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INTRODUCTION

The inveatigations reported in this thesis were undertaken
in an attempt to inorease our knowledge of the mechaniasm of
sugar fermentation by the use of sugsr derivatives, The method
tried wes to mark or "laebel” one of the carbon atoms of the
sugar molecule by attaching a suitable group to 1t, This sugar
derivative could then be fermented and the carbon atom which
had been labeled could be 1dentified among the products, From
the nature of the compound or compounds in which the labeled
carbon atom was found, evidence concerning the point of fission
of the sugar molecule might be obtained,

" In choosing a derivetive for thiszs study three points had
to be considered, The derivative must be fermentable, and 1if
posslble the fermentation should take place readily in order
that conditions during the fermentation should be as nearly as
possible like those that occur during the fermentation of the
unchanged sugar, 7The derivative must be stable, so that the
group which has been introduced would not be removed during
sterilization or during fermentation, And finally, a compound
which was readily available in sufficient quantities to make
possible ites use in fermentation studies had to be chosen,

In considering the types of compound which might be used,
the methyl derivatives appeared most suitable, These have
glven valuable informstion in the study of the constitution of

the sugars and in the study of the mechaniam of the action of
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alkalies on sugsrs, The stability of the methyl derivatives
of the sugars hes been mentioned by variocus investigators,

Very little work has been done upon the fermentation of
methyl derivatives of the sugars, Irvine and Hogg (27) tested
the action of a namber of organisms on 3-methylglucose, One of

these, Aerobacter cloacae, fermented the sugar with the forma-

tion of acid and gas, The authors suggested that the fermenta-
tion of the sugar was preceded by removal of the methyl group,
btut no experimental evidence in favor of this view was given,
Coles (5) tested the sction of s wide variety of organisms on
S-methylglucose, tetramethylglucose, and pentamethylglucose,
3-Methylglucose was fermented by several organisms of the genus
Aerobacter and by one organism of the genus Escherichia, but
waa not fermented by the organisms in any other group, Six of

seven strains of Aerobacter cloacse fermented this sugar., The

tetramethylglucose and pentamethylglucose were not fermented by
any of the organisms, Hees and Tropp (18) found that tetra-
methylglucose and pentamethylglucose were not fermented by a
mamber of organisms of the colon group. Kendall and Gross (15},
who tested the action of eight organisms on a large number of
sugar derivatives, found that the introduction of a methyl
group rendered a sugar resistant to fermentation, J3-~Methylglu-
cose, G-methylgelisctose, l-methylfructose, and a number of de-
rivatives containing more than one methyl group were tested for
fermentabllity with negative results, 3-Methyldiacetoneglucose

was fermented by two organisms, B, proteus and B, mucosus cap-




vnea

sulsatus, 3Since these two'organisms 4id not ferment 3-methyl-
glucose, it is possible that the acld which they formed from
the diacetone derivative was derived from the acetone groups,
Neuberg (22) found that a-methylglycerol ether is fermented by
Acetobacter suboxydsns with the formatlon of the monomethyl

ether of dihydroxyacetons,

Another type of compound which might furnish wvalusble in-
formation in a study of fermentation 1s thet of the desoxy-
sugars, In these compounds one of the hydroxyl groups of the
sugar has been replaced by s hydrogen atom, If the state of
reduction of the sugar determines the preoducts formed, then
glucodesose should give the same products in spproximately the
same ylelds as does rhamnoss and mannitel, Tﬁa absence of =
hydroxyl group on the second carbon atom should prevent some
of the transformations in the glucose molecule, such as enoli-
zation, and might therefore give rise to a2 change in the nature
of the products formed, ¥No investigations on the fermentation
of glucodesose by bacteris have been made, Bergmann, Schotte
and Lechinsky (1) found that glucodesose was not fermented by

yeast,



Since previous work by Coles (5) had shown that 3-methyl-

glucose 1s fermented by Aercbacter cloacae, the investigations

were begun with a study of the fermentation of 3-methylglucose
by this orgenism, A qualitative comparison of the products
formed from 3-methylglucose and from glucose was first made,
%When 1t was found that the products were identical with the ex-
¢eption of the methyl alcohol which was formed from the 3-methyl-
glucose, a quantitative comparison of the products was made,

At first the fermentations were conducted in the presence of
air, and no effort was made to measure the hydrogen and carbon
dioxide produced, since it was thought that the differences de-
tween the two fermentations would be either so zlight that no
further proof of identity would be needed, or so great that a
partisl analysis would show the chenge in the type of fermen-
tation, The results did not agree very closely, however, and
yoet the possibility remained that the differences might be due
to the fact that one fermentation was slow while the other was
rapid, and the oxygen from the atmosphere had a greater effect
on the slow fermentation, Also it seemed desirable to deter-
mine whether there were any differences in hydrogen and carbon
dioxide production from the two sugars, The work was repeated
therefore, and complete analyses were made of all the products
formed in anserobic fermentations of glucose and of 3-methyl-

glucose,
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An attempt was made to discover when the methyl group was
removed from the 3-methylglucose by making a heavy inoculation
and then measuring the rates at which the 3-methylglucose dia-
‘appeared and the methyl alcohol appeered, If the methyl group
is split off before the fermentation of the sugar begins, a
noticeable increase of methyl alcohol produced over J-methyl-
glucose fermented might occur at the beginning of the fermen-
tation, But if the methyl group is not removed before fermen-
tation begina and a stable intermediate containing a methoxyl
group 1s formed, methyl alcohol production would be slower than
the disappearsnce of the J-methylglucose,

