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INTRODUCTION

In studying the effect of smmonium chloride on the
growth of yeast, it wes found by Dr. E. I. Pulmer that a
good growth of yeast could be obtsined in s medimm contain-
ing no added nitrogen compounds. This suzgested tkat the
yeast must be sble to synthesize its rrotein from the
nitrogen of the stmosphere. Growth was slow in this nitrogen
free medium not only because of tke lack of nitrogen compounds
but &180 because the favorable effect of the s:monium ion
was lacking. It was thought possible, however, that this
favorable physico=-chemical effect might be shown to some
degree by some other ion. And in such & medium it should be
possible to demonstrate nitrogen fixation by yeast if it were
able to utilize atmospheric nitrogen.

Both positive and negative results have been reported in
the literature on nitrogen fixation by yeast. Whether or not
yeast has the ability to build up its protein from the nitrogen
of the stmosphere is important, not only from the taxonomic
standpoint but also from the industrial, because aeration of
the medivm is commonly precticed in the propagation of yesst.
And studies on nitrozen fixation by yeast msy be a convenient
method for getting at the mechanism of biologic nitrogen fixa-
tion in genersl, because yeast is more easily grown end studied

then are the orgenisms commonly used for such investigations.
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HISTCRICAL

It was known a8 early as the time of the sncient Greeks
that there was an incresse in fertility in ground that was
allowed tc remsin fallow, and that some crops had the sbility
to increasse the fertility of the soil upon which they were
grown. These facts and the grave discrepency in the bzlance
sheet for soil under cultivaticn early led to many sreculz-
tions by the first sgricultural chemists. The problem thst
attracted the most attention was that of the nitrogen surply.
Liebig hald that the nitrogen content wes mainteined by
addition thru reinfsll a=s smmonis and nitrogen oxides coming
from the atmosphere. But his views were not zccepted by
Bouseingault nor by Lawes and Gilbert. Boussingault had
evidently arrived at the ides of nitrogen fixation by micro-
orzenisms. (18,40)

Bertholet (3) sdded confirmetion to this conclusion by
his studies on sterilized soil. Greaves (18) ssys thest, with
Guignard, he later isolated from the e0il orgsnisms cspsable
of fixinz atmospheric nitrogen. Gresves also states that &
number of chemists, Konig and Kiesow, Armsby, Birner, Keilnex
Dehérain snd ivery, haed found that when orgsnic matter decom-
posed there wae a gsin in nitrogen. Some of these thot that
this was due to a2 reaction between nitrogen of the air and
nascent hydrogen which was formed during the decomposition.
An alksaline reaction end the presence of iron, mangsnese or

lime were thot to be essentisl in order to observe this

phenomenon.
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Hellriegel and wilfarth (25) znd hellriezel (:4)
demonctreted the role of micrcorgenisms in the fixstion of
nitrozen by legumes. <{ries imrortuint contribution stizvleted
receserch to determine vhetnor other orgunisme precent in the
c0il might z1so ve :¢ble to fix atwocscheric nitro.en. .nd in
1893 .inogradsky (43) shoved thet an orgzenism whick ke ivolst

ed from the soil snd nemed Clostridium pasteuriznum h=é tris

ability when gzrown in pure culture. These studies ucre the
bcginning of vwork on symbiotic snd non-symdbiotic nitrozen
fixation in the s0il. almost immediately studies were made
to determine vwhether or not other orzanisms hed the sbility
to utilize atmospheric nitrogen or whether, ss Winogradseky
thot, this pover was characteristic of a limited group of
organisms. A great deal has been done with organisme found
in the soil end with many fungi znd bectcris more or less
ciosely related to soil forms, with algae snd hizher zreen
plants «nd with protozoa end some insects, to determire their
sbility or insbility to fix atmosrheric nitrogen.

4lonz with other fungi, yeasts were esrly stuwdied with
regard to this nitrozenm fixing ability. Jodin (28] anad
Hallier (19) thot that yeasts und other funzi were sble to
ntilize stmospheric nitrogzen, but thelr results vere not
confirmed by Woff and Zimmerman (46). Heinze (21,22) noted
gains in nitrogen in cultures of yeast during their syore
forming stages, but later (23) considered that yessts, funzi

snd slgse were important in nitrogen fixastion in the soil
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only cvecsuse they could furnish food to szotobecter. Gerlsch
end Vogel (17) rerorted negetive results witk yessts, while

Zikes (47) isolated & pseudo-yecst, Torule weisneri, which

he showed to be sble to fix atmosyheric nitrogen. Lohnis and
£11lse (37) also noted fixation by & Torule but found grester
fixaetion by Dsmstium pullulans, and de Kruijff (7) also

claeimed that certain Torulas hsd this sbility.

This prodlem was taken up by Kossowics (31) in 191Z and

he first rerorted that yessts were able to fix from 1.C to
1.4 mgms of nitrogzen per 100 cc of culture medis. 3But later
(232,33) he reversed this orinion and stated thet je.sts end
molds could live on smsll traces of nitrogen compounds which
they could get from the &ir, but that they were unable to
utilize elementary nitrogen. Lindner znd Nsumann (35) dia
not find any fixation by yeasts when the air was free from
amnonia and nitrogen oxides. C. B. Lirman (36) found nitro-
gen fixation by 18 yeasts, pseundo-yeasts and fungi. ILhese
were zrown in s medium containing practicslly no aitrogen,
incubated four weeks and analyzed by the Kjeldanl method.
Ho mention was made of precautions to prevent sbsorption of
ammonia from the sir. Mulvania (39) thot that yéast should
be sble to fix nitrogen from its similsrity to azotobacter,
but had no quantitstive evidence. Fulmer (12) found that

the yeast, Saccharomyces cerevisise, dace ¥, would grow in

a medium containing only potessium chloride, dirotassium

phosphate and sucrose in water, usingz atmospheric nitrogzen
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a8 the sole source of that element. Fulmer and Chriestensen
(15) showed that & Mycoderme isolated by them from a com-
mercial yeast cske could fix stmostheric nitrozen when zrown
in & molsss~s medium, snd that the fixation wes 2 funection
of the hydrogzen ion concentration. i(wo ortime were found,
one gt pH 6.CC end the other at pH 7.9C, the letter being
the more effective.

