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.Ifter 38 days on the diet the liiiilis on riglit side of the body became 
spastic aiicl extended, Later a right sided convulsive seizure OC- 

curred with head turned to right and right limbs rigid. One hour 
a f t e r i 1 1 t r a c i s t e r i 1 a I in j ec t i o i i  o f t h i am i ii e a 1 1 s y in 1) t on1 s had di sail - 
peared. The diet was continued aiid 15 days later the right limbs 
were again spastic and frequent tonic convulsions involved the right 
sick. Convulsions ceased after administration of 0.5 mg thiamine 
hut a residue o f  spastic paralysis reniained in the right hind linib. 
The animal died 17 days later whilst in thiamine deficiency for the 
third time. 

The above findings iiiay explain partial iniprovenient with thiamine 
thcrapy o t' some neurological diseases which are not the direct result 
o f  vitamin deficiency. 

1. Suharachnoicl iiijection o f  tliiaiiiiiie causes rapid 
recovery of tliiamine-deficient cats. Recovery is equally rapid when 
the vitamin is given intraveiiously or intramuscularl~-. 2. Moderate 
s i g 1 1 s o f n 1 e 11 i 11 gea I i I- r it at i o 11 f o 1 1 o M' i i i  t rod uc t ion o f t 11 i a ni i rie chloride 
into tlie subarachnoid space. 3. Thiamine deficiency may utiniask 
syvmptonis due to an organic defect in the brain. 
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Effects of Cozymase upon Growth of Staphylococci and Anti- 
staphylococcal Action of Sulf onamide Compounds." 

Following the report of Knight' that tliianiiii chloride aiid nicotinic 
acid are essential growth factors for S. uiircifs. Gladstoiie' denion- 
strated that a iiiediuni of k i i c ~ ~ v i i  chemical composition may he used 
for growth experinieiits with staphylococci. A cheniically-defined 
niediuni has certain advantages for the study of the bacteriostatic 
effect of the stil fonaiiiide compounds upon West and 
Col,urn4 ut il izecl Knight's "synthetic" mediuni for an investigation 
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of the bacteriostatic effect oi sulfapyridiiie upon the staphylococcus. 
They concluded that cozyniase (Coenzyme I)  interfered with the 
antistaphylococcal action o f  sul fapyridine, whereas nicotinic acid did 
not. Strauss, Dingle and Fiiiland’ were unable to confirni this find- 
ing. They made the interesting observation that cozymase could 
replace the essential groivtli factors, nicotinic acid and thiamin 
chloride, and suggested that inipiirities in tlie cozymase were re- 
sponsi ble for this finding. 

Because of the divergence o f  reported results concerning the effect 
of cozymase upon the bacteriostatic action of the sulfoiianiide com- 
pounds for the staphylococcus, lye are recording our observations. 
-in explanation is also 1)resetited for the confirmed observation that 
cozyniase will stimulate grc nvth o f  the staphylococcus in the pre- 
sumed a l ~ i i c e  o f  nicotinic acid ;mtl thiamin chloride. 

The previously mentioned investigators 
used either a casein or gelatin hydrolysate as a source of amino 
acids. \Ve employed a synthetic medium as described by Glad- 
stone.” t o  which the iiidivitliial amino acids were added. This pre- 
caution was taken in order tc) reduce the impurities to a niinimuni. 
-A coagulase-positive strain ot‘ S .  t i z i i ’ ~ ~ t . r  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 Conipany, and a second was 
prepared by one o f  us (0.11. ) according to the method of Jandorf.‘ 
Professor C. -A. Elveli jeiii o f  the University of Wisconsin found 
tlie activity of the second 1)roduct to be 81% of the yon Euler 
standard. Qualitative analysis showed that both preparations con- 
tained thiamin. The cozq-mase prepared by us was quantitated by 
the standard thiacronie method and found to contain 0.16 nig of 
thiamin chloride per nig of cozymase. -4s shown later, this amount 
of thiamin chloride was sufficient to support maximum growth of 
stapliylococci when an optiniuni aniount of nicotinic acid was present. 

The basal iiiecliuni contained all the essential ingredients except 
thianiin chloride and nicotinic acid. The culture for inoculation 
was first grown in the coniplete niediuni for 24 hours, then centri- 
fuged and the bacterial cells washed with sterile saline before seeding 
the various tubes with a kiiown iiumhel- o f  organisms. The final 
volunie 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 
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colorimeter was used as described previously.2 Growth was expressed 
in terms of percentage of light transmitted through a standardized 
absorption tube. The uninoculated niediuni was usually water-clear 
and was utilized as the control standard. 

