mercury lamp dissipates approximately 4.6 W with 
approximately 4% conversion efficiency for emission of the mercury spec
tral lines, and approximately 90% is in the 253.7-nm line. 

Molecular Anatomy (MAN) Program Semiann. Progr. Rept. Mar. 1 to Aug. 31s 

1971, ORNL-4733. 
}Katz, S., and W. W. Pitt, Jr. "A New Versatile and Sensitive Monitoring 
System for Liquid Chromatography: Cerate Oxidation and Fluorescence 
Measurement." Anal. Letters 5, 177 (1972). 
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The excitation filter can be chosen to select any one, or a group, of 
the available spectral lines for exciting the sample. Because the excita
tion maximum for cerium(III) ions is at 260 nm, the instrument is present
ly being operated with a 254-nm interference filter. 

The flow cell is a length of 4-mm-0D by 0.5-mm-wall quartz tubing 2.5 
cm long, with ends pulled down to 1.6 mm OD; the total length is 5.7 cm. 
Each end of the flow cell is connected to a 1.6-mm-OD PTFE tubing. The 
quartz-to-PTFE connection is made by etching the end of the PTFE tube with 
commercial etchant, abutting the PTFE tube to the quartz tube, covering 
the joint with a short length of 1.6-mm-OD PTFE, and sealing the joining 
by shrinking a sleeve of PTFE over it. These flow-cell assemblies are 
tested for leaks at elevated pressure before they are installed in the in
strument. 

The blocking filter which defines the band of wavelengths passed to 
the photomultiplier can, like the excitation filter, be selected from a 
wide range of choices. Since the fluorescence emission spectrum of cerium 
(III) corresponds almost precisely with the band pass of the Corning 7-60 
filter, that material has been used in the present experiments. 

The response spectrum of the photomultiplier imposes the ultimate 
310- to 650-nm limit on the detectable fluorescence emission spectrum. 
The voltage divider for the photomultiplier is contained in the photomul
tiplier housing, so that only one coaxial high-voltage cable and a signal 
cable are required. 

The photoconductor senses the 254-nm emission of the mercury lamp 
through a uv conversion filter. This detector adjusts the gain of the 
electronic circuit to compensate for variations in lamp intensity. An 
aperture-adjusting screw determines the amount of light falling en the 
photoconductor; it is adjusted initially so the photoconductor resistance 
is 1 Mft. More complete details, including specific electronic components 
used in the fluorescence flow monitor, are contained in ref. 6. 

Thacker, L. H. "A Miniature Flow Fluorometer fcr Liquid Chromatography." 
J. Chromatog. 73, 117 (197?). 
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Primary Amine Fluorescence-Monitoring System. — The fluorescence 
detection system based on the use of fluorescamine for detection of pri-

7 8 mary amines ' has been modified and tested as a detector for rolyamlnes. 
Since the separation of the polyamlnes is being achieved using eluents at 
pH 9 and above (see Sect. IIl.B.3.d), the necessity of mixing the column 
eluate with phosphate buffer has been eliminated; therefore the eluate is 
now mixed with a 0.15 mg/ml solution of fluorescamine in acetone, when 
this stream is monitored with a Laboratory Data Control fluoromonitor, 
nanomole samples of polyamines give a full-scale response with negligible 
base line noise, indicating that sensitivities in the picomole range 
should be available. 

Two problems which have arisen are (1) precipitation of salts, and 
(2) formation of gas bubbles in the reagent-eluent mixture. The precip
itation problem can be circumvented by maintaining the phosphate buffer 
concentration below 0.1 M and total salt concentration in the eluent be
low 0.4 Af. Bubble formation can be prevented by degassing all solutions 
and operating the detection system at 30 to 45 psig. 

Monitoring System for Centrifugal Chromatography. — Centrifugal 
chromatography is being evaluated. The first test system includes a 10-
in.-diam plastic rotor with multiple chromatographic columns and a sta
tionary photometric monitoring station. One of the necessary components 
for a useful centrifugal chromatographic system is an efficient effluent 
monitor and recorder. The monitor must be capable of associating each 
signal with the appropriate chromatographic column, and the recorder(s) 
must be able to produce a chromatogram for each column. A single station
ary photometer will be used to monitor the effluents, coupled with digital 
logic circuitry to keep track of the signals generated. The light source, 
either an incandescent lamp or a low-pressure mercury lamp, is to be 

Molecular Anatomy (MAN) Program let Semiann. Progr. Bept. Mar, 1 to Aug. 
31, 1972, ORNL-4815. 

Welgele, M., S. L. DeBernardo, J. P. Tengi, and W. Leimgruber. "A Novel 
Reagent for the Fluorometrlc Assay of Primary Amines." J. Am. Chem. Soo. 
94, 5927 (1972). 
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•ounted below the rotor with a photonultiplier (FN) tube detector Mounted 
above. In operation, the PM output, generated by the light transmitted MM 

each cuvet passes through the bean, is switched by the digital logic circuit 
to a sample-and-hold circuit corresponding to that cuvet. The maximum trans
mission which occurs during the passage of each cuvet is recorded once each 
revolution. The digital logic circuit utilises two stationary lamp-photo-
diode combinations and a slotted disk attached to the centrifuge rotor to 
synchronise the cuvet signal with the appropriate recorder trace. One com
bination is activated once each revolution (rocor pulse) and initialises a 
counter or series of flip-flops. The other combination is activated each 
time a cuvet passes through the photometer beam (cuvet pulse) and advances 
the counter or opens the appropriate electronic gate. The current version 
which is undergoing test is for two cuvets, but the circuit may be expanded 
to follow many cuvets. 

III.ft.3.d. Separations Systems 

The need for development of high-resolution, quantifiable separations 
for hlgh-molecular-veight cmnpounds such as proteins is obvious and warrants 
further development Mnd research efforts in areas such MM electrophoresis 
and affinity chromatography. The search for means to reduce the time re
quired for high-resolution liquid chromatographic separation of physiologic 
body fluids is also continuing with the evaluation of coupled anlon-exchange 
pellicular resin systems. Separations systems for other compounds such as 
aromatic acids and polyamines are being evaluated for possible application 
in determining metabolic dysfunction and the pathologic state. 

Elution Electrophoresis. — The analytical system of highest resolution 
for protein mixtures, gel electrophoresis, has proven to be an invaluable 
analytical tool in the research laboratory; however, this technique currently 
has severe limitations for routine use since it requires much manual labor 
of highly skilled personnel. Such systems would be more useful if they 
could be truly automated with high sample throughput and revocable costs. 

Two critical points make the technique more difficult to automate: (I) 
the gel stationary phase must be manually cast into appropriate channels 
where it is used only once; and (2) the separated proteins must be detected 
by staining then in place and then measuring their photometric properties. 
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This latter step can result in diffusion of the separated bands which can 
significantly decrease the resolution. 

Both of these problem could be circumvented if high-resolution elec
trophoresis could be performed in an elution systea where the electropho-
retically separated constituents could be eluted out of an electrophoresis 
coluan. With the advent of small sensitive photometers and coloriaetrie 
development systems for saall liquid streams, the eluted constituents 
could aUo be monitored and quantItated. 

9 10 
Recent work auggeats that nixed gels or preformed gel beads would 

be useful in elution electrophoresis. Some encouraging results have bean 
obtained with an experimental instrument concept for automated parallel 
electrophoresis. 

Combined Mlcroreticular and Pellicular Resins. — High-resolution 
separation of metabolites in physiologic fluids can be achieved by high-
pressure ion exchange chromatography using vary small diameter microretic
ular resins in which the entire renin particle contributes to the separa
tion. Although such systems can separate literally hundreds of the molec
ular constituents in complex biochemical aixtures, the raaln phase contrib
utes to diffuelonal resistance that raaulta in a relatively alow aeparation 
process. Conversely, the recently developed pellicular resins, having only 
an active outer film, achieve relatively rapid aeparation, but at the ex
pense of a severs reduction in capacity that makes it very difficult to 
achieve high-resolution separations with complex aixtures. 

An interesting concept is to combine these two types of ion exchange 
resins by using sequential columns. The first, containing microretlcular 
resin, would contribute the necessary capacity for a preliminary aeparation. 
The second, containing pellicular resin, would provide rapid, final separetlon. 

Preliminary rtaults from a system using a 0.22 x 50-cm column of mi-
croreticular reain coupled to a 0.22 x ISO-cm coluan of pellicular renin in
dicate that the usual 24-hr analytical run can be reduced to about 8 hr. 

Peacock, A. C., and C. W. Dingman. "Molecular Estimation and Saparation 
of Ribonucleic Acid by Electrophoresis in Agaroee-Acrylaalde Composite 
Cels.N Biochemistry 7, 668 (1968). 
whitehead, J. S., nt_ aU "A Preparative Column Electrophoresis Apparatus 
Using Sephadex C-25.N Anal. Bioohem. 40, 287 (1971). 
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High-Resolution Separation and Sensitive Ps.ectlon of Aromatic Acids 
Using Cerate Oxidimetry. — The use of multiple detectors for a single 
chromatographic system is attractive for the analysis of complex physiologic 
body fluids. The development of the cerium oxidimetric detection system 
has added additional detection, capability and sensitivity to ths uv analyser. 
This section describes this multidetector system and its applicability to 
the analysis of aromatic organic acids. 

The cerate oxidimetric detector was designed to oe an add-on component 
for the uv analyser. However, it was determined rhat certain changes in the 
normal operating procedure for the uv analyser wer* desirable to enable fuller 
utilization of the new detection capabilities. The two changes were the in
corporation of a somewhat more rapid change in the eluent buffer concentra
tion with time (steeper gradient) and the earlier application of heat to the 
chromatographic column. These changes were made to improve the resolution 
for lace-*luting aromatic acids and to extend the elution period. The pre
viously obtained identification data are still valid since compounds have, 
in general, maintained their relative elution positions with respect to in
ternal reference peaks but are eluted somewhat earlier. 

The monitoring system for the cerium oxidimetric system, a flow flurom
eter developed in this laboratory, is capable of providing sensitivities on 
the order of 0.1 ug for many aromatic acids. Important considerations in 
makeup of the cerium(IV) reagent solution are to minimize self-absorption 
while providing an adequate excess of cerium(IV), to avoid precipitation of 
cerium salts after mixing the reagent with the column effluent, and to pre
vent the generation of cerium(III) except as a consequence of oxidation of a 
compound in the column eluate. To satisfy these considerations, a concentra
tion of 2.5 x I0~h M Ce(IY) and 3 M sulfuric acid were utilized in the re
agent solution. The 2.5-fold increase in Ce(IV) concentration compared 

4 with our previous work eliminated undesirable flattening of chromatographic 
peak tops where the quantity of eluted compound was very large. Th<> concen
tration of 3 M sulfuric acid was selected, since lower acid concentrations 
led to the deposition of cerium salts in the capillary tubing, causing 
flow blockage. 

The modified anion exchange system with uv cerate oxidative monitors 
in series was evaluated, using synthetic mixtures of aromatic acids, with 
respect to resolution, linearity of the fluorescence response, and relative 
sensitivities of the uv and fluorescence detectors. For these studies the 
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chronatographic coluan flow was set at 7 cc/hr, the cerate(IV) reagent flow 
was adjusted for 11.5 cc/hr, the fluorescence signal response sensitivity was 
set to provide 0.6 full-scale deflection for a solution of 2 x 10" 5 M cerlua(III) 
and the saaple loop of the injection valve had a volume of 0.27 cc 

Resolution of Reference Aromatic Acids. — A saaple reference solution 
was used containing the following acids: 

benzoic acid A-hydroxyphenylacetic acid 
2-hydrcxyhenseic acid 3»5-dimeth©xy-4-hydroxybenaoic acid 
4-hydroxybenzoic acid 4-hydroxycinnaaic acid. 
3-methoxy-4-hydroxybenzoic acid hippuric acid 
3-methcxy-4-hydroxycinnamic acid 3-methoxy-4-hydroxyphenylacetic acid 
4-hydroxyphenylpyruvic acid 3-methoxy-4-hydroxymandelic acid 
4-hydroxymandelic acid 4-hydroxyphenyllactic acid 

The chroaatograa for a saaple containing each of these coapounds at 1- or 2-ug 
levels (Fig. III.B.4) gave good resolution and sensitivity, and comparison 
with a chroaatograa for a urine froa a normal individual indicates that reso
lution of peaks was generally adequate, although aany additional aroaatic 
acids or oxidizable coapounds are observed in urine. 

The detector response was determined in the range of 2-20 yg per saaple 
injection of uric acid, homo vanillic acid (3-methoxy-4-hydroxyphenylacetic 
acid), and 4-hydroxyphenyllactic acid (Fig. III.B.5); measured fluorescence 
sensitivities for 12 substituted aromatic acids were also made (Table III.B.l). 
Sensitivities varied froa 5 to 25 units/aicrograa, and fluorescence response 
was greater than uv response by factors of 0.8 to 50. These response factors 
were used to quantify the chroaatograa of the normal urine saaple, yielding 
the concentrations displayed in the last coluan of Table III.B.l. 

The sensitivity of the cerate oxidative monitor for most substituted 
aroaatic acids given in Table III.B.l is nearly 10 3 tiaes better than the best 
previously reported. Additional gains in sensitivity through electronic 
and optical adjustments appear possible if needed; the system, as described, 
is very suitable for body fluids because the sensitivity permits analysis 
without prior concentration. Thus the urine of a normal individual with 
concentrations of acids in the range of 1 to 200 yg/cc can easily be quanti
fied as in Table III.B.l. 

The resolution of the aromatic acids is at least as good as that 
21 achieved earlier; it is superior in the latter half of the chromatograa. 
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The extension of the chromatogram permits determination of additional 
metabolic products such as the substituted cinnamic acids. 

Alfredsson, B., L. Gedda, and 0. Samuelson. "Separation of Hydroxy 
Acids by Ion Exchange Chromatography." Anal. Chim. Acta 27, 63 (1962). 

12 
Larson, U.t and 0. Samuelson. "Anion Exchange Separation of Organic 
Acids in Borate Medium: Influence of Temperature." J. Chromatog, 19, 
404 (1965). 

13 
Zerfing, R. C , and H. Veening. "Automated Anion Exchange Chromatog
raphy of Some Carboxylic Acids." Anal. Chem. 28, 1312 (1966). 

14 
Larsson, U., I. Norstedt, and 0. Samuelson. "Anion Exchange Separa
tion of Organic Acids in Acetate Medium: Influence of Temperature." 
J. Chromatog. 22, 102 (1966). 
Bengtsson, L., and 0. Samuelson. "Separation of Dicarboxylic and Tri
carboxylic Acids by Anion-Exchange Chromatography in Magnesium Acetate." 
Anal. Chim. Acta 44, 217 (1969). 

Carlsson, B., T. Isaksson, and 0. Samuelson. "Automatic Chromatography 
of Hydroxy Acids in Anion-Exchange Resins." Anal. Chim. Acta 43, 47 
(1968). 

Carlsson, B., and 0. Samuelson. "Anion-Exchange Chromatography of 
Hydroxy Acids with Automatic Analysis of the Eluate." Anal. Chim. Acta 
49, 247 (1970). 

18 
Jansen, L., and 0. Samuelson. "Separation of Dicarboxylic Hydroxy Acids 
by Anion-Exchange Chromatography and Gas Chromatography." J. Chromatog. 
57, 353 (1971). 

19 
Bengtsson, L., and 0. Samuelson. "Anion Exchange Chromatography of Di
carboxylic and Tricarboxylic Acids in Phosphate Medium." Chromatographia 
4, 142 (1971). 

20 
Bengtsson, L., and 0. Samuelson. "Anion-Exchange Chromatography of Di
carboxylic Acids in Sulphate Medium." J. Chromatog. 61, 101 (1971). 

21 
Pitt, W. W., Jr., C. D. Scott, W. F. Johnson, and G. Jones, Jr. "A 
Bench-Top, Automated, High-Resolution Analyzer for Ultraviolet-Absorbing 
Constituents of Body Fluids." Clin. Chem. 16, 657 (1970). 
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Fig. III.B.5. Linear Response of Cerate Oxidative Monitor. 



Table III.B.l. The Fluorescence and UV Response for 12 
Substituted Aromatic Acids and the Concentrations Measured In a Normal Urine 

Aromatic Acid 
Fluorescence 
Sensitivity 

units /microgram 

Relative 
Sensitivity 
Fluorescence/ 
UV Response 

Micrograms/cc 
of a 

Normal Urine 

4-hydroxymandelic 
3-methoxy-4-hydroxyraandelic 

4-hydroxyphenylacetic 
3-rae thoxy-4-hydroxyp'oeny lace tic 

2-hydroxybenzoic 
4-hydroxybenaoic 
3-methoxy-4-hydroxybenzoic 
3,5-roethoxy-4-hydroxyben2oic 

4-hydroxycinnamic 
3-raethoxy-4-hydroxycinnamic 

4-hydroxyphenyllactic 

4-hydroxyphenylpyruvic 

12 
10 

19 
25 

8 
12 
15 
14 

7 
5 

10 

7 

20 
>50 

>50 
>50 

0.8 
4 
2 
5 

4 
4 

20 

>50 

3.3 
<0,4 

6.3 
2.4 

<0,4 
<0.4 
0.9 
27,5 

1.6 
<0.8 

11 

<1 

c60 units is the fluorescence response of a solution containing 2 x 10"5 M Ce 3 . 



80 

The long analytical cycle is recognized as undesirable. Preliminary 
results with higher flow rates and a different eluent buffer concentration 
gradient appear favorable for reducing that cycle to less than 24 hr while 
still retaining the excellent resolution and low levels of detection. 

Centrifugal Chromatography. — Centrifugal methods are being applied 
to the concept of multicolumn, parallel-elution chromatography. A labora
tory centrifuge has been modified to demonstrate the feasibility of this 
technique using a two-column rotor. Tests with the first rotor design 
demonstrated that radial flow through the cuvets was unsatisfactory, as 
bubbles from dissolved gas tended to accumulate in the cuvets. Therefore, 
a second chromatographic rotor was designed which incorporated cuvets with 
inward-directed flow to sweep any bubbles out of the cuvets. Therefor*, 
contained two 0.3 x 9 cm columns, each with a 0.6-cm-diam x 0.15-cm cuvet* 
The columns were packed with Sephadex G-10 gel, and the flow characteris
tics were determined. The total flow rate through both columns was 240 
ml/hr at 460 rpm and 1000 ml/hr at 1100 rpm. These values are in the 
range of expected values, The pressure and pressure increase for water 
in a rotor spinning can be calculated from the expressions: 

P = 8.2 x lO"9 pn2 (r2 - r. 2), 
v 

and 
^ = 1.64 x 10" 8 pn2r, 

where P - pressure, psi, 
r * radial position, in., 
". » radius of inner liquid surface, in., 
p * liquid density, lb/ft3, 
n = rotational speed, rpm. 

Comparison of the calculated pressure gradients with the 2.5 to 5 
psi/in. required for the uv analyzer columns shows that satisfactory flow 
rate through radial columns packed with small-diameter anion exchange 
resin can be achieved at reasonable rotational speeds. However, to obtain 
satisfactory flows through nonradial columns (spiral, "s" shaped, etc.), 
rotational speeds above 2000 rpm would be required. 

i 
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The chromatographic properties of G-10 gel centrifugal columns were 
also tested. Samples containing riboflavin, cobalt chloride, and dextran 
blue were placed on the column and eluted while spinning. Separation was 
achieved, but it became obvious that considerable care in putting the sam
ple on the column was necessary. Thus an inner ring was designed for the 
rotor that provides 50-yl sample wells for each column. These wells are 
positioned so that when the rotor is stationary the sample remains dis
crete, but it is flushed onto the column by the eluent when operational 
speed is attained. 

In order to test the concept of centrifugal chromatography for body 
fluids analyses, a two-column rotor with quartz window cuvets has been 
built. The columns will be packed with small-particle, anion exchange 
resin, and the visible light source of the monitor (Sect. III.B.3.c) will 
be replaced with a low-pressure mercury lamp, allowing uv-absorbing con
stituents to be monitored. 

Ion Exchange Separation of Polyamines at Elevated pH, — A variety of 
methods have been proposed for the early diagnosis of malignancy. Those 
which have received increased attention during the last few years are based 
on the determination of polyamines in physiological fluids. Recent experi
ments suggest that patients with active cancer may have elevated levels of 

22—28 these compounds in body fluids. The poly amines generally include the 
compounds listed in Table III.B.2. 

A number of analytical methods for the separation and determination of 
amines and polyamines in biological samples have been proposed and developed. 

29-30 31 32 33 
These include fluorometry, ion exchange, * gas chromatography, 
llgand exchange, TLC, and enzymic assay. In many of the ion exchange 
procedures, the ninhydrin system is generally used; however, quantification 
and sensitivity for this method of detection have not been reported for 
polyamines. Also, many of the methods listed have not been applied to phys
iological samples. It is the purpose of this study to develop an ion ex
change separation procedure utilizing a more sensitive fluorometric method of detection. Fluorescamine has been reported to form a highly fluorescent 

37 product with primary amines, and 
the fluorometric detection system. 

37 product with primary amines, and it is this reaction which is utilized in 
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Table III.B.2. Polyamines and Their Structures 

Compound Structure 

1,3-Diaminopropane 

Putrescine 

Cadaverine 

Spermidine 

Spermine 

2,2*-Dithio-bis-(ethylamine) 

• 

HnNCHnCn^CH^NHA 

H NCH0CH CH CH NH 2 2 2 2 2 2 
H2NCH2CH2CH2CH2CH2NH2 

H 2 N(CH 2 ) 3 NH(CH 2 ) I t NH 2 

H 2N(CH 2) 3NH(CH 2)^HH(CH 2) 3 NH 2 

H NOT CH SSCH CH JOT 

E « 
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The effort until now has dealt with the development of the Ion ex
change separation. One of the requirements for the separation procedure 
is that It must be compatible with the detection system. For example, the 
production of the fluorophor from the fluorescamlne appears to occur at an 

37 optimum pH of 9, although higher pH values can also be used. Secondly, 
since the column effluent Is mixed with a flowing acetone solution of the 
reagent, the concentration of buffer salts in the eluent is limited by 
their maximum solubility in acetone. 

A number of different eluent solvent systems which would meet these 
requirements have been investigated. The most effective system found thus 
far is one in which the eluent pH was varied from 11.3 to 12.1 and the 
eluent NaCl concentration was varied from 0.05 to 0.20 M. 

It was found that 1,3-diaminopropane, putrescine, spermidine, and 
cadaverine could be separated and detected very satisfactorily in less than 
3 hr using a 0.45 x 15 cm cation exchange column with the eluent gradient 
given above and an eluent flow rate of 20 ml/hr. The separation of cadav
erine and spermine was not complete with this operation scheme; however, 
it was possible to obtain an improved separation of these compounds by 
using a somewhat different eluent concentration and pH gradient. The re
sponse of the fluorescamine reagent seemed somewhat greater for putrescine 
and cadaverine and less for spermine and spermidine. 

III.B.3.e. Effects of Extra-Column Mixing on 
Bandwidth in Chromatography 

Extra-column bandspreading is present in all phases of liquid chroma
tography. In some cases it contributes very little to the width of the 
recorded chromatographic peak; at other times its effects can be quite 
striking. Dispersion of the chromatographic peak outside the column is 
much more likely to be significant if the effluent from the chromatographic 
column is altered in some way (e.g., mixing the effluent with a reagent 
stream) before it enters the detector. Since many detection schemes 
currently being used in liquid chromatography for separated constituents 
involve mixing the eluate with one or more reagent streams, an investiga
tion of the effects of various mixers on the bandwidth of a peak passing 
through the mixer was initiated. 
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The test* were perforaed by attaching a long length (̂ 2 a) of 1/16-ln. 
Teflon tubing to the outlet port of a saaple injection valve. The other 
end of the tubing was connected to a uv photoaeter. The inlet port of the 
injection valve was connected via a short length of Teflon tubing to a con
stant flow peristaltic puap. The photoaeter was interfaced, in an on-line 
•ode, to a saall coaputer for data acquisition and analysis. 

