180

Citric Acid Cycle Enzymes in Normal and Syphilitic Rabbit Tissues.*
(22422)

Henry TAUBER.
Venereal Disease Experimental Laboratory, U. S. Public Health Service, School of Public Health,
University of North Carolina, Chapel Hill.

Numerous attempts at the in vitro cultiva-
tion of pathogenic Treponema pallidum by
various investigators have been unsuccessful
(Reviewed in Ref. 1). Therefore, it appears
advisable to follow other approaches to this
problem. T. pallidum like a number of other
microorganisms shows a preference for spe-
cific tissues. Thus, in the rabbit, regardless
of the site of inoculation, a syphilitic orchitis
develops. A comparative study of the bio-
chemistry of various tissues, both infected and
non-infected, might possibly point to factors
required for the growth of the organism. The
present investigation is concerned with con-
centrations in tissues of most enzymes of the
citric cycle: a-ketoglutaric oxidase (hereafter
referred to as KGO), pyruvic oxidase (PO),
fumarase (FU), aconitase (AC), triphospho-
pyridine nucleotide (TPN) isocitric dehydro-
genase (ICD) and succinic dehydrogenase
(SD) together with lactic dehydrogenase
(LD).

Methods. Preparation of rabbits. Nine-
teen normal animals were used in 11 experi-
ments. In 6 rabbits of this group trauma was
produced by injecting into each testis 1 ml of
a mixture containing equal parts of 0.85%
NaCl solution and normal rabbit serum.
These rabbits were killed 7, 14, 20, 29 and
48 days after trauma was produced. Be-
cause no difference was found between these
two groups of uninfected animals they
were all considered as normal rabbits (Table
I). There were 29 rabbits in 14 experi-
ments in the syphilitic group. The Nichols
strain of Treponema pallidum was employed.
10° organisms in 1 ml saline-serum sus-
pension were injected into each testis. The
syphilitic rabbits were killed at weekly inter-
vals during a period of 8 to 104 days after in-

* Presented before the Am. Soc. for Exp. Pathol.
at meeting of Fed. of Am. Soc. Exp. Biol, Atlantic
City, N. J., April, 1956.

fection. Preparation of tissues for assaying.
Immediately after the death of the animals,
the organs were removed, trimmed of fat and
connective tissue, then frozen and stored at
—10°C until used. For assaying 4 enzymes
FU, KGO, PO and LD one extract was pre-
pared as follows: 0.5 g portion of each organ
was homogenized in a glass homogenizer with
4.5 ml of sucrose-phosphate solution of pH
6.70 (containing 34.24 g sucrose, 100 ml of
0.1 M Na,HPO,, 100 ml 0.1 M KH.PO,
and distilled water to make a final volume of
400 ml). The homogenates were centrifuged
at 6000 g at 4° for 40 minutes in a Servall
angle centrifuge. The supernatants were used
for assaying these 4 enzymes. A similar pro-
cedure was used for AC assaying, but here the
extracting solution contained 0.002 M sodium
citrate and 0.002 M citric acid(2). For as-
saying ICD the extracting solution contained
171 g of sucrose, 500 ml of 0.05 M barbital
buffer of pH 7.50 and distilled water to make
2000 ml. Here 0.4 g of each tissue was homo-
genized with 19.6 ml of the sucrose-barbital
solution and the homogenate was filtered
through 6 layers of cheese cloth. This homo-
genate was assayed without centrifuging. In
those instances where the supernatants of the
specially prepared homogenates have been
used, the respective enzymes were largely
present in the supernatants of the homoge-
nates. Assaying procedures. a-Ketoglutaric
oxidase and PO were assayed spectrophoto-
metrically using 2,6-dichlorophenol indo-
phenol as the oxidant(3). One ml of sucrose-
phosphate solution of pH 6.70 (described in
the preceding paragraph), 300 pg (0.1 ml)
of cocarboxylase, 0.1 ml or 0.15 ml of the
centrifuged (10%) homogenate and 0.3 ml
neutralized KCN (0.1 M) were placed in a
test tube and mixed. The mixture was al-
lowed to stand for 1 minute at room tempera-
ture, in order to inactivate the enzyme which
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TABLE I. Citric Acid Cycle Enzymes in Testes (Units/mg Dry Basis).

