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Heretofore, no sera from persons convalescing 
from an infection with Japanese B virus have 
been available for study by means of com- 
plement-fixation tests, so that it was not 
known whether a similar cross antibody reac- 
tion occurs in the sera of human beings. Table 
I shows that sera from 3 convalescent persons 
which fixed complement in the presence of 
Japanese B virus failed to do so with St. Louis 
virus. Furthermore, 15 sera which contained 
complement-fixing antibody against Japanese 
B virus showed no antibody against the virus 
of Western equine encephalitis. Two sera 
which were positive against Japanese B virus 
were negative against lymphocytic chorio- 
meningitis virus, and 2 other such sera were 
negative against Eastern equine encephalitis. 

The identification of Japanese B virus as 
the causative agent of the Okinawan outbreak 
of encephalitis by means of the serologic 
evidence described above was confirmed by the 
isolation of a virus from the brain of a patient 
(No. 53) dying of encephalitis. This virus 
was isolated by a group of medical officers of 
the U. S. Army and Navy (two of the authors 
of the present communication, L.T. and J.P., 
were in this group). A sample of this agent 
was sent to our laboratory on Guam. An 
antigen suitable for complement-fixation tests 
was prepared from brains of mice dying of 

infection with the third passage of this virus. 
As shown in Table 11, the Okinawa virus 
antigen fixed complement in the presence of 
sera of hamsters immunized against the Naka- 
yama strain of Japanese B virus, but no sig- 
nificant complement-fixation occurred when it 
was tested against serum of guinea pigs im- 
munized against Western equine encephalitis 
virus. The virus isolated on Okinawa was, 
therefore, shown to be Japanese B virus by 
means of its specific complement-fixation 
reaction. 

Surnmary. 1. By complement-fixation tests 
carried out with human sera, an outbreak of 
encephalitis which began on Okinawa in July, 
1945, was promptly shown to be due to Jap- 
anese B virus. 2. The tests showed that at 
least 11 of 20 patients studied had suffered an 
attack of encephalitis caused by this virus. 
3. None of 15 human sera which were positive 
against Japanese B virus showed complement- 
fixing antibodies against Western equine en- 
cephalitis virus, and a few such sera were 
negative when tested against the viruses of 
Eastern equine encephalitis, St. Louis encepha- 
lit is, and lymphocy t ic choriomeningi tis. 
4. A virus isolated from a patient on Okinawa 
suffering from encephalitis was identified by 
complement-fixation reactions as Japanese B 
virus. 
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Observations on Antimicrobial Action of 2,3-Dichloro-1, 4=Naphthoquinone, 
and its Reversal by Vitamins K. 

D. W. WOOLLEY.* 
From the Rockefeller Institute for Medical Research, New Pork City. 

Since Ter Horst and Felix1 have found a 
marked antifungal action of 2,3-dichloro-l,4- 
naphthoquinone, the idea occurred that this 
effect might be linked with the structural 
similarity of the compound to vitamin K, 
much as that of the sulfonamides is related 
to their analogy with the metabolite p-amino- 

* With the technical assistance of M. L. Collyer. 
1 Ter Horst, W. P., and Felix, E. L., Ind. Eng. 

Chem., 1943, 35, 1255. 

benzoic acid. This view seemed probable since 
Kuhn et d2 had shown previously that 
6,7-dichloro-9-ribityl-isoalloxazine had anti- 
microbial action which was reversible by 
riboflavin. The change involved in passing 
from the vitamin riboflavin to the inhibitor 
6,7-dichloro-9-ribityl-isoalloxazine was the 
replacement of 2 methyl groups attached to 

2Kuhn, R., Weygand, F., and Moller, E. F., 
Ber. deutsch. chem. Ges., 1943, 76, 1044. 
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TABLE I. 
Aniouiits of 2,.3-dicliloro-ii:i~~l~tllc,clUillc,~ : I I ~  of ~ - ~ ~ i ~ ~ t l ~ ~ l - i i ~ ~ ~ ~ l ~ t l ~ o q u i ~ ~ o ~ ~ e  Required to Cause 

1Enlf-in:isim:iI Inhibition of Growt 11 of V:wious Microorganisms. 