There hes been some sreculation as to the mecharnism of
nitrogen fixation by mieroorgenisms, but work has not pro-
gressed sufficiently to give sopport to asny rarticulsr the-
ory. It has long becen thot thet the resction
0

HB4N0 m— Hz+ g

2 2
should be reversible and this seems to have occurred to many
investigators, but arparently there was little encourszement
from experimentsl results. Lewis (34) has calculated from

51 etmospheres would

Free energy detas that a pressure of 10
be necessary before any determinable amount of ammonium ni-
trite could be formed. But somewhat later Falk =nd KcXee
(11) showed that there was e fixation of 6 perts of nitrogen
per million of water when the reection wes cerried out in

an iron thAbe at & pressure of 300 pounds per square inch and
et room temprerature. Cne hslf of the nitrozen was in the
form of ammonia and the other hslf nitrite or nitraste. Some
oxygen was present in the water and in the nitrogen gas. In-

creased fixation was Z2Zound when higher rressures were used

snd when substances increesing the solubility of nitrogen in
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water were prresent. Thus 10% slcohol or ccetone ceused an
arprecisble inerease. Pixation ves found in glsss or qusrtz
vessels oniy when & ;iece of iron weas sdded.

Felk snd kcKee su-~rose thst this resction rroceeds by
virtue of the orposite signs o7 the two nitrozens in the
nitrogen molecule. Thue they write the resction,

i 'Y 4 50— HHgiO,.
They point out thit sinece it hee been shown by Stiezlitz znd
bﬁ themselves that the nitrozens in diszo &rd diszonium come
pounde are charged di_fercntly, cuch comrocurnds mixht Te ex-
pccted to be readily formed from atmosyheric nitrozen end
suitable benzene snd napthelene derivutives.

This would sugzgest two mechanisms ior fixetion of nitro-
gen by biologic forms. Litrogen msy dissolve znd hydrolyze
and become avsilable to the orgenism as ammonium nitrite,
end this is suggosted by Gresves (18) a&s a pocsibility. If
this is true it should be possible to demonstrate nitrogen
fixation by any orgenism which csn build up its protein from
ammonia, nitrite or nitrete nitrogen. 4ind the number of
orgsnisms found to be carable of "fixing"” nitrogen is in-
creasing. But this is not the only possibility. it some
stege in the growth or decomposition of the orgeanism com-
pounds may be formed which would lend themselves to the re-
action with atmospheric nitrozen to form diszo, diszonium
or similser compounds containing differently charged nitro-

gens. It will be seen later how this leest sugzzcetion may
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be spplicadle in the case of yeast.

ine zreet influence of the hydrszen ion conceatrztion
on nitrogen fixstion by szotobazter hes been shown by Zsiney
snd Bstcohelor (16), who found that there was rracticzlly no
Tixstion when the hydrogen ion concentrstion w88 gzrester than
pH 5.9-6.C. Vigorous zrowth znd nitrozen fixsticn were
noted st pH 5.1-6.5, the optirmum 7 for Zixation teinz some-
vwhat higher ti=n the optirmum for grewth. It wovld b ex-
pected thet fixstiorn by other orgenicms should be likevise

affected by the kyurogen ion concentretion.

STALZALHT O THED 22030 °H

1. ifo develor & niirogen-free synthetic medium in whick
yeast will zrow «nd in which fixeticr of &twmospheric nitro-
Zen can be demonstrated.

2. To devise a satisfectory unslytical procedure Ior
following chenges in nitrogzen content in & medium in which
yeast is growing.

3. o study the eifect of the hydrozen ion concentra-
tion on fixation of nitrogen in & suitsble medium.

4

HETHODS AlD HaTuRIALS

Isoletion of Cultures.
The work in this lsboratory hes beon zlrost entirely

with Ssccharomyces cerevisise, Jace F, as isolated from &
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Pleiscomann yeast cake. Juringz the early pert of tke vork
on nitrogen fixation it was foand thatl two yeasts vere pres-
ent in the precsed yeast s8 manufectured by this company,
end these were icolsted bty rlatinz on 2» glucose C.I,. reptoue
agar.. These zre identicel vith trose described by I3dy, Xerr
and .illisms (9), isolsted b, them from the same source st
sbout the same time, cultures of whieh Dr. :ddy kindly sent
us for comparison. It elso seems probusble that they are
jdenticel with those mentioned by liiss LacDonsld (38), which
she obteined “rom & commercisl yeast csake.

These two yeasts ve have designated as Fos. 11 end 1Z2.
%o. 11 is the yeast used in this lzborstory =nd designated

as Ssccheromyces cerevisiae, dace ¥, but lo. 12 has not been

identificd. liss Hsedoneld referred to it as e iliycoderms.
ihether or not these yeasts are slways present in the pressed
yeest 18 not definitely known. rhey were fouud on three
different occasions within the course of a year, and every
tine in‘the ssme ratio, £% of do. 12 and 98% of ko. 11, by
count. 3ut & year leter Lo. 12 was not found, &ltho plsetes
were made from seversl cakee of yeast. vcharscteristics of

the two orgecnisms are given in TABLE I.
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Yeast io. 11 Yesst Lio. 12

volonies on 2» giucose, C.5% peptone szar.

srowth Slow Rapid
fForm of Colony virculsar Circular
Surfsce Smooth, moict fdouzn, dry
olevation convex convex
Sdge Zntire filsmentous
Internsal

Structure Amorrvhous Grsnulsr
3rznching absent sredominant
Shspe and Spherical or ellip- Elongzted

3ize of Cells soidal. 6-8Mdiam. 8-2CM x -4 M
3ize of Colony
48 hours 1 zm diss.cter 4 mn dismeter

Growth in Kedium Z.
Inoculeted from colony on glucose=-peptone-azar.

48 hours 31izht zrowth Vieible growth
72 hours Count 89.5 Count 1/0
Cells spherical, Cells sphericel,
1itlle branching little branching.

Growth in Kedium K,
Inoculsated from colony on zlucose- eptone-agser.

48 hours No growth Visible growth

72 hours Bo growth Count 23.C
Fermentation of carbohydrates. {reptone C.5%, carbohydrate 2.C%)

Glucose Gas and sleohol Gas

Levulose Gas and slcohol Gas

Sucrose Gas and slcohol Smell amount of ges.

igltose Gas and slcohol Gas

Zsters rather than
gleohol are formed

Growth in Wort.

24 hours Foan Heavy froth

48 hours Count 620 Count 3380
Bottom growth Dry, wrinkled surfaee
Cells spherical growth. Cells elongated,
6-8 dismeter, no 5#x7, branching
branching. predominant.

. Spore formation.