A reference peak bandwidth was determined by injecting a dilute con
centration of a uv-absorblng compound into the flowing stream and storing 
the peak data in the cosputer. A nonlinear least-squares fit of the data 
was then perforaed. This gave not only a least-squares est last ion of band
width but r.lso a good estimate of the Gaussian character of the peak. Ar. 
appropriate mixer was then Introduced just prior to the detector, and tfie 
experiment was repeated. Both the bandwidth of the peak and the Gaussian 
character of the peak were used to judge the effectiveness of the mixing. 

Two different mixers were used in these studies. One was a saall dead 
volume T-mixer that contained a tiny magnetic stirrer. The other was a 

38 glass jet mixer similar in concept to that described previously. 
The results showed that when the eluate and reagent streams were of 

a density and viscosity near that of water, the T-mixer with and without 
stirring and the jet mixer had a negligible dispersion effect on the peak. 
However, when the reagent stream had density and viscosity properties sig
nificantly different from the eluate (e.g., 6 M ammonium-acetate buffer), 
only the T-mixer with stirring exhibited minimal peak dispersion. The 
T-mixer without stirring and the jet mixer performed equally poorly, con
tributing significantly to extra-column broadening of the peak. 

III.B.3.f. Improved Resolution on the UV Analyzer 
Using Gradient Heat 

The normal temperature profile for the anion exchange separation of 
physiologic body fl-'-Tds on the uv analyzer is ambient room temperature 

Scott, C. D. e£ aU Biochemical Separation Systems Development Section 
of the Molecular Anatomy (MAN) Program Progr. Rept. Sept. 1, 1970 to 
Feb. 28, 1971, ORNL-TM-3434. 
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(2S*C) for the first 11.5 hr of the chi*?w«atographic run followed by an in
crease in the column temperature to 60°C for the remainder of the run. 
During the course of some analytical application studies on patients with 
various malignancies, it was necessary to improve chromatographic resolu
tion in the initial part of the separation to allow measurement of excre
tion rates for several minor nucleosides and bases. 

It was observed that increasing the column temperature to 60*C after 
about 2 hr of elution seemed to Improve resolution in one of the critical 
areas; however, this stepwise increase tended to diminish resolution in 
another critical area. An electronic device was designed to automatically 
control the application of heat to the column at a preset rate. It con
trols the time during which the heat of the liquid circulating bath is 
operative and enables programming the temperature increase from a mimimum 
rate of 0.08°C/mln to the maximum rate of 3°C/min, assuming ambient room 
temperature to be 25*C and maximum desirable column temperature to be 60°C. 

Conditions for the best resolution appear to be: starting the heating 
cycle 1.75 hr after the run begins at a rate of 0.39eC/min, i.e., increas
ing the column temperature from ambient to 60°C over a period of 90 min. 
The use of gradient heat is illustrated in Fig. III.B.6 for separation of 
a reference sample containing 11 compounds which have been identified in 
various urine samples. Ten of these compounds can be resolved; only the 
methylated xanthines, 7-methylxanthine and 3,7-dimethylxanthine (generally 
thought to be contributed by diet), were not resolved and co-eluted as a 
single peak. Figure III.B.7 illustrates the Improved resolution with gra
dient heat for a pathologic urine sample. Note the separation of kynurenine 
and 3-hydroxykynurenine which are not present in samples from normal sub
jects. Such separations cannot be achieved at room temperature using the 
normal gradient. 

The use of gradient heat seems to have Improved resolution throughout 
the chromatogram. Peaks in the area of hippuric acid qualitatively seem 
to exhibit improved resolution, which may be due to the earlier heating of 
the column rather than gradient heat. 

i 
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III.B.4. Theoretical Aspects of Chromatography 

A small amount of theoretical work was performed to aid the effort in 
computer peak identification and to er?ble a better understanding of some 
of the variables affecting resolution in liquid chromatography. 

III.B.4.a. A Mathematical Analysis of 
Normalization Techniques Used in Chromatography 

A mathematical analysis of normalization techniques used in chromatog
raphy has been developed. The treatment deals with both the open-ended, 
single-reference method and the bracketing, dual-reference method; it leads, 
on normalization, to a general, although complex, mathematical description 
of the disparity between the measured retention time and a fixed, hypothet
ical retention time. A comparison between the single- and dual-reference 
method was made based on a parameter a, which is the ratio of the measured 
retention time of sample peak £ to the hypothetical retention time for that 
peak. This comparison was made over very short sections of the chromato-
gram (e.g., between C ^ and C 1 6, C and C.g, etc., hydrocarbon methylene 
retention times for GC). Over these narrow retention time ranges, a is 
takea to be linear with respect to the elution volume, or at worst, quadrat
ic. Reasonable physical assumptions were used to further simplify the re
sulting mathematical expressions. With these assumptions, the dual-refer
ence method was seen to be essentially a single-reference method in dis
guise. Sample peaks can be normalized to the later-eluting reference peak, 
while the early-eluting reference peak acts primarily as an upper bound to 
the allowed separation between the sample and reference peaks. 

III.B.4.b. A Theoretical Derivation of the Axial 
Diffusion Coefficient in Chromatography 

The basic partial differential equation describing solute behavior in 
a chromatographic column was derived by setting up the appropriate mass 
balances on a differential element of the chromatographic column. Unlike 

•^**i*^jj*-*i^<?-^tmMWf~mwwami *-u 11 (*•<»•«*—— 
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normal procedure when dealing with a continuum, however, the differential 
element was not allowed to become v^nishingly small. The diameter of the 
particulates was used as a lover limit to rhe size of the differential vol-

element. This approach generated the following expression for the 
axial diffusion coefficient D : 

a 
D = \d V + - D a o e a m 

where 
X = constant, 
d ~ diameter of the column (cm), o * 
U = linear interstitial velocity of mobile phase (cm/sec), 

o = void fraction, 
D = effective molecular diffusion coefficient of solute in the m 

bed (cm2/sec). 

The additional dispersion term (\d U ) in the above expression is due 
to the inhomogeneity of the system. This additional term is the convective 
diffusion part of the axial diffusion coefficient. 

The mathematical analysis also yielded an effective molecular diffu
sion coefficient D for the diffusive flux across the total cross-sectional 

m 
area of the bed. This average diffusion coefficient is a function of the 
solute diffusivities in both the mobile and stationary phases. Assuming 

39 spherical adsorbent particles, the model of Fricke for conductivity in 
i nonhomogeneous medium is used to relate the average molecular diffusivity 
in the bed to void fraction and the individual solute diffusivities in 
the two phases. Using this model, the tortuosity factor y is found to be 

2fl-q) 
Y ~ a 2 + o • 

which is a function solely of the void fraction a. 

39 Fricke, H. "A Mathematical Treatment of the Electric Conductivity and 
Capacity of Disperse Systems." Phys. Rev. 24, 575 (1924). 
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III.B.5. Data Acquisition and Analysis 

The more sophisticated nonlinear least-squares program for deconvolu
tion of overlapping peaks is in routine operation, and we are continuing 
development of computer software for automated peak identification. 

III.B.5.a. Automated Chromatographic Peak Identification 

A computer program for the identification of known peaks in a chroma-
togram from a computer-interfaced chromatograph was described in the pre
vious report. This scheme was based on the normalized retention volumes 
of the sample peaks. Since that time it has become necessary to improve 
the program somewhat with respect to location of the reference peaks. In
creasing the size of the volume bracket in which the reference compounds 
can elute very quickly causes problems with interfering compounds which 
elute close to the reference peaks. Therefore, the ratio of the absorbance 
values at the peak maximum for the 254- and 280-nm photometer channels was 
included as an additional location parameter for the reference peaks. This 
two-dimensional bracketing of the reference compounds greatly enhances the 
utility of the identification program when complex chromatograms are being 
analyzed. 

III.B.6. Identification of Body Fluid Constituents 

Work is continuing on the isolation and identification of new bio
chemical constituents in body fluids. The interpretation of mass spectral 
fragmentation patterns for TMS derivatives of urinary constituents is very 
important to our overall identification effort, therefore a small basic 
effort is being maintained in this area to help establish guidelines for 
the interpretation of the complex spectra of these derivatives. 

III.B.6.a. UV-Absorbing Constituents 

Seventeen new uv-absorbing compounds have been identified during this 
report period, Increasing the total number of identified constituents to 
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119 (including positively identified carbohydrates, the total is 131). The 
new identifications and pathologies of the subjects submitting the urine 
samples from which they were isolated are listed in Table III.B.3. 

A unique gas chromatographic peak, having methylene unit (MU) reten
tion times of 13.53 on OV-1 (3% OV-1 on Chromosorb W-HP) and 14.98 on OV-17 
(3% OV-17 on Chromosorb W-HP) , is apparently typical of a urinary sulfate 
conjugates. The peak was first correlated with the presence of a sulfate 
complex when the TMS derivative of the reference standard, indican (indoxyl 
sulfate), was chromatographed. An amine was isolated from the urine of a 
subject afflicted with Parkinson's disease who was ingesting L-Dopa. The 
amine was identified as dopamine; however, the elution position on the uv 
analyzer was some 6 to 8 hr later than a reference standard of dopamine. 
A chromatographic peak (GC) with retention data identical to dopamine and 
an intense peak with MU retention times of (13.53, OV-1)/(14.98, OV-17) was 
observed. This verified the identification as dopamine sulfate. Several 
other compounds which have been isolated have also yielded this unique GC 
peak after TMS derivatization. We do not have proof at this time; however, 
we suspect that the derivatization reaction is causing the deconjugation. 

III.B.6.b. Trimethylsilyl Derivatives of 
Urinary Glucuronides 

Conjugation of aromatic hydroxyl and carboxyl groups with glucuronic 
acid is an important mechanism by which man detoxifies various metabolic 
products and foreign substances. The usual methods by which glucuronides 
are analyzed require the liberation of the aglycon by enzymatic or acid 
hydrolysis techniques which are very time-consuming. Impurities contrib
uted by the enzymatic hydrolysis, possible degradation of a biochemically 
significant aglycon, and sensitivity are only three of many possible prob
lems associated with these hydrolytic procedures. Liquid chromatography 
is extremely useful in the analysis of such conjugated compounds since 
samples can be analyzed without pretreatment deconjugation. The aglycon, 
of course, must be identified, and an estimate of the molar absorptivity 
of the conjugate must be available. 
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Table III.B.3. New Urinary Identifications 
and Their Sample Origins 

Compound Sample Origin 

1-Me thylguanosine 
1,3,7-Trimethylurie acid 
Phenylacetamide 

Benzamide 

3-Hydroxyphenylacetic acid 

Catechol 
Phenol 
3-Hydroxykynurenine 
Dopamine sulfate 

4-Methylcatechol 
3-Glucuronosidomorphine 
3-Methoxy-4-hydroxyphenylacetamide 

Kynurenine 

Indican 

1,7-Dimethyluric acid 

Octopamine 

3,4-Dihydroxyphenylacetic acid 
(sulfate conjugate) 

Normal and pathologic urine 
Leukemia 
Concentrated samples from 

normal subjects 
Concentrated samples from 

normal subjects 
Concentrated samples from 

normal subjects 
Child after vitamin B g 

Child after vitamin B g 

Ovarian carcinoma 
Parkinson's disease on 

L-Dopa 
Child after vitamin B g 

Cancer patients 
Parkinson's disease on 

L-Dopa 
Ovarian and other types 

of cancer 
Child with neurological 

seizures 
Cancer patients, also 

normal subjects 
Concentrated sample from a 

cancer patient 
Parkinson's disease on 

L-Dopa 

Probably sulfate conjugates. 

Substitution of methyl groups may be 1,3. 
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During the course of our efforts to identify the molecular constit-
4 7 40 uents of human urine separated on the uv analyzer, ' ' we have identified 

a number of glucuronides from mass spectral data of their trimethylsilyl 
(TMS) derivatives. Two different linkages were observed for these conju
gates: an ether bond to an aromatic hydroxy1 group (designated as a Type 
A glucuronide) and an ester bond to an aromatic carboxylate group (desig
nated as a Type B glucuronide). Listed in Table 1I1.B.4 are nine Type A 
and three Type B glucuronides together with GC retention data on two col
umns and the four most intense masses in each mass spectrum. 

The fragmentation for a typical Type A glucuronide, penta-TMS-3-me-
thoxy-4-glucuronosidophenylacetic acid, is illustrated in Fig. III.B.8. 
Listed in Table III.B.5 are the empirical formulas, determined by high-
resolution mass spectrometry, for a number of the fragments observed in 
the mass spectrum of this TMS-derivatized conjugate of homovanillic acid. 
Those masses associated with glycon fragmentation, 465, 464, 449, 392, 375, 
359, etc. (Table III.B.5), were typical of masses observed in the spectra 
of all derivatized Type A glucuronides. This enabled us to set up guide
lines for subtracting these masses from the spectrum of the derivatized 
conjugate and utilizing the remaining masses for identification of the 
aglycon. 

The Type B or ester-linked glucuronides showed evidence of a more la
bile linkage after formation of their TMS derivatives. The GC record for 
the penta-TMS derivative of l-(3-indolecarboxy)-glucuronic acid is shown 
in Fig. III.B.9. Illustrated in this figure are GC peaks for the TMS de
rivatives of glucopyranurono-(o-Kl)-lactone, 3-indolecarboxylic acid, and 
the conjugate. This deconjugation, apparently induced by derivatization, 
was also observed for the other two ester-linked glucuronides (Type B, 
Table III.B.4). 

The pyranose form of glucuronolactone was verified by comparison of 
its derivatized mass spectrum with that of reference glucofuranurono-(6-*3)-
lactone, which has a furanose structure. Abundant mass 204 and 217 ions 

Molecular Anatomy (MAN) Program Semiarm. Progr. Rept. Sept. 1, 1971, to 
Feb. 29, 1972, ORNL-4771. 



Table III.B.A. Gas Chromatographic Ratention (MU*3) and Mass Spectral Data for 
TMS Derivatives of Urinary Glucuronide Conjugates 

Conjugats Structural 
Typa 

MPVtlw 
CV-1 OV-17 

Mass Sosctral Data («/s) 
Bass Fsakc 2nd 3rd 4th 

Molacular 
Weight 

l-(N-Acetyl-4-aainobenioyl)-glucuronic acid 
3~Bthoxy-4-glucuronoeidobensoic acid 
N-Acetyl-4-glucuronoeldoaniline 
4-Glucuronosldotolusns 
3-Kydroxy-4-glucuronosidophenyialanlne 
N-Acetyl-3-Mthoxy-4-glucuronoaldoanlllne 
3-Metho«y-4-glucuronoaldobenaolc acid 
3-Mothoxy-4-glucuroaoaldophenylacetlc acid 
6-Glucuronosldo-5-hydroxylndols 
1-O-lndoleacetoxy)-glucuronic acid 
l-(3-Indolecarboxy)-glucuronic add 
3-Glucuronosldoatorphlna 

B 
A 
A 
A 
A 
A 
A 
A 
A 
B 
I 
A 

30.30 
• 

28.81 
24.63 
32.+ 
29.33 
29.13 
29.39 
32.6 

s 
31.32 
36.38 

31.33 
s 

29.76 
23.33 
36.4 
30.63 
30.41 
31.03 
34.1 

a 
33.92 
38.31 

137 
154 
373 
180 
373 
139 
168 
326 
93 
202 
305 
429 

120 
137 
293 
373 
93 
181 
44 

217 
375,363,293 

319 
246 
373 

179 63 
182 58 
223 217 
169 257 

147,217 412 
124 43 
153 
311 
147 
304 
216 
464 

151 
267 
217 
200 
290 
236 

335a 

358 
687 
572 
877. 
35 7* 
344' 
716 

319? 
305* 
821 

so 
in 

"Methylene Unit. 

Peaks with •/« <80 not rsportsd for TMS darlvstlvss. 

°Most lntsnss psak In tha spsctrua; othars ara llstsd In ordsr of docrsaalng Intensity. 

ntexlvatlaatloa ssvarad glucuronlds llnkagat largaat OC psaka wsra 17.30/18.42 (MU, OV-l/MU, OV-17), which Is ths pyrsnoss fom of 
glucuronolactons, and 18.38/19.72 Mil, which Is N-acetyl-4-aalnobensolc acid. Mass spectral data ars fro* undarlvatlssd proba saapla 
of ths glucuronlds and show only tha aglycon. 

"Not determined. 

'Insufficient seaple for 0C-MS snalysls of TMS derivative) mass spsctrsl data ars fro* ths probe ssapls and raprassnt only ths aglycon. 

'Sea footnote fe} aglycon MU values are 19.38/21.93. Mass spectral data ara for tha derlvatlsed aglycon. 

See footnote b; aglycon MU values are 20.00/22.63. Mass spsetral data are for the derlvatlssd aglycon. 
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Fig. III.B.8. Fragmentation of the Penta-TMS Derivative of 3-Methoxy-4-
Glucuronosidophenylacetic Acid. 
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Table III.B.5. High-Resolution Data for the Penta-TMS 
Derivative of 3-Methoxy-4-Glucuronosidophenylacetic Acid 

Nominal 
m/e 

Measured 
Mass 

Empirical 
Formula Fragment 

Deviation from 
Theoretical 

(mw) 

465 n n r\ c-; 
w18 vifl v6 b x4 

r>-\ . -2.6 

464 464.1914 C18H«fO°6Siif Glycon +1.0 

449 449.1656 C17 H37°6 SH Glycon -1.4 

392 392.1489 C15 H32°6 S i3 Glycon -2.0 

375 375.1470 C15 H31°5 S i3 Glycon -1.1 

359 359.1180 Cl«f H27 05 S i3 Glycon +1.2 

333 333.1370 C13 H29°^ S i3 Glycon -0.5 

331 331.1564 Cl«fH31°3Si3 Glycon -1.8 

326 326.1367 C. H 0 Si 15 26 k 2 Aglycon -0.4 

319 319.1583 C H 0 Si 13 31 3 3 Glycon +0.1 

311 311.1145 C m H 2 3 ° 4 S i 2 Aglycon H).9 

305 305.1086 SAsV^ Glycon +2.4 

285 285.0985 12 2! «t 2 Glycon +0.5 

233 233.1027 C H 0 Si 
9 21 3 2 

Glycon -0.3 

217 217.1074 9 21 2 2 Glycon -0.7 

209 209.1000 l#1 lH| yOy^X. Aglycon +0.1 

191 191.0903 ^7^19^2**^2 Glycon -2.1 

189 189.0761 Cytii ̂ OASIH Glycon -0.7 

179 179.0871 C 1 0H 1 5OSi Aglycon -2.2 

169 169.0698 C 8H 1 30 2Si Glycon +1.2 
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Fig. III.B.9. Gas Chromatographic Record (OV-1) for the Penta-TMS Deriva
tive of l-(3-Indolecarboxy)-Glucuronic Acid Illustrating 
the Cleavage Reaction Undergone by the Type B or Ester-
Linked Glucuronides. 
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and low abundance for the Mass 230 ion, all present in the spectrum of th 
cleaved glucuronolactone, have been shown to be indicative of the pyranos 

41 42 ring for TMS-derivatized carbohydrates. ' A abundant mass 230 ion 
is typically present for IMS derivatives of carl- lydrates such as ribose 

43 with a furanose structure; the most intense peak in the mass spectrum o 
reference glucofuranurono-(6+3)-lactone was m/e 230. The linkage of the 
aromatic carbohydrate group is to carbon 1 of the glucuronic acid moiety. 
It is reasonable to expect a rearrangement reaction whereby the carboxyla 
IMS from the giycon participates in the cleavage of the conjugate, yieldi 
tri-TMS-glucopyranurono-(6-*l)-lactone and the fully derivatized aglycon, . 
shown in Fig. III.B.9. A molecular model indicates that the chair form o 
the pyranose ring is necessary to form the (6-*-l)-lactone bond, as we ob
served for the cleaved glucuronolactone. The appearance of glucopyranuro! 
(6*1)-lactone [GC MU * 17.50 (0V-1); GC MU = 18.39 (07-17)] after TMS der: 
vatization was indicative of the presence of a glucuronide and, in our ex
perience to date, was also indicative of an ester-linked (Type B) glucuro
nide. 

III,B.6.c. Losses of Neutral Fragments from the 
Trimethylsilyl Ethers of Selected Xylenols and the Isomeric Cresols 

44 45 
Many studies ' of the mass spectrometric decomposition of trimeth

ylsilyl (TMS) derivatives of organic and biochemicals have been conducted 

DeJongh, D. C., et_ al. "Analysis of Trimethylsilyl Derivatives of Car
bohydrates by Gas Chromatography a ad Mass Spectrometry." /. Am. Chen. 
Soc. 91, 1728 (1969). 

42 Zinbo, M., and W. R. Sherman. "Gas Chromatography and Mass Spectrometry 
of Trimethylsilyl Sugar Phosphates." J. Am. Chem. Soc. 92, 2105 (1970) 

TfcCloskey, J. A., et_ al_. "Mass Spectrometry of Nucleic Acid Components 
Trimethylsilyl Derivatives of Nucleotides, Nucleosides, and Bases." 
J. Am. Chem. Soc. 90, 4182 (1968). 

44 
White, E. V., P. M. Jreuger, and J. H. McCloskey. "Mass Spectra of Tri
methylsilyl Derivatives of Pyrimidlne and Purine Bases." J. Org. Chem. 
37, 430 (1972), and references cited therein. 

45 
Smith, G. G., and C. Djerassi. "Mass Spectrometry in Structural and 
Stereochemical Problems — CXCIX." Org. Mass Spectrom. 5, 505 (1971), 
and references cited therein. 
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over the past ten years. In most instances, these studies were prompted 
by the recent development of coupled gas chromatography—mass spectrometry 
(GC-MS). Trimethylsilation has provided a convenient means for improving 
the gas chromatographic properties of nonvolatile substances and has wid
ened the scope of the GC-MS technique. Certainly a thorough study of the 
fragmentation patterns of TMS derivatives is necessary if generally useful 
structural information is to be obtained. 

Many phenolic compounds have been observed in urine. Within a par
ticular class (i.e., the cresols, xylenols, and methylated catechols) there 
are several isomers that are sometimes difficult to identify using chro
matographic analyses due to their similar properties. It is therefore nec
essary to rely upon GC-MS of TMS derivatives for an absolute identification 
of the isomer in question. With the purpose of constructing a mechanism 
to serve as a guideline in understanding the fragmentation modes of these 
types of compounds, studies of the mass spectrometric behavior of the TMS 
ethers of the isomeric cresols and some xylenols are being carried out. 

In these preliminary studies, the experimental approach has involved 
a comparison of low- and high-resolution mass spectra of the TMS and per-
deutero-TMS-ethers. This allowed recognition of those fragmentation paths 
involving (1) only the TMS group, (2) an interaction between the IMS group 
and the aromatic portion of the molecule, and (3) only the aromatic por
tion. 

The loss of a methyl radical from the TMS group (M -15) followed by 
the expulsion of (CH3)2SiO (M -89) are the major fragmentation pathways 
for the TMS ethers of all the isomeric cresols and xylenols (i.e., TMS-2,4-
dinethylphenol, TMS-3,5-diaethylphenol, and TKS-2,6-dimethylphenol) which 
produced the corresponding dimethylsiliconium and tropylium ions respec
tively. These transitions were confirmed by high-resolution mass spectrom
etry and by the presence of appropriate metastable transitions. Jn all 
cases, however, masses of significant intensity (1-102) were observed at 
16 and 30 mass units lower than the [M -15] ion. The fact that these two 
fragments originated from this ion was verified by the appearance of meta-
stable transitions relating the daughter ion to the (M -15) parent. High-
resolution mass spectrometry showed the mass 16 fragment to be methane and 
indicated that the 30-mass-unit loss was actually a doublet due to the ex
pulsion of both ethane and formaldehyde. 
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The following information regarding the losses of methane, ethane, 
and formaldehyde was gleaned from mass spectrometric studies of the tri-

46 methylsilyl (1) and perdeuterotrimethylsilyl (2) ethers: 

1. Trimethylsilyl Ethers 

a. TMS-phenol had a substantial methane loss, but lost only 
a small amount of ethane relative to the TMS-cresols and 
-xylenols. No formaldehyde loss was observed. 

b. In all cases, the amount of methane expelled exceeded that 
of ethane. 

c. TMS-2,6-dimethylphenol and TMS-o-cresol expelled five 
times as much formaldehyde as ethane, and the former 
eliminated approximately twice the amount of ethane and 
formaldehyde as the latter relative to the parent. 

d. Only negligible amounts of formaldehyde were formed for 
TMS-m-cresol and TMS-3,5-dimethylphenol. 

e. TMS-p-cresol and TMS-2,4-dimethylphenol gave about the 
same ratio of formaldehyde to ethane. 

