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After 28 days on the diet the limbs on right side of the body became
spastic and extended. Later a right sided convulsive seizure oc-
curred with head turned to right and right limbs rigid. One hour
after intracisternal injection of thiamine all symptoms had disap-
peared. The diet was continued and 15 days later the right limbs
were again spastic and frequent tonic convulsions involved the right
side. Convulsions ceased after administration of 0.5 mg thiamine
but a residue of spastic paralysis remained in the right hind limb.
The animal died 17 days later whilst in thiamine deficiency for the
third time.

The above findings may explain partial improvement with thiamine
therapy of some neurological diseases which are not the direct result
of vitamin deficiency. -

Swmmary. 1. Subarachnoid injection of thiamine causes rapid
recovery of thiamine-deficient cats. Recovery is equally rapid when
the vitamin is given intravenously or intramuscularly. 2. Moderate
signs of meningeal irritation follow introduction of thiamine chloride
into the subarachnoid space. 3. Thiamine deficiency may unmask
symptoms due to an organic defect in the brain.
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Following the report of Knight* that thiamin chloride and nicotinic
acid are essential growth factors for S. aureus, Gladstone® demon-
strated that a medium of known chemical composition may be used
for growth experiments with staphylococci. A chemically-defined
medium has certain advantages for the study of the bacteriostatic
effect of the sulfonamide compounds upon staphylococci.> West and
Coburn* utilized Knight's *‘synthetic” medium for an investigation
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of the bacteriostatic effect of sulfapyridine upon the staphylococcus.
They concluded that cozymase (Coenzyme I) interfered with the
antistaphylococcal action of sulfapyridine, whereas nicotinic acid did
not. Strauss, Dingle and Finland® were unable to confirm this find-
ing. They made the interesting observation that cozymase could
replace the essential growth factors, nicotinic acid and thiamin
chloride, and suggested that impurities in the cozymase were re-
sponsible for this finding. '

Because of the divergence of reported results concerning the effect
of cozymase upon the bacteriostatic action of the sulfonamide com-
pounds for the staphylococcus, we are recording our observations.
An explanation is also presented for the confirmed observation that
cozvmase will stimulate growth of the staphylococcus in the pre-
sumed absence of nicotinic acid and thiamin chloride.

Material and Mcthods. The previously mentioned investigators
used either a casein or gelatin hydrolysate as a source of amino
acids. We emploved a synthetic medium as described by Glad-
stone.* to which the individual amino acids were added. This pre-
caution was taken in order to reduce the impurities to a minimum.
A coagulase-positive strain of S, aurcus isolated from a patient with
osteomyelitis was used throughout. Two preparations of cozymase
were investigated. One was supplied to us through the courtesy of
Dr. D. F. Robertson of Merck and Company, and a second was
prepared by one of us (O.M.) according to the method of Jandorf.®
Professor C. A. Elvehjem of the University of Wisconsin found
the activity of the second product to be 81% of the von Euler
standard. Qualitative analysis showed that both preparations con-
tained thiamin. The cozymase prepared by us was quantitated by
the standard thiacrome method and found to contain 0.16 mg of
thiamin chloride per mg of cozymase. As shown later, this amount
of thiamin chloride was sufficient to support maximum growth of
staphylococci when an optimum amount of nicotinic acid was present.

The basal medium contained all the essential ingredients except
thiamin chloride and nicotinic acid. The culture for inoculation
was first grown in the complete medium for 24 hours, then centri-
fuged and the bacterial cells washed with sterile saline before seeding
the various tubes with a known number of organisms. The final
volume in all the tubes was 10 cc. The degree of bacterial growth
after incubation at 37°C was measured according to the turbidity of
the contents in each tube. For this purpose, the Evelyn photoelectric

5 Strauss, E., Dingle, J. H., and Finland, M., J. Immunol., 1941, 42, 331.
6 Jandorf, B. J., J. Biol. Chem., 1941, 188, 305,
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colorimeter was used as described previously.* Growth was expressed
in terms of percentage of light transmitted through a standardized
absorption tube. The uninoculated medium was usually water-clear
and was utilized as the control standard.