As soon as 1t became evident that the fermentetion of 3-

methylglucose by Aerobacter cloacae probably would not furnish

any Information concerning the mechanism of fermentation of
glucese, a search for other organisms which wonld ferment 3-
methylglucose was made, Organisms were 1solated from several
" natural sources and charscterized, using media containing 3-
methylglucose for the isolatlon, Cultures of other organisms
were also tested for fermentation of 3-methylglucose and pro-
duction of methyl alcohol,

Sugar derivatives containing allyl and benzyl groups on
the third carbon atom were prepared and tested for fermenta-
bility, as were also methylated sugars conteining more than
one methyl group in the molecule, 6-Methylgalactose, and a-
methyl glycerol ether were also included in the investigations,

Whenever fermentation occurred with any of these derivatives,
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tests were run for methyl or the other alcochols among the fer=-
mentation products, @Glucodesose was prepared and tested for
fermentation, with the intention of comparing the products of
fermentstion with those of rhamnose and mannitol if it should
prove fermentable, Because of the stability of the glucocdesose

these last investigations were not carried out,

Natorials

Preparation of Compounds

The suger derivatives which were used in this work were
prepared by methods which may be found in the literature, 4
list of the compounds used, their physicel constants, and

raeferences to the methods used in their preparation are given

below,
Melting
Compounds point [}gz) References

3.methylglucose 161° 57.1 Freudenberg and Hixon (10)
S~allylglucose 131°  51.8) Freﬁdenberg, Hochatet-

( ter, and Engels (11)
3-benzylglucose 128° 43,1)
2,3-dimethylglucose 110° 63.8 Irvine and Scott (14)
3,5,6-trimethylglucose 1liquid 10,8 ILevens and Meyer (21)
é-methylgalactose 122° 74,3 Fr?udﬁnberg and Smeykal

12

Glucodesose 148° 44,9 Bergmann, Schotte, and

Lechinsky (1)
a-methyl glycerol ether liquid
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The qg-methyl glycerol ether was prepared from glycerol

c¢hlorohydrin and sodium methylate according to the method of

Cretcher and Pittinger (4).

135-157° under 40 mm, pressure was obtained,

Organi sms

A colorless liquid, boiling at

The organisms used in the investigations were mainly of

the type found in the soil,

A 1iast of the organisms, the lab-

oratory numbers of the cultures used, and s reference to thelr

source or description, is given below,

Orgenism Culture nmumbers

Aerobacillus polymyxae

* asterosporus

n

Acetobacter melanogenum

" suboxydans
" xylinum
Aerodbacter closacae

peotinovorum

melezltovorum

decclorans

indologenes

motoriun

839
13

agetoethylicum 892

730
621
370

222, 529, 960,
961, 968,

1, 5, 6, 13,
14, 15, 20,
21, 22, 26,

9, 10, 11,

2, 3, 4, 24,

23

25

Source

Am, Type Gulture

" " "
n " "
" " "
" " "
n " "
" " "

Burkey (2)
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Organism Culture mumbers Source
Asrobacter pseudoproteus 17 Burkey (2)
" faemt 38 "
Citrobacter slbum 48G Davis (6)
" anindolocum 21R, 26R, "

" intermedium 23R, 24R, 28R, MEEK, "

Cultures lRA, 3RA, SRA, 9RA, and 10RA, which were i1solated dur-

ing the progress of the investigation,

Qualitative anslysis

The medium used was composed as follows:
33461...... 2 grams
EpHPO4+3H0 . , » 2 "
CaCO3 . . . » o o 20 *
Glucose , , . . . 20 "

Distilled water ,1000 ce,

When 3-methylglucose was to be férmented, an equivalent
amount of 1t was substituted for the glucose, A 1,5 liter
Erlemmeyer flask was used as a fermentation vessel, Sterili-
zation was effected by heating under 20 pounds steam pressure
for 20 minutes, To avold decomposition of the sugar in the
alksline solution during sterilizetion, the sugar was steri-

lized separately in solution and added to the solution contain-
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ing the inorganlic material after sterilization,
After the sterilized medium had cooled to room tempera-
ture 1t was inoculated with 5 c¢, of a 24 hour culture of Aero-~

bacter cloacae (culture 222) and placed in a 30° incubator,

Fermentation appeared to be complete in eight dagg when glucose
was fermented, but 14 deys were required for th;ia1sappenrance
of all reducing sugers in the fermentation of 3-methylglucose,
Accordingly, fermentation was allowed to proceed for 14 days
in each case, Ten cubic centimeters of a 40f solution of NeOH
was then added to the medium to stop further fermentation, the
medium was filtered, and the filtrate was examined for variocus
products.-

The method of Lemoigne (20), as modified by Kluyver, Don-
ker, and Visser't Hooft (17), was used for the detection of
acetylmethylcarbinol and 2,3-butylene glycol,