11. Perdueterotrimethylsilyl Ethers 

a. Scrambling of CH (contributed by the aromatic methyl 
groups) and CD. (contributed by the IMS groups) occurred, 
yielding only CH -CD and CD.-CD . About 1:1 CH.-CD to 
CD -CD. was observed for the cresols and approximately 2:1 
for perdeutero-TMS-2,6-dimethylphenol. 

b. The formaldehyde fragment did not contain deuterium J.n 

any case. 

c. The methane fragment contained three deuteriums, CHD3. 

At least two reaction paths are involved in the losses of methane. 
ethane, and formaldehyde. One path involves only the methylated aromatic 

46 
Only the perdeuterated ethers of o, m, and p-cresol and 2,5-dimethyl-
phenol have been studied. 
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ring portion, as indicated by the absence of deuterium in the expelled 
formaldehyde and by the absence of CH 0 loss for phenol. The other path is 
concerned with the elimination of methane and ethane, which must involve an 
interaction between the silyl moiety and the methylated aromatic ring in 
light of the observed isotopic distribution. 

In view of literature data on aromatic ring expansions and the facil-
47 48 

ity of hydrogen shifts in the mass spectrometer, ' the mechanism illus
trated in scheme I for formaldehyde expulsion, using perdeutero-TMS-p-cre-
sol as an example, can be operative. This ring expansion mechanism also 
explains the absence of formaldehyde loss from TMS-m-cresol and TMS-3,5-
dimethylphenol since the positively charged oxygen exerts its effect most 
strongly at the orthc and para positions. A proximity effect, both induc
tive and steric, can account for the increased expulsion of formaldehyde 
over ethane for the ortfo-substituted ethers. 

The observed losses of CD3H, CH3CD3, and CD3CD3 are indicative of an 
interaction between the perdeuterodimethylsilyl group and the substituents 
(methyl and hydrogen) of the aromatic ring. Certainly this isotopic dis
tribution is compatible with an irreversible interaction between isotopi
cally undisturbed methyl groups and between a silyl methyl and a ring hydro
gen. These results, along with the earlier observations of the generally 

49 high migratory aptitude of the TMS group leading to rearrangement, would 
be in accord with the intervention of intermediates like those shown in 
scheme II (Fig. III.B.10). 

A complete randomization of the ring methyls and hydrogens prior to 
expulsion of ethane and methane would predict the observed distribution of 
deuterium in these neutral fragments. Although there are not many cases of 

47 
Dawson, R. M., and R. G. Gillis. "The Hass Spectra of Alkylbenzenes -
II. The Formation of (M-methyl) from Tri- and Tetramethylbenzenes." 
Org. Mass Spectrom. 6f 1003 (1972). 

48 
Venema, A., N. M. M, Nibbering, and Th. J, DeBoer. "Participation of 
Ring Carbon in the Loss of Methyl from the Molecular Ion of 7-Methyl-
cycloheptatriene." Tetrahedron Letters, 2141 (1971). 

49 
Weber, W. P., and A. H. Willard. "Mass Spectroscopy of Organosilicon 
Compounds. Examples of Interactions of the Silyl Center with Remote Phenyl Groups." J. Org. Chem. 36, 1620 (1971). 
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methyl migrations in the literature, accounts of such migrations in arene 
systems have been given. In some instances, methvl shifts were neariy as 
rapid as hydrogen shifts. The deuterated methoxy group vould not be as 
susceptible to migration, due to a partial double bond character between 
oxygen and silicon. The mechanism is compatible with the 1:1 CH 3-CD 3 to 
CD3-CD3 ratio for the perdeutero-TMS-cresols and predicts the observed 2:1 
ratio for perdeutero-TMS-2,6-dimethylphenol. 

The mechanisms representing the two indicated pathways for the observed 
formation of methane, ethane, and formaldehyde are preliminary and subject 
to revision until all of the data have been obtained. Both mechanisms can 
be tested by labeling the aromatic methyl group with deuterium. Under 
these conditions, if scheme I is operative, the formaldehyde expelled ought 
to contain some deuterium. The same distribution of deuterium in ethane 
should be observed with a deuterated methyl group bonded to the aromatic 
nucleus as with the deuterated TMS groups if scheme II is the pathway lead
ing to the expulsion of methane and ethane. However, with this type of 
label, methane would be liberated principally as CH^. 

III.B.7. Experimental Results and Applications 

Studies are continuing on the application of the uv analyzer to the 
investigation of various pathologic states. We have continued our quan
titative efforts in the analysis of 24-hr excretion of pseudouridine, 1-
methylinesine, and N2-dimethylguanosine by normal subjects and subjects af
flicted with various types of malignancies* The uv-absorbing amino acids, 
tryptophan, phenylalanine, tyrosine, and their various metabolic pathways 
are very amenable to high-resolution analysis. Chromatograms from several 
pathologic subjects including some children with neurological involvement 
are discussed, with particular emphasis on the metabolic products from 
these pathways. 

Brouwer, D. M., £. L. Mackor, and C. Maclean. "Areuonium Ions." 
Carbonium Ions, (G. A. Olah and P. A. Von Schleyer, eds.). New York: 
Wiley, 1970, p. 890. 
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III.B.7.a. Excretion of Pseudourldine, 1-Methylinosine, 
and N2-Dimethylguanosine 

The nucleosides, pseudouridine, 1-eethylinosine, and N2-dimethylguan-
7 40 osine, which we have previously identified ' in urine samples of cancer 

patients, are believed to be constituents of transfer RNAs (tRNAs). Pseu
douridine, in man and other higher animals, is only found in BNA and, most 
abundantly, in amino acid tRMAs. The two methylated nucleosides, 1-aeth-
ylinosine and N2-dimethylguanosine, have been reported as normal urinary 
constituents, with excretion levels of 2 to 3 mg/24 hr reported for several 
w - 5 2 subjects. 

Several authors have suggested that urinary excretion of pseudouri-
53 54 dine is related to tRNA turnover in humans. * The absence of further 

catabolism of this nucleoside by humans is apparently due to the unique 
carbon-carbon linkage of the ribose moeity to carbon 5 of uracil in con
trast to the usual carbon-nitrogen bonding for other purine and pyrimldine 
nucleosides. Such absence of further catabolism of pseudouridine may sig
nify that this nucleoside is indeed a useful measure of tRNA turnover. 

weissman, S. M. "Human Pyrimidine Metabolism." J. Am. Med. Assoc. 195, 
27 (1966). 

52 
Chheda, G. B., A. Mittleman, and J. T. Grace, Jr. "Nucleosides in Human 
Urine. I. Isolation and Identification of N2-Dimethylguanosine, 
1-Me thy linos ine and N2-Methylguanosine from Normal Urine." J. Pharm. 
Sci. 55(1), 75 (1969). 

53 Pinkard, K. J., I. A. Cooper, R. Motteram, and C. N. Turner. "Purine 
and Pyrimidine Excretion in Hodgkln's Disease." J. Natl. Cancer Inst, 
49(1), 27 (1972). 

54 
Chheda, G. B., and A. Mittleman. "Urinary Pseudouridine: A Possible 
Index of tRNA Turnover." Abstr. 60th Mtg. Am. Assoc. Cancer Ret., San 
Franciscos 1969. 
Dlugajczyk, A., and J. J. Eiler. "Lack of Catabolism of 5-Ribosyluracil 
in Man." Nature 212, 611 (1966). 
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Weissman, Adams, and Pinkard have reported elevated excretion of 
pseudouridine by patients afflicted with leukemia and Hodgkin's disease; 
however, information on excretion rates in connection with other types 
of malignancies, especially solid tumors, is not available. 

Few published data are available on excretion rates of normal sub
jects for many of the minor nucleosides including 1-methylinosine and N 2-
dimethylguano&ine; we therefore determined these rates for a number of 
normal subjects. Data for 1? samples from 16 apparently normal subjects 
are listed in Table III.B.6. Measurements carrying standards through our 
analytical procedure indicated recovery of 100 ± 10Z for 1-methylinsoine 
and 99 ± 20% for N2-dimethylguanosine. Recovery of pseudouridine was more 
precise, usually 98 ± 5Z, since additional chromatographic steps were not 
needed foi* analysis of this nucleoside. 

For normal subjects, the. average 24-hr excretion of 1-methylinosine 
was 3.9 ± 2.1 mg/24 nr (95Z confidence limits) (Table III.B.6). The aver
age excretion of N^-dimethylguanosine was 3.9 ± 2.6 mg/24 hr. These values 
are in reasonable agreement with the four results published by Chheda e£ 

52 al. which ranged from 1 to 3 mg/24 hr. Pseudouridine excretion averaged 
64.7 ± 30.8 mg/24 hr. Two of these subjects (AS2-114-1 and AS2-115-1) in
gested a high protein diet for two days prior to obtaining 24-hr urine 
specimens. Excretion rates of pseudouridine were 49.8 and 77.8 mg/24 hr, 
well within the normal range. 

Others have reported that the normal diet appears to have little in-
58 56 

fluence on the excretion of pseudouridine. Weissman reported that 
normal subjects maintained on a purine-pyrimidine restricted diet had an 
average excretion of 46 mg/24 hr with a range of 24 to 75 mg/24 hr. 

Weissman, S. H., e£ al.. "Pseudouridine Metabolism. II. Urinary Excre
tion in Gout, Psoriasis, Leukemia, and Heterozygous Oroticacldurla." 
J. Lab. Clin. Med. 59, 852 (1962). 
Adams, W. S., F. Davis, and M. Nakatanl. "Purine and Pyrlmldlne Excre
tion in Normal and Leukemic Subjects." Am. J. Med. 28, 726 (1960). 

58 
Elsen, A. Z., S. Weiscman, and M. Karon. "Pseudouridine Metabolism. I. 
Isolation and the Effect of Diet on Urinary Excretion." J. Lab. Clin. 
Med. 59, 620 (1962). 



Table III.B.6. Urinary Excretion of 1-Methyllnoslnet 

N2-Dlmethylguanoslne, and Pseudourldlne by Normal Subjects 

Sample Subject Age 
and Sex Identification 

Subject Age 
and Sex 1-Hethyllr 

A31-295 9,F 1.9 
AS2-11 53,M 3.8 
AS2-12 48,F 3.0 
P-164* 36 ,M 4.2 
P-171a 36 ,M 3.4 
P-172 15 ,M 4.2 
AS2-14 27,M 5.0 
AS2-17 33 ,M 3.0 
ASir-15 24,F 3.2 
P-175 18 ,M 4.3 
AS2-36 19 ,M 4.1 
AS2-16 19 ,M 2.9 
AS2-114-1 39 ,F 3.9 
AS2-10 24 ,F 3.0 
AS2-115-1 39 ,M 5.5 
AS2-35 27,M 6.1 
AS2-113 12 ,M 4.8 

excretion Rate (mg/24 hr) 
1-Methyllnoslne N2-Dimethylguanosine Pseudouridine 

2 
3 

<1, 
5, 
4, 
3, 
6, 
3. 
3, 
4, 
3, 
3, 
4, 
2, 
3, 
5, 
5, 

2 
1 
2 
8 
5 
6 
0 
8 
1 
8 
2 
8 
1 
5 
9 
5 
0 

39 
74 
40 
73 
83 
77 
89 
51 
49 
75 
56 
65 
49.8 
73,8 
77 
73 

7 
3 
9 
0 
0 
0 
0 
6 
4 
3 
2 
9 

,8 
50.1 

Average 3.9 ± 2.1 Average 3.9 ± 2.6 Average 64.7 ± 30.8 

^Tvo different samples from the same subject. 

95X confidence limits. 



108 

The urinary excretions of 1-methylinosine, Nz-dimethylguanosine, and 
pseudouridine by subjects afflicted with 11 different types of neoplastic 
disease are listed in Table III.B.7. Pseudouridine excretion is elevated 
for most of the subjects, while excretion of the other two nucleosides 
varies from the range of normal values to abnormally high values. However, 
for the two subjects having breast cancer, excretion rates for the three 
nucleosides were all within the ranges of normal subjects. Extremely ele
vated excretion of pseudouridine (>150 mg/24 hr) seemed to be accompanied 
by the highest excretion of 1-methylinosine and N2-dimethylguanosine. Of 
the 22 patients listed, 16 (73Z) had elevated (above the 95% confidence 
limits) pseudouridine excretion, while only 12 (55Z) exhibited elevated 
excretion of the other two nucleosides. Average excretion rates for the 
22 subjects were: 1-methylinosine, 8.6 mg/24 hr; N2-dimethylguanine, 
8.6 mg/24 hr; pseudouridine, 153.4 mg/24 hr. Deleting the five subjects 
who displayed normal excretion rates for all three nucleosides increased 
the above averages by 16 to 17%. It should be emphasized that the clin
ical state of the disease and the chemotherapeutic treatment of patients 
prior to the time their urinary samples were obtained have not yet been 
correlated with these results. 

Pseudouridine excretion rates for a total of 37 patients afflicted 
with various types of cancer were determined. Twenty-one (57%) had excre
tion rates in excess of 95 mg/24 hr. The values, grouped according to 
diagnosis in Table 1II.B.8, clearly illustrate that, for certain types of 
cancer such as breast cancer and multiple myeloma, the Incidence of ele
vated pseudouridins excretion was zero, while for others, .such as leukemia 
and malignant melanoma, most of the samples contained elevated amounts of 
pseudouridine. One subject, afflicted with aplastic anemia at the time 
his sample was obtained, was excreting 120 mg/24 hr. He was undiagnosed 
at the time that the saople was obtained; however, he later developed 
leukemia and expired. 



Table I I I .B .7 . Urinary Excretion of 1-Methylinosine, N z-Dimethylguanosine, 
an** Pseudourldlne by Subjects Afflicted with Various Types of Malignancies 

S a ^ i , Subject Age ttWWMTO ?i t f ( t t / 2 4 *?) 
Identification and Sex 1-Methyllnoelne N2-Dime thy lgtanoaine Pseudouridlne 

AS1-276 53.F 7.0 22.5 232.0 Ovarian carcinoma 
AS1-270 35,P 3.4 4.3 91.4 Ovarian carcinoma 
AS1-223 55,F 6.5 11.0 111.0 Ovarian carcinoma 
AS1-272 52 ,M 15.2 22.2 302.0 Chronic myelocytic laukemla 
AS1-233 49 ,M 19.4 14.8 300.0 Chronic myelocytic leukemia 
AS1-274 6,M 6.4 7.6 299.0 Acute leukemia 
AS1-273 8.F 5.0 4.7 87.5 Acute leukemia 
AS1-271 51.F 1.4 1.2 34.0 Breast cancer 
AS1-275 56, F 3.9 4.9 67.4 Breaat cancer 
AS1-277 60 ,M 3.1 2.5 97.5 Malignant melanoma 
AS1-264 60 ,M 6.0 5.3 113.0 Malignant melanoma 
AS1-279 47 ,F 21.0 8.8 232.0 Malignant melanoma 
431-291 55 ,F 6.8 10.3 155.0 Malignant melanoma 
AS1-289 55 ,F 3.7 4.9 40.4 Hodgkin's disease 
A31-224-1 50 ,M 10.8 7.2 80.9 Hodgkin'a diaeaae 
AS2-43 54 ,M 2.8 5.0 133.7 Bronchogenic carcinoma 
A32-44 •>1,M 4.3 3.4 101.5 bronchogenic carcinoma 
AS1-292 43.M 10.3 6.8 150.0 Bronchogenic carcinoma 
A31-234 39 .M 7.9 8.0 132.0 Synovial sarcoma 
AS1-221-1 28 ,M 5.1 6.2 114.0 Testicular carcinoma 
A81-222 16 ,M 17.0 19.0 291.0 Burkltt's lymphoma 
AS2-27 20 ,M 21.8 9.6 210.0 Burkitt's lymphoma 
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Table III.B.8. Urinary Excretion of Pseudouridine 
by Subjects Afflicted with Various Types of Malignancies 

Sample 
Identification 

Pseudouridine Sample 
Identification Excretion Rate Diagnosis 

(mg/24 hr) 

AS1-299 64.4 Hodgkin's disease 
AS1-289 40.4 Hodgkin's disease 
AS1-224-1 80.9 Hodgkin's disease 
AS1-300 57.9 Ovarian carcinoma 
AS1-220-1 71.7 Ovarian carcinoma 
AS1-276 232.0 Ovarian carcinoma 
AS1-261 46.5 Ovarian carcinoma 
AS1-270 91.4 Ovarian carcinoma 
AS1-223-1 111.0 Ovarian carcinoma 
AS1-291 155.0 Malignant melanoma 
AS1-278 71.3 Malignant melanoma 
AS1-287 48.5 Malignant melanoma 
AS1-279 226.6 Malignant melanoma 
AS1-264 113.0 Malignant melanoma 
AS1-277 97.5 Malignant melanoma 
AS1-272 302.0 Chronic myelocytic leukemia 
AS1-233 300.0 Chronic myelocytic leukemia 
AS1-274 299.0 Acute leukemia 
AS1-273 87.5 Acute leukemia 
AS1-268 177.0 Acute leukemia 
AS1-301 120.0 Aplastic aneuiia, leukemia 
AS1-271 34.0 Breast cancer 
AS1-269 66.9 Breast cancer 
AS1-275 67.4 Breast cancer 
AS1-258-1 49.5 Multiple myeloma 
AS1-290 59.9 Multiple myeloma 
AS1-259-1 20.0 Multiple myeloma 
AS2-43 133.7 Bronchogenic carcinoma 
AS2-44 101.5 Bronchogenic carcinoma 
AS1-292 150.0 Bronchogenic carcinoma 
AS1-286 148.0 Reticular cell sarcoma 
AS1-263 93.5 Reticular cell sarcoma 
AS1-234-1 132.0 Synovial sarcoma 
AS1-222-1 291.0 Burkltt's lymphoma 
AS1-221-1 118.0 Testicular sarcoma 
AS1-280 129.0„ Malignant lymphoma 
AS1-255-1 106. CT Embryonic neoplasm 

"Estimated total excretion volume was 500 ml. 
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Hl.B.7.b. Monitoring Tryptophan, Phenylalanine, and 
Tyrosine Metabolism Using the UV Analyzer and Cerate Oxidimetry 

The overall metabolism of the three aromatic amino acids, tryptophan, 
phenylalanine, and tyrosine, is very important to the continued well-being 
of the human body. Normal metabolism of these three amino acids is espe
cially important to the maintenance of a healthy and properly functioning 
central nervous system (CNS) since they are intimately involved in the syn
thesis of the biogenic amines, 5-hydroxytryptamine (serotonin), norepineph
rine, and epinephrine. 

Phenylalanine-Tyrosine Metabolism. — Illustrated in Fig. III.B.11 are 
the known pathways by which the aromatic amino acids, phenylalanine and 
tyrosine are metabolized. Almost all of the phenylalanine not involved in 
protein synthesis is hydroxylated to produce tyrosine, then transaminated 
to produce 4-hydroxyphenylpyruvic acid which is oxidized to homogentisic 
acid, and ultimately, oxidized to fumaric and acetoacetic acid, both of 
which can enter the Krebs Cycle. The remaining pathways shown in Fig. 
III.B.11 metabolize a relatively small but important part of the phenylala
nine and tyrosine producing biogenic amines and their metabolites. The un
derlined metabolites have been separated anci detected in urinary samples 

1 40 44 using the uv analyzer. ' ' Identifications of separated chromatographic 
peaks were confirmed by gas chromatography and mass spectrometry. ' 
Note that some of the minor pathways in Fig. III.B. 11 are shown with ques
tion marks. Few literature data are available to substantiate these path
ways; however, in most cases, they are analogous to more well-defined path
ways. 

59 
Mrochek, J. E., et̂  al.. "Separation and Identification of Urinary Con
stituents by Use of Multiple Analytical Techniques.11 Clin. Chem. 17, 
72 (1971). 

60 Mrochek, J. E., and W. T. Rainey, Jr. "Identification and Biochemical 
Significance of Substituted Furans in Human Urine." Clin. Chem. 18, 
821 (1972). 
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One of the core interesting pathways is that involving tyramine me
tabolism. Elevated excretion of some of the indicated products of its 

61 metabolism have been observed in uv chromatograms of urine samples * from 
children afflicted with unexplained neurological seizures, in some cases, 
manifesting extremely autistic behavior and mental retardation. The me
tabolites referred to in particular include 4-hydroxyphenylacetic acid, 
4-glucuronosidotoluene (glucuronide of 4-cresol), and 4-hydroxyhippuric 
acid. 

Hare, in 1928, reported the enzymic conversion of tyramin^ to 4-hy-
6? droxybenzaldehyde which can be readily oxidized to 4-hydroxybenzoic acid 

and then conjugated with glycine. More recently Iskric and Kreder reported 
that tyramine and octopamine, when incubated with the nuclear fraction of 
rat liver homogenate, were metabolized to 4-hydroxybenzaldehyde and 4-hy-

63 
droxybenzoic acid. They reported analogous metabolic products when dopa
mine and norepinephrine were similarly treated. Both of these reports 
would seem to lend credence to the possible connection of 4-hydroxyhippuric 
acid with the metabolism of tyramine and octopamine, according to the scheme 
as shown in Fig. III.B.11. 

There are few literature data to substantiate the reactions which con
vert 4-hydroxyphenylacetic acid and 3,4-dihydroxyphenylacetic acid to 4-
cresol and 4-methylcatechol respectively. However, we do have some circum
stantial evidence which suggests the possibility of such decarboxylation 
reactions occurring based on urinary chromatograms. An 8-year-old child 
afflicted with neurological seizures and extreme hyperactivity was found 
to be excreting approximately 38 mg/24 hr of 4-hydroxyphen/lacetic acid. 
The excretion rate for this compound, a metabolite of tyramine, is not 
generally so high, even for adults, averaging 3.9 and 11.6 mg/24 hr for 

Samples courtesy of Dr. M. Coleman, Washington, D. C. 
62 Hare, M. L. C. "Tyrannic Oxidase. I. A New Enzyme System in Liver." 

Bioohem. J. 22, 968 (1928). 
63 
Iskric, S., and K. Kreder. "A New Aspect of the In Vitro Metabolism 
of Some Biogenic Amines." Croat. Chem. Aota 37, 233 (1965). 
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64 children and adults respectively. Also identified in abnormal amounts 
in this urine was the glucuronide conjugate of 4-cresol. 

While maintained on a purine-free diet with restricted intake of tyro
sine and phenylalanine (less than 1500 mg/day), this child excreted rela
tively large quantities of tyrosine (>100 mg/24 hr) and 4-hydroxyphenyl-
lactic acid (>80 rag/24 hr). These elevated excretions occurred at var
ious times; however, they were usually accompanied by episodes of neuro
logical seizures. A 100-mg dosage of pyridoxine (vitamin B,) induced a 

o 
period of seizures which was accompanied by the excretion of 4-pyridoxic 
acid (an expected metabolite of vitamin B.) and 4-methylcatechol, a com
pound not usually observed in normal urines. However, the excretions of 
known metabolites of some of the biogenic amides (see Fig. III.B.11), 4-
hydroxymandelic, vanillmandelic, homovanillic, and 4-hydroxyphenylacetic 
acids, were relatively unchanged when compared with excretions during a 
period when the child was normal (quantitative measurements made using the 
cerate oxidimetric system, see Sect. III.B.3.d). Pyridoxal phosphate is 
required as a cofactor in transamination reactions in the metabolism of 
phenylalanine-tyrosine and also in the decarboxylation reaction converting 
Dopa to dopamine. Decarboxylation reactions in general are enhanced by 
pyridoxal phosphate. Based on our analytical results we postulated that 
the appearance of 4-methylcatechol as a urinary excretion product in this 
subject may have been caused by increased synthesis of dopamine, and its 
metabolite 3,4-dihydroxyphfcnylacetic acid. The latter was decarboxylated 
to 4-methylcatechol because of increased decarboxylase activity rather 
than converted to homovanillic acid by O-methyiation which is the normal 
metabolic path. 