Rcsults. 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 containiiig small and large inoculae is summarized in 
Table I. 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 followiiig 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 lai-ge iiioculuni. 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 
conipound is present in an optimum amount. Maximum, and es- 
sentially ecluident growth, was obtained when cozymase was added 
to  the basal medium or when a combination of thiamin chloride 
and nicothic acid or  iiicotinaniide was added. ,4 coniparison of 
tubes 3, 4, 5,  and 6 would indicate that thiamin chloride is at least 
om of the added factors responsible for maximum growth resulting 
with cozymase. -4 coniparison 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 tlie degree of growth at the elid of 72 hours is essentially the 

TABLE I. 
Comparative Effects of Thiamin Chloride and Xkotinic Acid (or Nicotinamide), 

and Coaymase on Growth of Large and Small Inoculum of S .  mireus. 

A” Bt 
Growth in  TO 

of light of light 
transmitted transmitted 

24hr 72hr 24hr 72hr 

GroMyth in 7’ 

*- Y 

1. Basal medium 93 94 9 i  100 
2. ” ” + 0.0034 pg/cc thiamin 

chloride 9 4 88 97 93 
3. ” ” + 1.23 pg/cc nicotinic acid i 5  79 9 6 88 
4. ’) I ’  + 5.84 ” ’) cozymase: 39 41 52 41 
5. ” ” + 0.0034 pg/cc thiamin chl. 

6. ’’ ” + 0.00034 p g / c c  thiamin chl. 
+ 1.23 p g / e c  nicotinic acid 33 41 i 7  35 

+ 1.23 pg/cc nicotinic acid 39 43 80 42 

*A = Inoculum of 300,000 organisms per cc‘. 
tB = 1noc.ulum of 300 organisms per cc. 
$5.84 pg of cozymase contained 0.0013 p g  of thiamin chloride. 



same in tlie two tubes. Thc ktg iii initial growth with thiamin 
chloride and nicotinic acid is very likely clue to the fact that nicotinic 
acid must first be coiiverted into cozyniase by the bacterial cells before 
the growth requirements for Iiacterial reproduction can be fulfilled. 

The second group o f  sttidies coiiceriied the comparative effect of 
tliianiiii chloride aiid iiicotiiiic acid. aiid cozyniase upon the Ilacterio- 
static action o f  sul faiiilaniitlc, sul fapyi-idiiie, sul fathiazole, and sulfa- 
diaziiie in the presciicc o f  ;I 1:trge and small inoculum of organisms. 
The results with a large iiioculutii (500,000 organisms per cc) are 
show1 in 'i'ahle TI. Uiiclei- tlicsc conditions, bacterial growth was 
practically the s;itiie iri the tiihc..; coiitaiiiiiig cozymase, and thiamin 
chloricle ant1 iiicotiiiic acitl. .\ slight iiiliihitoi-y effect was produced 
by sulfatliiazole. 

The results with a siiiall iiic )c.uIutii o f  organisms ( 3500 organisms 
per c c )  are presented iii Ta1)le 111. 'IYhei.1 the tubes were examined 
at the eiicl of 4.3 hours o f  iiicd)atioii. the hacteriostatic effect of 
sulfaiiilaiiiidt. \vas iiiliihite(1 i i i  tlic tul)c uoiitaining cozyimase. h i t  not 

n m x  11. 
Con1par:itive Kff ect of Thiamin ( ! l ~ l o r i d ~ ,  Sicotinic  Acid and Cozylnase upon Bnc- 

teriostatic Actioii of Sulfonmiide Compounds. 
(Inoculum approximately .XO,OOO orgaiiisrnv per cc . )  

Growth in % 
Thiamin of light 
Chloridr. Sicotiiiic .4cid, Cozpmase,t transmitted 

Erg/('(' @/W pg/cc at 20 lir 

Basal Mediuiii + 
Sulfanilamide 
50 pg/cc 

Basal Medium + 
Sulf spy ridine 
50 pg/ce 

Basal Mediuin + 
Sulf stliiazole 
50 pg/cC 

Basal Medium + 
Sulf adiazine 
50 pg/cc 

- 
1 . 3  
1.23 

- 
1.23 
1.23 

- 
1.23 
1.23 

- 
9.33 

- 
9.33 

- 
9.33 

6s * 
47 
31 
39 

$0 
55 
38 
32 

70 
46 
31 
36 

68 
54 
45 
40 

69 
50 
34 
38 

*Medium initially sliglitly raloudy but sterile. 
t9.33 pg eozymase contttin O.001!4 pg thiamin. 



in the tube containing thiamin chloride and nicotinic acid. When 
duplicate tubes with sulfaiiilamide 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. 
S o  inhibition of the bacteriostatic effect of sulfapyridine, sulfa- 
thiazole or sulfadiazine was exhibited. 

