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HYDROGE.:\ SULPH IDE PRODGCTION BY BACTERM 

FREDERIC K  \\�. l\luLsuw, � I .  D . ,  A :\ D  FREDERICK S . PAr � E, �I . S. 

There are some conflicting report; , in the investigation that has 
heen reported , o f  the ahil ity o f  different organisms to evolve 
hydrogen sulph ide from various sulphur-containing compounds. 
One report <1uite at variance \Y ith ;t maj ority of others is that o f  
Tanner 1 ( 19 1 7 )  who has  reported more exhamtive investigation 
than any other worker, unless it be Sasaki and Otsuka 2 ( 1 9 12 ) . 
Tanner, using four per cent o f peptone, hrand not stated, reports 
several organisms as producing hydrogen sulphide that other 
investigators report as negative. Among these are B. paraty­
phosus c\ , B .  dysentery, B .  aerogenes, and St:<phyloccus albus. 
·Much of  the variation reported, no donbt, i ,;  dne to the methods 
used in conducting the investigation. Each investigator has pre­
pared his media  according to his own desires, and has  employed 
a concentration o ften times quite different to that used by others . 
\Vhile this  does not make for standard methods i t  does suggest 
the extent of influence that substances and concentrations may 
have upon sulphur metabol ism. 

Practically all workers have employed lead acetate, in  some 
manner or other, as the indicator of  hydrogen sulphide production.  
In 1 9 12  Sasaki and Otsuka used strips of fi lter paper treated with 
egg white, glycero l .  and  lead acetate ; more recently Tanner 3 

( 19 18 ) and Myers 4 ( 1920) used a modification o i  this method.  
Jordan and Victorson 5 ( 1 9 1 7 ) , Thompson 6 ( 192 1 ) ,  and Ti lley 7 
( 1923 ) added a few drops of  lead acetate solution to the partly 
coole(I sterile tubes o f  media, before inoculation.  In thi s work a 
l i ttle preliminary i 11vestigation showed that lead acetate i s  a very 
weak bacteric ide, and i s  a more sensitive indicator than ferric 
chloride . 

So far no practical application seems to have been made o f  
sulphur metabolism as  a cultural test except in a f e w  instances. 
l\lyers ( 1920 ) investigated its application to the bacteriological 
examinations of water. He found the test unsatis factory because  
o f  inconstant results .  Kligler ' ( 19 17 )  calls attention to the  use 

o f  lead acetate agar in  army camps for differentiating between 

B. typhosus, B. paratyphosus A, B. paratyphosus B, and B. clysen-
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64 IOWA ACADEMY O F  SCIENCE 

tery . The production of hydrogen sulphide from peptone has 
been generally recognized as a means o f  distinguishing between B. 
paratyphosus A ,  and B .  paratyphosus B .  Aside from these appli­
cations it seems to have no other utilitarian interest . 

The results at variance with each other at least indicate that the 
metabol ism o f  bacterial organisms may be di sturbed by a l ittle  
change in  the constituents, or their concentration in the medium . 
l\Iyers ( 1920 ) in his work investigated also the effect o f  dextrose 
and lactose on the production o f  hydrogen sulphide, but reports 
that little, if any, influence was shown. The variation of results 
also shows that i f  the production of hydrogen sulphide i s  made 
use of as a definite cultural reaction some standard methods o f 
application must be adopted. So far each investigator has used h is  
own formulae for preparing the media and the formulae vary as 
much as  the results. 

Sasaki and Otsuka ( 191 2 )  found that cystine supported hydro­
gen su lphide production by several kinds of organisms including 
B .  coli comnmnis,  but i t seems they used only one or two strains o f  
each kind of  the organisms used . Tanner ( 19 1 7 )  used two strains 
of B. col i each o f  which gave hydrogen sulphide from cystine ; he 
a l so used ninety-seven strains o f  B .  fluorescens, eighty-five of 
which gave the gas from cystine, while Sasaki and Otsuka report 
B. fluoresccns unable to do so. Another d ifference in  the results 
reported by Sasaki and Otsuka, and Tanner, is regarding the 
reaction in sodium sulphate. Tanner used a three per cent con­
centration of the salt and found none of thirty-two kinds o f  
organisms that gave hydrogen sulphide, while Sasaki and Otsuka 
obtained the gas from B. col i ,  B .  paratyphosus B,  B .  dysentery 
( Flexner ) ,  B. dysentery ( Shiga ) ,  and Sp. cholera, using twenty­
one kinds ; of these Tanner reported the first two named , negative. 
Tanner suggests that his concentration may have been too great. 
Sasaki and Obuka were unable to obtain the gas from sodium 
sulphate with any of their twenty-one organisms ; Tanner got none 
of the gas from a two-tenths per cent solution of magnesium 
sulphate by any of b i s  thirty-two kinds o f  orgamsms. 