Data on normal excretion rates for some minor products of phenyl
alanine and tyrosine metabolism are provided in Table III.B.9. Four 

Tocci, R. M., H. Phillips, and R. Soger. "The Effect of Diet upon the 
Excretion of Parahydroxyphenylacetux Acid and Creatinine in Man." 
Clin, tfiim. Acta 40, 449 (1970). 

65 
Personal communication from D. S. Young, January 1973. 



Table III.B.9. The Effect of Ascorbic Acid, Phenylalanine, and 
Tyrosine on Urinary Metabolite Excretion Rates by a Normal Subject 

Compound 
Excretion Rate (mg/24 hr) 

Normal Diet + Ascorbic 
AcidQ + Phenylalanine + Tyrosine 

16 23 22 
8 12 14 
6 7 6 
<1 12 12 
27 20 14 
22 41 80 

4-Hydroxyphenylacetic acid 
4-Hydroxymandelic acid 
Homovanillic acid 
Vanillmandelic acid 
4-Hydroxyphenyllactic acid 
Tyrosine 

21 
8 
6 
6 
15 
12 

Subject ingested 3 g/24 hr of ascorbic acid for 3 days, sampled on 3rd day. 
K Subject ingested 8 g/?4 hr (single dose) of phenylalanine (- 100 mg/kg). 
Subject ingested 8 g/24 hr (single dosa) of tyrosine (- 100 mg/kg). 
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urine samples from a clinically normal subject were analyzed on the uv 
analyzer equipped with a cerate oxidimetric detector. The samples repre
sented: (1) normal diet; (2) normal diet plus 3 g/24 hr of ascorbic acid; 
(3) normal diet plus 8 g/24 hr of phenylalanine; and (4) normal diet plus 
8 g/24 hr of tyrosine. It is apparent from the tabular data that these 
loading doses of phenylalanine and tyrosine produced minimal changes in 
the quantitative excretion of the minor metabolites studied. Even urinary 
excretion of tyrosine itself was minor, comprising 0.5 and 1% of the in
gested dose of phenylalanine and tyrosine respectively. This suggests 
that the major meiiabolic pathway (shown by bold arrows in Fig. III.B.11) 
is capable of completely metabolizing these two amino acids in a normal 
subject and also indicates r.hat normal fluctuation in dietary intake should 
havp mininal effect on the excretion of metabolic products of tyramine and 
dopamine. 

Parkinson's disease is an affliction associated with a metabolic er
ror in the L-Dopa pathway of phenylalanine-tyrosine metabolism. The af
fliction is treated by ingesting relatively large amounts (up to 8 g/24 hr) 
of L-Dopa (3,4-dihydroxyphenylalanine). We have chromatographed urine sam
ples from two subjects afflicted with Parkinson's disease who were ingest
ing 4 and 4.9 g/24 hr of L-Dopa. Previous identifications reported in
cluded 3,4-dihydroxyphenylacetic acid, 3,4-dihydroxvmandelic acid, and the 
glucuronide of homovanillic acid. Additional compounds which have been 
identified include the sulfate conjugates of dopamine, 3,4-dihydroxyphenyl-

67 acetic acid> 3-methoxy-4-hydroxyphcnylacetamide, and unconjugated 3-
hydroxyphenylacetic acid. Excretion of homovanillic acid and 3,4-dihydroxy
phenylacetic acid by both subjects was massive, while excretion of the 
newly identified compounds was elevated and represented compounds not ob
served in urine samples from normal subjects. 

Tryptophan Metabolism. — An interesting finding in urinary samples 
from subjects with Parkinson's disease was the abnormally high excretion of 

Samples courtesy of Dr. D. S. Young, Clinical Center, National Institutes 
of Health. 

Sulfate conjugate is suspected but not verified for this ^ound. 

*) 
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tryptophan. The excretion of the glycine conjugate of 3-hydroxyanthranilic 
acid was above average, indicating that the pathways producing kynurenine 
and 3-hydroxykynurenine from tryptophan were open (see Fig. III.B.12). No 
data on metabolites in the pathway through 5-hydrcxytryptamine (serotonin) 
were obtained. 

The uv analyzer was used to study the urinary excretions of a 65-year-
old female afflicted with ovarian carcinoma. This patient was displaying 
an abnormality in tryptophan metabolism indicated by the excretion of kyn-
urenine (22 mg/24 hr) and 3-hydroxykynurenine (probably in excess of 22 
mg/24 hr). Neither of these is observed in urinary samples from normal 
subjects. The next step in metabolism of tryptophan, conversion to 3-hy
droxyanthranilic acid, was apparently inhibited since we did not detect 
the glycine conjugate of this metabolite which is normally present. The 
primary affliction of this patient was, of course, ovarian carcinoma, and 
whether this secondary problem in tryptophan metabolism was caused by the 
carcinoma, the patient's general condition, or induced during chemotherapy 
is unknown. 
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III.C. FAST ANALYZER DEVELOPMENT 

1 2 2 
C. A. Burtis, W. ?. Johnson, J. C. Mailen, J. B. Overton, 

2 C. D. Scott, T. 0. Tiffany, and M. B. Watsky 

III.C.l, Introduction 

Fast analytical systems are under development to provide automated, 
fast anal>ses of molecular components in physiologic fluids by use of col-
orimetric, fluorometric, and sedimentation assays. These systems are pri
marily based on the GeMSAEC principle and include a multicuvet rotor which 
rotates through a stationary monitor whose output is processed in real 
time by means of an on-line computer or other data processing system. 

A primary effort has been the development of a miniature analytical 
system which would decrease the overall size and cost. Many of the rou
tine clinical assays have been adapted for use with the system, and spe
cial emphasis has been placed on operating the system in a multichemistry 
analytical mode. Ue are also developing a portable micro system to be 
contained in and on a 4-in-cubic cabinet; it will be battery operated ar.d 
capable of operation in almost any field situation. 

To extend the range of application, a second major effort has been 
the continued developsent of a fluorescence detection system for use with 
both the large and miniaturized systems. Clinical tests based on fluoro
metric techniques are currently being adapted or developed for use with 
this system. 

A third majc? effort has been the development of a fast analytical 
system to automate various immunological assays and similar competitive 
protein binding assays. An alternative flow system in conjunction with a 
sensitive fluorometer is also being tested. 

Instrumentation and Controls Division. 
i 

Chemical Technology Division. 
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The development of more sophisticated analytical approaches to the 
Fast Analyzer for routine use in clinical chemistry has continued. This 
has been primarily centered around computer software development. A non
linear fixed-time analysis computer program for spectrophotometry analy
sis of enzymic substrate assays has been developed that enables one to 
perform rapidly such enzymic assays as hexokinase, glucose, and triglycer
ide analyses. Programs are under development to be used for enzyme kinet
ic analysis of serum enzymes and for kinetic isozyme stripping without any 
prior knowledge of the K values. 

III.C.2. Engineering Development 

The major equipment development efforts have been to design and fab
ricate a miniature fast analytical system, to design and fabricate a com
pletely portable Fast Analyzer, to optically and electronically improve 
the fluorometric Fast Analyzer, and to design and fabricate a fiber-optic 
fluorometer. 

III.C.2.a. Miniature Analytical System 

An advanced miniature fast analytical system has been designed and 
fabricated. This system (shown in Fig. III.C.l) consists of a miniature 
Fast Analyzer, several rotors, a portable data printer, an automated sam
ple-reagent loader, and a rotor cleaning station. 

Miniature Feat Analyzer. — The heart of the system i«* the miniature 
Fast Analyzer shown in Fig. III.C.2, As with the earlier prototype, this 
Improved model is compact (it occupies only a square foot of bench space) 
and weighs only 30 lb. The primary component of the analyzer is a 17-cuvet 
rotor which, when placed in the analyzer, is rotated through a stationary 
optical system ac speeds up to 5000 rpm. 

The optical system consists of a quartz-iodide tungsten light source 
located in a movable housing mounted above the rotor, interference filters, 
and a miniature photomulti.plier (fW tube. The optical performance of the 

http://photomulti.pl
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Fig. III.C.l. An Analytical System Based Around a Miniature Fast Analyzer, 



122 

OPTICAL L A M P -

PHOTO 024«-7jB 

-HEAT LAMP 

yROTOR 

*OTOR AND CUVET 
SYNCHRONIZATION 
CIRCUITS 

JTOMATED PM 
|CONTROL 
SYNCHRONIZATION! 
CIRCUIT 

CONTROLS 

\ 

Fig. I11.C.2. The Miniature Fast Analyzer. 
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analyzer is quite good; it has been found to be linear at 340 nm up to an 
absorbance of 2.0 with a noise level corresponding to an absorbance of 
only 0.0003. 

Recent improvements to the analyzer include the addition of a temper
ature monitoring and control circuit and a control circuit which automati
cally maintains the transmission pulse obtained from cuvet 1 at a constant 
preset level by varying the high voltage applied to the photomultiplier 
tube of the analyzer. The former controls the rotor temperature at 30.0 
± 0.2°C, while the latter allows rapid change of wavelengths when perform
ing multichemistry analysis. It also provides for maximum digital resolu
tion and performance of the data system. 

Rotors. — Components for several rotors were fabricated at the Y-12 
production plant using a computer-controlled machining process. The indi
vidual components were assembled into rotors using a silicone adhesive 
(Dow Corning 3145 RTV) that was found to form a very strong bond between 
smooth pieces of acrylic. 

Thirty of the assembled rotors were tested for their cuvet variabil
ity in light transmission properties and pathlength. This testing indi
cated that the techniques for fabricating and assembling the rotors re
sulted in quite uniform rotors; the relative standard deviation for the 
rotor-to-rotor variation for cuvet light transnission and pathlength was 
only ±1.02 and 0.55Z respectively. 

Automated Sample-Reagent Loader. — A sample-reagent loader has been 
designed and assembled (Fig. III.C.3) which will sequentially and auto
matically dispense discrete aliquots of reagent(s) and samples into their 
respective cavities in the rotor. As shown in Fig. III.C.4, the loader 
nay be operating in one of four loading nodes of operation. The first is 
a testing node in which repetitive aliquots of the sane sample and reagent 
are obtained; it is useful in evaluating the perfornance of the loader 
and/or the analyzer. The second and third nodes are multiple-sample: 
single-chemistry and single-sample:nultlple-chenistry respectively. The 
fourth node is a combination of the second and third nodes, allowing mul-
tiple-sanple:nultiple-chenistry analysis. 
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in the Miniature Fast Analyze.. 
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Initial evaluation of this loader has begun. In a series of repeti
tive experiments, various volumes of a concentrated dextran blue dye solu
tion (7.A mg/ml) were diluted to a final volume of 0.130 ml by uce of the 
loader; the absorbance of the resultant diluted solution was measured at 
620 nm using the miniature Fast Analyzer. The volumetric range of the 
sample and reagent pumps was linear over the 1-20 ul volumetric range of 
the pumps and precision ranged from -3.5% at 1 ul to 0.25% at 20 ul. Addi
tional experiments indicated a carry-over of approximately 1% between sam
ple compartments. The loader is now undergoing testing for mechanical 
reliability. 

Portable Data Printer. — The design, fabrication, and evaluation of 
3-5 a prototype, portable data printer has been previously described. The 

data printer is a device for acquiring, processing, and printing the re
sults of analyses carried out in a miniature Fast Analyzer. The analyzer 
transmission pulses are converted electronically to absorbance values, 
which are recorded as printed dot? on a data card. Vertical height on the 
card is proportional to absorbance, and the maximum absorbance and the ab
sorbance span are set by means of calibrated potentiometers. 

The electronic module of the system was modified by adding three addi
tional sets of absorbance maximum and span potentiometers (Fig. III.C.5). 
Thus the photometric outputs from cuvets 2-5, 6-9, 10-13, and 14-17 may 
each be processed at the same or different absorbance maximum and span. 
This modification has grtatly increased the versatility of the printer. 
For example, when performing multiple-chemistry:multiple-sample analysis, 

Molecular Anatomy (MAN) Program Semiann. Progr. Rept. Sept. 1> 1971 to 
Feb. 29, 1972. ORNL-4771. 
^Molecular Anatomy (MAN) Program Semiann. Prcgr. Rept. Mar. 1, 1972 to 
Aug. 31, 1972. ORNL-4815. 

*W. F. Johnson, J. C. Mailen, C. A, Burtis, and T. 0. Tiffany. "Develop
ment of a Portable Data Processor with a Mechanical Data Output for Use 
with a Miniature Fast Analvzer." Clin. Chem. 18, 762 (1972). 
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each of the results from each enzyme assay may be processed at an absorb-
ance maximum and span which is optimum for the particular enzyme. A card 
obtained from such an analysis is shown ±r Fig. III.C.6. 

Rotor Cleaning Module. — Injection molding is undoubtedly the method 
of choice for fabricating rotor components inexpensively, reliably, and 
in large quantities. Unfortunately, the technique and the molds required 
by this method have not been completely developed. Because of the uncer
tainty of progress in these developments and of the initial high production 
costs, the rotor components are fabricated using the computer-controlled 
molding methods previously described in this section. Utilizing these 
methods, the cost per rotor In approximately $70 each. Consequently the 
cleaning module shown in Fig. III.C.7 was designed m d fabricated to auto
matically clean and dry rotors after use. This operation requires 10 min 
per rotor at present, but recent developments indicate that the time can 
be lowered to 5 min or less. Using this cleaning module, rotors have been 
used as many as 100 times without encountering problems. 

System Performance. — To test the overall performance of the entire 
analytical system, a single serum sample was repetitively analyzed for its 
alkaline phosphatase and SGOT activities. The results in Table III.C.l 
indicate that the within-run and the run-to-run precision of the system 
are quite good, and they compare favorably with those obtained with the 
larger GeMSAEC Fast Analyzers. 

III.C.2.b. Portable Fast Analyzer 

To capitalize on the portability potential of a very small analyzer, 
a portable, battery-operated prototype has been designed and the first 
model is being evaluated. The system includes a new optical concept using 
bifurcated fiber optics that allows both absorbance and fluorescence mea
surements to be made. 

C. A. Burtis, W. F. Johnson, J. E. Attrill, C. D. Scott, N* Cho, and 
N. G. Anderson. "Increased Analysis Rate by Means of a 42-Cuvet GeMSAEC 
Fast Analyzer." Clin. Chem. 17, 686 (1971). 
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Table IZI*€,1, Analytical Precision of the Miniature 
last Analyser System in Performing Enzyme Assays 

Enzyme 

Average Vithin-
Run Variation 
Activity 

(I.U. liter*1 E.S.D. 
min-») 

Run-To-Run 
Variation^ 

Activity 
(I.U. liter"1 t.S.J), 

rnin'1) 

Alkaline 
phosphatase 

SCOT4 

43.43 

10.93 

0.75 

5.30 

43.43 

10.93 

1.51 

6.88 

a 16 replicate allquots were assayed during a single run and the 
resultant data statistically analysed. 

112 replicate allquots were assayed over a 7-run period and the 
resultant data statistically analysed. 

'Reaction conditions: wavelength • 400 nm; sample volume * 0.010 ml; 
total volume - 0.130 ml; total run time - 200 sec 

Reaction conditions: wavelength • 340 nm; sample volume * 0.010 ml; 
total volume « 0.130 ml; total run time • 400 sec 
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The system is compact, contained in and on * 4 ; 4 in. cabinet (Fig. 
III.C.8). The power supply is rechargeable batteries also contained in the 
cabinet. The analyser uaes disposable plascic rotors with up to eight cu-
vets in each rotor. The rotor for surface fluorescence neaturevents is 
designed with an open face containing M M 11 cavities around the periphery 
of the rotor. In this unique design, no cover windows are used, and there 
is a small lip above the cavity to prevent loss of fluid during rotation. 
Individual reagent mn4 sample wells are also provided radially inboard for 
each of the reaction cavities that allow static Introduction and mixing of 
the reactants. A different design will allow dynamic Introduction of sam
ples or reagents. 

The optical aystea consists of an optical head (the single terminus 
of the bifurcated fiber-optic bundle) that can be oriented for absorbence 
measurements (vertical) or for surface fluorescence (at an angle). The 
fiber bundle is split into two portions, one of which is connected to the 
light source and the other to a mirror leading to the photomultiplier. 
The photomultiplier can be oriented by an external knob in tha raar of the 
housing to either monitor light that progresses vertically through the ro
tor cuvets for absorbance measurements or, via tha fiber optics, amission 
'•easurements from surface fluorescence. 

1II.C.2.C. Fluorescence Fast Analyser 

The basic ideas and considerations in developing the fluorescence 
3 4 Fast Analyser have been previously described. * A major developmental 

objective is to obtain detection levels of fluorescence compounds so that 
they can be uaed in a manner similar to radioactive tracers. Consequently 
a major effort haa been made to improve the optical system and performance 
of the analyser. 

Improvement in sensitivity of the analyser (Fig. III.C.9) haa come 
from the addition of a 10 X objective lene and an amplifier with a gain of 
100 which permit* the lowering of the PM voltage while maintaining a 0 to 
-10 V signal across the A/D converter of the computer. 
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As shown in Table III.C.2, these improvements have reduced the PH 
voltage requirements of the analyzer with a concurrent decrease in the 
noise level of the analyzer. Without these improvements the detection 
limit for sodium fluorescein was ̂ 0.6 ng/ml (based upon the concentration 
represented by a relative intensity 2 times the noise level of the back
ground) with a useful analytical range above 10 ng/ml. With the improve
ments the detection limit was decreased to 0.02-0.04 ng/ml sodium fluores
cein with a useful analytical range above 0.1 ng/ml. 

Additional improvements include: (1) the use of 4-m-diam quartz 
fiber optics (10 cm in length) to increase excitation intensity; (2) the 
addition of a xenon-mercury lamp source, a stabilized DC power supply, and 
a monochromator for operating the Instrument in the ultraviolet spectral 
region; and (3) the addition of film polarizers to both the emission and 
excitation optics. The combination of these improvements has served to 
treatly enhance the sensitivity of polarizers to both the emission and 
excitation optics. The combination of these impiovements has served to 
greatly enhance the sensitivity of the fluorometer and to improve its per
formance . 

Future improvements are being considered to increase further the de
tection limits; these include: (1) an increase in excitation intensity 
while maintaining the stray light at a low level (e.g., through the use of 
a laser source); (2) reduction of scatter by use of film polarizers; and 
(3) increased sensitivity of the detector through use of a more sensitive 
PM tube. All of these factors are now in Initial stages of evaluation. 

HI.C.2.d. Fiber-Optic Fluorometer 

During the development of the fluorometric Fast Analyzer, a design 
criterion for a fluorometric analyzer to be used mainly for concentration 
measurements was established. This criterion, when coupled with recent 
advancements in design and use of fiber optics, has enabled the develop
ment of a small fluorooetrlc analyzer. The analyzer uses a bifurcated 
fiber-optic system in which excitation occurs frontally through half of 
the fiber bundle while the other half is used to transmit the fluorescence 
emission signal to the photomultiplier tube. 
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Table III.C.2. Fluorescence Fast Analyzer 
Sensitivity as a Function of Optical Improvements 

Optical Configuration 

Optical head without 
lens or amplifier 

Optical head with 10 X 
objective lens with
out amplifier 

Optical head with 10 X 
objective lens and 
amplifier (gain X 100) 

Range of Fluorescein _„ „ -• fc fc. FM Voltage Concentrations (hv\ 
(ng/ml) l K V i 

10-100 

10-100 

10-100 

1.1 

0.73 

0.50 

Noise 
Level 
(%) 

1.5 

1.0 

0.3 

4-mm quartz optical fiber, excitation angle 30*, xenon source, 
chromator 475 nm. 
Sodium fluorescein in 0.01 M MaOH. 
'Noise IPVSI represents the percent relative standard deviation of the 
relative intensity of the 10 ng/m.1 sample. 
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A black, threaded Teflon cylinder serves as the cuvet. The path 
length of the cuvet is 1 cm, and the diameter is 3 am, which results in an 
internal cuvet volume of less than 100 pi. Solutions are introduced into 
the side of the cuvet with a syringe or pump; since the cuvet is oriented 
vertically with the exit port at the top, air bubbles are expelled during 
this operation. 

The total bifurcated fluorometer, with excitation source, optical 
fiber, cuvet, photomultiplier tube, and PM power supply, is shown in Fig. 
III.CIO. New development efforts include the fabrication of a more effi
cient computer system that utilizes a cassette tape unit for program and 
data storage. Computer programs for isozyme stripping and for processing 
data generated by the fluorometric Fast Analyzer are also under develop
ment. The fluorometer is sensitive in the 40 to 100 pg/ml range and has 
utility either as a microfluoromster or as a flow fluorometer for flowing 
stream analysis. 

III.C.3. Data Processing 

Many of the necessary software and interfacing problems associated 
with routine operation of Fast Analyzers coupled to on-line computers have 
been solved. Work has continued on a more efficient computer and on soft
ware development for additional analytical techniques. 

Ill.C.3.a. Development of a Compact Computer System 

The compact computer system whose development was described in a pre
vious report was completed and installed in the Fast Analyzer laboratory 
and has been operating for the past four months. 

The computer which i* interfaced to the miniature Fast Analyzer (Fig. 
III.C.11) is built around a Digital Equipment Corp. PDP-8/E computer 
having 8192 words of core memory. A unique feature is the addition of a 
cassette tape unit which not only serves for program storage but also 
permits data storage and retrieval. 
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Fig. III.C.11. Compact Computer Data System Developed for Use with Fast 
Analyzers. 
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III.C.3.b. Isozyme Stripping 

In a continuing effort to develop computer software for enzyme kinet
ics, a program is under development to determine the kinetic parameters 
for the following expression: 

V [S] V [S] 
max max 

Vo = [S] + K + [S] + K * 
where 

V = initial reaction velocity, 
o J 

V = maximum reaction velocity, 
max J 

S = substrate concentration, 
K = reaction rate constant, 
1,2 = subscripts designating the two species. 

This expression represents the case of two enzymes (isozymes) reacting 
with the same substrate. This situation has practical implications in 
that necrotic tissue often will release enzymes having different kinetic 
properties than those of tfie normal circulating enzymes. Since the K 

. . m 
of an enzyme is a descriptive or qualitative property arid V is a-

max -
quantitative measure of the amount present, the simultaneous measurement 
of these parameters should be useful for diagnostic differentiation. For 
example, it could be potentially useful for determining enzyme variants 
and for detecting and diagnosing pathological states arising from heart 
and liver disease. Consequently, a computer program has been written 
to obtain the four parameters, K , K , V , and V . The program 

m. Tn0 max. max. 
makes an initial fit followed by an iterative nonTirear regression fit 
to obtain the four values that statistically best fit the data, after 
which the parameters are printed out with an estimation of error. 

The program has been evaluated for alkaline phosphatase isozymes. 
A sample of human intestinal alkaline phosphatase has been obtained from 
Cleland, W. W. "Statistical Evaluation of Enzyme Kinetic Parameters." 
Advan. Enzymol. 29, (1967). 
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Dr. D. S. Young (NIH Clinical Laboratories), along with a sample of placen
tal alkaline phosphatase. The kinetics of these two enzymes were investi
gated using 0.08 to 0.11 mW p-nitrophenyl phosphate as substrate in 0.6 M 
2-amino,2-methyl-l-propanol buffer (pH 10.5-0.01 M MgCl 2). Total analysis 
time was 15 min. A solution of the two enzymes was made, and the resulting 
isozyme mixture was again analyzed and kinetically evaluated as shown in 
Fig. III.C.12. The results are encouraging and indicate that this approach 
should be feasible for determining the kinetic parameters for two isozymes 
contained within a single solution. 

III.C.3.C Computer Programs for Use with the 
Fluorometric Fast Analyzer 

Computer programs for routine operation of the fluorometric Fast Ana
lyzer have been developed. In general, these programs are similar and 
analogous in application to those previously developed for the photometric 
Fast Analyzers. The major difference in the programs is the linear nature 
of the fluorescent emission signal which, therefore, does not require a 
logarithmic conversion. Programs have been written for calibration, ref
erencing, and enzyme activity. 

III.C.4. Applications 

The main efforts in chemical procedure development during this report 
period have been oriented towards the fluorometric Fast Analyzer and the 
miniature Fast Analyzer. 