The remainder of the alkaline solution was distilled until
the volume of the distillate amounted to one«half the original
volume, The distillate was then acldifiled with sulfuric acid,
redistilled, and the first half to distill over was collected,
A test for aldehydes with sodium nitroprusside and piperidine
showed that aldehydes were present in traces only, Attempts
to prepare 2 hydrazone with 2,4 dinitrophenylhydrazine falled,
The test of Deniges (7), as modified by Chapin (3) and by
Georgia and Moresles (13) was used for the detection of methyl
alcohol, The test depends upon the oxidation of the methyl
alecohol to formeldehyde by a solution of KiMnO4., The solution



is decolorized with s solution of oxalie acid, and the formal-
dehyde 18 detected with a2 mediflied Schiff's reagent, Ethyl al-
cohol was detected by the lodoform test and by oxidation to
acetic acid, A 100 cc, portion of the distillate was placed in
a 200 cc, pressure bottle with 10 grams of KolrgOn and 10 ce.
of concentrasted sulfuric acld, The bottle was closed snd heat-
ed for 20 minutes in a bolling water bath, When cool the bot-
tle was opened and the volatlle acid was éteam-diatilled from
the solution, The concentration of acid in the distillate was
determined, and the half-distillation constant of the acld was
determined according to the method of Virtanen and Pulkki (23),
The distilletion constant found for this acid was 36,1, while
pure acetiec acld gave a distillation constant of 36,05, This

- result indlcated that ethyl alcohol was present in the distil-
late, but that no higher aslcohols were present,

The residue of the original solution left after distilling
off the alcoﬁols was acldified with sulfuric acid until the
solution would just turn Congo red paper blue, The soclution
was then steam-distilled until one drop of tenth normal alkall
was sufficlent to neutralize all the acid in 10 cc, of distil-
late, The concentretion of aclid in the distillete was deter-
mined, and the helf-distillation constant was found according
to the method of Virtanen and Pulkki (23), The results in all
cases indicated that the volatile acids consisted of a mixture
of acetic end formic scids, The acids In the remainder of the

distillate were neutralized with sodium hydroxide solution and



the solution was evaporated to dryness, Formic acid was iden-
tiflied in the mixture by the reduction of mercuric chloride,
sllver nitrate and alkaline permangsnate solutions, Attempts
to prepare the p-tolulde of acetic acid from the acids obtain-
ed by the fermentation of glucose falled, 4 p-toluide which
melted at 147° was obtained from the scids formed by the fer-
mentation of 3-methylglucose, Acet-p-toluide melts at 147-148°,
The residue left after the steam-distillation of the
volatile aclds was extracted with ether in a continuous ex-
traction apparatus for 72 hours, The ether was evaporated
from the extract and the aclds remaining were dissolved in
water and exactly neutralized with barium hydroxide, The solu-
tion was evaporated to a smsll volume and sufficlent alcohol
was added to make the concentration of alcohol approximstely
80%. After standing over night the solution was filtered, and
the residue was washed with s 1ittle 80% alcohol, The filtrate
was evaporated to dryness, the residue was dissolved in water
and treated with an excess of sulfuric scid, and this solution
was extracted with ether as before, The ether was evaporated,
the residue was dlssolved in water, and lactic acid was iden-
tified in this solution by the Fletcher-Hopkins and Uffelmann
tests (28), Positive results were obtained in all cases, The
remainder of the solution was bolled with zine carbonate, fil-
tered, evaporated to a small volume, and diluted with alcohol,
Zinc lactate crystallized out of the solution when the acids

being examined were those produced in the fermentation of glu-



cose, Analysis showed the presence of 13,1% water of crystal-
lization, Active zinc lactate contains 12,9% water of crystal-
lization, ¥No zinc lectate was obtained from the non-volatile
acids produced in the fermentation of S-methylglucose, due to
the small amount of lactic acid formed,

The barium salts which were insoluble in algohol were dis-
sclved in water and treated with an excess of sulfuric acid,
This solution wes extracted with ether, the ether was evaporat-
ed, and the residus was recrystallized from a little alcohol,
The acid waes identified as succinic by its melting point
(185°) and mixed melting point with succinic acid,

The gases formed iIn the fermentation of glucose and of
3-methylglucose were identified as carbon dioxide and hydrogen
in & separate experiment, Most of the gas formed dissolved Iin
sodium hydroxide solution, indicating that it wes carbon diox-
ide, end the remsinder exploded when it wes mixed with alr end
ignited.

Quantitative analysils

The medium used in the quantitative investigations was the
same 8s that used in the qualitstive experiments, Two series
of experiments were made, In the first series fermentatlion was
allowed to take place in the presence of air, and no attempt
was made to measure the smounts of carbon dloxide and hydrogen

produced, The method of carrying out the fermentation was the



same as that used in the gqualitative experiments, and the methods
of analysis were the same as those used in the second series of
experiments,

In the second series of experiments, the mouth of the fer-
mentation flask was closed with a rubber stopper fitted with
three glass tubes, Two of these tubes were inlet and ocutlet
tubes to allow for the passage of an lnert gas through the
flask, The other tube was large enough to permit the introduc-
tion of inoculum, and was closed by means of a rubber tube,
screw clamp, and cotton plug, After sterlilization the rubber
stopper was sesled into the flask with sealing wax, While the
medium was still hot after sterilizeation the air above the med-
jum wes displaced with nitrogen which hed been freed from oxy-
gen and cerbon dioxide by washing with alkaline pyrogallol and
scdium hydroxide solution,