.\iiiount for half-maximal effect 

~ . : ~ - i i i ~ ~ i i l ~ i ~ ~ t ~ i i : i ~ i l i t l i ~ ~ q ~ i i i i ~ ~ i i ~  ~-nicth~i-naplitlioquinone 
p- - 7 

pK 1"' w Ccg Per cc 0rg:i iiisiii 

Saccka row yces cere r i s k  0.0017 0.23 
Endomgces vcni nl is 1 .U 13 0.28 
Lactobacillus cawi 20 20 
Staphylococcus aureiis 10 10 
Bscherichia coli' 35 15 
Hcmolytic strcptococcus HG9D 3 .j 40 

*This  organism was tcstcd in tlic s p t h c t i c  medium dcsrribcd carliere for its growth. In 
the highly purified, but morc complrs nictliuin U H C ~  for tlic other bacteria in this work the 
quinones were Iess ;ictivc, ~ . g . ,  2-n ic~ t l i~ l -nn l~ l i t l i oqu i i i~~n l~  \ c i s  just detect:ihle at 50 pg per cc. 

a benzenoicl nucleus with C1 atoms. I f  a 
similar type of structural alteration were ap- 
plied to vitamin K, i.c., i f  the 2 alkyl side 
chains were exchanged for C1 atoms, one 
wouId arrive at 2,3-dichloro- 1 &naphthoqui- 
none. Therefore, since we had been investi- 
gating the types of structural change which 
would convert metabolites into specific inhib- 
itory competitive analogs,:i it was decided to 
determine whether the action of dichloro- 
naphthoquinone bore relationship to that of 
vitamin K. If the effects of the compound 
could be negated by the vitamin the actions 
of the two might conceivably be connected. 
2,3-dichloro-naphthoquinonet was inhibitory 

to the growth of all microbial species tested. 
The amounts of the compound required to 
produce half-maximal effect are shown in 
Table I. I t  can be seen that there was very 
great variation in the susceptibility of various 
species to the agent. Bacterial forms exam- 
ined were relatively resistant, while the yeasts 
were exceedingly sensitive to the quinone. The 
minute concentration needed to affect Sacchar- 
onzyces cerevisiE made this compound one of 
the most toxic known for this organism. The 
growth tests with bacteria were conducted in 
the highly-purified medium of Landy and 
Dicken; and those with the yeasts in the 

~ 

3 Woolley, D. W., Science, 1944, 100, 579. 
t Tlic 2,3-dichloro-naphthoquinonc was kindly 

supplied by Dr. G. L. McNcw of the United States 
Rubber Company. 

4Landy, M., and Dicken, D. M., J .  Lab. and 
C h i .  Me&, 1943, 62, 106. 

synthetic medium previously described? 
Growth was estimated turbidometrically in the 
usual manner,'; and in the case of those species 
which produced acid, the turbidometric re- 
suIts were checked by estimating the final pH 
of the cultures. The quantity of agent which 
caused half-maximal inhibition of growth was 
determined by interpolation on a curve relat- 
ing close to response. I t  was necessary that 
the dichloroquinone be added after the various 
media were autoclaved, for when it was heated 
in the medium or even in water, its potency 
was reduced about 100 times, probably due to 
the conversion of the substance to 2-chloro- 
1.4-naphthoq~inone.~ To avoid heat-steriliza- 
tion. a 2% solution of the dichloro-naphtho- 
quinone in acetone was diluted with sterile 
water. 

The toxicity of vitamin K in the form of 
2-methyI-l,4-naphthoquinone was determined 
for each species of microiirganism, for it is 
known that this compound, like many other 
quinones, is rather harmful to mict&rganisms. 
The data in Table I indicate the concentra- 
tions of this form of the vitamin which were 
necessary to cause half-maximal inhibition of 
growth under the same conditions as were 
used in the trials with the dichloroquinone. 
However, synthetic vitamin Kl in contrast to 
2-methyl-naphthoquinone was not inhibitory 

-7 Woolley, D. W., and White, A. G. C., J .  Exp.  

6 Woolley, D. W., J .  Bwl. Chem., 1941, 140, 453. 
f Beilstcin, F., Handbuch der Organischm Chem., 

.Mcd., 1943, 78, 489. 