III.C.4.a. Fluorescence Fast Analyzer 

Concurrent with the development of the fluorescence Fast Analyzer, 
fluorescence assays that have general usefulness in the clinical laboratory 
are also being studied. Initial efforts include: (1) the development of 
direct dynamic referencing of the fluorescence analyzer to enable the auto
matic calculation of enzyme activities and concentration units; and (2) the 
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definition of the Halts of sensitivity required for the use of fluores
cence-labeled compounds as tracers for various approaches to fiuoro-immuno-
assays. 

Standardization of Fluorescence Assays. — An analytical problem in 
using fluorescence for enzymic activity Mss^ys is the difficulty of obtain
ing the results in accurate and reproducible international units. The use 
of molar absorptivity in spectrophotometry has provided a way of reporting 
enzyme activity in international units that should be reproducible from 
laboratory to laboratory through the use of properly calibrated spectro
photometers. The same approach is difficult to achieve with fluorometers 
due to the varied intensity response from instrument to instrument. There
fore, activity must be calculated from calibration curve* obtained from 
standard solutions of cofactor, substrate, or product under the conditions 
of the assay. 

The multicuvet nature of the fluorometric Fast Analyzer offers two 
features useful in performing fluorescence kinetic enzyme activity assays. 
The first is dynamic referencing, in which a nonfluorescent reference solu
tion is placed in one cuvet, a stable fluorescent compound of constant in
tensity in a second cuvet, and the unknown samples and reagents in the re
maining cuvets. During the analysis, the fluorescent intensity of the 
solution contained in each of the cuvets is obtained, averaged, and normal
ized by the ratio: 

sample reference ~ blank * 

This serves to provide an in-run reference and also to normalize lamp and 
other electro-optical fluctuations during the run. The normalized inten
sities can be converted directly to concentration of monitored compound 
through the use of either dynamic direct or indirect referencing techniques. 

Dynamic Direct Referencing. — The use of a reference solution with 
the same fluorescence properties as the reaction mixtures enables one to 
obtain intensity per uraole of monitored substrate or product. In this 
technique, an aliquot of a standard solution of either a reacting substrate 
or product is placed in the reference cuvet. The fluorescent signal from 
this reference cuvet serves as an in-run reference and is used to normalize 
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th* intensities of the analytical cuvets. Theso normalized intensities 
can be converted directly into concentration units and used to calculate 
enzyme activity in international units. An example of this technique is 
the alkaline phosphatase assay in which the fluorescent compound 4-methyl
umbelliferone is used as the reference since it represents the product of 
the hydrolysis of 4-methylumbelliferyl phosphate, is highly fluorescent, 
and is relatively inexpensive. 

Dynamic Indirect Referencing. — In situations where the fluorescent 
substrates or products of an enzyme reaction are either unstable, expen-
vie, or not available, then fluorescent reference compounds such as qui
nine sulfate may be used. In this technique, the fluorometric Fast Ana
lyzer is used to independently obtain the ratio of the relative intensity 
per umole of the monitored component of the reaction to the relative in
tensity per umole of a fluorescence standard (e.g., quinine sulfate in 
0.1 Af H2SO4) by determining curves of each under controlled conditions in 
a 8ingle run. For example, fluorescence ratios for NADH from pH 7.0 to 
9.0 vs quinine sulfate (0.1 ̂  H 2S0 4) , and for 4-methylumbelliferone in MAP 
buffer, pH 10.5, and 4-methylumbelliferone in citrate buffer, pH 5.0, vs 
quinine sulfate have been obtained; these are listed in Table III.C.3. 

Fluorescent Enzyme Assays. — Using the referencing techniques dis
cussed in the previous section, fluorescence analytical procedures for 
performing enzyme activity and substrate assays are being developed. 

Lactate Dehydrogenase. — An LDH assay kit purchased from Calbiochem 
(lactate to pyruvate) was prepared according to manufacturer's recommenda
tions. Hyland Control Sera I and II, with listed LDH activities of 25 and 
79 I.U., respectively, at 25°, were analyzed using the indirect referencing 
technique described earlier. The result of four analyses (two levels of 
control in duplicate are shown in Table III.C.4) gave analytical precision 
of 5% relative standard deviation for these runs. Analysis time was of 
the order of 3 to 7 nin, and the temperature was maintained by air bath 
thermostating in the range of 24-25°. These results are quite encouraging 
and indicate that the fluorometric Fast Analyzer is capable of performing 
accurate and precise enzyme assays. 

Alkaline Phosphatase. — The use of 4-methylumbelliferyl phosphate as 
a substrate for alkaline phosphatase was first Introduced by Fernley and 



Table III.C.3. Ratios of Substrate to Intensity 
of Reference Standard (Quinine Bisulfate in 0.1 N H2S0^) 

Substrate Buffer PH 
Excitation 
Wavelength 

(nm) 
Ratio 

5.2 307 5.07 ± .03 

10.5 360 9.91 ± .03 

7.0 340 0.033 
7.5 0.031 
8.0 0.033 
8.5 0.029 
9.0 0.031 

4-methylumbelliferone 

4-methylumbelliferone 

NADH 

0.25 M citrate 

0.6 M 2-amino-2-
methyl-1-propanol 

0.1 M Tris 

i n t e n s i t y in units of vimole"1 l i t e r " 1 . 
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Table 1II.C.4. Fluorescence LDH Activity Assay Using 
Quinine Sulfate as a Reference Standard 

Run Sample Range 
(I.U.) Temperature Result 

(I.U.) 

1 Control II 79 ± 5 25° 78 

2 Control II 79 ± 5 25° 81 

3 Control I 25 ± 4 24.5° 23 

4 Control I 25 ± 4 25° 25 

Reaction conditions: 5 ul of sample in 550 ul total assay volume; ratio 
» 0.032; reference standard concentration -0.2 yg/ml quinine sulfate in 
0.1 N HoS0, , 2 k 
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Walker and Modified for clinical use by Cornish e_t_ al.. Contrary to 
these workers, we find the substrate reasonably stable in AMP and MAP 
buffers and have chosen to look at the as'iav using the AMP buffer. 

The activity and substrate specificities with respect to beef liver, 
beef placenta, human intestinal, and an alkaline phosphatase sample from 
an acute hepatitis patient were investigated. The latter was used to es
tablish optimum substrate concentration and also to demonstrate that ei
ther the direct or indirect referencing technique can be used in this as
say (Table III.C.5). Initial investigations indicate that human alkaline 
phosphatase can be assayed using 5 mmole 4-methylumbelliferyl phosphate 
in AMP buffer (0.2-0.6 M, pH 10.5). Activity in the normal range, compar
ison to spectrophotometrie procedures, and precision of assay are under in
vestigation. 

Acid Phosphatase. — A direct kinetic acid phosphatase assay using 
4-methylumbelliferyl phosphate as the substrate is being developed. This 
substrate is slightly fluorescent under acidic conditions and becomes 
highly fluorescent when hydrolyzed by serum acid phosphatase. In addi
tion, this substrate is stable in the acidic buffer (pH 5.0) that is used 
and thus has little or no blank activity. Since the reported kinetic 
studies on human prostatic acid phosphatase have shown the enzyme to have 
a free sulfhydryl group necessary for activity, we assay the enzyme in an 
acetate buffer containing EDTA and 8 mercaptoethanol. Our initial inves
tigation of the substrate specificity indicates that the enzyme is satu
rated at low substrate concentration (hence, economy of the reagent) and 
is inhibited above 0.3 to 0.5 x 10" 3 M substrate concentration. The pros
tatic enzyme is fully inhibited by 1-tartrate at the concentration ini
tially employed (Fig. III.C.13). It should be noted that the characteris
tic lag phase seen in the spectrophotometric assay is missing or nonexistent, 

Fernley, H. N., and P. G. Walker. "Kinetic Behavior of Calf-Intestinal 
Alkaline Phosphatase with 4-Methylumbelliferyl Phosphate." Biochem. J. 97 
95 (1965). 

Cornish, C. J., F. E. Neale, and S. Posen. "An Automated Fluorometric 
Alkaline Phosphatase Microassay with 4-Methylumbelliferyl Phosphate as a 
Substrate." Am. J. Clin. Pathol. S3, 68 (1970). 
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Table II1.C.5. Comparison of Direct and Indirect 
Beferencing Techniques Used with the Fluoroaetric Past Analyzer 

Substrate Concentration Activity0 (I.P. at 25*) 
(mM) Direct2* Indirect* 

0.1 7.2 7.2 

0.2 13.6 13.7 

0.4 23.9 25.5 

0.6 31.6 31.4 

0.8 39.3 39.9 

1.0 43.4 45.8 

3.0 67.1 67.6 

5 yl of enzyme (alkaline phosphatase-hepatic) in 550 yl 0.3 M 2-amino 
2-methylpropanol buffer, pH 10.5. 

^0.2 yg/ml 4-methylumbelliferone in 0.3 M MAP buffer, pH 10.5. 

Ratio = 9.9; reference standard • 4 yg/ml quinine sulfate in 0.1 N 
H 2S0 4. 

*~~m++* ~*=3*r?.̂ **. «NMI-
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thus the reaction can be monitored immediately without initial incubation. 
We are continuing to develop thi assay and are beginning to establish nor
mal levels in serum and precision data. 

Glucose. — A glucose assay kit was purchased from Calbiochem and re
constituted according to the manufacturer's recommendations. Serum glucose 
standard solutions of 64, 80, 107, and 160 mg/dl were diluted 1:100 with 
0.9Z NaCl. The assayed values were found to be 61.5, 81.0, 109,3, and 
158.3 mg/dl, which compare quite favorably with their known values, dem
onstrating the potential of the fluorometric Fast Analyzer in performing 
rapid and accurate substrate analysis. 

Fluorometric-Immunoioglcal Assays. — Work has been started on the 
evaluation of the potential use of the fluorometric Fast Analyzer to per
form fluoro-immunoassays. Initial efforts have included: (1) the deter
mination of the sensitivity and detection limits of the analyzer in regards 
to fluorescent-tagged proteins and, (2) the investigation of the use of 
fluorescence polarization in regard to immunoassay. 

Sensitivity Detection of FITC-Insulin. — To obtain the biologically 
and immunologically active mono-FITC-labeled derivative, insulin was la
beled with fluorescence isothiocyanate (FITC) according to the procedure 
of Bromec et_ al. The normal concentration of insulin in human serum is 
in the range of 10 to 30 y units of insulin per ml of serum. This corre
sponds roughly to 0.5 to 1.0 ng of insulin per ml of serum. The amount of 
fluorescein contained in 1 ng/ml of FITC-labeled insulin is approximately 
70 pg. Since the fluorescence Fast Analyzer has a sensitivity of about 
20-40 pg fluorescein, it can be seen that we are approaching the sensi
tivity required to perform fluoro-immunoassays of polypeptide hormone at 
physiological concentration (Fig. III.C.14). 

Various methods to improve sensitivity are being investigated. These 
include reducing the effect of light scatter and background with improved 
interference and barrier filter techniques and the use of polarizers. Con
current with efforts in improving sensitivity, an insulin assay procedure 

Bromer, W. W., S. K. Sheehan, A. W. Berns, and E. R. Arquilla. "Prepara 
tion and Properties of Fluorescein Thiocarbonyl Insulins." Biochemistry 
6, 2378 (1967). 
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using FITC-labeled insulin is being developed. Initially this assay will 
be used to detect abnormal levels of insulin. However, as increased sen
sitivity is obtained, the procedure will also be used to monitor insulin 
at physiological levels. 

Fluorescent Polarization. — Dandliker and DeSaussure have demon
strated the use of fluorescence polarization for monitoring the kinetics 
of antigen-antibody interactions and hapten-antibody interactions. The 
attraction of fluorescence polarization in immunoassays is the potential 
of monitoring interacting antigen-antibody reactions and relating the 
change of polarization to concentration, thus eliminating the need to sep
arate bound from free antigens, etc. We have adapted film polarizers to 
the fluorometric Fast Analyzer and have developed a means of rotating the 
polarizer on the emission analyzer through an angle of 90°, allowing I 
and I-- to be obtained. 

III.C.4.b. Chemical Procedures for Use with 
the Miniature Fast Analyzer 

Previously, chemical procedures have been adapted or scaled down for 
4 

use with the miniature Fast Analyzer. These include procedures for albu
min, blood urea nitrogen, glucose, total protein, alkaline phosphatase, 
CPK, LDH, SGOT, and SGPT. Recently developed procedures include those for 
serum calcium, bilirubin, and triglycerides. In addition, four of the 
enzyme procedures were incorporated into a multi-chemistry:multi-sample 
protocol. 

Serum Calcium. — The nethylthymol blue dye-binding procedure for 
the colorimetric determination of serum calcium, which is marketed in kit 
form by Pierce Chemical Co. (Rockford, Illinois) was evaluated both on 
the lar3e 15-cuvet Fast Analyzer and the miniature Fast Analyzer. The 
basis of the determination is the absorbance change that occurs at 612 nm 

Dandliker, W. B., and V. A. DeSaussure. "Fluorescence Polarization in 
Immunochemistry." Immunochemistry 7, 799 (1970). 
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when calcium complexes with buffered methylthymol blue (pH 11.5); as with 
other similar compleximetric methods for the determination of calcium in 
serum, 8-hydroxyquinoline is used to chelate with magnesium to eliminate 
its interference. 

Hyland control serum with an assayed calcium concentration of 9.0 
mg/dl and an acceptable analytical range of 8.7 to 9.3 mg/dl was prepared 
according to the manufacturer's recommendations and diluted 1:5 and 1:10 
with distilled water for the 15-cuvet and miniature Fast Analyzers, re
spectively. These diluted samples were analyzed in replicate on each ana
lyzer. The analytical result for the 15-cuvet system was 9.0 ± 0.33 mg/dl, 
with a relative standard deviation of 3.6Z. The analytical result for the 
miniature Fast Analyzer was 9.0 ± 0.24 mg/dl, with a relative standard 
deviation of 2.7%. These data show reasonable accuracy and precision and 
demonstrate the feasibility of performing this analysis on either analyzer. 

Total Bilirubin. — The objective during the development of proce
dures for the total bilirubin was to establish methods for the colorimetric 
determination of bilirubin using diazotized 2,4-dichloroaniline reagent 
and a method for the spectrophotometric determination of total bilirubin. 

Spectrophotometric Method. — Elevated total bilirubin in the pres
ence of a hemoglobin concentration of 68 mg/dl (final concentration in the 
reaction mixture) was determined spectrophotometrically using the 15-cuvet 
Fast Analyzer. As shown by the data tabulated in Table III.C.6, very 
little interference (net change in bilirubin concentration) was observed. 
This interference was minimized by measuring the absorbances at 455 and 
550 nm and using the difference between these two measurements to calcu
late the bilirubin concentration. Total bilirubin was also determined on 
the miniature Fast Analyzer; the absorbance of the bilirubin reference 
standards as a function of bilirubin concentration is presented in Table 
III.C.7. (No hemoglobin was present in this run.) The results presented 
in these tables demonstrate that total bilirubin can be determined spectro
photometrically on the Fast Analyzer systems in the presence of hemoglobin. 
The rapid reference update of the Fast Analyzers (every 100 msec or less) 
essentially provides a double-beam photometric system that can rapidly be 
switched from one wavelength to the next. With the provision of automatic 
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Table 1II.C.6. Effect of Hemoglobin Interference in 
the Spectrophotometry Determination of Bilirubin 

on the 15-Place GeMSAEC Fast Analyzer 

Sample * 
\ 5 5 4 5 5 0 'Sso'^ss 

B i l i r u b i n , 5 mg/dl 0.512 0.026 0.486 

B i l i r u b i n , 10 mg/dl 0.985 0.042 0.943 

B i l i r u b i n , 15 mg/dl 1.515 0.072 1.443 

Hemoglobin, 68 mg/dl 0.630 0.595 0.035 

Hemoglobin, 68 mg/dl; 1.582 0.630 0.052 
bilirubin, 10 mg/dl 

Hemoglobin, 68 mg/dl; 2.050 0.660 1.440 
bilirubin, 15 mg/dl 

Samples prepared from Hyland elevated bilirubin control (21.2 mg/dl). 

Samples (50 pi) diluted with 200 pi of distilled H O and 300 pi of Tris 
buffer, using the Nilab Autodiluter. 

Hemoglobin determined according to the cyanomethemoglobin method and 
found to be 11.8 mg/dl. Hemoglobin concentration in the reaction, 
68 mg/dl =1:76 dilution. 
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Table iII.C.7. Direct Spectrophotometer Determination 
of Bilirubin on the Miniature Fast Analyzer 

Sample ' ^t+50 a 

Bilirubin, 1.2 mg/dl 0.066 

Bilirubin, 2.4 tag/dl 0.131 

Bilirubin, 3.6 mg/dl 0.207 

Bilirubin, 4.8 mg/dl 0.267 

Bilirubin, 6.0 mg/dl 0.320 

All samples prepared from Hyland Q-pak chemistry control serum II 
(7.2 mg/dl). 

Samples prepared by diluting 10 pi of particular bilirubin standard 
with 100 yl of Tris buffer. 

Analyses were run in triplicate; values represent the average in each 
case. 
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photomultiplier voltage adjustment, it becomes possible to automate the 
switching from one wavelength to the next and to use the Fast Analyzer 
as a sophisticated bilirubinometet. 

Colorimetric Method. — Total bilirubin was also determined colori-
metrically using diazotized 2,4-dichloroaniline reagent. The diazotized 
reagent was found to still be reactive after storage for 10 days at -10°C. 

The colorimetric determination of total bilirubin was successful on 
both Fast Analyzer systems (large and small) when one volume of the di
azotized 2,4-dichloroaniline reagent was dissolved in five volumes of a 
4:1 mixture of methanol—ethylene glycol. The use of pure ethylene glycol 
leads to pipetting errors because of its high viscosity and analytical 
variation because of difficulties in mixing. 

Serum Triglyceride. — The enzymatic methods for serum triglyceride 
either use KOH as a saponifying agent or, more recently, employ lipase to 
release glycerol. The released glycerol is quantitatively determined by 
a glycerol kinase—pyruvate kinase—lactate dehydrogenase coupled assay. 
The latter procedure, which utilizes enzymic hydrolysis, eliminates the 
requirement of a previous serum extraction and thus simplifies the analy
sis. This procedure has been investigated for use with the Fast Analyzer 
using both enzymic end-point and enzymic fixed-time substrate analysis. 

Using the end-point procedure, a control serum having a given value 
of 85 mg/dl was assayed and found to contain 83.7 ± 3.9 mg/dl, which rep
resents a lower limit of the obtainable precision. To compare this pro
cedure with a standard clinical method using extraction, saponification, 
and fluorometrlc determination of the released glycerol, several samples 
were run using both procedures. The correlation of the enzymic procedure 
on the Fast Analyzer with the standard Kessler fluorometric procedure 
yielded, for 24 samples, a regression line y * 4.5 x 0.94* and a correla
tion coefficient of 0.975. The mean value for the enzymic procedure was 
134.7 mg/dl; the mean value for the fluorometric method was 138.4 mg/dl. 

The fixed-time procedure consists of determining the absorbance change 
between two fixed-time absorbance readings and subsequent relation of this 
absorbance change to concentration via the use of glycerol standards. If 
all of the series-coupled reactions in the assay fellow pseudo-first-order 
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kinetics, then the absorbance change during any selected fixed-tiae inter
val will be a linear function of initial glycerol concentration. Accura
cy of the fixed-time procedure depends upon the standards; however, with 
proper quality control, an accuracy greater than 22 can be achieved by 
careful weighing of known amounts of glycerol. The precision of the fixed-
time analysis was quite good, with values of 190 ± 2 mg/dl, or a coeffi
cient of variation of 1.12; the results were consistently around 1 to 22. 

in summary, each procedure was demonstrated to give good analytical 
results; however, from a pragmatic viewpoint, the fixed-time procedure 
can be performed more rapidly with better precision (1 to 22 as compared 
with 2 to 42) and is more rapidly adaptable to routine analysis. The end-
point procedure serves as an excellent method for checking the accuracy 
of the standards used for the fixed-time analysis. Used in this context, 
both procedures serve a valuable and useful function. 

Multiple-Chemistry :Multiple-Sample Analysis. — Basically three ana
lytical modes of operation are possible with a Fast Analyzer (i.e., single-
chemistry :multi-sample, multi-chemistry:single-sample, and a combination of 
these two, multi-chemistry:multi-sample). Previously the majority of the 
chemical development effort related to the Fast Analyzer Program has in
volved the single-chemistry:multi-sample mode and procedures. Loading 
system and computer software have been developed to operate within this 
mode. 

To expand the application of Fast Analyzers, the development of pro
cedures to perform multi-chemistry:single- or oulti-sample analyses are 
now under development. Together with hardware design (i.e., a versatile 
sample-reagent system, wavelength switching, automated PM control), this 
involves primarily a change in program philosophy in that the acquired 
data from each cuvet are processed individually instead of collectively as 
currently done in single-chemistry:multi-sample analysis. 

The first procedure developed under this program is a multi-enzyme: 
multi-sample one in which each of four serum samples are analyzed for 
their CPK, LDH, SGOT, and SGPT activity. Using the automated sample-
reagent loader, the miniature Fast Analyzer, the new computer, and a 
recently developed computer program, the results shown in Table III.C.8 
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Table I I I . C . 8 . Multi-Enzyae:Multi-Saaple Analysis 

Using the Miniature Fast Analyzer 

E n z y e Act iv i ty ( I .U . 11 t e r r a i n " 1 ) 
Saaple 

LDH-L SGOT CPK SGPT 

1 48.2 11.5 23.9 13.9 

2 62 .1 10.8 65.6 13 .1 

3 54.7 11.4 28.0 11 .8 

4 61.7 9.7 97 .3 11.7 
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were obtained from a typical multi-enzyme:multi-saaple analysis. (Figure 
1II.C.6 indicates the results obtained when the data from a similar run 
were processed using the Data Printer.) A similar procedure involves 
replacing one of the 340-nm enzyme assays with alkaline phosphatase which 
is run at 400 nm. Presently this involves manual and sequential switching 
of the appropriate filter into the optical light path; however, it is 
planned to automate this switching step. Additional procedures are under 
development to allow concentration (end-point and kinetic) and kinetic 
analyses at a multitude of wavelengths all within a single analytical run. 



III.D. PUBLICATIONS 

Author(s) Title Publication 

Burtis, C. A., W. F. 
Johnson, and J. C. Mailen 

Katz, S., and L. H. 
Thacker 

Scott, C. D. 

Scott, C. D., D. D. 
Chilcote, and N. E. 
Lee 

Modifications of a Nilab Diluter-
Sampler Used in the Development 
of an Automated GeMSAEC Sample-
Beagent Loader 

A New Sensitive Ultraviolet 
Detection System for Carbohydrates 
Eluted During Column Chromatography 

Automated, High-Resolution Analyses 
for the Clinical Laboratory by 
Liquid Column Chromatography 

Coupled Anion Exchange and Cation 
Exchange Chromatography of Complex 
Biochemical Mixtures 

ORNL-TM-3876 (August 1972) 

J. Chromatog. 64, 247 (1972) 

Advanoea in Clinical Chemistry 
15, 1-41 (1972) 

Anal. Chem. 44, 84 (1972) 

Scott, C. D., and 
W. W. Pitt, Jr. 

Jolley, R. L. , J. R. 
Mrochek, C. D. Scott, 
and J. C. Lowery 

Differential Chromatography Using 
Dual, Coupled Parallel Columns 

Body Fluid Constituents of Dogs 

J. Chromatog. 10, 740 (1972) 

Veterinary Medicine/Small Animal 
Clinician (July 1972) 

**~~mtmm>m»v,m»m*L<+Mu+i,*,\i*m*w*m«>m*ttm*i *«*..»..... « . » — * 



III.E. ORAL PRESENTATIONS 

Speaker and 
Coauthor(s) 

Burtis, C. A. 

Title 

Introduction, History, and Theory 
of the Fast Analyzer 

Burtis, C. A. The ORNL Fast Analyzer Development 
Program 

ChDcote, D. D. Rapid Chromatographic Analysis of 
Indoleacetic Acid and 5-Hydroxy-
indoleacetic Acid 

Pitt, W. W., Jr. High Pressure High-Resolution 
Liquid Chromatography 

Pitt, W. W., Jr. 

Scott, C. D. 

Scott, C. D. 