After the medium had cooled to room temperature 5 cc, of

& 24 hour culture of Aercbacter cloacse (culture 222) was in-
troduced through the inoculation tube, The inoculation and gas
inlet tudbes were then closed by means of screw clamps and the
flask was placed in a 30° incubator. The gas outlet tube was
connected with a train consisting of a gas wash bottle fllled
with concentreted sulfuric acid, a vanler bottle filled with a
40% solution of KOH, sand a U-tube filled with concentrated sul-
furic acid, The gas which was not absorbed in this train was
collected in s bottle by displecement of water, The vanier

bottle and U~tube were welghed before the fermentation began



and again after the expsriment was completed to determine the
amount of cerbon dioxide liberated during the fermentation,

Since 14 days were necessary for the completion of the
fermentation of 3-methylglucose, the fermentation was allowed
to proceed for this length of time with the glucese alse, At
the end of this time the gas remalning in the fermentation
flask and train was washed through into the bottle at the end
of the train with carbon dioxlde free sir, Ten cubic centi-
meters of & 40% solution of WaOH was added to stop further fer-
mentation, the medium was filtered, and the residue was washed
with carbon dioxide free water, The filtrete and washings were
made up to 1500 ¢c, and aligquot portions were taken for the de-
terminations of the various products,

The amount of hydrogen libersated was determined by measur-
ing the total volume of gas collected in the bottle and anal-
yzing a portion of it by exploding in an explosion pipette,
From the decrease in volume on exploding, the totel volume of
hydrogen under standard conditions was calculated, and from
this volume the weight of hydrogen was obtained,

The carbon dioxide remaining in the celcium carbonate af-
ter the fermentation was complete was determined by treating
the insoluble residue with an excess of hydrochloric acid and
absorbing the liberated gas in a welghed vanler bottle filled
with & concentrated solution of KOH, The gas remaining in the
spparatus was swept through with a current of carbon dioxide

free air, and the increase in weight of the vanier bottle was



determined, The meterial which was insoluble in the hydrochlor-
1c aeld solution was filtered off and reserved for a determina-
tion of the carbon content,

The dissclved carbon dioxide was dstermined by acidifying
100 cc, of the solution with hydrochloric scid and boliling it
under s reflux condenser while drawlng a current of carbon di-
oxlde free air'through the apparatus, The carbon dioxide was
absorbed in an absorption bottle and weighed,

The amcunt of carbon dioxide formed from the sugar was
calculated by subtracting the amount of carbon dioxide added
in the calcium carbonate from the sum of the carbon dioxide
liberated during fermentation, the carbon dioxide remsining in
the residue, and the carbon dloxide dissolved in the solution,
The difference was the amount of carbon dioxide which was form-
ed from the sugar,

The carbon in the form of insoluble material was estimate
ed by oxidizing the insoluble residue left after dissolving
the calcium carbonate, The material was oxidized according to
the method of Friedemamnn and Kendsall (8) and the carbon di-
oxide was absorbed in an absorption bottle and weighed, From
the weight of the carbon dioxide obtained the per cent of the
ecarbon of the glucose used which went into the formation of
insoluble material was calculated,

Pehling's solution was used in testing for unfermented
sugar, The test wasa negative in all cases,

Acetylmethylcerbinol was‘determined by the method used by
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Wilson, Peterson, and Fred {(25), This product was found to be
present only in traces,

A 500 e¢c, portion of the alkasline solution was distilled
alowly until 250 cec, of distillate were obtained, MNethyl al-
eohol was determined in the distillate by the method of Chapin
{(3) as modified by Georgle snd Morales (13), A 100 coc, por-
tion of the distillate was pleaced in a 200 cc, pressure bottle
with 10 grams of KoUrgoOp and 10 ce, of concentrated sulfurie
acid, The bottle was closed and heated in a bolling water bath
for 20 mimutes, When cool the contents were removed and the
volatile acid was steam-diatilled from the solution, The acid
in the distillate was titrated with tenth normsl alkall, and
the amount of aleochol formed in the fermentation was calculated
from the amount of alkall required in the titration,

The residue left after the slcohols had dbeen distilled
off was extracted with ether in e contimuocus extractlion ap-
paratus for 72 hours, The ether extract was dried over night
with anhydrous sodium sulfate, the solution was filtered, and
the sodium sulfate was washed several times with ether which
had been dried over scdium, The filtrate and washings were con~
centrated to a small volume, transferred to a large tared
weighing ibttle, and the evaporation was continued until the
remainder of the ether was removed, The residue was welghed
as 2,3 butylene glycol,

A 500 cc, portion of the solution was acidified with sul-

furic acid until the solution would jJust turn Congo red paper



blue, The solution was then steam-distilled until one drop of
tenth normal alkell was sufficient to neutrelize all the acid
in 50 ce, of distillate, The acid in the distillate was titra-
ted with tenth normal sodium hydroxide and the solution was
evaporated to a velume of 650 co, The formic acid in this solu-
tion was determined by the gravimetric method of Fincke (9).
The scetic acid was calculated from the difference between the
total scid snd the formie acid,

The residue left from the steam-distillation of the vola~
tile aclds was extracted with ether in a contimious extraction
apparatus for 72 hours, The ether was evaporated from the ex-
tract, the residue was dissolved in water and the acids were
neutralized with barium hydroxide, This solution was evaporat-
ed to & small volume and sufficlent alcohol wes added to mske
the alcchol concentration approximately 80%, After standing
overnight the solution was filtered, the residue was washed
with a 1little 80f alcohol, and the combined filtrate and wash-
ings were evaporated to a amall volume, This solution was d4i-
‘"luted with water and treated with an excess of sulfurie acid,
The barium sulfate was filtered off and weighed and the amount
of lactic scid present was calculated from the weight of bar-
jum sulfate, The barium succinate which was left after the
aleoholic solution had been filtered was dissolved in water
and treated with sn exceas of sulfuric acid, The barium sul-
fate was filltered off and weighed, and the amount of succinle

gclid present was calculated from the weight of the barium sul-



fate,

Comparison of the rate of fermentation of 3-methylglucose and

of the formation of methyl alecohol.