10 day growth on carrot infusion-Ca304-sgar.
Typical ascosgores No spores
of S cerevisiae
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Yeast No. 11 is evidently Saccharomyccs cerevisiae

while No. 12 may perhaps best be classified as & kiycoderms,
altho it causes gas end aleohol end ester production in
suitable media. But it is slmost impossible to clsssify

a yeast which does not form spores and shows as varisble
morpholozic characteristics as does this yeest. In fsct
there is almost no means for clessifying y-asts growinz on
the svrface &8s & scum and forminz no spores. Altho Mycoderms
generelly implies that the organism utilizes elcohol &s &
food, oxidizinz it to acetic acid or to carbon dioxide and
water, this charscteristic is by no means ghown b &ll the
orzesnisms commonly included in the Genus Mycoderma. Yesst

Bo. 12 doces not zrow on the surface in £ll medis, In all

the synthetic media used it showed only slight and generally
transient surface growth snd the cells resembled those of
Yeast Bo. 1l. But in wort or molasses media there was the
typieal wrinkled, dry surface scum, which was present from

12 hours to sbout 2 weeks of incubation, when most of this
scum settled as s slimy mass. But growth seemed to continme
below the surface and in ecid sclutions was often found to
form clusters that resembled mold growtk. ZLong mycelisal
threads radiating from a2 clump were found on seversal occasions
in flsske which had not been disturbed. But these mycelisa
readily broke up, on shakinz the flask, into the elongated

irrezulsr cells typical of this yeast growing in such medis.




Yeast Ko 12 did not grow well in Medium 2 (12) when
first taken from the colony, but better zrowth wes found
efter seversl trensfersgls in this medinm. But it never

grew as well as did Saccharomyces cerevisise. To what

extent this scclimsatization may be carried is not known.

It seemed, however, to become batter svited for growth in
this medium thru sbout three transferals, after which there
was little improvement. But NHo. 12 grew in & low nitrogen
medium, Mediwm K, very much better than did No. 11, which
did not seem to become very well scclimatized to this
mediuwm. Yeast No. 12 was therefore regsrded ss being the
better suited for studies oh nitrogen fixation.

Since surface growth seemdd g desirsble characteristie,

several surfsce zrowing yeasts, furnished by Dr. ¥. W.
Tanner, were investigated. These all showed the tendency
to creep mp the side of the flask exhibited by No. 12.
Results of this investigation are given in Table 1I, show-
ing the relative growth of these yeasts in Xedium K, which
hed the composition,

Suerose 2.00

§ﬁHPO4 0.10
Cc1 0.002
Maﬁe up to 100 ce with conductivity water,

This amount of ammonium chloride rerresents the lowest

optimsl concentration for Yeast Fo. 1l2.
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QABLE 11
Yegst Growth
Yo. 12 H+t
#iliis caturaus +HH
Poruls kumicola +H
wiilia snozsla +HF
sascharomyces chevalieri +
kycoderma vini ++
richia membransefacicns +
Saccharomyces snomsluse *
Sgecheromyees neoformans +
Saccharomyces hominis :

Jo. 11
Yesst No. l: geve &8s lesrge growth as any, snd becsause
of ite source was used in preference to the others. 3Ssec-

charcmyjces cerevisige wss used in some of the lcst exper-

iments in order to s:e whether or not this yeast also wes

careble of fixing nitrogzen.

Materials Used in Medis.
In 8ll investigaticns of selt effects, the calts vere

purified by recrystellizetiorn from vater wrerever rvossible.
4nd in these investigzstiorns conductivity weter was uced and
the experiments csrried ovt in islassware thet hadé been
thoroly cleaned in hot sulphuric zcid &nd rinced finslly
with condunctivity water.

The third fraction of nmolsassces ves 8 materisl obtsained
by fractional rrecipitstion of molasses with slcohol efter
the method ziven by Pulmer, Uuecker snd Nelson (14}. It

ves prepared by Kr. d. A. Hill and shown by him to be rich

in the growth stimumlant, bios. 1t contained (.3667» nitro-

gen. The molasses used in these experiments was chosen




perticulsrly with rezard to the nitrozen content end the
growth stimulant it conteined. Richelieu brand of refined
cere molasses wes fiund to give very 2o00é zrowth znd wss
low in protein eontent. 'wo samrlee vzried in their nitro-
gen content, ss is indicated in the exreriments in which
they vere used.

In some of the esrlier work in whick it wse desired
to obtain s medium &beolutely free from nitrogzen, the sugar
used wes recrystallized from 9C;» ethyl zlcohol. But we
vere never sble to demonstrate any nitrogen compound, nor
to find any evidence of bios in the suger before recrystal-
lization.

In the expsriments with molesses, where it was not
necesssary to use such precautions for purity, ordinery dis-
t1lled wzter was uced, dbut it was elmost entirely free from
emmonis, &s shown by testing with liessler's resgent. Ihe
acid and slkell used for ph regulstion were made from
nitrogen frec meterisls. The hydrochloric ascid was made
up with constent boiling hydrochloric secid =nd the sodium
kydroxide mede up from a ssturated solution which had been

alloved to settle and wes known to be free from nitrozen

compounds.

Ad justment of Bydrozen Ion Concentrstion of Culture iedisa.
In the study of the effect of the hydrogen ion con-
centration it was found necessery to make the 2d justment

of the medium after sterilization. Otherwise there wounld




be physical and chemiocel changes in the medium =8 a result
of the veriation of the Lydrogen ion concentrstion which
would heve en effect vpon tke growtk of tze resst. In sd-
dition the conceutration of the kydrogen ion vould be
changed a8s & result of these resctions. Ihe method and
arparetus finelly develored sre describved by Christensen
and Folmer (4].

A sketck of the ¢ rerastus is shown and the verious

rarte indiceted in the legend. Ihree suck arparstus should

be constructed. One is used for &likelil, one for water and
one for scid. Crne litcer of the acid, alxali or weter is
pleced in the flesk, the cctton plug ineerted in the neck
snd the whole arraratue sterilized in the autoclave. ihne
skield should be in risce 2nd enough ecid in the U-~tubes
to Just £i11 the bottom of the tube, but tke sods lime
tube is pot sterilized. Zuring sterilizstion 51l stor-
cocks shonld be cloced zné care sheculd te rleced over the
openings of the U-tubes in order to prevent toc zreat in-
cresse in the volume of scid in tke U-tudbecs éue to conden-
cation of weter.

aft-r sterilizetion the cars ore removed from tkhe
U~tube oreningse, the sodza lime trbe ic rut in-plece and

the cotton rluz puched down ints thc neek of the flesx

ct

k

[¢]

so that it mey be closed off w»i ezling wex., .he buret
is fillcd by arplying suction at H &nd tie stopcock 1 is

useé ty prevent too repid filling of the buret &nd con-




sequent too rapid pesssge of air thru the U-tubes, which
mizht result in splashing the scid out into the side arms.