Parallel Fast Analyzers 

Requirements for an Economic 
Enzymatic Process for Hydrogen 
Production 

Recent Advances in Fast Analyzer 
Technology 

Place Presented 

ASCP Fast Analyzer Workshop, 
San Francisco, Culif., Oct. 14, 
1972 

University of Colorado School 
of Medicine, Denver, Oct. 18, 
1972 

Fall Mtg. of the Southeast Sectic 
of the American Association of 
Clinical Chemists, Atlanta, (la., 
Oct. 12-15, 1972 

St. Joseph Valley Section of 
the American Chemical Society, 
Elkhart, Ind. , Oct. 12, 1972 

Ames Laboratory, Elkhart, Ind., 
Oct. 13, 1972 

Biological Energy Conversion 
Workshop, Gat.I Lnburg, Tenn., Oct. 
14, 1972 

Biochemical Subsection of the 
Delaware Section of the American 
Chemical Society, Wilmington, 
Nov. 15, 1972 



T 

(Oral Presentations - continued) 

Speaker and 
Coauthor(s) 

Scott, C. D. 

Title 

Biomedical Engineering. 
Present, and Future 

Past, 

Place Presented 

Workshop on Biomedical Engineering 
University of Tennessee Medical 
Units, Memphis, Dec. 1, 1972 

MftMMW^i m*4j*~—** 



IV. MEDICAL INSTRUMENTATION GROUP 

P. V. Bell, D. A. Ross, W. J. McClain, R. E. McKeighen, 
G. D. James, J. K. East, and E. C. Moore 

IV.A. OAK RIDGE SCANNING SYSTEM 72 (ORSS-72) 
FOR RADIOISOTOPE SCANS 

IV.A.l. Tests of Image Improvement for Correctness 

The highly statistical nature of gamma-ray scan data requires that 
some degree of smoothing be performed before any reasonable conclusions can 
be made about the distribution of the radioisotope. We investigated the 
value of smoothing gamma-ray scan data by fitting the two-dimensional data 
with quadratic and cubic surfaces by a method of least squares. 

The difficulty of evaluating a scan "improvement" process has always 
been that real patient scans have detail, but much of this detail may or 
may not be "true" since the true distribution of activity is unknown. Phan
tom scans have often been used for evaluation, but these are generally much 
too oversimplified and often lead to incorrect conclusions. 

To assess the value of the least-squares technique, a digitized repre
sentation of an area covering the region of the Mogollon mountains of Ari
zona was used. This image, free from statistical error, was extracted from 
a relief map of the area and reproduced on a matrix of 40 x 40 elements. 
The element values corresponded to elevations in units of 100 ft. To pro
vide statistical "noise," a Gaussian error with standard deviation corre
sponding to the square root of the element value was applied to each ele
ment on the map. This "noisy" image was then smoothed wi'.h a quadratic 
surface fitted over 3 x 3 picture elements, 5 x 5 picture elements, and 
7 x 7 picture elements. 

To fit the quadratic and cubic surfaces to the data, the method de
scribed by Smillie was used. This method obtains the best linear unbiased 

'Smillie, K. W. An Introduction to Regression and Correlation. New York: 
Academic, 1960, p. 78. 
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estimate of the regression coefficients of k simultaneous equations de-
rived from r-.'- readings (>cz > k) from the two-dimensional space being 
smoothed. 

The objective of the smoothing process is to eliminate the very dis
tracting and uncertain features caused by the statistical errors while 
retaining the features appearing in the original data. Using the ORSS-72 
scanning system routine, the data were displayed on the scope to provide a 
method of comparing the processing methods. Figure IV.A.1 shows an inten
sity map of the basic data — a, without random noise, and £>, with noise 
added. Figures IV.A.i<?, d, and e are intensity maps of the data following 
the least-squares fit of a quadratic surface to 3 x 3 , 5 x 5 , and 7 x 7 
picture elements to the raw data with noise added. To improve the range 
of data displayed, a value of 25 was subtracted from each element count in 
all of the figures. 

Better detail of the features can be observed from Fig. IV.A.2, which 
shows each of the images of Fig. IV.A.1 in the multicycle contrast enhance
ment (MCCE) mode. It must be remembered in comparing these images that the 
features of the original data (Fig. IV.A.2a) are much sharper here than can 
be expected in images from gamma-ray scans because of the reduced resolu
tion of gamma-ray detectors. The image resulting from the 3 x 3 smoothing 
(Fig. IV.A.2c) reveals most of the close detail of the original image data 
(Fig. IV.A.2a), but it also retains some of the unpleasant features of the 
statistical noise. Smoothing over 5 x 5 picture elements (Fig. IV.A.2d) 
is considered to provide a closer representation of the original data while 
eliminating almost all of the statistical noise. This fact was confirmed 
by applications of the chi-squared statistical test to each of the cases, 
using the error-free data as the expected results and the smoothed data as 
the observed results. The chi-squared tests are compared in Table IV.A.l. 
The fourth line is the interesting comparison between the true data and 
the attempts by the smoothing processes to recover this true data from a 
"noisy" version of it. 

Data taken by a gamma-ray scan two days after a patient was given 
67gallium-citrate (2.4 mCi) were extensively processed to compare quadratic 
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PHOTO 0 4 2 9 - 7 3 

(O) (b) 

(C) (d) 

Fig. IV.A.l. 
(e) 

Intensity Maps of Data Representing an Area of the Mogollon 
Mountains of Arizona, a, Basic data essentially free from 
statistical error; b, same data as in a after adding a 
Gaussian error representing statistical "noise;" <?, map of 
the noisy data after direct application of a 3 x 3 element 
least-squares fit; d and g, noisy data after being smoothed 
with the 5 x 5 and 7 x 7 element least-squares fits respec
tively. 
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PHOTO 0428-73 

(G) 

(C) (d) 

Fig. IV.A.2. MCCE Displays of Data Representing an Area of the Mogollon 
Mountains, a, Basic data without statistical noise; b, basic 
data after noise is added; c, d, and e, data after fitting 
directly with 3 x 3, 5 x 5, and 7 x 7 element least-squares 
parameters. 



Table IV.A.l. Chi-Squared Values for a 40 x 40 Matrix 
Representing the Mogollon Mountains 

Images Compared 

Expected Observed 3 x 3 

Chi-Squared V9l"e for 
Given Matrix Size 

5 x 5 7 x 7 

raw data raw data with Gaussian 
noise 

1.048 1.048 1.076 

raw data 

raw data with 
Gaussian noise 

raw data 

raw data, smoothed 

raw data, smoothed 0.096 0.327 0.482 

raw data with noise, 0.493 1.212 1.566 
smoothed 

raw data with noise, 0.680 0.491 0.558 ± 0.014 
smoothed 

raw data with Gaussian 0.596 0.174 0.086 
noise, smoothed 
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and cubic least-squares fits with each other and with the Gaussian avcr-
2 aging processes, AV3 and AV4, of the Oak Ridge Scanning System (ORSS-72). 

Direct computations of the least-squares processes were performed on the 
IBM-360 because of the magnitude of the problem. Equivalent processing was 
performed on the smail PDP-8 computer after weighting matrices were devel
oped by performing least-squares fits tc a delta function. 

Figures IV.A.3<z and b show the MCCE displays of the data resulting 
from 5 x 5 and 7 x 7 quadratic direct computation methods respectively. 
The results obtained by using the equivalent weighting matrices on the PDP-
8/1 computer are indistinguishable from these displays, thus this proces
sing is c/ailable with ORSS-72. These results also show that the 5 x 5 
quadratic fit gives the bast level of detail without being too noisy. 

Figure IV.A.3 also provides a comparison of the results of the 5 x 5 
least-squares smoothing (IV.A.3a) with the results of the AV3 (IV.A.3<?) 
and AV4 (IV.A.3d) smoothing routines. Shown in Fig. IV.A.3e are the re
sults of the standard antiscatter process and smoothing routines applied to 
the original data. The 5 x 5 quadratic results are intermediate in smooth
ness between those of the AV3 and AV4 routines. The antiscatter correction 
removes from the image the background level caused by scatter from other 
portions of the area being scanned. The comparisons using the mountain 
image where the true distribution was known were so illuminating that our 
impression was greatly strengthened that great benefit would come from a 
detailed synthetic "patient" image whose true details were known. (See 
Sect. IV.C.) 

The averaging process of ORSS-72 averages data over 7 x 7 weighted matri
ces whose elements have a Gaussian dependence on the distance from the 
central elements. The weights for AV3 vary by 1 standard deviation per 
element; those for AV4 vary by 1.5 standard deviations per element. 
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(e) 
Fig. IV.A.3. Comparison of the 5 x 5 Least-Squares Smoothing of a Patient 

Scan with Results Obtained by Smoothing with Weighted Aver
agers AV3 and AV4 of the Oak Ridge Scanning System (ORSS-72). 
a, Result of direct application of the 5 x 5 element least-
squares fit; bf result of smoothing by direct computation 
using the 7 x 7 element least-squares fit; c and d, results 
of smoothing with weighted averagers AV3 and AVA, respec
tively, of ORSS-72; e> result of the application of the 5 x 5 
element least-squares fit as a weighted matrix followed by 
the antiscatter correction using the routines of ORSS-72. 
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IV.B. CLINICAL TESTS OF OAK RIDGE SCANNING SYSTEM 

Tests on clinical data using the ORNL scanning system (ORSS-72) have 
been progressing. Approximately 150 scan images have been accumulated 
from patient scans made on the dual-head total-body scanner at the Medical 
Division of Oak Ridge Associated Universities (ORAU). Tests with the sys
tem in a clinical environment will soon be initiated at the Veterans Ad
ministration Hospital, Gainesville, Florida, in cooperation with Dr. Frank 
Deland. In this situation a dual-head rectilinear scanner will be oper
ated on-line with a PDP-8/I computer which uses an RF08 disk for interme
diate data storage and a DECTape for long-range data storage. The soft
ware (ORSS-72A) has been modified to permit its operation in this computer 
environment. 

The new revision of the software provides an indexed file operation, 
each file being scan data no larger than 16K words. The disk will hold 
11 full-capacity scans (16K words), or a maximum of 46 camera images. Two 
16K blocks are reserved as a working area to permit processing, combining, 
etc., without destroying the basic data. Scans can be eliminated or added 
by simple keyboard commands. The complete disk image file is dumped to, 
or refreshed from, DECTape reels. 
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IV.C. HIGH-SENSITIVITY SCANNER WITH TOMOGRAPHIC OUTPUT 

This new scanner is being developed to provide a step increase in the 
absolute sensitivity available in gamma-ray imaging equipment. Scanners 
and cameras now available provide at best about 2 to 3% absolute efficiency 
for detection of gamma rays escaping from a point within the patient. The 
scanner being designed will provide about 10Z absolute efficiency for de
tection, permitting a considerable reduction of scanning time or dose. 
This system will be effective for gamma-ray emitters having energies from 
below 50 to above 600 keV and will be useable with radioisotopes from mixed 
gamma-ray emissions, including minor emissions up to 2.5 MeV. In contrast, 
most camera systems are confined to low-energy isotopes only and are seri
ously discommoded by isotopes having weak high-energy components. 

In order to secure this high efficiency, it is necessary to accept a 
greatly increased solid angle of gamma-ray emission. To permit a clear 
view of the patient from surface to deeper organs with one scan with this 
wide solid angle, methods are needed which give a tomographic image of a 
number of relatively thin slices of the patient to prevent smearing of the 
image. This is an advantage since good information is provided about the 
depth of an anomaly within the patient, but it requires that a small com
puter be used as che data collection and image assembly system. 

IV.C.l. Data Collection and Data Format 

The two detector heads each have 20 scintillation crystals with focus
ing collimators arranged so as to cover about ±45° in one direction, ±30° 
in the perpendicular direction. The axes of the collimators have a common 
point of convergence midway between the detecting heads, and there is a 
12-in. working space to clear the patient. 

In order to form an image at a depth other than that containing the 
point of convergency, it is necessary to record the count pulses from the de 
tectors in 20 separate streams. The data are organized such that the 
counts for a particular picture element are recorded together. Since all 
the counts received are divided between the 20 detecting channels, each 
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one requires considerably less storage space than would be required for 
the sum of all the counts for that picture element. As a technique for 
further minimizing the storage requirement, a group of 7 computer words 
is assigned for each picture element. Each detector count is stored in 
4 bits of a word (requiring 6 2/3 words). The remaining 4 bits in the 
first word of the group are used to provide a landmark bit and 3 bits for 
a common multiplier applying to all data of that picture element. That 
is, a sort of floating-point representation is used with a 4-bit mantissa 
and a common 3-bit exponent. This permits exact counts to be recorded up 
to 15 counts per detector section of a maximum of 300 counts per element. 
Beyond this point the representation is not exact, but it is statistically 
sound up to 256 counts per detector section (5120 counts per element). 
This format overflows at 1920 counts per detector section, total counts 
per picture element of about 38,000. This is a much higher number than 
will ever be encountered. 

Data will be accessed by single-cycle data break so that dead time 
per count will be about 1.5 v̂ sec, a value considerably less than that for 
current cameras and scanners. A complete scan image of 8196 picture ele
ments will require 56K stored computer words. 

IV.C.l.a. Collimation 

The proposed instrument requires 40 detecting crystals (3-in. Nal 
cylinders) arranged in 20 opposed pairs, with 20 crystals above the pa
tient and 20 below. Each crystal must have a collimator, and each of 
these will have 37 hexagonal holes, all aimed at a common point inside 
the patient. The dimensions and other parameters for these holes and the 
surrounding, heavy lateral shield have been fixed, and design work now 
centers around economical methods of fabrication. Because of spacial con
straints, there should ideally be four kinds of collimator, but the third 
and fourth types are sufficiently similar so that a compromise can oe cade 
to suit both of these types. This reduces the needed number to three: 
Type 1, Type 2, and Type J . Each of these must have a mold and 37 hex-

3 D 
agonal tapered pins, arranged in such a way that molten lead can be poured 
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in between the pins, the pins then extracted to leave the hexagonal holes, 
and the residual mass of lead removed in one piece from the main mold. 

Careful study of the requirements has resulted in a new method for the 
retention of the pins in position in the mold, using photo-etched copper 
sheets carrying appropriate hexagonal holes into which the pine will fit. 
Three sets of pins will be necessary to suit the three focal distances 
needed, but it turns out that the same perforated sheets can be used for 
all three, with the spacing between top and bottom sheet merely adjusted 
to point the pins at the three focal points required. Three outer molds 
will be needed, however: one for the inner four collimators (Type 1) in 
each detecting head; one for the outer eight (Type 3 , ) in each; and one 
for the intermediate eight (Type 2) in each. Design work on the outer 
molds is in progress. The details are considerably simplified by the de
velopment of a new method for pulling the pins out of the mold, the prin
ciple being that of the "wheel-knocker" used in automobile machine shops. 
The extracting device is simple, has been constructed, and has been suc
cessfully tested. The remaining design work on the outer molds promises 
to be quite simple, and the use of the "knocker" also simplifies the de
sign of the pins themselves. A trial half-dozen pins indicate that it 
will be more economical to machine than to cast them. 

IV.C.0.. Magnetic Tape Cassette Recording of Scan Images 

This equipment, that can be attached to any existing rectilinear scan
ner, has been in use for some time providing us with images from the ORAU 
Medical Division. We have added a small section of electronics to the 
original arrangement to improve the utilization of the tape, so that count
ing losses are completely negligible on the tape up to 300,000 counts/min 
on each channel simultaneously. 

In this system, count pulses from the upper and lower detecting heads 
of the scanner are recorded in opposite polarity on one track of the stereo 
tape cassette while the other track records coded-pulse groups defining 
picture elements, reference line marks, and patient landmarks. Each count 
requires 200 usee to be recorded on the tape, and, to be read r.orrectly, 
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it must be followed either by a 200 usee space or by a count of opposite 
polarity. This permits a maximum recorded rate of 2500 counts per second 
(150,000 counts/min) in each channel if the counts arrive regularly and 
alternately from each head. Radioactivity counts, of course, arrive ran
domly from each head, so that severe counting losses will occur at about 
1/5 this maximum counting rate. 

To prevent this unacceptable counting loss, two steps are taken: (1) 
Each count channel is scaled down by a single scale-of-two so that only 
1/2 the rate need be recorded from each channel; this has no significant 
effect on the counting statistics or accuracy at any count rate. (2) An 
interleaving derandomizer is inserted between these count streams and the 
tape input channels. 

The interleaving derandomizer resembles two ordinary derandomizers 
coupled together so that after a pulse has been recorded from one side, 
one is recorded from the other side if one is waiting in its derandomizer; 
otherwise, a space is recorded. Each derandomizer is a 4-stage shift 
register with an input resolving time of ^0.05 usee, so that its response 
time is negligible. Pulses arriving are stored in this shift register 
which generates 200-ysec pulses as long as there are counts stored in it. 
As soon as an output pulse begins, a count is removed from storage in the 
shift register. This effectively derandomizes the input count streams 
so that the output is nearly regular at rates near the maximum, and count
ing loss is negligible until it begins abruptly at about 300,000 counts 
per min. The two identical derandomizers are each inhibited from gener
ating an output pulse if the other is in the process of doing so. Neither 
derandomizer can output a second pulse until an internal delay of 200 ysec 
is completed. This acts as a space if no pulsus are being supplied from 
the other derandomizer. In this way there is negligible counting loss in 
the recorded counts until the counting rate in either or both channels 
has risen very close to 300,000 counts per min, at which point the count
ing rate will rise no further in that channel. The other channel dis
plays no counting loss until it also exceeds 300,000 counts per min. 
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This tape system revealed that some of the Tc sulfur colloid scans 
made at ORAU were defective due to excessive counting rate. This fact 
rather than some fault in the dose preparation was responsible for some 
poor scans. 

A complete report on the tape system is in preparation. In coopera
tion with Dr. Frank Deland, we are preparing a unit to be installed for 
clinical tests at the Veterans Administration Hospital in Gainesville, 
Florida. 
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IV.D. FIRST ATTEMPT AT FORMING A FAMILY IMAGE 

Nuclear medicine practitioners have extensively published scan images 
in an attempt to assist clinicians in forming a mental image with which 
patient scans can be compared. These have often been accompanied by dia
grams and much discussion. The effort has not been effective due to a 
number of factors: 

1. The considerable diversity of display methods and formats 
in use. 

2. The varying resolution of different imaging systems 
greatly affecting the images. 

3. Differences in dose and scanning parameters which grossly 
modify the images. 

4. Impossibility of recovering the published images in such 
a form that they can be reprocessed to yield an image 
comparable to those being generated by the equipment in 
use. 

What is needed is a "family image" in digital form so that it may be 
processed by any user group to have resolution, dose-plus-scan-time sta
tistics, and image format comparable with those of their usual images. By 
"family image" is meant an image that displays all the features seen in 
scans of "normal" patients with the isotope specified. Such an image must 
have an effective resolution much better than that of any of the systems 
with which it will be used and must have a statistical accuracy better 
than obtainable in any usual scan. That is, it must be a synthetic image 
that accurately resembles the image that would be obtained by an imaging 
device with a very high resolution and that realizes a counting statistical 
spread better than that obtainable in any actual scan. 

Such an image cannot actually be obtained, but, by extremely detailed 
examination of many patient scans and by careful studies of the anatomy in
volved, one can construct a synthetic image that produces a fair approxi
mation of such a "family image." It is comparatively easy to convert such 
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an ideal image into one that accurately represents what would be obtained 
on an imaging device having a given point-source response (resolution, 
scattering, and septum penetration included). It is also easy to intro
duce at all point.? in the image appropriate random variations representing 
any combination of dose, detector efficiency, and scanning speed, so that 
the image appears as it would in an actual scan. 

Considerable benefit could be obtained from a "family i&age." It 
could satisfactorily show a new clinician (or one new to the radioisotope 
it represents) what to expect from a patient image, helping him to form in 
a short time a satisfactory mental "family image." Of equal importance, 
it could be used to show the effect expected from a reduction or Increase 
of dose or scanning time. In addition, it could be used to show the value 
of any image-processing method, since the actual true distribution from 
which it was formed would be known. This is never, true of patient images, 
and one is always in some doubt as to whether or not some of the details 
brought out by the processing are real or are artifacts, a most important 
distinction. 

We are in a position to produce a good 6a "family image," since we 
have accumulated a large number of patient scan images made at ORNL and 
at ORAU. Preliminary synthetic images of some organs have been made. 
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IV.E. SPECTRAL STUDIES ON NEW MEDICAL NUCLIDES 

From time to time the Isotopes Development Center at ORNL receives 
suggestions from the nuclear medical field regarding incompletely explored 
gamma emitters which offer promise for clinical applications. It often 
happens that the ORNL laboratory then prepares samples of the desired ma
terial for testing in the field. The routine tests for radiochemical pu
rity, however, may not be wholly informative for this service, particu
larly if the proposed nuclide is likely to be used for the gamma imaging 
of a localizing vector substance in patients. Therefore the Medical In
strumentation Group is frequently called upon to examine new material 
spectroscopically and to report any adverse evidence that may turn up. 
The presence of even small quantities of high-energy contaminants is es
pecially harmful in scanning service, particularly if such contaminants 
are longer lived than the nuclide of interest. Examples of radionuclides 
recently studied include In, K, and Bi. Bi is reputed to be 
highly effective as a rumor seeker. Unfortunately it is still being 

205 
rather heavily contaminated with Bi, which presents both higher ener
gies and a longer half-life. Its preparation in the near future using 
an enriched cyclotron target is awaited with some interest, for the pu-

206 rity cf the Bi will then be much higher. 
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V. ASSOCIATED RESEARCH AND DEVELOPMENT 

V.A. PREPARATION OF ANTIGENS AND ANTIBODIES 
BY IMMUNOSUBTRACTIVE TECHNIQUES 

N. G. Anderson, D. W. Holladay, J. E. Attrill, J. E. Caton, 
F. L. Ball, D. D. Willis, and J. V. Holleman 

A main thrust in the Molecular Anatomy Program is to isolate proteins 
characteristic of cancer. It will be useful to have these, and antibodies 
to them, as materials for devising tests for the detection of the onset of 
the cancer process, for monitoring the results of therapy and surgical in
tervention, for diagnosis of the kind of cancer when cancer is suspected, 
and ultimately for immunotherapy. In addition, having cancer-associated 
proteins available will allow study of them that will shed light on the 
perturbations of differentiation and the mechanisms of production of these 
proteins that are involved in cancer processes. In some cases the proteins 
will be used as reagents; in others they will be the objects of study them
selves . 

Often, even though their production may augment greatly over an ex
tremely low or nonexistent background level, cancer-associated proteins 
may be present in only small absolute amounts in tumors and tumor extracts 
and body fluids of persons or experimental animals with cancer. This poses 
a difficult problem in isolation. Also, antibodies against tumor antigens 
or cancer-associated antigens may be present in small amounts and are usu
ally part of a spectrum of similar molecules, difficult to separate from 
each other. Our approach to this problem has been to use the potentiality 
of proteins to provoke a relatively specific immunological response, and 
to Isolate proteins by their affinity for another protein. To use this 
kind of biological specificity or affinity to the full we have had to de
velop systematic procedures for getting first a small amount of cancer-
associated antigen or a preparation enriched in it, using this to provoke 
an immunological reiponae in an experimental animal, separating from the 
serum of the animal the Immunoglobulin fraction and separating from this 
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the antibody to the antigen by passage of the immunoglobulin fraction over 
a column of the antigen immobilized on an inert support, and finally using 
the antibody thus obtained to separate more antigen from fresh t'imor ex
tract or body fluid. 

The main system we have developed is an automated affinicy chromato
graphic apparatus which we have called a "Cyclum." This is a machine viich 
dees automatically the operations of loading an affinity column (immobilized 
antigen or antibody) with sample, washes off unbound protein, elutes bound 
protein, and repeats this cycle as many times as desired. The machiiie does 
this through the operation of a main controller and two accessory timers, 
which control the operation of solenoid valves, a pump, and a dialyzing 
unit. A recorder shows the results. Both bound and unbound protein frac
tions are collected and dialyzed, to be concentrated and preserved for fur
ther use. In this way useful quantities of specific proteins are obtained 
from complicated mixtures. 