The surface of the agar in three Kolle flasks was inocu-

lsted with Aerobacter cloacas and the flasks were inecubated at

30°C, for 48 hours, The growth was then washed off with a 1it-
tle sterile water and added to 500 ¢c, of medium containing
S3-methylglucose, the composition of which was the same as that
used in the gqualitative and quantitative investigations, Ten
cubic centimeter portiéna were withdrawn by means of a sterile
10 ec, pipette immediately after inoculation and evéry two

days thereafter, Analyses for 3-methylglucose were made by the
method of Kline and Acree (19), At the same time a 10 cc, por-
tion was distilled until 5 cc, of distillate was obtained,
Hethyl alcohol was determined in this solution by the method of
Georgla and Morales {13),

Isolation and characterigzation of orgeanisms,

Tubes containing a medium of the following composition

were prepared:
m4c'100000'0 252'&318

BoHPOge o ¢ ¢ v o & g "
3-methylglucose . . 5 "
Andrade's indicator 5 ecc.
Distilled water ., , 1000 cc,



- 22 -

Tubes containing this medium were inocunlated with materlsal
from various sources, Sultable dilutlons were made from those
tubes which showed acid formation and the organisms were plat-
ed out on ager made by adding 1.5% agar to the above medium,
Colonies were isolated from the plates and purified by plating
out again on ager plates of the same composition, The organ~
isms were then transferred to agar slants and some of the char-
acteristics were determined,

Fermentation of the various sugars, alcochols, and gluco~-
sides was determined in media containing 0,2% pseptone, 0,1%
KoHPO, and 0,3% of the compound to be tested, with 5 cc, of
Andradets indicator per liter,

Organisms from & 24 hour culture on plain agar were
stained by Kopeloff's modification of the Gram stsin,

Two, four, and eight day cultures were stalned with
methylene blue and with the Gram stain to detect spore forma-
tion,

Hotility waé dgtected by transferring organisms which had
been grown on a soft sgar slant to a hanging drop and examin-
ing with the micrescope,

¥itrate reducticn was detected with a-naphthylamine and
sulfanilic scid, A4 red color develops in the test media if
nitrites sre present when these reagents were added.

Hydrogen sulfide production was detected by growing the
organisme on agar contalning lead acetate, A brown color in-

dicated hydrogen sulfide formation,
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Cultures in litmus milk were examined for the production
of acid, reduction of the indicator, and coagulation,

Gelatin liquefaction was detected by msking stad cultures
in tubes of gelatin and incubating at 20° for 21 days,

The Voges-Proskauer test was made by adding 5§ cc, of 10%
KCH to 5 ¢c, of a five day culture of the organism in glucose-
peptone~phosphate broth, An eosin-like color formed when
acetylmethylcarbinol was present,

The methyl red test was made by adding a few drops of
methyl red to & cc, of the same culture used in the Voges-
Proskauver test,

Two, five, and seven day cultures of the organisms 1in
tryptophane broth were tested for indol formation by the Goré
test, The cotton plugs were moistened with one cubic centi-
meter of p-dimethylaminobenzsldehyde solution and a few drops
of potassium persulfate solution., The plugs were pushed down
close to the medium, and the tubes were heated in a water bath,
A pink color indicated indol production,

Catalase production was detected by adding a few drgps of
a8 3% solution of hydrogen peroxide to cultures on egar slants,
Effervesconce indicated the presence of catalase,

Assimilation of citric acid was detected in Koser's med-
fum (29).

Tests for fermentability.

In testing for fermentatlion of the various derivatives



used by two media were employed, One medium contalned peptone
as scurce of nitrogen, while the other contained ammonium

chloride, The composition of the media was as follows:

Medium with peptone Medium without peptone
2 grams peptonse 2 grams NH4Cl
1l v KoHPO4 ‘ g " KoHPO4
s ® sugar derivative 3 " sugar derivative
5 cc., Andrade's indicator 5 ec, Andrade's indicator
1000 cc, distilled water 1000 cc, distilled water

The reaction was adjusted to pH 7,0-7,2, and the medis
were tubed and sterilized under 15 pounds steam pressure for
l115 minutes,

Heavy inoculations were made from glucose~peptone slants,
The tubes were incubated at 30° for 21 days, Observations wers
made frequently to detect the formation of acid or acid and
gas,