To determine how muc¢h scid or alkali must be sdded in
order to rroduce a ziven ph, & set of flasks, ususlly 1C
or 12, 18 msde up and sterilized just &s thocse to be used
for the exreriment. The medium is made ur of sveh z con-
centration &8s to allow Zor sddition of sufficient acid or
alkeli to produce the extremes of the series 4 - sired.
Ordinarily this series of flesks is made ur end sterilized
glong with the ones to be used for the growth of the orzzn-
ism. Of course the medium must be carefully measured into
each flask and care must be exercised in sterilizstion not
to sllow very grest evaporation, so that there will be no
large error due to different rates of evaporation in the
different flesks. 7o part of the flasks thus prepsred add
varying amounts of scid snd sufficient water to bring the
volume to that which will give the desired concentration
of materisle, snd to the rest add varying amounts of slksli
end the difference in weter. Nov measure the pk of the
contents of each flask end plot asgainst the amount of scid
end 8lkall sdded. From this curve it is yossible to read
directly the smount of acid or alkali and water necessery
to produce any desired hydrozern ion concentration at the
desired concentrztion of msteriszls.

In addinz this scid, slkali snd water, the neck of the

flask should be flamed as usual and the inside of the shield




L 3

fer}ﬁ734ﬂ0#

Cli

fi
7,

N 1

Utubes wik /=2

fere

Soda /iric

C‘ R

A5cc puret

D-

Coppcr wirc

=

7(/ ’ ’7 (]/; (0

Fooiiuii

Cerferm

(\




flamed. A miero turner is very convenient. I[he flask is
then inserted under the sitield, the acid, alxsli or water
added, the flss« withdravn end the pluz inserted. <{his
operastion can be carried out ver; rapidly «ndé trere is
little chsne- for contaminstion if ordinsry care be used.

all hydrozen ion messuremecnts v.ere msde by the ro-
tentiometric method, using & Leeds and Horthruyp Students
fotcntiometer, Bailey electrodes (1) =nd & satureted XC1
calomel electrode. <Jorrections for temperature snd pres-
sure are msde in the formula

B ot z b E =

pE = _cell ~ ocslomel * bar s _cell ~ ocalomel * bar
RT 7 A F 0.00C198 T

No correction was mede for liguid potentisls, which for
seturated XCl are small (1C,34;. ZThe emf of the satursted

type csalomel hzlf cell is ziven b; Clerk (5) and is due to

¥icheelis.
20° 0.2488 volts Interrolation over this range gives
259 (.2458 volts C.CCC5 volts yer degree, decreasing
3c° C.2438 volts as tre tenyereture increaces.

The Ebar of the above formule is the correetion in the totel

emf of the cell to & pressure of one stmosyphere of hydrogzen.
Clerk (5) gives the value of 3, _ for verious bsrometric
precssures and temperatures. Or the vslue may be roadily
calculsted by the following formuls,

= = 0.000198 ¥ 1
bar 2 log b 4

where x is the barometric pressure minus the vapor tension

of the solution being messured.
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Squipment for aeration.

A number of exyeriments were csrried out tith zeration
of tke medivm. 3Since volstile nitrozen comrounds sre form-
ed during the zrowth of the yeest, it wss necesser; to scrud
the geses coming from the flesks. 3Jilute EC1 wes found
satisfactory in holding these comrounds. [he aerstion de-
vice was made to allow for this and to make it yossinle to
s8terilize the entire apperetus end to z2llow for eesy hend-
ling during inoculetion. <ontaminstion was rarely found
to occur during reasonable lenghts of time of zersticn, but
apparently the cotton filter used was nct sltogethcr sat-
isfectory, for contamination was apt to develop when sera-
tion was continued for a longzer period. -eration was not
used vhen incubstion was for more than one week.

In this work the air uced was freed from ammonia and
oxides of nitrogen by psssing it thru 50% sulphuric scid
and 10% XKOH-permsngzenate solution snd finslly thru wsater
at the temperature of the incubstor. <The eir was distrib-
uted to the flasks by & header systex provided with cer-
illary vaelves which insured even distribution of eir to the
flesks rezardless of how many were being acrated. 3y reg-
ulsting the pressure on the header the same szeration could

be secured at any time.

Regulation of Temyeresture and rurification of 4ir in Incubetor.

In some of the earlier work on salt effects it became
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srrarcent thet careful temperature roguletion in the incu-
bator wes neceesery. 37 using & fan for circulstiorn of ;he
gir vithin the incubstor &nd &n improved thermo-rezulator,
the tempereture ves conctant to within #C,2%0 and the same
in 211 parts of the incubetor. <The temrerature varistion
in the flacks was aprroximately 1/1( thet of the eir.

‘he sir in the incuobutor wee kept »nracticelly free
from enmonia or oxides of nitrogen by russing it over larze
surfaces of 10% KOH and 5C%» sulpburic scid. It wes kert
s.tursted with water vapor in order to prevent evaporetion

from the flasks.

XJjeldshl iiethod Used asnd Cslculstion of Zesmlts.

The contents of one flask, usnally 5C ce or less, were
rinsed with & minimum esmount of water into & 5CC ce Xjel-
dehl fiassk. 25 cc of concentrsted sulrhuric scid| free
from ammonia) 1C gms of KZSO4 end 0.10C gm of coprrer wire
were added and the flask hested gently over & free flame
in the digestion rack. Generslly one hour wass n-cessary
before foaming had entirely ceesed, when the {lame wes in-
creased snd tke digestion continuved until the contsnts of

the flzsk were & clear zreon. <he heating was continued

. at such & rete that the acid boiled zently for three hours

lonzer. when the flssk had cooled, 15C cc of zmmonis Iree

§ water were sdded and the flask azain alloved to cool.