The system may be used in several ways. In some cases it is the bound 

protein which is wanted; in other cases the wrbound. To illustrate the 
Jatter case: we have developed ad hoc balanced mixtures of antibodies to 
normal human serum proteins. When these antibodies are made into a column 
and a sample serum passed through the system, only proteins to which anti
bodies are not present on the column go through. In this way a cancerous 
or abnormal protein may be isolated without ever getting out of solution, 
and without having anything done to it besides letting it flow through a 
column. 

In recovering bound protein from antigen-antibody complexes, dissocia
tion of the complex to release the desired entity, whether antigen or anti
body, without denaturing it, followed by separation, has classically been 
a problem. Extremes of pH have been used, as has been addition of dispers
ing agents such as urea, admixture of substances, changing the polarity of 
the solvent, and others. Addition of lyotropic ions has been tried period
ically and then discarded. Recently, Dandliker and de Saussure have done 
a series of studies on the action of lyotropic ions (termed by them "chao-
tropic" ions) in solubilizing antigen-antibody complexes and effecting par
tial dissociation. The use of chromatographic principles renders this a 
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success for separation now, and we routinely elute with 2-3 M thiocyanate 
(either the sodium or ammonium salt), at near neutral pH. We consider that 
the action of the thiocyanate ion is to penetrate the water shell around 
the protein. As reflected by its low energy of hydration, the thiocyanate 
ion "prefers" the structured water in the vicinity of the protein to the 
relatively disordered water outside, making a diffuse zone of hydration 
and thus promoting solubilization. At the same time it lies along the pep
tide backbone, generating a certain amount of conformational strain. An 
effect of lyotropic ions on hydrophobic attractions is also not to be ex
cluded. The sum of these actions is to promote solubilization and to cause 
a degree of dissociation. In free suspension, this dissociation would not 
be sufficient in many cases for production of free protein in any great 
yield; but where one protein is bound, as on the column, the process is 
repeated over and over as each virtual front passes, and elution ensues. 

The thiccyanate is potentially denaturing, and in-line dialysis to 
remove che bulk of it from the solution as quickly as possible is a fea
ture of the machine. 

Various problems come up in connection with optimizing the protocols 
involved in this work, in making columns with increased capacity, in the 
chemistry of immobilizing proteins on the column material, and so on — in 
short, in refining the system. These are the object of ongoing studies. 

V.A.I. Results Achieved 

For preparing workable quantities cf proteins from complex mixtures 
of molecules, we have in use several types of immunosorbent columns. The 
Type 1 column contains antibodies specific for all proteins of a particular 
mixture, but none against the protein(s) of interest. The Type 2 column 
contains mostly "inert" antibodies (not specific for any of the proteins 
of the mixture being processed), but it also includes a fraction (1/20 to 
1/10) which is specific for the protein or proteins of interest. Type 3 
columns result when enough antigen has been collected to make a column con
taining practically only it. A Type 4 column is one containing only an 
antibody specific for a single antigen. Following are examples of some 
separations achieved through the use of columns of the above types. 
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V.A.I.a. Isolation of Alpha-Fetoprotein from 
Human Fetal Cord Blood 

Human fetal cord blood was collected at delivery and frozen, with 
azide added for protection against bacterial action. A Type 1 column was 
used several times to isolate an aFP fraction, still impure but sufficientl 
enriched to serve as antigenic material for antisera to aFP. Injection of 
about 5 nig of this material in all into an experimental animal over a 3-
month period resulted in an antiserum containing 0.2-0.5 Eg/ml of antibody 
relatively specific for aFP. The antiserum was absorbed exhaustively with 
pooled normal human serum to increase its specificity, and the total IgG 
fraction was then separated and immobilized to form a Type 2 column. Nine
ty-five percent of the protein from 20 ml of cord blood went through this 
column; mostly aFP was retained, and the recovery of it (on the basis of 
the amount present in the cord blood) on elution was 75%. The amount re
covered was 10 times that of a Type 1 column of the same size, which could 
handle only 2 ml of cord blood. The material eluted from the column was 
contaminated with some gamma and beta globulins which had bound to the col
umn along with the aFP. Efforts are under way to explain this "nonspecific 
adsorption. These proteins may be separated from the aFP by passage of the 
mixture over columns of DEAE ion exchange material or by gel filtration, 
as on G-150 Sephadex. To increase the amounts of aFP produced, a Type 4 
column (made with the aid of a Type 3 column containing highly purified 
aFP) containing only IgG specific for aFP will be used in the future, as 
it will have 20-50 times the capacity of a Type 2 column of equal size. 

V.A.l.b. Isolation of Placental Antigens 
from Human Placenta 

Human placentas from normal term deliveries are washed, diced, and 
frozen at -65°. The frozen, diced material is homogenized once with phos
phate buffer, and the residue homogenized with phosphate buffer and then 
with sodium chloride solution. The material in the extracts is precipi
tated, taken up in buffer, and d^alvzed. A 4̂ 0-g placenta yields 3 g of 
protein material including 250-500 rag of antigens. 
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A Type 1 column was employed to remove from 5-ml samples of reconsti
tuted extract an antigen fraction for raising antiserum. After 6 injec
tions of 5-10 mg each of this material, antiserum was obtained containing 
1-2 mg/ral of antibodies against placental antigens. The antiserum was 
absorbed exhaustively with normal human serum to render it specific for 
placental antigens. The total IgG fraction was separated by DEAE treat
ment and immobilized on a Type 2 column. About 30 mg each of placental 
antigens was isolated in one pass from placental extract. The Type 2 col
umn is now being used to produce 100-mg quantities of antigen, which will 
in turn be used to upgrade antisera and thus provide for Type 4 columns, 
which will have the capability of producing gram quantities of placental 
antigens. 

V.A.l.c. Isolation of Specific IgG from Antisera 

For a variety of uses, and in particular for producing immunosorbents 
with high capacity (Type 4 columns), it is often desired to remove from 
antisera only those antibodies specific for one particular antigen. The 
antigens to which antisera may be desired to produce a "compensated" or 
"balanced" antiserum cocktail may vary from such a common protein as al
bumin to human chorionic somatomammotropin (HCS), a hormone of great in
terest found in human placentas. Whatever the case, one tries to obtain 
in some way a relatively large quantity (grams of albumin; perhaps only a 
few mg of HCS) of antigen, using some of it to produce an antiserum and 
immobilizing the bulk of it on an immunosorbent. The total IgG of the 
antiserum is isolated by DEAE treatment (to reduce the amount of super
fluous protein), and is passed over the column of immobilized antigen. 
Virtually stoichiometric amounts of IgG specific for the antigen bind to 
the immunosorbent, and are recovered with a minimum of contaminating non
specific adsorption, which in any case is inert gamma globulins. The 
specific IgG is then available for a variety of applications, such as 
double diffusion and immunosorbents. 
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V.A.l.d. An Example of the Use of 
"Antiserum Minus One" To Produce Pure Proteins 

A small quantity (2 mi) of antiserum to ceruloplasmin was obtained 
frcm a commercial source. The IgG fraction was isolated and immobilized 
as an immunosorbent. Ceruloplasmin was exhausted frcm a sample of human 
serum by passing the sample several times over the column of anticerulo-
plasmin, with regeneration of the column in between. The serum, now "roinas 
cerulopiasmin," was injected into rabbits to produce an antiserum which 
contained antibodies (at some level) to all seru'n proteins except cerulc-
plasmin. This "antiserum r.iinus one" was then made into an immunosorbent 
column to be used for production of large quantities of ceruloplasmin. 
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V.B. ANTIGEN-ANTIBODY REACTIONS ON POROUS GIASS BEADS 

D. W. Holladay and J. W. Holleman 

We have been using chiefly Sepharose 4B as support for immunoadsorp-
tion. Since porous gL'ss beads are coming into prominence for immobiliza
tion of enzymes, we have done some preliminary experiments with coupling 
antigens and antibodies to derivatized glass beads to test whother these 
would have any advantages over Sepharose as a support in our work. 

The glass beads have a more rigid structure than the Sepharose. They 
do not shrink or swell in going from one solution to another, and porosity 
and flow rates are maintained under all conditions. They are inert to most 
chemicals, consequently in the steps leading to coupling of protein one can 
use more vigorous conditions than the Sapharose would stand. The pores in 
the glass are likely more accessible to large molecules than at least some 
of the voids in the Sepharose; actual area for coupling may, however, be 
less. In the glass beads, surface available for coupling is on the out
side of the microspheres of glass agglomerated together to make the beads. 
In Sepharose carbohydrate chains are intertwined and coiled together, thus 
vcids are formed both inside and outside the structure; hydroxyls project
ing froti the chains are the points of activation and coupling. Thore are 
probably many more of these hydroxyls in Sepharose than on the surface of 
the glass available for derivatization, but access to some of them may be 
hindered. 

V.B.I. Calculation of Greatest Amount 
of Antibody Which Could Be Bound 

We chose, for firet trials, the gl<.ss Corning GAO-7920, pore diameter 
1350 A. The area of the surface of the pores is given as 34 m 2/g and the 
reactive amine (the glass is derivatized with an alkyl aiMnp) -is given as 
0.06 meq/g. At one IgC molecule per site, this would give 150 mg (1 ueq 
IgG) x 60 yeq « 9.0 g IgG/g of beads. 
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But this much IgG would not fit on 34 nr. Assuming a projected area 
of 4000 &- for one molecule., 34 m 2 could hav^ crowded on it 8.5 x 1 0 1 7 

molecules, or (8.5 x 1017)/(6.02 x 10 2 3) = 1.41 v.eq IgG; or about 211 mg 
IgG/g of glass. This is an upper limit., as some of the sites are net ac
cessible, some are not activated, binding of c± large molecule at one sice 
may render others no longer available, some IgG could bind at more than 
one site, etc. 

V.B.2. Activation for Binding 

We activated in two ways. First, the glass was refluxed in chloro
form with thiophosgene to change the amino function to the isothiocyanate 
one. After washing, and drying in vacuum, the product was coupled with 
human serum albumin in pH 9.3, 0.1 M borate buffer. Nonreacted sites were 
swept up with 1 V ethanolamine in the same buffer. The product was washed 
and packed into a column. An estimated 48 mg prctein/g of glass had been 
bound. This is as much as is usually bound to Sepharose. This column 
took ouc antibody to the albumin from rabbit antialbumin serum to a similar 
extent as a Sepharose-albumin colu&n. Eluticn behavior with ch?.ctropic 
ion was also similar. 

In a second series of experiments, the aminoalkyl glass was treated 
with aqueous succinic anhydride at pK / to extend the side chain and add 
a carbcxyl group. After drying under vacuum, the product was refluxed in 
chloroform with thlonyl chloride to fcrm the acid chloride, which was vac
uum dried and then reacted with antihuman rabbit IgG in pH 8.7, 0.1 M 

borate buffer. An estimated 20 mg IgG/g of glass was bound. This antibody 
was about as effective in binding antigens as the same amount on Sepharose. 

Thus, with both antigens and antibodies, capacity of the support and 
Immunochemical reactivity of the bound entity are about the same with the 
glass beads oi Sepharose. The glass beads cost more. We have experiments 
in preparation to get protein nore into the voids and away from tt.e sur
face of the glass by extending links; another technique will build protein 
ontc protein to increase capacity. These approaches will also be cried 
with the Sepharose support. 
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V.B.3. Alternative Means of Elution 

Part of the IgG-succinyl-amnioalkyl-glass preparation was used to test 
the effect of addition of extra negative charge to the bound IgG and manip
ulation of charge repulsion to ailov first binding of antigen, then its 
elution, as an alternative: to elution with chaotropic ion. This idea was 
suggested to us by work in the literature on the effects of modification 
of antigens and antibodies on their immutkoreactivity and, in particular, 
by the observation of Nakagawa et̂  al̂ . that in medium of low ionic strength 
no precipitation occurred between goat antiserum to human IgG and human 
IgG modified by succin/lation, but that precipitation did occur in medium 
of high ionic strength. The argument ii that the high ionic strength sup
pressed the charge repulsion of the added carboxyl groups which was causing 
the conformational strain responsible for the lack cf immuiioreactivity at 
low ionic strength. Our idea was to put antigen onto modified, bound an
tibody at high iouic strength and elute it off at low ionic strength. Ac
cordingly, IgG bound to glass was succinvlated to introduce extra negative 
charges, and over a column of this equilibrated with pH 7.0, 0.1 M phos
phate buffer made 1.2 in ionic strength by addition of sclid sodium sulfate, 
was passed human serum in the same buffer. After washing, tlution was 
started with 0.05 M, pH 7.0 phosphate buffer. Only a very small peak came 
off. With distilled water another, somewhat larger peak came off. Elution 
was then continued with 2.0 H sodium thiocyanate in pH 6.5, 0.1 M nhosohate 
buffer, and s third, silll larger peak came off. The total quantity of 
protein was about one-fourth that of che experiments wif.h the nonmodifieJ 
antibody. Although the apparent fractionation is interesting, ibis ap
proach is not very promising due to the low yield and the need to use thio-

2 cyanate ion. Tozer ejt al.. have advocated the use of aqueous c&rbon 

Hlaka^.-a, Y., S. Capetillo, and B. Jlrgensons. J, Biol. Chem. 247, 5703-8 
(197;.). 
2 Tozer, B. T., K. A. Cammack, and H. Smith. Biochem. J. 84, 80-93 (1962). 
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dioxide .'or dissociation of antigen-antibody complexes. Ihis is theoreti
cally interesting, but since it would require pressurization of our column 
system to avoid problems with bubbles, we are forced to continue to rely 
on the elution with chaotropic ion solutions. 
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V.C. ENZYME ASSAYS IN ISOLATED AMNIOTIC CELLS 

M. L. Mess and W. W. Harris 

V.C.I. Introduction 

In families at risk for serious genetic disease, there is only one 
way to prevent the birth of many hopelessly defective children and, at 
the same time, provide the parents with the possibility of having a normal 
chili o* their own. That way is through prenatal diagnosis and selective 
abor> ion. 

Prenatal diagnosis of metabolic disorders is based on (1) amniocen
tesis, or the transabdominal puncture ox the mother to withdraw a few 
milliliters of the amniotic fluid surrounding the fetus, (2) cultivation 
of the desquamated fetal cells, which are suspended in the amniotic fluid, 
in order to provide sufficient material for laboratory tests, and (3) by 
no means the least, elucidation of the biochemical defect which underlies 
the disease to be monitored and which serves as the basis for the diag
nosis . 

Unfortunately, the in utero detection of most inherited metabolic 
disorders cannot be initiated until the minimum quantity of amniotic fluid 
for preparation of cell cultures is available, at 12-16 weeks gestation. 
There is a further delay of 3-6 weeks while a sufficient quantity of the 
cells is cultivated for assay of "he deficient enzyme. Thus there is 
hardly enough time to complete the diagnosis during the period when ther
apeutic abortion is still a relatively safe and, in some states, legal 
procedure. The risk of major complications increases several-fold for 
abortions deferred into the second trimester. 

Although some enzyme tests have been done u&ing the suspended matter 
in fresh amniotic fluid, this practice has had limited acceptance because 
of the small number of cells, varying amounts of debris, mixed cell types, 

Brady, k. 0. Clin. Chem. 16, 811 (1969). 
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2 
and preponderance of dead cells. Even in cultures of amniotic cells, dis
tinct differences, for example histidase and cystathionine synthetase be-3 tween the epithelioid and fibroblast cell types, are now recognized. In 
1970, Schneck e_t al_. reported successful diagnosis of a case of Tay-Sachs 

4 disease based on noncultured material; and several other examples could 
also be cited. However, the warnings against use of noncultuied cells have 
been quite emphatic. An obvious approach to the problem would be to employ 
quantitative cytochemical techniques on isolated amniotic cells. 

To provide a basis for earlier prenatal diagnosis and, at the same 
time, meet the various objections to use of noncultured cells, we have es
tablished the feasibility of measuring enzyme levels in fresh cells by 
cyto-scale methods. The cells are individually isolated according to via
bility, morphological type, size, and other criteria. Since methods of 
exceptional sensitivity are required, a combination of ultramicro tech
niques has been designed for selection, isolation, and analysis of the in
dividual cells. 

V.C.2. Ultramicro Method 

The method is based on physical isolation of the desired cell from a 
1-ul specimen of amniotic fluid using a micromanipulator equipped with 
glass needles. The drop contains trypan blue for staining the dead cells. 
Each cell selected is quickly washed in three separate drops of substrate 

2 Uhlendorf, B. W. In Early Diagnosis jf Human Genetic Defects. M. Harris 
(ed.). Fogarty Intern. Center Proc. No. 6, H.£.W. Publ. No. (N1H) 72-25, 
Washington, D. C : U. S. Gove. Printing Office, 1970. 
3 Melancon, S. B.; S. Y. Lee, and H. L. Nidler. Science 173, 627 (1971). 
4 Schneck, L., J. Friedland, C. Valenti, M. Adachi, D. Amsterdam, and B. W. 
Volk. Lancet i , 582 (1970). 

'Moss, M. L., C. A. Horton, and J. C. White. Ann. Rev. Biochem. 40, 573 
(1971). 

Moss, M. L., and W. W. Harris. "Enzyme Assays in Isolated Amniotic Cells." 
Presented at Symposium on Recent Developments in Research Methods and In
strumentation, National Institutes of Health, Bethesda, Maryland, 1972. 
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to remove any adhering debris, blood cells, or amniotic fluid; it is then 
incubated at 37° in a measured volume of substrate, usually 0.3 or 0.9 nl. 
The reaction is terminated by r«_movinp the substrate solution from the 
cell, evaporating to dryness, and taking up tlr» residue in 0.08 nl of 
buffer in a 54-y hanging drop for the photometric measurement. 

All of the manipulations are performed under a phase microscope, in 
modified de Fonbrune oil chambers except for the evaporation step. Mea
surement and handling of solutions is done in syringe-controlled pipets 
fabricated on a microforge. 

V.C.3. Abiotic Fluid Cells 

There are several possible origins of the cells in amniotic fluid, 
including epithelia from the amnion, alimentary and respiratory tracts, 

7 8 genitourinary tissue, the skin, and maternal sources. ' Maternal cells 
probably do not exceed 4% of the total. 

Although we have worked with all of the distinct cell types in the 
amniotic fluid, most of our results have been obtained with the larger 
polygonal cells having dense pyc-notic nuclei. These are readily distin
guishable and probably the easiest to handle. Furthermore, these are the 
cells from which the cultures, as presently used, are believed to be de
rived. There is still some speculation as to the specific origins of the 
different cell types and also as to the history of the two predominant 
types in the cultures: fibroblast and epithelioid. 

The question of viability cf the primary amniotic cells seems to have 
been greatly oversimplified in some reports. We find that using trypan 
blue or other stains there is a wide range of dye exclusion and no dis
tinct populations of de&d and viable cells. 

Poulding, R. H, In Animal Tissue Culture. G. D. Wasley (ed.). London: 
Buttervorth's, 1972. 

Turner, J. H. J. Feprod. Med. 7, 36 (1971). 
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Others have confirmed our experience, * and the term 'differential 
9 

viability" has been used in reference to this observation. We have ana
lyze' both stained and nonstained cells, and have also determined the amount 
of trypan blue taken up by the cells, in the range 2 to 25 pg of dye per 
cell. In a number of tests for several enzymes, with suitable controls, we 
have observed activity in heavily stainedt and presumably dead cells. Al
though not previously reported, this is not surprising considering that 
lysosomal enzymes are not readily extractable. We tind, for example, that 
less than 10% of the total 8-glucuronidase is extractable. We have not un
dertaken to relate enzyme activity with dye exclusion, but we frequently 
observe uptake of dye to some extent in nonstained cells during manipula
tion with a glass needle in the course of our procedure. This results from 
damage to the membrane and probably facilitates entry of the substrate dur
ing the incubation. We prefer cells that show slight staining of the nu
cleus since many of the cornified cells appear to be in various stages of 
anucleation and this slight staining provides an additional criterion in 
selecting a uniform population for analysis. 

V.C.4. Substrate Solutions 

Substrates used in this work are as follows: 0.001 and 0.01 M diso-
dium p-nitrophenyl phosphate in 0.1 M glycine buffer, pH 10.5.. and 0.05 M 

acetate, pH 5.0; 0.001, 0.01, 0.0075, and 0.02 (50% DMSO) K 4-iasthylumbellif-
eryl-N-acetyl-8-D-glucosaminide in 0.05 M citrate, pH 5.0; 0.001 and C.01 M 

p-nitrocatechol sulfate in 0.05 M acetate pH 5.05-5 x 10" 5 M NaitI'207; and 
0.001 M 4-methylumbelliferyl-i-D-glucuronide In 0.05 M acetate pH 5.0. 

Turner, J. H. Personal co^iannicaticn. 

Dancis, J. Personal communication. 
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V.C.5. Photometry 

Photometry in hanging drops is based 01 Edstrttm's photographic method 
for determining RNA in single nerve cells by ultraviolet absorption. 
Since photometry of the compounds used in our methods requires alkaline so
lutions , which have very low interfacial tension against quartz or glass 
surfaces, the drops are prepared on plastic cover glasses, which are virtu
ally nonwettable. As a result, the hanging drops assume a geometric form 
that is most favorable for light absorption measurements. Their thickness 
is within 3 or 4% of the diameter of a spherical drop having the same vol
ume. Typical calibration curves for determining 4-methylumbelliferone by 
fluorescence, in two different sensitivity ranges, and for determining p-
nitrophenol and 4-nitrocatechol by absorption are shown in Fig. V.C.I. 

We have used two microscope-photometer systems, a modified Leitz 
Ortholux with xenon arc source for absorption and a Wild fluorescence mi
croscope with mercury and xenon-mercury sources for fluorescence, both 
equipped with glass filters and photomultipliers. Although adequate for the 
preliminary studies, these instruments are neither available nor suitable 
for serious work on this project. A combination absorption-fluorescence 
instrument optimized and dedicated for our techniques and appropriate for 
recommendation to others desiring to use the methods will have to be as
sembled. It will be based on the system built around the Wild microscope, 
as follows. 

A shop-built photometer head was added to a Wild fluorescence micro
scope equipped with a Nikon beam splitter and camera head. The original 
Wild mercury burner and power supply was replaced with an Illumination In-

12 
dustries X300 xenon-mercury 3hort arc burner and power supply. The sys
tem consists of microscope, lamp and power supply, RCA 6199 photomultiplier 

Edstrttm, J-E. In Methods in Cell Physiology, Volume I. D. Prescott 
(ed.). New York; Academic. 1964. 

12 
Sunnydale, California. 



196 

100 
CRNL-DWG 7 £ - 2 8 6 8 

O 
o 
in 

tf 

O 
o 
X a 

75 

UJ 
CO -z. o 
Q. 50 
CO 
UJ 

a: 
Q: 
u 
UJ 

25 

0 
0 50 100 150 

femtomoles/drop 
200 

Fig. V.C.I. Calibration Curves for Photometry of 4-Methyiumbelliferone, 
p-Nitrophenol, and 4-Nitrocatechol in 50-JJ Drops. 



197 

with power supply and solid state amplifier, and a Hewlett-Packard chart 
recorder. Filters are two VGI exciter filters and colorless barrier fil
ter passing from 400 mm upward. 

Fluorometric measurements are made on 54-u-diam drops using a 6X ocu
lar and 20X objective. An aperture disk is placed in the ocular so as to 
just include the drop to be measured. The illumination Lrain field dia
phragm is used to produce a beam just the size of the drop. The standard 
condenser is replaced with a new mount for a 37-mm 6X objective. This was 
necessary because of the greater thickness of the oil chambers relative to 
a standard microscope slide. 

The system is standardized before each period of operation by means 
oi a small (approximately 10-u) ZnS-CdS crystal, mounted in 3il, of the type 
used for electron microscope screens. The crystal is centered in the upper 
aperture using the optics for the test drops. Photomultiplier gain is ad
justed to give a predetermined reading, which is used as a base point for 
every measurement. An oil chamber with reagent drops, calibration drops, 
and sample drops is then mounted in place of the standard crystal. The 
calibration drops are used to set the photometer readout to 90 to 95% of 
full scale prior to reading the reagent blanks and samples. A secondary 
standard of uranium glass is incorporated in the barrier filter slide aad 
cza be referencrd to the ZnS-CdS standard so that, restandardizotion can be 
dene without removing the test slide (oil chamber) . 