Teste were made for methyl, allyl or benzyi alcohol in
those cases in which the corresponding derivative of a sugar
was found to be fermentable, For this purpose a medium con-
taining six grams of the sugar derivative to the liter was used,
Inoculations were made into 10 cc, of medium and the tubes were
incubated at 30° until fermentation appeared to be complete;
The medium was then distilled and 6 cc, of diatiilate was col-
lected, The distlillate was tested for the presence of methyl,
ellyl, or benzyl alcohol by the Deniges (7) test, using the
modification of Georgias and Morales (13), A concentration of

methyl aleohol of 0.15 grams per liter, & concentration of al-
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1yl sleochol of 0,7 grams per liter, or a concentration of benzyl
slcohol of one gram per liter was found to be sufficient to

give a positive test, Ethyl, propyl, butyl snd amyl alcohols,
acetone, asnd acetaldehyde do not interfere with the test, Blank
tests were run on medla in which glucose had been fermented,

and on medis contalining the various derivatives 1in which no
fermentation had taken place, Tests were salso run using 20 cc,
of medium with 2,3-dimethylglucose and 6-methylgalactose, and
100 c¢cc,. of medium contalning 3-benzylglucose, After fermenta-
tion § ¢c, of the medium was distilled off and tested for
methyl and benzyl alcohols as above,

Qualitative

The qualitative investigations showed that the following
products are formed from both glucose and d-methylglucose on

fermentation by Aerobscter cloacas: hydrogen, carbon dioxide,

asetylmethyloarbinol, ethyl alcohol, 2,3 dutylene glycol, for-
mic scid, acetic acid, lactic acid, and suceinic acid, 1In ad-
dition methyl alcohol is formed in the fermentation of 3-meth-
ylglucose,
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Quantitative

Table I

Comparison of the principal products formed by fer-
mentation of glucose end 3-methylglucose by Aerobac-
ter cloacae, Semiaerobic fermentation, Yields ex-
pressed in grams,

%

. Glucose™ ; 3-Methylglucose
Glucose fermented : 20,0 : 20,0 : 20,0 : 20,0
Hethyl alcohol : 0.0 : 2,5 3 2.1 : 2.1
Ethyl alcohol : 2.46 : 2,34 : 1,72 1.56
2,5 Butylene glycol : 3,96 : 2,34 2.12 2,63
Pormlc acid : 0.67 3 0.74 0,32 : 0.14
Acetic acld 3 0,34 : 1.26 1.64 : 1,96
Lactice acid : 1.13 0,35 0,05 : 0,09
Suceinlio acid : 0.92 0,56 : 1,14 1.04

ae

%
Aversge of four determinations,

The theoretlcal yleld of methyl alcohol from 21,6 grams of 3-

methylglucose {equivalent to 20 grams glucose) is 3,56 grams,



Table IX

Cuantitative comparison of the products formed from
glucose and from 3-methylglucose in aneerobic fer-
mentation by Aerobacter cloasceae, Yields expressed

in grams,

: Glucose 3 S=Methylglucose
Glucose fermented : 20,0 T 20,0 : 20,0 : 20,0
Mothyl alcohol H 0.0 : 0.0 : 3.5 : 3.4
Hydrogen H 0,083 : 0.087 : 0,062 : 0,097
Carbon dioxide : 8,30 : 7.51 3,96 : 5,78
Ethyl alcohol H 2.70 2.92 2,56 : S3.27
2,3 butylene glycol : 5,66 : 5,26 : 2,56 : 3,99
Formie acid : 0,39 : 0.41 : 0,54 0,28
Acetic acid H .28 0.42 : 1.16 1,12
Iactic acid : 0.13 : 0.30 0,33 : 0.28
Sucecinie acid : 0.42 0.45 2.22 2.77

In order to show the relations between the two fermenta-
tions better, the results shown in Table II have been expres-
sed in the per cent of the carbon of the glucese molscule re-

covered in each product, and tabulated in Table Ila,

Table Ila

Xields expressed in per cent of the carbon of the
glucose found in each product,

: Glugose :  3-Methylglucose
Carben dloxide : 28,3 : 25,8 3 13,5 : 19.7
Ethyl alcohol : 17,6 s 19.1 : 18,7 : 21,3
2,3 butylene glycol : 37.6 : 35,0 s 14,7 s 25,6
Formic acid : 1.3 H 1.3 : 1.1 H 1.4
Acetic acid : 1.4 H 2.1 3 5.8 H 5,6
Iactic acid H 0,6 s 1,5 : 1,1 H 1.4
Succinie acid : 2ol s 2.3 : 11,3 s 14,1
Insoluble materisl : 1.1 : 1.6 : 4.5 : 3.9
Total s 90,0 : 88,7 : 68,7 : 92,56
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Comparison of rate of fermentation of 3-methylglucose and rate

of formation of methyl alcohol,

Table III

Comparison of rates of fermentation of 3-methylglucose
and of production of methyl elcohol, Quantities ex-
pressed in millimols,

: 3-Methylglucose : Methyl elcoRol
Days : fermented : formed
0 : 0.0 : 0.0
4 - 0.8 : Leas than 1,1
8 : 3.4 H 2eS5=3.1
10 : 8.4 H 8.0
12 : 18,1 : 20,0

Charscteristics of organiams isolated,

Table IV

Cultural characteristics of organisms lsolated using
3-methylglucose as differentisl medium,

“Tulture : : sDextrose: Levulose: Galactose
mumbers : Source : Form : A T A : G : A :
1RA : Namre tShort rods: + : + ¢ ¢ ¢ + 1 + ¢ +
3RA : Soil : " " s e e e 4 =
6RA : Bird feces: " "ot e 3 e+ 3+ o+
9Q9RA : Compost : " " 24+ 3 =i 41« 31 43 =
10RA : Urine : " L R