‘Then 80 ce of saturasted NalOH solutlion were sdded and 100 cc
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were distilled into & 360 cec 5 flesk containing 25 cc of
0.2 n EC1, also swmonic free., Ammonia w:.s determined by
baek titration with C.1 r HaCH or by Sesslerization.
Jesslerization was used during most of the experiuents
on nitrogen fixation, using & Jubosc colorimeter and e
stendard contsining & known amount of sumonium chloride.
In 811 the exrperimcnts, differences in nitrozen
found in inoculsted flasks end in idextical flasis unot
inoculated were recorded as nitrogen fixed. ZIositive
fixation means thet the inoculated flasks were higher in
nitrogen, indiceting fixation. ILegative fixation in-
dicates that the inoculsted flssks were lower in ritrozen
than the uninocnlsted, meaning that they must heve lost
nitrogen as & result of the growth of the orgenism. fhe
only change in this procedure in the modificetion was

the method of digestion, which 1s Jescribed later.




Jevelopment of the Media and srelininery Juantitstive ix-
periments.

It wes reported by Pulmer (12) thut yezst would grow
in & good stste of nutrition in 8 medium consisting of
Csne suogser 16.0C gms
Water to 10C ce

This emount of dirotessium phosrhate was found optimsl for

Sgccharomyces cerevisiss, .sace F. The emount of dipotss-

cium phosrhete wuis not found to te very importent.with
Yeast 12, snd several conceantrations vere used at various
times. In studying the effect of seslts the following

basgic medium wz8 uced.

Cene sugar 2.C0 gms
nater to 100 ecc

Varying amounts of seversl sslts were udded to this mediuma,
and results of these investigastions are given in the fol- i
lowing tables. The eifect of the third frsetion of molas-
ses is gziven, £lso. Incubation wes st 30°C end for 4 deys.

The initisl count™ wes approximstely C.Ol.

*hen the count is 1 there are £5C,CCC cells ver cc.
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PABLE IV TABLE V
Sodium Chloride zotassium Chloride
¥aCl Gms/10C co Count KCl Gms/100 c¢¢ Count
0.00 6.5 0400 6.50C
0.20 5.5 0.2C 6.8
0.40 10.5 C.40 5.9
0.60 5.3 0.60 5.1
0.80 3.2 0.80 4.8
1.00 2.7 1.C0 5.3
1.20 2.4 1.20 8.0
1.40 5.7 1.40 5.5
1.60 4.2 1.60 4.7
1.80 4.4 1.8C 5.5
2,00 3.8 2.C0 3.b
2.20 11.3
2.40C 22.0
2.60 3.3
2.80 .6
TABLE VI TABLE VII
Lithiom Chloride Perric Chloride
LiCl Gms/100 ¢c Count Ad justed to pH 7.00
0.000 3.7
C.005 3.C FeCly Gms/100 cc Count
0.010 2.4 G.C000 5.1
c.0256 3.2 C.00056 5.6
C.050 1.9 0.0010C e
0.075 2.5 0.0015 4.3
0.100 2.2 0.0020 3.4
0.120 2.4 0.0025 38
C.140 2.0 0.0030 3.4
0.160 1.6 0.0035 3.6
C.180 1.5 0.0040 5.8
0.200 1.1 0. 0C4b 7.4
0.250 3.6 0.0C50 9.C
0.3560 2.3 0.0060 5.2
0.500 1.4 0.0070 4.6
0.0080 5.9
0.010C 4.4




TABLE VIII

Mangzanese Sulphsate
ad justed to pg 7.0C

MnSO4 Gms/100 oc¢ Count

0.0000
C.C005
0.001C
0.0015
0. 0020
0.0025
0.C030
0.002b
Ce 0040
C.0045
0. 0050
0. 0060
0.0070
0.0080
0.0090
0.0100

2.6
03
S.4
4.8
C'-?
1.C
C.0
0.4
Ce9
2.4
1.5
2.0
1.5
2.0
0.9
0.3

TABLE X

TABLE IX

Kagnesium Sulphate
Ad justed to py 7.00

C.C00
C.C01
C.002
C.CC3
C.004
0.0Cb
C.006
0.007
C.008
C.009
C.010
0.015
0.020
C.C25
0.030C
0.040
0.050

Cglecimm Chloride

4dd justed to py 7.CC

CaClg Gms/100 ce Count

C.CCOo
0.C01
0.002
0.003
0.004
0.C05
0.006
C.008
G.C10
0.020
0.03¢C
0.C40
0.056C
0.060
0.C70
0.080
0.090
0.10C

3¢9
5.4
5.3
4.2
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Third Fraction of Molssses

Gms/10C cc Count

0.CC
C.12
0.16
.20
C.24
0.28
Ced2
0.36
0.49
O.44

TABL® XII
Potassiur Chlo
With optimum 3rd

7.7

NI\ OWOW~I
O =3 1 Q0 O i o> b <3

]

ride
Fraotion

of Molssses (0.28 gms/100 ca)

C1 Gms/100 oc
C.20
0.40
C.6C
0.80
1.C0
.20
1.40
1.60
1.80
2.00
2.40
2.60
2.80
3.0C

Count
16.5

13.0

13.1
16.2
14.8

14.3

13.5

19.9

22.2
Heavy ppt.
Count weas
estinsted
at 3C-4C
22.0

a.s

TABLE XIIX

Ammonium Chloride

NE,C1Mgus/100 cc Count

C.CC1
C.C02
C. Coz
C.0{4&
C.C05
C.C06
0.GC7
C.CC8
C.010
CeG2C
C.C30
C.C40
C.C50
C.C60
0.C76C
(.80
G.1C0
0. 200
C.300
C.400.
0. 500
0.600
0.700
0.800
1.000
2.000
Z.0C0
4£.C00
£.C00
G.CC0

Ze4
Z.5
ek
2.'

1.7

=
2.1

1.2
1.8
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12.7
18.1
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rotassium chloride hes the wost proncunced effect,
with & very sharp optimum a8t £.4C zms/100C ec. she third
fraction of molusses iz slso effective in ctimulating
Zrowth and the same ortimum of potzseiuwn chloride is
found when the optimum concentration of tke third frec-
tion of molasses is présent. svidently the eifects ere
edditive. This was the only attempt to combine the ef-
fectes of two materials, altho there are several poscibil-
ities indicated by the dats in the tgbles.