E X PERL\1EKTAL 
In this work the production of hydrogen sulphide was detected 

with lead acetate. The salt was clissolvecl in d i sti l led water to ''. ;  H'. 

a ten per cent solution. V'/here peptone and coagulatr · 

yolk media were used one cubic centimeter o f  the indicat• •r w a s  

added to each one  hundred cubic centimeters of  the  merl i 1 · '.'' · 'f ]: f 
medium was then tubed and steri lized . \\'hen a sy11 t : 1 t· t ·  ·. · k<it l i 
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HYD RO GEN SULPHIDE PRODUCTION 65 

medium was used filter paper was impregnated with the solution,  
dried ,  steri l ized, and a small strip placed in  the upper part of the 
culture tube, just  above the medium, a fter inoculation.  All solid 
media were inoculated with the loop from young dextrose broth 
cultures ; all liquid media were inoculated from young agar slants.  
All cultures were incubated five clays unless positive results were 
given in less time. 

Peptone medium was made as follows : 
Disti l led water, 1 ,000 c. c .  
Peptone, "Di feo," 20 gms .  
M eat extract, 3 gms.  
Agar-agar, 15 gms .  
This  was  adjusted to P11 7.G, the indicator added, and tubed in 

about four c .  c .  amounts and sterilized fi fteen minutes at fif teen 
pounds pressure. 

Sodium sulphate, sodium thiosulphate, sodium sulphate, and 
po�tassiurn sulphate plus potassium phosphate were prepared ac­
cording to the following formula : 

Distilled water, 1 ,000 c. c. 
Sodium ammonium hydrogen phosphate, 4 gms.  
Dipotossium phosphate, 2 grns.  
Lactose, 10 gms . 
Sulphur compaund ( anhydrous ) ,  1 gm. 
Potassium sulphate minus potassium phosphate was prepared a s  

follows : 
D istil led water, 1 ,000 c. c .  
Sodium ammonium hydrogen phosphate, 5 grns. 
Lactose, 10 gms. 
Potassium sulphate, 1 gm. 
J\Iagnesium sulphate ancl copper sulphate were prepared by the 

following method : 
Solution A 
Disti lled water, 800 c. c .  
Sodium ammonium hydrogen phosphate, 4 grns.  
Dipotassium hydrogen phosphate, 2 grns . 
Lactose, 1 0  gms. 
Sodium potassium tartarate, . 5  gm. 
Solution B 
Distilled water, 200 c .  c .  
Sulphate, 1 gm. 
Solutions A and B were sterilized, mixed, and tubed m sterile 

tubes . 
The cystine medium was prepared as follows : 

3
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Distilled water, 800 c .  c .  
Sodium ammonium hydrogen phosphate, 4 gms. 
Dipotassium hydrogen phosphate, 2 grns .  
Lactose, 1 0  gms. 
Agar-agar, 1 5  grns .  
This was steri lized, then there was added : 
Ammonium hydroxide ( con. ) ,  4 c. c .  
Cystine, . 5  gm. 
This was tubed in sterile tubes,  and ·incubated to develop pos­

sible contaminations. 
Coagulated egg yolk medium was prepared according to the 

following formula : 
Distilled water, 1 ,000 c. c .  
Agar-agar, 15 gms .  
Lactose, 1 0  gms. 
Egg yolks, 3 .  
Lead acetate solution. 10\,; , 10  c. c .  
This was tubed and steri l ized fi fteen minutes at fi f teen pounds.  
The uncoagulatecl egg yolk medium was prepared according to 

the fol lowing metbocl : 
D i stil led water, 1 ,000 c .  c . 
Lactose , 1 0  gms. 
This solution was steri lized, then there were acl<lecl aseptically 

three egg yolks. The medium was then tubed in sterile tubes 
and incubated twenty- four hours at thirty-seven degrees to develop 
any possible contaminations . 