Results. The first group of studies in which an experiment was
designed to show the comparative growth stimulus of cozymase,
and thiamin chloride and/or nicotinic acid and nicotinamide, in a
basal medium containing small and large inoculae is summarized in
Table I. A duplicate series of tubes was set up and the results
recorded at the end of 24 and 72 hours of growth. From these and
other similar observations, the following may be set forth. Thiamin
chloride alone provokes only a slight growth response. The addition
of only nicotinic acid to the basal medium results in a definite' growth,
particularly in the presence of a large inoculum. Nicotinamide will
serve as a growth stimulus in a smaller concentration than will nico-
tinic acid, but the same degree of growth is attained when either
compound is present in an optimum amount. Maximum, and es-
sentially equivalent growth, was obtained when cozymase was added
to the basal medium or when a combination of thiamin chloride
and nicotinic acid or nicotinamide was added. A comparison of
tubes 3, 4, 5, and 6 would indicate that thiamin chloride is at least
one of the added factors responsible for maximum growth resulting
with cozymase. A comparison of tubes 5 and 6 containing the small
inoculum shows that preformed cozymase will initiate growth more
rapidly than a combination of thiamin chloride and nicotinic acid,
but that the degree of growth at the end of 72 hours is essentially the

TABLE 1.

Comparative Effects of Thiamin Chloride and Nicotinie Acid (or Nicotinamide),
and Cozymase on Growth of Large and Small Inoculum of 8. awreus.

A* Bt
Growthin % Growthin %
of light of light
transmitted transmitted
— —
24 hr 72 hr 24 hr 72 hr
1. Basal medium 93 94 97 100
2. 7 ’? 4 0.0034 pg/ce thiamin
chloride 94 88 97 93
3. ’? 4 1.28 pg/ce nieotinic acid 75 79 96 88
4, 2 + 5.84 7 7’ cozymase} 39 41 52 41
5. ?7 4 0.0034 pg/ce thiamin chl,
<+ 1.23 ug/ce nicotinie acid 33 41 77 35
6. 7 4 0.00034 ug/ce thiamin chl
=+ 1.23 ug/ce nicotinic acid 39 43 80 42

*A = Inoculum of 300,000 organisms per cc.
1B = Imnoculum of 300 organisms per ce.
15.84 ug of cozymase contained 0.0012 yg of thiamin chloride.
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sanie in the two tubes. The lag in initial growth with thiamin
chloride and nicotinic acid is very likely due to the fact that nicotinic
acid must first be converted into cozymase by the bacterial cells before
the growth requirements for bacterial reproduction can be fulfilled.

The second group of studies concerned the comparative effect of
thiamin chloride and nicotinic acid. and cozymase upon the bacterio-
static action of sulfanilamide, sulfapyridine, sulfathiazole, and sulfa-
diazine in the presence of a large and small inoculum of organisms.
The results with a large inoculum (500,000 organisms per cc) are
shown in Table TI. Under these conditions, bacterial growth was
practically the same in the tubes containing cozymase, and thiamin
chloride and nicotinic acid. .\ slight inhibitory effect was produced
by sulfathiazole,

The results with a small inoculum of organisms (3500 organisms
per cc) are presented in Table 11I. When the tubes were examined
at the end of 43 hours of incubation. the bacteriostatic effect of
sulfanilamide was inhibited in the tube containing cozymase, but not

TABLE II.
Comparative Effect of Thiamin Chlovide, Nicotinie Acid and Cozymase upon Bac-

teriostatic Aetion of Sulfonamide Compounds.
(Inoculum approximately 300,000 organisms per ce.)

Growth in %

Thiamin of light
Chloride,  Nicotinie Aeid, Cozymase,t transmitted

ug/ee ug/ee ugl/ee at 20 hr
Basal Medium — — — 68*
— 1.23 — 47
034 1.23 — 31
— — 9.33 32
Basal Medium <4 — -— 70
Sulfanilamide — 1.23 — 55
50 ug/ce 034 1.23 — 38
— — 9.33 32
Basal Medium -+ — — — 70
Sulfapyridine — 1.23 — 46
50 pg/ece 034 1.23 — 31
— — 9.33 36
Basal Medium + — — — 68
Sulfathiazole — 1.23 — 54
50 ug/ee 034 1.23 — 45
— — 9.33 40
Basal Medium + — — — 69
Sulfadiazine — 1.23 — 50
50 ug/ee 034 1.23 — 34
— — 9.33 38

*Medium initially slightly cloudy but sterile.
19.33 ug cozymase contain 0.0019 xg thiamin,
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in the tube containing thiamin chloride and nicotinic acid. When
duplicate tubes with sulfanilamide were examined at the end of
87 hours, the degree of growth was the same in the tube containing
cozymase as in the tube containing thiamin chloride and nicotinic acid.
No inhibition of the bacteriostatic effect of sulfapyridine, sulfa-
thiazole or sulfadiazine was exhibited.