Pron these dsta the followinz synthetic medium was

choser: as beinz suiteble for studies ol nitrogen fixation

by yesst:
Jgne sugar 2.0C gus
Lpokr0g C.1C gms
XC1 £.4C ms
iWgter to 1CC ce

And the followinz medium containing the third fraction

of molasses:

Cane suger 2.CC zms

Kodc04 C.1C zms
XC . 2.40 zms
uplai.ses 3rd (.<8 gu:s
water to 1CC ce

Using the synthetic medium develored, end incubating
four days st 2C°C, the fixation of C.15 mgms/10C cc vas
determined. In & second experiment with the same medium
but with the hydrozen ion concentrstion adjusted to pHd 7.CGC
and incubstion for four deys at 3C°C, with seration, tkere

wes a8 fixation of C.2C mgms/1CC cc. In snother experiment




with trcis same medium it wes found thet whenever the count
wag 20 or sbove, & fixation of 2.0 mgmzs or more yer 1C(C ce
could be demoncirsted vren incubation wes for ucout Tive
weeXx8. 3ut tris wedivm wux never ver, relisble, scmetimes
not giving csunts rnigher than 6.(C - 8.C. It wzs obecrved
thet the ortimun of rotessiom chkloride was ver, shsrp und
only slizht changes would be necessary Yo chenge fevorsble

conditions to vnisvorsbl- ones.

Usinz Lliomen's mediuvm (Z6),

Jlucoce 2.CC e
KgEFO, .02 mms
Cells C.C2 zms
2250y C.CZ zms
1% PeClz 3 drops

Tap water to 1CC cc

end ircubstins for reven days with acration, there wu

*

)

a

loss of C.17 mgms of nitrogen per 1(C cc. ke tep veter
and glucoce contained nitroczsen. Incubseting two wecks
without zerstion, a geir of C.C7 mzue rer 1CC cc wzs noted.

kith veiney's medium (16},

Jextrose 2.L0 zms
§2§§04 C.C2 zus
seCl C.Cb zms
1j Telly 2 drops
water to 100 ecc

and reguleting the hydrozen ion concentrstion to pd 7.CC

E witk Ha0OF efter sterilizaetiorn, =znd adding 0.5 gms of 2.0

| per 1CC ce, there vzg 8 fixation of 2.5 mgms per 1CC cc

in five weeks st 3C°C, without serztion. sfter six weeks

incubation without seration et ZC9C, & fixetion of 4.6 mzms
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rer 1(C cc was found.

fixation wse fonnd using the medivr crateining the
cptimur ¢f the trird {rection ol wol:rsses znd ortizum cf
rotsesivm ckloride. In this medium, :ith four days ine-
cubstion =t 309C, with szcrstion, & gein of C.823 mams rer
100 ec wes noted. In crnother experiment which wes not
serated, & locss of C.24 mzms per 1CGC cec was found.

Sitrogen fixstion Lus been demonstrzted in seversl
synthetioc medis and in the medium containing the ortimeal
concentration of the taird fraction of molssses. It sp-
pears that the hydrogen ion concentration ic important,
for no fixstion w. ¢ fouund with Lipman's medium, which was
gcid, whila Iixatisn was demonetrated with Gainey's me-
dium, which was alxsline. This would seca to account for
the failure to observe fixstion of nitrozen in seversl
cuses snd also Jor the faet thsat moay tiwes there was no
gviarent relation betveexn count snd nitrozen found. It
would spreer also, that the period of incubetion should
be st least one month.

Since it was found thet the third fraction of moles-
ses greatly stimulsted yeest growth, it was thot thsat
tkis ssme stimulation mizht be obtained vith molasses.
Using a refined molasses contazining C.21% nitrogen, =
gtudy was made to determine the optimal concentration as
measured by the amount of yeast growth per unit of molas-

seg sdded. It wss desirsble to obtsin the maximum growth
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rer unit of nitrozen. .pd cince this medium wee to be
used for & study of the effect of the kyiro:ca ion ceoncen-
tration, it was slco desirable to have = convidcoibla
quantity of buifer present. Using the Tollowinz niediuvm

the results ziv-on in Is2L< XIV were obtained.

KoHFO, C.5C gus
Molasses verled
ngter to 1(C co
Incubstion w=z for 48 hours et 30°C. ;
TABLS XIV
Molesses dount Ceunt
Gms/1CCco ums lolasses ?
C.2C 9.8 47 i
C.25 14.7 59 :
CecC 1.2 44
Celd 1.8 37
0.4C 3C.& 76
0.45 3.4 74
C.5C 4C.7 81 |
Ceo(C 44.1 74 }
C.8C 62.4 78
1.00 100 1CC ;
2.0C 146 73 :
3.C0 239 79 %
4,GC 252 0 ;
5.CC 381 76 !
0.0 484 81 i
7.GC0 522 7&
8.CC b48 08
9.G0 oCC 66
10.00 06d Y5)

spove C.4C gms per 1C0C cc the count was directly propor-
tionel to the amount of wolasses, 80 arbitrarily, 6.CC
gmns per 1CO oc was used. 5C cc of thic mediumm, «d usted

to the desired hydrozen icn concentrztion as previously
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described, were used in & 15C ce .rleumey=r flask. ihesc
vwere inoculated vith C.Cl c¢c of & & dg, <ulture o1 Yesst

12 in the same medium. =s~fter inoculetion tl- cotton :clugs
were trimaed level with the necks of the flssks snd sealed
with paraffin, lesvingz & 1 mn vent for pressure equalizs-
tion. These were incubsted st 3C°C % C.C20 for varying
lengths of time end the nitrozen determined by the Ljeldakl
method. The results arc given in Ti3L. XV and shown gZrsph-

ically on peges &C snd Z1.

TABLE XV
pH Gain in nitrogen in mgms/10C ce of culture
Time in weeks
1 2 3 4 6 8

4.0 -C.92
4.5 "10 52
5.C -4.406 -2.1C
5.5 -1.91 -1.19
6.0 -Co 51
6. 2 ‘Oo 50

6.4 -1.25

6.5 -2.1C
508 'Zo 22

7.0 -£.48 -2.1C
7.2 ~5.60 -3.4C -4.72 -4.19 -1.85 -C.92
7.4 -2060 -5. 50 -2056 -2-46 +10 19 -C'o 65
7.6 ~3.20 =4.50 <=3.63 -Z.36 (+2.C1) (+1.Z5])
7.8 ~-1.00 ~1.20 -5.35 ~3.63 +2.31 +Z.82
8.C ~0.9C =3.20 ~7.C0 =3.71 (+1.64] +4.9C
8.5 -C.84 +3.32
9.0 -1.8C +2.41
9.5 +1.99

Pixation was greetly affected by the initisl hydrogen
ion concentrestion. The finsl pH value vwus not determined

in this series, but in a seperate experiment it was found
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thet there w.8 5nly & smzll chenge durins the first tvo
vceks, and tren only st thLe extremes. JIue to the grest
difficulties in the method, no sttexrt wes made to mein-
tzin & constent hydrozen ion concentration. It wes trot
advissble to allow it to change es it would, anud irn later
experiments to measure the magnitude of this ckenge.