“Cwliture :Xylose :Arabinose:Rhamnose:Sucrose: Lactese: Naltose

mumbers : A : @ : A : G : A: G: A:0G: A: Q: A: @
1RA P N 2 T N T T ST N N N B S P S . .
SRA P+ el + e 4 el F et 4 -
BRA T P 4T I+ L+ e m e o= o+ F
SRA P+~ 4 @« $ ! = @ = =] e 43 -
10RA I R I I I N R S T S R
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Table IV continued
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An organism identical with No, 1RA was isolated from bird
feces, and an organism identical with No, SRA was 1isolated from
rat feces, No organisms fermenting 3-methylglucose were found
in mice feces, rabblt feces, tankage, or a dead cockroach,

The characteristics of organism 1ORA agree with those of
Citrobacter anindolocum, The characteristics of culture 3RA

agree with those of Achromobacter raveneli (Chester), and the

characteristics of culture ORA agree with those of Achromo-

bacter solitarium (Ravenel), és_given by Bergey.

Fermentabllity of S-methylglucose,.

The following organisms fermented 3-methylglucose:

Aerobacter cloacae (Cultures 222, 529, 961)

Citrobacter album

Citrobacter intermedium

Cultures 1RA, 3RA, 5RA, ORA, snd 1ORA.

Methyl alecohol was produced by all organisms,



Fermentation of 3-allylglucose.

The following organlsms fermented 3-allylglucose:
Citrobacter album

Citrobacter intermedium

Culture 10RA.

Culture 1RA produced acid at & very slow rate from this sugsr.
Fermentation of 3-allylglucosze was slower in every case than
was fermentation of 3-methylglucose, The above cultures gave
an scid reaction within 48 hours in medis containing 3-methyl-
glucose, whlle 96 hours were required for the production ef
acid from 3-allylglucose., All cultures except No, 1RA produc-
ed allyl aleohol,

Permentation of 3-benzylglucosse.

The following organlisms produced a slight acidity in media
containing 3-benzylglucose with peptone as source of nitrogen:

Acgtobacter suboxydans

Acetobacter melanogenum

Aesrobacillus asterosporus

Culture 1RA,

Culture 1RA was the only organiam which would also ferment
thia sugar in media containing ammonium chloride as source of
nitrogen, Acld formatlion was very slow in the case of Aero-

bacillus asterosporus and culture lRA, Inoculation with meamire
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produced acid at about the same rate as did culture 1RA, In-
oculations with soil caused no fermentation, ¥No evidence of

benzyl alcohol formation was obtalned,

Permentation of 2,3-dimethylglucose,

2,53-Dimethylglucose was fermented by cultures 3RA and
9RA only. Two weeks were required for the production of s
noticesble meidity, A wesk test for methyl alcohol was ob-
tained after four weeks fermentation, Inoculation with soll
caused acid formation at adbout the same rate, but inocculations

with menure were without sotion,

Fermentation of 3,5,6-trimethylglucose.

3,5,6-Trimethylgiucose was not fermented by any of the
orgenisms, Inoculatlons with manure and soll caused no fer-

mentation,

Formentation of 6-methylgalactose,

6-Methylgalactozse was fermented by Acetobacter suboxy-

dans and by cultures 1RA, 3RA, and ORA, Fermentation was slow
except with Acetobacter suboxydans, Methyl slcohol could not

be detected among the products of fermentation,
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Fermentation of a-methyl glycerol ether,

a ~Methyl glycerol ether was fermented by Acetobscter sub-

oxydans and Aercbacillus ssterosporus, The medium acquired

the abllity to reduce Pehling's solution in the cold after fer-
mentation by Acetobacter suboxydans, This 1s e characteristic

of dihydroxyacetone and also of its monomethyl ether, The
monomethyl ether of dihydroxyacetone was prepared by Neuberg
{22) by fermentation of a-methyl glycerol ether with Acetobacg-
ter suboxydana, MNethyl alcchol could be detected as a product

of fermentation with both Acetobscter suboxydans and Aerobacil-

lus asteroaporus, That the methyl alcohol which was formed

during fermentation with Acetobacter suboxydens was split off

befors the formation of any monomethyl ether of dihydroxy-
acetone was shown by the fact that the methyl alechol attained
a concentration of 0,08 gram per liter before the solution ac-
quired the ability to reduce Fehling's solution, The methyl
alcoheol did not increase later, although the medium showed

great reducing power with Fehling's solution,

Fermentation of glucodesose,

. @Glucodesose was fermented by the feollowing organisms:

Acetobacter suboxydans

Aerobacillus aaterosporua

Aerobacter pseudoproteus

Culture 1RA,



Acetobacter suboxydans and culture 1RA produced a notice-
able acidity in four days, The other orgeanisms required from
ocne to two weeks before evidence of fermentation appeared, ¥No

further investigations were made, because of the slowness of

the fermentation.,
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DISCUSSIOR

The results indicate that no knowledge concerning the
mechanism of fermentation can be gained by a study of the fin-

al products of fermentation of 3-methylgluccse by Aerobacter

cloacae, The methyl group 1s aplit off and can be recovered
quantitatively in the form of methyl alcohol, while the other
products which are formed are the same as those which are
formed in the fermentation of glucose,