KGO PO FU AC LD ICD
Avg of normal group
24 22 10 11 80 5
Activity ranges of normal groups
13-34 11-37 7-13 9-16 62-101 3-8
Avg of syphilitic groups
( 8- 14)* 14 3 11 5 84 4
(21— 40) 7 6 10 5 91 3
(45— 72) 11 10 14 6 91 4
(73-104) 14 15 16 7 73 5
Avg of 4 syphilitic groups
11 9 13 6 84 4
Activity ranges of syphilitic groups
5-21 2-18 7-17 2-9 60-150 2-7

* Figures in parentheses indicate period of infection in days.

reoxidizes the reduced dye; then 0.4 ml of
0.01% dye solution and 60 pM sodium pyru-
vate or neutralized a-ketoglutaric acid were
added per final volume of 3 ml reaction mix-
ture. The reaction mixture was transferred
to a cuvette and the decrease in optical den-
sity (OD) at 600 myu was observed. All en-
zyme activities were measured at 25.5°. One
unit is defined as that amount of enzyme
which produces a decrease in OD of 0.001/
min, Fumarase and AC were assayed at 250
mp and 240 my respectively at pH 7.40 by
the method of Racker(4). One unit of AC
and FU activity is defined as the quantity of
enzyme causing an increase in OD of 0.001/
min. ICD was measured by observing the
rate of reduction of TPN in the presence of
manganous ions and isocitrate at pH 7.50 at

340 mp(5). One unit is defined as the quan-
tity of enzyme which causes an increase in
OD of 0.01/min. LD was assayed by meas-
uring the rate of reduction of DPN at pH
10.00 at 340 mu(6). One unit of enzyme ac-
tivity is defined as the quantity of enzyme
causing an increase in OD of 0.001/min. SD
assays(7). were done on whole homogenates
(20%) measuring tetrazolium reduction at
pH 7.40 in 1 hour at 37° in the Klett-Sum-
merson colorimeter. A calibration curve was
obtained by reduction of the tetrazolium salt
with 0.3 ml of a 10% solution of sodium hy-
drosulfite per tube (25 to 200 pg triphenyl-
tetrazolium chloride). This method produced
maximum and stable color.. One unit of en-
zyme activity is defined as ug of tetrazolium
salt reduced per mg of tissue under the condi-

TABLE II. Citric Acid Cycle Enzymes in Liver (Units/mg Dry Basis).

KGO PO FU AC LD ICD SD
Avg of normal group
18 19 56 14 124 17 2
Activity ranges of normal groups
8-28 8-32 42-70 12-16 72-189 9-28 1-3
Avg of syphilitie groups
( 8- 14)* 18 16 37 9 89 16 2
(21~ 40) 16 12 50 13 109 16 2
(45— 72) 20 18 52 10 147 15 1
(73-104) 22 21 58 9 141 13 1
Avg of 4 syphilitic groups
19 17 51 10 127 15 1
Activity ranges of syphilitic groups
8-33 8-28 34-74 5-15 72-203 11-18  0-3

* Figures in parentheses indicate period of infection in days.
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TABLE III. Citrie Acid Cyele Enzymes in Heart (Units/mg Dry Basis).

KGO PO 3l of LD ICD SD
Avg of normal group
12 8 192 725 18 1
Activity ranges of normal groups
7-16 3-11 86-248 426-881 12-27 0-3
Avg of syphilitic groups
( 8- 14H* 22 8 177 677 27 1
(21- 40) 17 5 218 696 17 2
(45— T2) 7 3 224 682 22 1
(73-104) 9 5 218 652 23 2
Avg of 4 syphilitie groups
12 6 214 677 21 1
Activity ranges of syphilitie groups
5-37 3-11 154-246 518-834 4-34 1-3

* Figures in parentheses indicate period of infection in days.
P

tions of the assay.

Results. Testes. The results given in
Table I demonstrate that during the most
virulent stage of infection (8 to 14 days) PO
dropped to 1/8th of the normal range and
later (after 21 to 40 days of infection) the
values were 1/4th those of the normal range.
A less pronounced but qute significant lower-
ing in KGO, AC and ICD activities took
place. Both normal and syphilitic testes con-
tained only a trace of SD. The FU activity
range was the same in normal and syphilitic
testes. Liver. In the livers of two infected
rabbits (72 and 104 days after infection) SD
was completely absent. The other enzymes
of this organ were within the normal range
of activity (Table II). Heart. Both normal
and syphilitic heart tissue showed consider-

able variations in the ranges of AC activity
(2 to 62 units for normal tissue and 2 to 119
units for syphilitic tissue), and because of
this the aconitase figures have been omitted
from Table III. Kidneys. There was a grad-
ual decrease of PO (within a wide range) in
syphilitic kidneys. There was a moderate de-
crease in AC activity. The other enzyme ac-
tivities of kidneys varied within a wide range
so that no significant differences could be ob-
served between normal and infected tissues
(Table IV).