Iwo optimel velues were found, one et ph 6.(C end
the other at phi 7.9, the lstter being the more effective.
This optimum at pH 6.CC corresronds with the value found
by Dermby (8) to be optimsl for the sutolysis of yeast.

It was observed thet at the hydrogen ion concentrstion

et which nitrogen fixation was found, the yeast hzd under-
gone disintegration snd the remeining cells wcre Gram nez-
etive, whereas at other hydrogen ion concentretions the
yeast wes Gram rositive. de Bord (6) has found that ther-
mophilic bacteria zlso change in 8 similer way in time,
but in thie case the chenge took plsce when the culture
was & few hours old. Such a charge undoubtedly results
from some chemicel chenze in the cell mecteriel, and it is
believed thst it merks some step in the develornent of
resting cells or in autolysis. rerhspe it 1ay be szid to

indicate some stage of death, or at least an sdvanced

"phase in the life cycle.

It was thot thst there mizht, perhars, be an inade-
quate supply of csrbohydrate present‘to observe meximum

fixstion, so a duplicete of the above experiment wes
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cerried out using the followinz mediumn.

ilolasses 6.CC
Sucrose 1C.CC
LoREQ C.5C
water to 1CC

Zus

ane
Zms
ce

‘he results are given in TaBLZ XVI snd shown grenhicelly

on page 4.

?a3Le XVI

pE Gain in nitrogen in mzms/1CC cc of culture

1
4.0
4.5
5.0
D.D
6.0
Geb
7.0
7.2 "’5. 75
7.4 -5.12
7.6 "4.69
7.8 -4.37
800 -5049
8.5
9.0
9.5

2

-4.21
-2.93
"5. 80
"'6088
~6.10

Time in weeks

(4

)

-4.01
-2o 68
‘4. 63
-4.47
-4.10

6

+2.00
+1.20

+0.20
+C. 20

8

-C.79
"'0058
+C. 57
+(.88
+0.52
+C. 20
-10 68
+C.38
+0.23
+C.C2
*‘0. 2C
+( .38
+C. 20
-1.68
-C'o 91

It would seem that the lurze smount of sugar acted

as 8 preservative.

‘here was no indication of cell dis-

integration and the cells were Gram ~ozitive inm &1l flasigs.

The seme two ortime were in evidence, but there wes no

large fixetion of nitrogen.

fhe first interpretation of these resunlts was thst

the Ljeldahl method failed to obtain all of the nitrogen

e e L A e e < e = o STt o - .. .
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of the yesst until some change in the yeast protein had
occurred, & change which was indiceted b, & ckanze in tke
Gram stain. 4And the nypothesis was zdvenced (15; theat
this change was meinly concerned with the heterocyelic
ring compounds ixn the yeast protein. It therefore secmed
nececsary to find some other anslyticzl method which
vounld obtsin thkis nitrogen if tﬁe change in nitrogen

content of tlke medium was to be followed.

Jevelopment of the Anslytical ifethod.

The Ljeldahl method for nitrogen in one of its neny
modified forms his been exclusively used in studies on
nitrozen fixation by biologic forms. 50 much hus been
vritten of the modificutions of the Ljeldehl method that
no sttempt will be made to even mention them. Discussions
of these modifications will be found in suck books &s
4llen's "Commercisl Organic Anelyses”, Lassar-Cohn
"Arbeits Methoden fur Crgsnisch-chemische Laborstorien”,
Wiley's "Irinciples and ractise of sigricultural snalyces”
snd in most analyticel texts. They &sre describ:d in de-
teil by Hepburn (26). The more recent modification, the
uce of hydrogen peroxide, scems to be due to Ileeman (29).

There are threc zeneral methods for the determina-~
tion of nitrozen in orgsnic compounds:

l. JDry combustion snd oxidstion to elementary

nitrogen (Dumes),

2. Wet combustion and reduction of &1l nitrogzen

to ammonias (Xjeldshl),
3. Liberetion of the nitrozen as Ilz by heating




with an slkali.

The Dumes method is probably the iiost universally aprpli-
cable. It is spt to yleld high results brecause of the
formation of methane and because £ll errors are in the
seme direction, that is, toward hizh results. 2Zut the
results obtained by this method will be coasidered g&s
stendard, end the jyield of nitrozen from yeast by other
methods will be compered with that obtained b, the Dumes
method.

Ag & preliminsry exreriment to determine whether or
not the ¥jeldahl method geve the sume smount of nitrogen
a8 did the Jumus, & sample of dried jeast was ancljzed
by both methods. a4 lerge supply of this jeast wus ob-
teined and stored in s tightly stoppered bottle and the
ssme yeast wss availsble for all the investizations on
the enalytical method. at the szume time & sanple of
fresh yeast wus8 znalyzed b; both methods. Fresh yesst
w&as supplied each week by the Fleischmann Company so
that it was available st 8ll times for anslytical ex-
periments.

Dried yeast .
Dunmas 9.CC%
Ljeldehl 7.90p
Presh yeast .
Dumas Lo 24
£jeldzhl  2.C2p
The Kjeldskl method yiclded 88.5p¢ of the nitrozen of the
dried yeast and 91.0% of the nitrosen of the wet yeast,

taking the Dumss results as standsrd. These results are




the average of four of more determinations checking closely.