The quantitetive comparison of the products formed in
the two fermentations shows that there i1s an increase in the
smount of scetic and suceinic acids produced snd 2 decrease in
the amount of 2,3 butylene glycol, This may be due to the
fact thet the fermentation of 3-methylglucose is slower than
that of glucose, and the pH of the solution would be higher
due to the fact that the calcium carbonate has more opportunity
t neutraslize the acid which is formed, The higher pH value of
the medium during fermentation would probably result in an
increase in the smount of acid formed, 1In some of the experi-
ments there 1s a considerable increase in the amount of car-
bon unaccounted for, The ylelds of methyl alcohol show that
the methyl group has been removed from the products in which
this might be found, so that a further search for such pro-
ducts would be unlikely to add to our knowledge of fermenta-
tion mechanism,



The results obtalned in the comparison of the rates of
fermentation of 3-methylglucose and of methyl alcohol produc-
tion show that there 1s no accumilation of any intermedisate
product containing a methyl group. 3~Methylglucose offers no
sdvanteges over glucose for the isolation of intermediate
products since sny advantages due to the increased stabllity
of an intermedlate product contelning & methyl group would be
matched by incressed difficulties due to the slownesa of the
action of organisms on the 3-methylglucose, The considerable
lag pericd before any fermentation began does not allow any
conclusions to be drawn concerning whether the methyl group is
split off by an enzymatic process before fermentation begins
or not, 7This lag period was much longer than that observed in
experimenta in which inoculations were mede with broth cultures
of the organism, The increase of methyl alcohol over 3-methyl-
glucose fermented toward the end of the experiment wass probably
due to the formation of formic aclid, which reascted with iodine
in the enalysis for 3-methylglucose end caused an error 1in the
determination,

The results with other organisms indicate that a study of
their action on 3-methylglucose would lead to the same conclu-

sions as the study of the action of Aerobacter cloacae on this

sugar, since methyl alcohol is obtalned in every case in which
S-methylglucose is fermented, J3-Allylglucose is also unsuit-
able for & atudy of the mechanism of fermentation, since allyl

alcohol 1s liberated by all organiams which ferment it rapid-



ly. Although 3-benzylglucose is spparently fermented without
the formation of benzyl alcchol, fermentation 1s so slow that
considerable difficulty would be encountered in a study of the
mechenism, FPermentation of this sugarvis caused by only two
orgenisms besides the oxldizing bacterla of the gemus Acetobac~
ter. Difficulties would alsc be encountered in the study of
the fermentation of the other derivatives considered here be-
¢ause of the slowness of the fermentation,

That it 13 not the unavallabllity of & hydroxyl group
slone which prevents the fermentation of these derivatives by
éoma of the bacteria can be shown by a comperison of some of
the results, 3-Allylglucose Is not fermented by meny of the
organisms whlch ars sble to ferment 3-methylglucose, and 3-
.banzylglucose is resistant to all of them except one, The or-
ganisms which fermented 2,3~dimethylglucose were not able to
ferment glucodescse, and those which were able to ferment
glucodesose were without action on £,3-dimethylglucoss,
6-Mothylglucose is surprisingly resistant to fermentation,
while rhamnose is fermented by many organisms, |

If the glucose molecule 1s capable of being attacked in
several places to give different products, as Grey (26), Vir-
tanen and Simola (24) and Xluyver {(16) consider posgible, then
the presence of a methyl group in the molecule might be ex-
pected to hinder the formation of some of the products ordin~
arily obtained in the fermentation of glucose, The qualita-
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tive and quantitative results fail to show sny such effects,
and therefore fail to furnish any support for theories which

require the fission of the glucose molecule in more than one

way.



SUMMARY

1, Methyl alcohol is formed in the fermentation of 3-methyl-
glucose, All the products which are formed in the fermenta-
tion of glucose are formed in the fermentetion of 3-methylglu-

cose,

2, A relatively small quantity of 2,3 butylene glycol and car-
bon dloxide and a relatively greater guantity of acetic and
succinle aclds are formed in the fermentation of 3-methylglu-

cose than are formed in the fermentation of glucose,

3. The methyl alecchol ia formed at about the asme rate as
that of the fermentation of the 3-methylglucose,

4, All organisms which fermented 3-methylglucose formed methyl

alcohol,

5, 3-Allylglucose is fermented by fewer organismes than is 3-
methylglucoas, Allyl alcohol is formed from this sugsr by
all but one of the organisms which ferment it,

€, 3~Bensylglucose is almost unfermentable, Xo formatlion of
benzyl aleohol eould be detected,

7. 2,3-Dimethylglucose is fermented by two organisms isolated
from the soil, Methyl alcohol is formed.

8, 3,5,6-Trimethylglucose is unfermentable,
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9. a-~Hethylglycerol ether 1s fermented by two organisms,
Hethyl slcohol 1s formed,

10, ©6~Methylgalactose 1s fermented by four of the orgaenisms
tried, Fermentation is slow, No formation of methyl alcohol
could be detected.,

11, @lucodesose 1s fermented by four of the organisms tried,

Fermentation is quite slow,



CONCLUSION

A study of the final products of fermentation of

S-methylglucose by Aerobacter cloacae offers no advantages
over glucose in the study of the mechanism of fermentation
of glucose by thls organism,

~ The other sugsr derivatives appesr to be unsultable
for a study of the mechanism of fermentation,
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