1897, 3, 372. 
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TABLE 11. 
Effect of 2,3-dicliloro-1iaplitlioquinone and of ~-inctli)-l-n;i~~litIioquinone Siiigly and Together on 

the Growth of Sciccharoniyccs cerpz~isi(P. 

2,3 -die hl or o- na p 11 t 1 ioqu in one 2 -met hy1 -na 1) 1 i t  11 o quint ) n c T u r 11 i d i t y * o f c u 1 t ure 

Per cc pg per cc 
0 0 39 
0.002 0 78 
0.005 0 93 
0.01 0 99 
0.005 0.04 60 
0.00.7 0.02 68 
0.005 0.01 7 7  
0.005 0.005 8 .? 
0.002 0.02 48 
0.002 0.01 66 
0 0.05 46 
0 0.20 65 

"Turbidity is expressed as per cent of the incident light transmitted by tlic culture ~ l l e n  
the uninoculatcd basal medium is considered to l ~ v e  100% transmission. 

to the growth of either Lactobacillus casei or 
S. cerevisice. 

With S.  cerevisia? and with Endomyces ver- 
nd is  the harmful effects of 2,3-dichloro- 
naphthoquinone were antagonized by vitamin 
K. Over a limited range of concentration this 
antagonism was competitive as can be seen 
from the data in Table 11. However, the 
inhibition index5 (the ratio between concen- 
tration of inhibitor and that of vitamin re- 
quired to negate the action of the former) 
was 0.1, and therefore, a point was soon 
reached, as the concentration of dichloro- 
naphthoquinone was raised, beyond which it 
was not possible to reverse the inhibitory 
effect with the vitamin, for the concentration 
of the vitamin was then in the toxic range. 
With E. vernalis, it was barely possible to 
achieve complete counteraction of the effect of 
the analog for, since the dichloro-naphtho- 
quinone was less poisonous than with S.  cere- 
visia?, the dosage of the vitamin K required 
for reversal was approaching the toxic level. 

With the other species examined, no re- 
versal of the action of dichloro-naphthoquinone 
was accomplished by additions of vitamin K 
either as 2-methyl-naphthoquinone or as vita- 
min K1. This was not surprising, however, 
for the fact that the inhibition index was less 
than 1 for this pair of structural analogs indi- 
cated that the amount of vitamin needed to 
exert a reversing effect was beyond the toxic 
level. Since 20 pg of dichloro-naphthoquinone 
were needed for half-maximal inhibition of 
growth of L. casei, 200 pg of 2-methyl-naph- 

thoquinone would be necessary to counteract 
the effect. However, 2-methyl-naphthoqui- 
none was toxic at  levels lower than this. If 
2-methyl-naphthoquinone were not such a 
potent inhibitor of microbial growth it might 
be possible to reverse the action of dichloro- 
naphthoquinone in more species. Perhaps the 
failure to reverse the anti-microbial action of 
3,3'-methylenebis- (4-hydroxycoumarin) may 
have a similar explanation, for it is known 
that the inhibition index for this compound 
and vitamin K in rats is less than 1 just as 
in the case of the present example.9 

With S. cerevisice, vitamin K1 was about 
equal (on a molecular basis) in activity to 
2 -met hyl-naph t hoquinone in causing reversal 
of the effects of dichloro-naphthoquinone, and 
phthiocol (2-methyl-3-hydroxy-1,4-naphtho- 
quinone) had 1/30 the potency. This is 
about the same relative potency of these 3 
compounds when tested for their ability to 
cure vitamin K deficiency in chicks. 

If dichloro-naphthoquinone acts in 
microbes by production of vitamin K defi- 
ciency, one would expect that it would cause 
signs of vitamin K deficiency in animals. Ex- 
periments were performed in which graded 
amounts of the substance were fed to weanling 
mice maintained on a highly purified adequate 
basal ration'" minus vitamin K. The rate of 

8 Goth, A, Science, 1945, 101, 383. 
9 Orcrman, R. S., Field, J. B., Baumann, C. A., 

and Link, I<. P., J. h-utrition, 1948, 23, 589. 