A similar experiment was carried out in which the original inocu-
lum was only 60 organisms per cc. When the tubes were examined
at the end of 140 hours of incubation, sulfanilamide and sulfa-
pyridine had failed to inhibit the growth of organisms in the tubes
containing cozymase, but a complete bacteriostatic effect was ex-
hibited in the tubes with thiamin chloride and nicotinic acid. This
difference was not apparent at 72 hours, both sets of tubes showing
complete inhibition at this time.

Comment., The ability of the cozymase preparations used in
these experiments to replace both thiamin and nicotinic acid is
probably due to a contamination of the cozymase with thiamin.

TABLE IIT.
Comparative Effect of Thiamin Chloride, Nicotinic Acid and Cozymase upon Bae-

teriostatic Action of Sulfonamide Compounds.
(Inoculum approximately 3500 organisms per c¢c.)

Growth in %

of light
transmitted at
Thiamin Nicotinic 43 and 87 hrs
Chloride, Acid Cozymase, —
ug/ce ug/ec ug/ec 43hr 87 hr
Basal Medium — — —_— 99 100
— 1.23 — 83 89
.0034 1.23 —_— 49 50
—_— —_ 5.84 47 50
Basal Medium + — —_ — 100 98
Sulfanilamide — 1.23 — a6 100
50 ug/ee .0034 1.23 — 95 43
— — 5.84 52 49
Basal Medium + — — — a6 98
Sulfapyridine — 1.23 — 97 98
50 pg/ce 0034 1.2 — 97 96
— — 5.84 92 87
Basal Medium + — —_ _ 100 97
Sulfathiazole — 1.23 —_ 98 96
50 ug/ee .0034 '1.23 — 100 100
— 5.84 96 98
Basal Medium + —_— — — 98 96
Sulfadiazine — 1.23 — 97 98
50 ug/ce 0034 1.23 — 96 98
— — 5.84 97 93

5.84 yg cozymase contain .0012 pg thiamin.



36 CozZYMASE AND GROWTH OF STAPHYLOCOCCI

A small number of organisms in the presence of thiamin chloride,
nicotinic acid and sulfanilamide or sulfapyridine show a lag period
in growth. On the other hand. when cozymase is present, growth
becomes more readily established. We have assumed that cozymase
must be synthesized by the cells before reproduction takes place.
Through a mechanism not clearly understood either sulfanilamide
or sulfapyridine will interfere with this synthesis. Sulfathiazole and
sulfadiazine in the concentration used in these experiments showed
complete bacteriostasis for a small number of organisms even in the
presence of cozymase. These results confirm the observations of
West and Coburn.

When a large number of organisms are used, they are apparently
able to synthesize cozymase so rapidly that there is no difference in
the degree of growth obtained whether nicotinic acid or cozymase is
present. The possibility still remains that the lag period produced
by the sulfonamides may be shorter when cozymase is present than
when nicotinic acid supplies the growth stimulus. This should be
investigated. The bacteriostatic activity of sulfathiazole and sulfa-
diazine is not completely inhibited by either cozymase or nicotinic
acid. .

It has been demonstrated by many investigators that the bac-
teriostatic effect of the sulfonamide compounds is more pronounced
when the optimum requirements for bacterial growth are lacking
and the number of organisms is small. The foregoing observations
are in accord with this concept.

Summary. 1. Two samples of cozymase were tested, and each
could replace both thiamin chloride and nicotinic acid, essential
growth requirements for the staphylococcus ; however, these prepara-
tions contained small quantities of thiamin. It has been shown that
an adequate amount of thiamin was contained in the cozymase,
which explains why maximum growth of staphylococci was obtained
in the presence of cozymase, but in the absence of nicotinic acid.
2. When certain experimental conditions are fulfilled, cozymase, but
not thiamin chloride and nicotinic acid, will inhibit the bacteriostatic
actton of sulfanilamide and sulfapyridine against staphylococci.