The accompanying table shows the kinds o f  organisms.  and the 
number of strains of each, that were tried. It i s interesting to 
note that J3. proteus, B .  typhosus. ancl B .  paratyphosus B ,  that so 
readily give the gas from peptone, do not in nearly all cases attack 
soclium sulphite, while 13. cloaceae and B. coli , which do not very 
f requently give the gas f rom peptone are quite consistent in giving 
it  f rom the sulphite. In the case o f  B. dysentery (Flexner ) the 
results obtained by Sasaki and Otsuka arc not entirely confirmed 
for as shown in the table some strains give positive results .  

Sodium thiosulphate seems to be more readi ly reduced by bac­
teria than is sodium sulphite, the former being reduced by some, or 
a l l  strains o f  Staphylococcus aureura, I3 .  proteus, B .  typliosus. B .  
paratyphosus A,  B .  paratyphosus B .  B .  anthrax, and B .  mycoides , 
vvhi le the latter i s  reclucecl by only some strains o f  these organisms, 
or none of them. 

The sulphates that were tested and that gave negative results 
are sodium sulphate, confirming the results reported by Sasaki and 
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Otsuka, i .e . , bacteria seldom, if ever, give hydrogen sulphide from 
sodium sulphate ; magnesium sulphate, which agrees with Tanner's 
results, and in which many of the organisms fai led to grow ; copper 
sulphate not only gave negative results but inhibited the growth 
o f all the organisms tested , which were the identi cal ones with 
which magnesium sulphate was tested, as shown in the table .  

S ince sodium sulphate fa i l s  to support the production of  hydro­
gen sulphide it might be expected that potassium su lphate would 
not .  As shown in the table potassium sulphate in the presence 
of potassium phosphate gives the gas about as readily as does 
sodium sulphite . It is probable that the potassium is used in the 
metabolism of the organism, while in the case of the sodium 
sulphite the oxygcn is used for growth energy. This suggests 
that hydrogen sulphide might be more readily formed if the sul­
phate were the onlJ source of potassium. As shown in the Table 
the omission of the potassium phosphate had no apparent effect 
on the amount of the gas formed, or the number o f  organisms 
forming it, except in  the case of  B .  dysentery ( Shiga ) which, 
contrary to expectation, fai led to give the gas in the absence of the 
potassium phosphate. At present there are insufficient results on 
which to base an explanation of  this phenomenon. 

Data relative to the reactions in cystine are too limited to 
warrant very definite conclusions beyond observ ing that B .  coli 
seldom fails to reduce the acid and evolve hydrogen sulphide .  

S ince silverware is so readi ly tarnished by egg, and since spoiled 
eggs contain so much hydrogen sulphide, i t  would seem very 
probable that egg yolk would be attacked by many kinds o f  
organisms, particularly proteolytic ones, t o  form hydrogen sul­
phide. As shown in the table none o f  them can so decompose 
egg yolk when it has been coagulated by heat. ·when it is un­
coagulated a few are able to so attack it. It seems paradoxical 
that any strain o f  B .  paratyphosus A should form hydrogen sul­
phide from the ttncoagulated egg yolk, and not from peptone, while 
B. typhosus and B. paratyphosus B,  which give the gas so con­
stantly f rom peptone, so in frequently give the gas from uncoagu­
lated egg yolk. 

S U M J\I ARY 

There seems to be no certainty as to whether a certain bacterium 
will, or will not, give hydrogen sulphide f rom a given sulphur 
compound until the combination is  tried.  The su lphur metabolism 
o f  bacteria i s  easily disturbed by a change in the sulphur compound, 
or its concentration. 

5
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Sodium sulphate can seldom, if  ever,  be reduced by bacteria,  
while the less stable salts ,  sodium sulphite and sodium thiornlphate, 
are reduced by a number o f  bacteria to form hydrogen sulphide.  

Potassium sulphate, unl ike soclium sulphate,  supports the forma­
tion o f  hydrogen sulphide by several kinds o f  bacteria , particularly 
o f  the colon-typhoid group. Potassium phosphate seems to be 
necessary for the production of the gas from potassium sulphate 
by B. dysentery ( Shiga ) , or at least some strains. 
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