DPN isocitric dehydrogenase was not de-
termined since the enzyme was found to be
present only in traces in rabbit tissues. It
may be seen that of the normal rabbit tissues
studied testes contained most KGO and PO,
the heart contained most FU and LD, and

TABLE IV. Citrie Acid Cycle Enzymes in Kidneys (Units/mg Dry Basis).

KGO PO FU AC LD ICD SD
7 Avg of normal group
23 24 173 55 213 23 2
Activity ranges of normal groups
16-31 16-34  125-194  48-62 178-264  18-32 14
Avg of syphilitic groups
( 8- 14)* 31 17 178 43 176 17 1
(21- 10) 26 11 133 40 187 21 1
(45— 72) 15 8 155 35 190 23 2
(73-104; 15 13 146 47 181 23 2
Avg of 4 syphilitic groups
20 12 150 41 185 23 2
Activity ranges of syphilitic groups
8-46 4-28 114-218  22-62  106-247 15-31 1-3

* Figures in parentheses indicate period of infection in days.
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kidneys contained most AC, ICD, and SD.
These results are reported on dry basis. They
appear to be just as significant when evalu-
ated on wet basis.

Summary. 1. Normal and syphilitic rab-
bit testes, liver, heart and kidneys were as-
sayed for a-ketoglutaric oxidase, pyruvic oxi-
dase, fumarase, aconitase, lactic dehydro-
genase, TPN isocitric dehydrogenase and suc-
cimic dehydrogenase. 2. In syphilitic testes
there is a definite decrease in pyruvic oxidase,
a-ketoglutaric oxidase, aconitase and TPN
isocitric acid dehydrogenase. 3. Both normal
and syphilitic heart tissue showed very con-
siderable variations in aconitase activity. 4.
In syphilitic kidneys there was a decrease in
pyruvic oxidase activity and a moderate de-
crease in aconitase activity. 5. The decreased
enzyme values found in the testes and kidneys
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of the syphilitic groups are probably a dem-
onstration of a general reaction to the infec-
tion.

The author appreciates the assistance of John W.
Clark, Jr., Carl S. Adams, and David L. Johnson.
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Comparative Biochemical Studies on Normal and Poliomyelitis Infected

Tissue Cultures. IV. Enzyme-changes in Host Cells.

(22423)

ErnestT Kovacs.* (Introduced by R. D. Defries.)
Department of Hygiene and Preventive Medicine, School of Hygiene, University of Toronto.

The successful cultivation of the virus of
poliomyelitis by Enders ez al.(1) provides a
unique opportunity to approach host-virus
interaction in simple systems by excluding in-
flammatory reactions. Enzymes connected
with nucleic acid metabolism were extensively
studied in explants of normal Rhesus kidney
with synthetic nutrients and in surviving tis-
sues(2-4) to assure a baseline for the present
work. Alterations occurring in similar bio-
catalysts during in vitro growth of poliomye-
litis virus are here reported. Since enzymol-
ogy in normal and in infected tissue culture
(TC) is a relatively unexplored field(2,3) a
brief synopsis of findings on nine different en-
zyme systems is presented. Details, together
with various secondary problems investigated,
will be published separately(5).

Methods. Assay material was obtained

* Aided by a Public Health Research Grant.

from the same source! as previously. In pre-
liminary publications preparation of TC, me-
dia and homogenates was described, together
with the assay methods for enzymes(2,3).
Adherence to these technics makes repetition
unnecessary and assures continuity with pre-
vious communications. The trypsinized Rhe-
sus kidney epithelial cells were routine ma-
terial from virus titrations, grown in roller
tubes with synthetic medium 199(6) or its
modified form, 597(2). Al virus work was
carried out in the poliomyelitis department.
Titres were expressed in negative logarithms
calculated by Karber’s method (7). Mahoney,
MEFI and Saukett virus types were used.
The strains were from TC passages and gen-
erally of high dilutions (1045 to 107%). Sin-

t Through the courtesy of Drs. A. E. Franklin,
D. R. E. MacLeod, and H, G. Macmorine of polio-
myelitis department of Connaught Medical Research
Laboratories.