A% similar experiment was carried out in which the original inocu- 
him was only 60 organisms per cc. \+:hen 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 cozyinase, 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. 

The abifity of the cozymase preparations used in 
these experiments to replace both thiamin and nicotinic acid is 
probably due to a contaniination o f  the cozymase with thiamin. 

Coiiinzeitt. 

TSBLE 111. 
Comparative Effect of Thiamin Chloride, Nicotinic Acid and Cozyi:rsc npon Bac- 

teriostatic Action of Sulfonamide Compounds. 
(Inoculum approximately 3500 organisnis per w.) 

Growth in % 
of light 

transmitted a t  
Thiamin Sicotinie 43 and 87 hrs 
Chloride, Acid U~ZJ-I~IHSC,  (-\ 

43 hr 87 hr pg/cc figlcc Pg/cC 
Basal Medium - 

- 
,0034 
- 

- 
1.23 
1.23 - 

99 
83 
4 9 
4 7  

100 
89 
5 0 
50 

- 
5.84 - 

98 
100 
43 
49 

Ba.sa1 Medium + 
8uIf anilamide 
50 pg/cc 

- 
1.23 
1.23 

L 

L 

- 
5.84 

Basal Medium + 
Sulfa pyridine 
50 pg/cC 

98 
98 
96 
87 

- 
1.23 
1.23 

- 

,0034 

97 
96 

100 
98 

Basa.1 Medium + 
Sul f athiazole 
50 pg/cc  

100 
98 

100 
96 

1.23 
1.23 

- 
- 

5.84 

- 
.0034 
- 

Basal Medium + 
Sulf a.diazine 
50 p g / c c  

98 
97 
9 6 
97 

96 
98 
98 
93 

- 
1.23 
1.23 

5.84 pg cozymase eontajn .0012 pg thiamjn. 



A sniall iiuniber of organisms iii tlie presence of thiamin chloride, 
nicotinic acid and sulfanilamide or sulfapyridine show a lag period 
in growtli. On the otlier haiitl. when cozyniase is present, growth 
becomes more readily establislied. We have assumed that cozymase 
inust he synthesized 1):- tlie cells before reproduction takes place. 
Through a iiieclianisni not clearly understood either sulfanilamide 
or sulf apyridine will interfere with this synthesis. Sul fathiazole and 
sulfadiaziiie in the concentration used in these experiments showed 
coniplete bacteriostasis for a small iiuniber of organisnis even in the 
presence (-1 f cozpiase. These results confirm the observatiaiis of 
West aiid Coburn. 

IVlien a large nuiii1)er o f  ( qpi i s i i i s  are used, they are apparently 
able to synthesize cozJ-niast. SO rapidly that there is no difference in 
the degree o f  growth obtaiiie(1 whether nicotinic acid or cozymase is 
present. The possibility still remains that the lag period produced 
by the sul ioiiamides may be shorter when cozyniase is present than 
when iiicotiiiic acid supplies the growth stimulus. This should be 
investigated. The bacteriostatic activity o f  sul fathiazole aiid sulfa- 
diaziiie is iiot conipletely in1iil)ited by either cozymase or iiicotiiiic 
acid. 

It has been demonstrated liy many- investigators that the bac- 
teriostatic effect o f  the sulfoiianiide conipouiids is more pronounced 
wlien the optinitiiii requirements for bacterial growth are lacking 
and the tiunilxr o f  organisms is sniall. The foregoing observations 
are i i i  accord with this concept. 

1. Two sarnples o f  cozyniase were tested, and each 
could replace both thiamin chloride and nicotinic acid, essential 
growth requirements for the staphylococcus : however. these prepara- 
tions contained sniall quantities of thiamin. It has been showii that 
an adequate aniouiit of thiamin was contained in the cozymase, 
which explains why niaxiiiiuni growth of staphylococci was obtained 
in the presence of cozyinase, hut in the absence of nicotinic acid. 
2. When certain experimental conditions are fulfilled, cozymase. hut 
not thiamin chloride and nicotinic acid, will inhibit the bacteriostatic 
action of sul fanilaniide aiid wl fapyridine against staphylococci. 

Siitrrriinry. 