MED., 1941, 46, 565. 
l o w o o l l ~ y ,  I>. w., PROC. SOC. EXP. BIOL. AND 
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m i m - :  I I r .  
1Sffect of ~ , ~ - d i c l ~ l o ~ o - n : ~ ~ ~ ~ t l ~ o q u i l l o n c .  on (;rowtlt :rnd Survival of Weanling Mice Fed a Highly 

Purified Ration F r w  of Vitamin .I<. 
L_ 

Amt in diet, 
% XO. of aninials 

0 8 
0.1 4 
0.2 4 
0.5 14 

- ---- - - - _  _ _  _ _  - 

-- - - _  - _ - _  - - . - _ _  ~ _ _  

growth was diminished detectably when 0.1 % 
of the diet consisted of the quinone, and when 
this was increased to 0.5%, half the animals 
died within 3 weeks (Tahle TTT). The mice 
which died did not, however. show signs of 
hemorrhage macroscopically as do mice fed 
3,3’-methylenebis- (4-hydrosycoumarin) . Fur- 
thermore, the prothronihin time of the diluted 
plasma of mice fed 0.5% of the quinone was 
not significantly greater than that of the con- 
trols or of normal mice. Finally, simultaneous 
administration of 2 -me thyl-nap h t hoquinone or 
of vitamin K1 did not erase the toxic mani- 
festations of 2,3-dichloro-naphthoquinone. 

Since vitamin K has not been demonstrated 
in yeast, it may be that dichloro-naphthoqui- 
none and the vitamin are just 2 foreign sub- 
stances contending non-specifically in the 
yeast cells, which fall prey to either agent or 
to both, or to neither, depending on relative 
and absolute concentrations. However, vita- 
min K is known to exist in some microiirgan- 
isms, and to be an essential for growth of the 
Johne’s bacillus.ll The concentration of the 

11 Woollcy, D. W., and Mecarter, J. R., PROC. 
- _ _ ~  

SOC. E X P .  RIOL. AND IfFD., 1940, 48, 357. 

Avg change in wt, 
De:tths g per wk 

0 +5.0 
0 + 3.3 
0 + 1.4 
7 -1.0 

-~ __ - 

-1 - _ _ _ _  - -- 

vitamin in yeast may be so small as to be 
undetectable by present methods, and yet 
sufficient to supply each cell with many mole- 
cules. 

1;rom the examples now a t  hand it would 
seem that the replacement of methyl groups 
;it  t:iched to benzenoid nuclei in metabolites 
with CI atoms can lead to inhibitory struc- 
t ur:il analogs which compete with these 
metabolites. 11ore examples would be desir- 
iilde to determine whether it is a type of 
change which is generally applicable. 

Szmzmary. 2,3-dichloro- 1 ,+naphthoquinone, 
;in antifungal agent now in practical use, has 
been recognized as an  analog of vitamin K. 
This substance has been found to be exceed- 
ingly toxic to yeasts and moderately harmful 
t o  the growth of bacteria. Its effect on yeast 
was reversed competitively by vitamins K over 
a limited range of concentration. While the 
effect on the growth of bacteria was not influ- 
enced by vitamin K in the form of 2-methyl- 
naphthoquinone, it was probable that this 
was due to the toxicity of the vitamin for 
these species. 
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The Porphyrin of Harder’s Gland. 

EUGENE J. ‘ rOiVBIN,  PAUL E. FANTA, A N D  HAROLD C. HODGE. 
From the  Departments  of Pli?isiolog!j, Biochcniistrj/ ( i n d  Pharmacology, School of Medicine and 

Dentis try ,  The Universi ty  of Koc7tc.stcr, Rochester, N . Y .  

The fact that choline poisoning stimulates 
the flow of brick red tears, designated as 

ment, protoporphyrin2 or blood,3 is in dispute. 
The presence of a porphyrin in Harder’s 

chromodacryorrhea,l has been reported and 
confirmed; however, the nature of the pig- 2 Barnard, R.. D., F’ROC. SOC. ESP. BIOL. AND 

~ ~ ~ ~ . ,  1943, 54, 254. 
1 Tashiro, S., and Stix, H., Biol. Bull., 1935, 3 Hodge, H. C., PROC. SOC. E n .  BIOL. AND MED., 

64, 327. 1944, 57, 26. 