V.C.6. Precision 

Precision of the photometry is estimated to be in the range 3-5% rel
ative standard deviation. We have attained 3% in measurement of fluores
cence of 0.06-nl hanging drops of 0.0001 M 4-methylumbelliferone, but pres
ent facilities have not been capable of this precision at all times. Volume 
measurements of the solutions are good to about 3%. The overall precision 
cf the methods is still uncertain and we have not made any serious efforts 
in this direction. We have observed relative standard deviations averaging 
about 10% within runs for different cells, indicting that it should be 
possible to report the results on a "per cell1' basis, thus avoiding a sep
arate protein determination or weighing of freeze-uried cells. 
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V.C.7. 3-Glucuronidase 

Single cells are well within the sensitivity range for 3-glucuronidase. 
We crdinariiy use groups of three cells to average out individual differ
ences. In the range of one to five cells, the quantity of substrate hydro-
lyzed is proportional to the number of cells used, as shown in Fig. V.C.2. 

We have analyzed frozen cells because of the need to preserve amniotic 
fluid for a posteriori, studies in relation to the living sources. Table 
V.C.I shows no change in 3-glucuronidase for cells frozen and stored at 
-85° for 6 weeks. Most of our work has been done with frozen cells, some 
having been stored for 12 months. Although the frozen cells appear to be 
biochemically intact, for our purposes, this is not to say that they would 
grow in culture. 

V.C.8. Miscellaneous Assays 

Table V.C.2 summarizes some tentative results on five enzymes in sev
eral types of noncultured cells. As in any enzyme assays, the exact levels 
as well as the relative levels are subject to revision in accordance with 
modification of the analytical procedures. There is some difference of 
opinion as to the effect of cystic fibrosis on glucuronidase, and we do 
not have a final answer to this question. These results aie of interest 
principally in serving as a base line for further development. Substrates 
used for these tests were 4-methylumbeIliferyl-N-acetyl-3-D-glucosaminide 
(also the p-nitrophenyl derivative), 4-nitrocatechol sulfate, 4-methyl-
umbelliferyl-3-D-glucuronide, and p-nitrophenyl phosphate. 

V.C.9. Discussion 

We are not unaware of the difficulties encountered by others who have 
abandoned enzyme assays on noncultured material. Without regard to any of 
the criteria adopted here, these workers have invariably based their re
sults on the entire suspended fraction in the amniotic fluid, of which 
probably less than half consists of viable cells of fetal origin. Debris 
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Tab1* V.C.I. Effect of Cold Storage on 
8-Glucuronidase in Amniotic Oils 

.- * -* » * » u Cells Stored 6 Weeks at ~SS*C Gestational Age Fresh 
(Weeks) Cells 0HS0 Clycerol 

32 

33 

1.16 1.10 1.3? 

1.40 1.08 0.90 

0.97 1.18 0.95 

1.50 1.08 1.33 

(1.26) (1.11) (1.14) 1.17 

0.93 1.23 1.22 

0.60 1.12 1.33 

1.16 1.03 1.11 

2.00 1.31 1.27 

(1.17) (1.17) (1.23) :..i9 

Hote: Patient J., 2 amniocenteses. Ea:h result represents different 
group of 3 cells (NC). Units of fentowoles cell"*1 hr"1 (- 1.6 
x U P 1 1 I.U./cell). Incubation 37 #, 2 hr. 



Tablo V.C.2. Enzyme Assays in Isolated AMnlotlc Cells 

Bnsyns Diagnostic Application PatUnt Call 
Typo 

FeatoMoles 
(coll*1 hr~l) 

Hoxosaainldaso 
Haxosaalnldaso 
Aryl aulfataaa 
0-Glucuronidase 
Alkaline phoophataso 
Alkallno phosphataso 
Alkaline phoaphataso 
Alkallno phosphataso 
Acid phosphatase 

Tay-Sacha dlsoaso 
Tay-Sachs dlsoaso 
Hotachrooatlc loucodystrophy 
I-Call disease, cystic fibrosis (t) 
Hypophosphatemia 
Hy pc?h*»«ph« tasis 
Hypophosphatasla 
Hypophosphatemia 
Alyeosoaal phoophatasis, total 

acid hypophosphataaia 

"units of 10"1*J melee substrata hydrolysod. 

Corn if lod-micloato. 

°4-Methyluebelliforono. 

nLsosyaa A • 27Z of total; chars* 1 Inactlvatloii. 

*Nitrocatechol. 
f 
4 p-Ni trophonol. 

^Cornifled-anucleate. 

Intenaodlate. 

15 
10 
14 
DI 
14 
14 
14 
01 
0) 

CH* 

CN 
CN 
CN 

< $ 

CN 
CN 

1.1 
2.2° 
4.4* 
2.5° *.(£ 
8.0^ 
7.&f 

6.ft> 
o.y 

ctd 

o 
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froa various »lt.»s is usually present, and maternal blood cells are often 
encountered. Our approach avoids these and several other uncertainties 
associated with toe analysis of both cultured and noncultured cells. 

For example, Sadler lists the following variables affecting enzyme 
activity in amniotic cell cultures: density, type, age, and origin of the 
cells; stage of the culture; composition of the medium; and, possibly, sax 
of the fetus. In addition, O'Brien reports that bacterial contamination 
can supply a Seat-labile hexosaminidase with an acid pH optimum and elec-
trophoretic properties similar to hex A. This could result in a false-
negative Tay-5achs diagnosis. Cultivation of cells for shipment to various 
diagnostic canters obviously should be standardised fa order to control 
these variables. 

Use of primary amniotic cells tor Jiagnosia presupposes that biochem
ical defects ara expressed at that st4g± of d*v«?.~»ae«t. Littlefield sug
gests chat homeoetatic influences of maternal origin may ba transmitted 
through the amniotic fluid tad tend to correct biochemical defects in the 

1*> primary cells. Cultured cells, presumably, would be far removed from 
these influences, although Brady hss Inferred that even the culture medium 
may compensate for cellular entyme deficiencies. Neufeld has clearly es
tablished that amniotic cells derived from fetuses vith Hunter's and 
Hurler's diseases show a dramatic response to corrective influences sup
plied by unaffected calls growing in tha same culture. Nevertheless, 
to name r/«o examples, tb-2 characteristic biochemical defects of Tay-Sachs 
and Pompe's diseases ara apparent in noncultured cells; this should be true 

1 3N*dler, H. L. BioohmU 54, 677 (1972). 
14 O'Brien, J. S., S. Okada, D. L. Fillerup, M. L. Veath, B. Adornato, 
P. H. Brenner, and J. G. Leroy. Science 172, 61 (1971). 

Littlefield, J. W. "Short Course in Medical Genetics," ae reported in 
"Prenatal Diagnosis: Problems and Outlook," C. HcBride, J. Am. Med. 
Aaeoo. 222, 132 (1972). 

Neufeld, E. F. In Antenatal Diagnosis. A. Dorfman (•«*.). Chicago: 
Univ. of Chicago Press, 1972. 
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for ' other disorders as well. The effect of gestational age on devel
opmental enzyru patterns in cultured and noncultured cells, for che most 
part, remains to be studied. 

Since the ultraaicro method requires less than 1/1000 of the aaoictic 
fluid now used for prenatal diagnosis, the prospects appear favorable, at 
least for certain diseases, of developing techniques that will eliminate 
the need for cell cultures and possibly encourage earlier amniocenteses. 
Aside from their possible use in prenatal diagnosis, methods of the type 
we are developing should contribute to better understanding of some of the 
basic questions concerning the biochemical nature and interrelations of 
the different types of cells In fresh amniotic fluid and cultures. 

V.C.10. Fatal Biopsies 

There Is s further possibility in regard to practical applications. 
Sato and Kadotani report that In fetal akin biopaiea they have observed 
quick healing of the lesions and rapid growth of explants in culture. 
They conclude that f»tal trauma and complications due to akin biopsy can 
be negligible. Since a far larger lumber of human diaeaaea can be detected 
atartlng with akin biopsies than can be done with amnionic cella, the prob
lem of obtaining fetal skin, in microscopic amounts, deserves some atten-

18 tion. If and when the necessary operative procedures are perfected and 
ckin cella are available, ultramicroanalytical methods auch aa we have out
lined will be Immediately applicable. When thia occurs, the scope of pre
natal diagnosis, and hopefully the possibilities for intrauterine therapy, 
can be further extended. 

Although some of the nontechnical issues surrounding prenatal diag
nosis and therapeutic abortion are still unsettled, scientific progress 
haa accelerated in the leat year or two, emphasizing the potential value 

Sato, H., 9f\d T. Kadotani. J. Am. Med, Aseoo. 212, 323 (1970). 
Valenti, C. Am. J. Obetet. Gynecol. 114, 561 (1972). 
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of immediate analysis following amniocentesis, where possible. For dis
eases in which the biochemical defect is not expressed in ths amniotic 
cells, we believe that nonspecific tests could be useful inasmuch as pre
natal diagnosis is done only in high-risk pregnancies. 

Measurement of biochemical alterations in amniotic cells may also be 
of interest in detecting fetal injury from viral infection, teratogenic 
drugs, irradiation, or other environmental sources. 

V.C.ll. Other Applications 

Existing methods for investigating the chemical pathology of human 
neoplasms are characterized by one of two basic limitations: (1) the quan
titative methods require large numbers of cells and lack the resolution 
and sensitivity to discriminate between aifferent cell types, or (2) histo-
chemical methods capable of resolving the affected cells and surrounding 
tissue provide essentially qualitative, and often subjective, information. 
Furthermore, traditional biochemistry on the one hand and histochemistry 
on the other sometimes yield contradictory results which cannot be recon
ciled through methodology of either field. The solution of various basic 
problems involving the relation between chemistry and morphology a: the 
cellular level thus calls for quantitative techniques such as we are de
veloping. 

Although we originated these methods for the diagnosis of specific 
metabolic diseases in isolated cells, it should be possible to investigate 
metabolic anomalies Incident to neoplastic transformations as well. Ultra-
micro methods based on other principles have been m e d in correlating pre
clinical and subsequent changes in RNA base composition oi glial cells 

19 with the onset and progress of Parkinson's disease. Our techniques 
should be of interest for identifying precancerous tissue, because measure
ment of a large number of different enzymes is possible through selection 

Gomivato, G., and H. Kyden. Brain 88, 773 (1963). 
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of the appropriate substrates. In addition, provision for determining 
nucleic acids and their base composition can be made by optical modifica
tions in the equipment. 

Histochemical investigations have consistently shown relatively higher 
20 levels of 6-glucuronidase in cancsr cells than in nonneoplastic cells. 

To extend this work into detection of preclinical conditions would presum
ably require a highly sensitive quantitative method such as we now have 
available and are using for measurement of 6-glucuronldase in single amni
otic cells. Our methods for acid phosphatase and other enzymes can be used 
primarily. 

These and other enzyme assays we are investigating are readily appli
cable to human biopsy material in microscopic amounts. Needle biopsies 
provide more than enough tissue for the assays. 

Phosphatase isozymes are of particular interest in cancer diagnosis. 
Por detection of preclinical biochemical lesions, our techniques can be 
readily combined with the gel microelectrophoresis methods of Bdstrflm, 
HcEwen, and Hyden. This combination for separation of proteins and mea
surement of enzyme activities offers a possible approach to investigation 
of oncogenesis at the cellular level using human material. Conventional 
biochemical reactions are employed in our work, and the choice of applica
tions is limited only by progress elsewhere in the field. The examples 
outlined illustrate an ultramicro approach that is now technically feasible, 
possibly as a folJovup to immunochemical or other screening tests. 

The techniques being developed for this work will be applicable also 
In other investigations where biochemical differences between neighboring 
cells or structures are important and viicr* a scale-down woui4 effect 
savings in time, materials, or equipment. 

Burstone, M. £. Enzyme Histochemistry. New York: Academic, 1962. 
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V.D. DESIGN OF CENTRIFUGAL BLOOD CELL 
SEPARATORS FOR IN VIVO LEUKAPHERESIS 

J. P. Breillatt, C. J. Remenyik, W. K. Sartory, 
and R. E. McKeighen 

<>ur initial analysis and design of continuous*!low cell separators and 
elutriatcrs suitable for in vivo leukapheresis has been followed by the 
fabrication of a prototype axial-flow separator that incorporates the new 
design elements. Testing and evaluation await receipt of a drive unit. 
A particle-fluid mechanics model of blood cell sedimentation, more compre
hensive than that used in ref. 1, has been used to predict red cell con
centration profiles in human blood settling at unit gravity, and compared 

2 with experimental data. 
This advanced model has been useu to further evaluate the cell sepa

rator and elutriator designs and to optimize their operating parameters. 
Through this analysis it has become evident that the radial flow separator 
can operate at acceptable efficiency if the radial location of the plasma 
red cell interface and the hematocrit of the packed rec cell effluent can 
be controlled. The detector unit for the interface location was described 
in ref. 1 as a pair of light conduit probes rotating past a photodetector/ 
light source couple. Two alternative detectors for the hematocrit control
ler are now under development: a saprhire U-tube vibrating at its resonant 
frequency for precise density measurements, and a conductivity bridge to 
measure hematocrit. The PDP-8 computer-interfaced Cytofluorograf has been 
programmed for rapid automated differential leukocyte counts to monitor 
the efficacy of separator design changes during development. The kinetics 

Brefllatt* J. P., C. J. Remenyik, and W. K. Sartory. Blood Cell Separator 
development for In Vivo Leukapheresis. A Critical Analypis. ORNL-TM-3901, 
October 1972. 

i 

Sartory, W. K. "Prediction of Concentration Profiles during Erythrocyte 
Sedimentation by a Hindred Settling Model." Submitted to Biorheology. 
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and temperature dependence of fluorescence in leukocytes have been deter
mined for human blood diluted into acridiue orange-saline solutions. The 
accuracy of the method "*s substantiated by comparison with the standard 

3 microscopic differential counting technique. 

SicKeighen, R. E. "Automated Differential Leukocyte Counts Using a 
Coaputer-Based Cytofluorograf System." To be submitted to American 
Journal of Clinical "Pathology, 

•"-•z&my ^•--T-^•-':..r^*i«i^:^h44Lr**e^^-^''^---'^"?^**'-• 
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V.E. DETERMINATION OF THE STABILITY CRITERION 
FOR WEDGE-SHAPED SAMPLE ZONES IN ZONAL CENTRIFUGATIOrt 

H. B. Halsall and W. K. Sartory 

Previous reports have discussed the philosophy and protocol involved 
in these experiments. Briefly, we may state that the layering of a less 
dense solution upon a more dense solution may or may not result in a 
stable situation, The unstable situation, droplet sedimentation, is an 
irritation to those researchers who wish to perform analytically reproduc
ible zone centrifugation experiments. Avoidance of the unstable situation 
is desirable, even if a total understanding of the phenomenon is lacking. 
It has been proposed that inverted wedge zones upon linear gradients rep
resent the potentially most stable configuration (Fig. V.E.I), and that 
the relationship 

L. V. + i_ >; > o 
D dri D 9rj 

m i m s > s 
must be held to, where 

D = diffusion coefficient, 

— = density gradient, 

m = macromolecule (in zone), 
a = supporting solute. 

Experimentally, the relationship does not hold, and we may postulate 
that D should be raised to some power, rc, and then determine this value. 

This was done for two gradient systems using bovine serum albumin 
ard sucrose, and the results were plotted as 

\hv\J !3r , 
against intrusion area (Fig. V.E.2). 

file:///hv/J
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ORNL-DWG 73-2864 

Fig . V .E.I . Wedge Zones. 
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The breakaway point in each case yields a value for n of 0.45. The 
following points should be noted: 

1. D is defined as D° , where 'sue' is the concentration 
« 25,sue of sucrose at the wedge point, a {C • 0), 

m 
2. dA is obtained using Apm - ̂  (1 - 5j> J 

where 
C i s the i^acromolecular concentration in g/ml, 
m 

v i. the macromolecular partial specific volume, 

p, is the density of water at the temperature 
of the experiment* 

The stability relationship then reads 
1 ho\ . 1 

m \ Im 8 I 18 

It may be more realistic experimentally to use a value of n • 1/2, 
thus allowing for gradient variability, lack of adequate temperature con
trol, and other 1actors. 
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V.F. BIOPHYSICAL STUDIES OF T^ PHAGE 
AND T 3 PHAGE DNA 

H. B. Halsall and F. L. Ball 

A previous report discussed a tentative ejection mechanism for the 
?_ phage DNA into the host B. coli bacterium. To this data we now add the 
measurement of DNA molecular weight obtained by sedimentation analysis and 
ccntour length measurements. 

The sedimentation data are summarized in Fig. V.F.I. Least-squares 
analysis yielded an 5° value of 32.13 ± 0.11, which is equivalent to a 

20 %& 

molecular weight of 25.3 t 0.3 x 10 6. Figure V.F.2 is & frequency distribu
tion of the molecular weight obtained by contour length measurements from 
electron micrographs. Moment analysis yielded a value for the molecular 
weight of 24.8 i 0.7 x 10 6. The c'fJerence between the two molecular weight 
values is insignificant compared with rb» fiandard errors. 



213 

ORNL-OWG 73-2865 

4£> 5 10 
TjONA CONCENTRATION (Mg/ml) 

20 

Fig. V . F . I . 



21A 

ORNL-DWG 73 -2866 

f 

MOLECULAR WEIGHT x 10 

Fig . V.F.2 . 



215 

V.G. CHARACTERIZATION OF POLYHEDRAL INCLUSION 
BODIES OF THIOBACILLUS NEAPOLITANUS 

F. L. Ball and B. V. Kline 

The initial work on this study has been described in a previous 
report. 

J. Shively, Clemson University, has succeeded in separating the intact 
inclusion bodies from membrane fragaents. Fixing in gluteraldehyde prior 
to dialysis preserved the inclusion bodies for electro? microscopy. Puri
fied fractions have been e-jcamined by negative staining and thin sectioning. 

Many intact inclusion bodies with veil defined membranes as veil as 
arrays of inner coaponent were observed in the negatively stained samples. 
Thin sections shoved intact inclusion bodies, and membrane structure vas 
visible. Some were hexagonal, while others were net so veil defined. 

This study is nearly complete and will be suleltUsd for publication 
in the very near future. 

Shively, J. M., et̂  aK Molecular Anatomy (MAN) Program Semiarm. Progr. 
Rept. Sept. i, 19713 to Feb. 29, 1972, ORNL-4771, pp. 182-84. 
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V.H. QUANTITATIVE ItMJNOFLUORESCENCE 

W. W. Harris and B. V. Kline 

Immunofluorescence Measurements made vith the coasercially available 
Cytofluorograf were reported in the last semiannual progress report (ORNL-
4815). Measure-sent2 were obtained f res an unscdifled instruaent operated 
according to the manufacturer's directions. 

Although acceptable titrations, referred to visual titrations, were 
obtained within any one period of operation, identical results could not 
be obtained froo day to day or between operators. This discrepancy was 
attributed to inability to reproduce discriminator settings. In order to 
determine the percent fluorescing cells it is necessary to visually adjust 
a discriminator so as to just eliminate the scatter signal. With cultured 
Burkitt cells or hamster cells, for example, the difference between signals 
from weakly fluorescing cells and scatter signals is so small that great 
care is needed to keep from eliminating some wanted signal or including 
unwanted signals. One control serum showed fluorescence of only 8 mm peal: 
height. 

To avoid this difficulty we have interfaced a Cytofluorograf with an 
on-hand Victoreen PIP400 pulse-height analyzer (PHA) . rhis system pensits 
selection of either the scatter or the fluorescence signal. Each can be 
displayed, photographed, and typed out via 'reletype. In use, the 400-chan-
nel core is divided into two 200-channel sections, with scatter signals 
stored in one section and fluorescence signals stored in th»* other. 

The system is used as follows: The Cytofluorograf is set up as 
directed fox counting using outer radius, threshold, and position controls. 
Electronic windows are fully open. Settings are mace using an aliquot of 
the test cells. CelK ; sed for an FDA viability measurement can be used 
for this. With these adjustments made, necessary adjustments of PHA con
trols can be made using aliquots of the same cell sample. Cell concentra
tions around 13 x 103/0.1 ml give good counting rates. 
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The te»t procedure depends upon passing the saae number jf cells (plus 
or Minus G.OOS to 0.01Z) through for each test. In general, 5000 or 10,000 
counts read from the total count legister are the base for a given aeries 
of sasples. The recording of the scatter signal (photograph or type-out) 
reflects chis count and is used ^s an internal reference for sample-to-
samp le coaparlson. 

The following exaaple illustrates one method of operation and data 
handling. During a series of indirect tests of human pregnant serua vs 
10-day fetal haaster cells, data indicated a trend of increasing antibody 
binding vith a number of pregnancies. Four of the sera, two priaiparous 
and two 2-pregnancy, were absorbed with sheep red blood cells and the 
supernatants retested against fetal cells. The sera frta two and five 
pregnancies showeo no change. The other two (#7,19) showed reduction in 
fluorescence. Figures V.H.I, V.H.2, and V.H.3 show PHA display for the 
control (no fluorescence peak); for undiluted, unabsorbed serua (#19); 
and for undiluted, absorbed sensi. The attenuation of fluorescence re
sulting froa sheep RBC absorption was 571, the ratio of fluorescence peak 
heights being 176 to 76 as (for a display scale factor of 4Z). Serua #19 
was priaiparous and #11 was aultiparcus (5 pregnancies). For heterophlle-
free sera (one priaiparous, one aultlparous), antibody binding to fetal 
haaster cells was in the ratio 76 to 184 am respectively. In this manner 
17 sera ranging from zero to five pregnancies have been tested. Results 
shov a trend of increasing binding vith the number of pregnancies, at least 
up to 4 or 5. These tests were inteudsd to shov what appears to be a 
reliable way to use the PHA-Cytoflriorograf system when the fluorescence 
pe_*t is very narrow. 

Where the peak is broad (includes a number of channels), the peak 
height relation cannot be relied upon, and one must recover all the counts 
via the Teletype or with a small computer. Comparison of these two sys
tems is the next step. 
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0RKL-DW6 73-2961 

Fig. V.H.I. Pulse-Height Analyzer Display for Control Serum (10-day + 
GAH). Scale of 1/4. 
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ORNL-OWG 73-2862 

Fig. V.H.2. Pulse-Height Analyzer Display for Undiluted, Unabsorbed Serum 
(#19). Scale of 1/4. 
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ORNL-OWG73-2863 

Fig. V.H.3. Pulse-Height Analyzer Display for Undiluted, Absorbed Serum 
(#19). Sc-le of 1/4. 
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V.I. APPLICATION OF ORNL HIGH-RESOLUTION MICROSCOPE 

F. L. Ball 

Welton has developed software to perform optical filtering of elec
tron microscope images with a large computer. Evaluation of the programs 
is being done with test images obtained from a Siemens 1A Elmiskop with 
an objective lens modified for short focal length (about 2 mm) . 

Specimen preparation and operating conditions have been as follows: 
A sample of negatively stained tobacco mosaic virus was prepared 

using a fenestrated Formvar-carbon film which had been covered with a thin 
(10 A) carbon film prepared on a piece f freshly cleaved mica. The condi
tions for microscopy ŵ .re very stringent as defined by T. A. Uelton. The 
conditions were as follsws: 

1. A 100-kV accelerating voltage 

2. 100-u condenser aperture 

3. Well compensated microscope 

4. No objee»"ive aperture 

5. Cold finger used to prevent contamination buildup 

6. Beam used for photographing as far away from cross-over 
as possible 

7. Density of 2 on the final film. 

To achieve all these conditions, the filament used was <i type SG pro
vided by EBTEC. The length of exposure was 30 sec, and a high-contrast, 
medium-grain developer was used to achieve the proper density. 

The films were examined with a laser system prior to being analyzed 
by T. A. Welton. Vibration in the illuminating system was observed in 
the diffractograias produced by the laser. 

Weiton, T. A. "Image Theory and Processing." Proa. Electron Microscopy 
Soc. Am. > Thirtieth Ann, Mtg. Baton Rouge, La.: Claitor's Publishing 
Divisior .\9/2, p. 592. 
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After the vibration problems were corrected, a series of films were 
made using a fresh sample; the resulting diffractograms gave symmetrical 
diffraction rings. These films, with a focus change of 1,700 A each, are 
in the process of being analyzed. Computer-corrected images are expected 
in the near future. 
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