From these results it is apparent that some other
method of analysis is essential in order to follow :the
change in nitrogen content of a medium in which yeast is
growing. The Dumas is not applicable because of the tine
required for a determination and because of iti:e difficulty
in handling as large amounts of materizl with so little
nitrogen. While it is reasonably accurate for large amounts
of nitrogen, it certainly is not when there is a very low
percentagze of nitrogen present. 4Aind it is next to impos-
sible to handle solutions of the volume used in this work.
The alkali distillation methods seem never 1o have been
very generally applicable and only one was tried. Some
modification of {the Kjeldahl method would seem most desir-
able. The following experiments were carried out in an
attempt to devise a more suitable KJjeldahl method.
1. Catalyst.

large number of modifications are based on the use of

some ;articular catalyst. The Gunning modification made use
of potassium sulfate, which acis by raising the temperature
of the digestion and therefore is not sirictly a catalyst,
and this more than any other factor affects the rate of
digestion. wWithout Kp%04 (HpSO4dlone) it required 6 hours to
digest 0.5 gms of yeast, while with potassium szlfate present
the digestion was shortemed 10 2 hours and 30 mimites. The
| maiimum amount of potassium suliate that can be used without
- solidification of the digestion mass on cooling is 10 gms
% per 25 cec of sulfuric acid. |
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Eany metals or their calts hsve been used. Copper
and mercury are the most common ones, znd mercury has been
regarded c¢s particularly effective. 3otk shortcned the
time of digestion eprroximstely the s:me smount. {hus in
the sbove experiment the time of digestion vwes 4C minutes
with eitker one present or with both, and the reeults
vere the same. 2ut vhen potessivm sulyhete wee nct pres-
ent lower results were obteined. ohen it wze ,resent the
results checxed those obtsined when Cu or Hz or both were
glso sdded. Cther metals have becn used zs catelyste.
Vansdium, chromium, manganese vere gall vsed and found to
te as effective &8 Cu or Hdz, but no more so. OCorper was
therefore used ixn most of the work becense the correr an-
monium complex is broken up on heating aznd no sulphide
nced be sdded, and the Cu is very readily measured by
using ¢« definite length of stendard wire. The use of
mercury is to be discoursged becsuse sulphides must be
sdded end the results sre sometimes not reiisble because
the mercury hee not been comrletely rrecipitated free
from sumonis, @and block tin condemsers lsst muck longer
with copper gc the categlyst thkan with nmercury.

2. Lengthk of Time ¢f Digestion.

Using 25 cc of HpS04, 10 zms of X504 snd C.1 gm of
Ju wire snd 0.5 gm of yesst, it was found thet there was
e quite definite orptimal length of time of digzstion after

the contents of the flask hsd become clesr. ihere was 8




very definite ortimum st three hours.
S. Use of liodification for Nitrates.

There &re & numver of z.odifications to include the
nitrogzen of nitroso, ritro, azoxy, nitrste &nd nitrite
nitrogen. .he salicylic acid method zeve no hizher result
than did the ordinery £Ljeldahl method.

4. Addition of Oxidizing Agents to the Sulphuric acid,
During or at the ind of Digestion.

A large number of modifications are bssed on the use
of oxidizing agents during or at the end of dizestion.
£n04 wss commonly used ver; early. Directions generally
are to 8dd one or two crystsls &t the end of the digestion,
and to avoid an excess, as indicated by a blue or purrle
color. rersulfstes and hydrogen peroxide have been used
by a number of investizators. They are zeneraslly added
early in the digestion.

It has been found thet permanganste does not zive
higher yields of nitrogen from yeast when added in varying
emounts either during or st the end of tkhe digestion; but
if added in excescive amounts (sufficient to czuse purple
color) there is & decided lowering of the nitrogen ob-
tained, especially if the solution is heated after the
eddition of XMnO4.

Eg0p in the form of s 30% solution known ss perhydrol
or superoxol has been added during digestion, in quantities

of 5 to 15 ec. Altho the digestion was matericlly hestened

I - A n el e
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by the sddition of such amounts, there was no increase in
the yield of nitrogen, altho like KMnO4 it was apt to cause
lowered yields when added in too large quantities. When it
is used a blank must zlwsys be run to tske care of tke
nitrogen in the superoxol, which may amount to 15 mgs per
100 oc. Several other oxidizing agents were used. VgoOp,
Cr0z, MnOp did not sppear to heve any beneficisl effect

but wers apt to be detrimental when added in largze smounts.
5. Preliminsry Bydrolysis and Oxidation.

The hypothesis wes advanced thet certsin ring nitrogen
compounds8 in the yeast did not yield 811l of their nitrogen
in the usual Xjeldahl method. If this is true it should be
possible to render these compounds more smenable to anslysis
by an acid hydrolysis and oxidstion preliminary to the diges-
tion with sulfuric scid.

Refluxing 0.5 zms of yeast with 3C cc of water to wkhich
was added 1 cc of concentrated sulfuric acid end then digest-
ing in the usual way gave slightly higher results than were
obtained by the usual Kjeldchl procedure. Thus yesst which
yielded 7.80% nitrogen by the Kjeldehl method gsve 7.90% by
this method. But when 30% E,0, was edded in this scid hydro-

lysis there was 8 very marked improvement. The preliminsry
experiments were carried out with C.5 gms of yeast which was
placed in a2 500 cc Kjeldahl flssk and treated with 30 cc of

20% H,0, in water, 1 cc of concentrated sulfuric scid, 10 gms

of EpS04 and 0.4 gms of CuS04.5Hz0 and heated over a low




-41-

fleme in the digestion rack. W¥hen the contents of the flask
were almcst to dryness the fleme was removed and the flask
allowed to cocl and 24 cc of concentrated sulfuric scid were
gdded end the digestion carried out in the usual way. It
was found that the potassium sulfate was without effect but
that copper sulfate was beneficisl. It was more convenient
to add botk at one time 8o this wes continued. The amount
of hydrogen peroxide and of sulfuric scid were found to be
inm:ortant. The optimal results were obiained by the use of
15% Hp0p by weight (Superoxol diluted one-helf nearly), %o
which were added the potassium sulfate, coprer sulfete and
sulfuric acid. With more tkhan 1 e¢c of sulfuric acid lower
resulis were obtained while less acid geve occesional higher

results but also had & tendency to give very low results.

This method gave results considersbly higher than the Kjeldshl

method, yielding about 95% of the nitrogen obtained by the
Dumas method.
6. Effect of Autolysis rreceding Analysis.

Results of the first experiments on nitrogen fixstion in

a molasses medium showed that there wess some relation between
sutolysis and fixstion and it was thot that possibly avtolysis
rendered yeast more smenable to the Kjeldshl method. But when
yeast was gutolyzed in tubee closed off from the sir there
wad ne spparent change in the nitrogen content as indicsated

by the Xjeldahl method.
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7. TER Meulen Kethod.

H. T=R Meulen (41,42) devised s modificetion of the
old soda lime rrocess with some resl improvements. In the
last peper he describes what is the more sppliceble method.
The semple is well mixed with enhydrous sSodiurm ezrbonste
end a little reduced nickel and vlaced in a quartz combus-
tion tube. The rest of the tube is filled with &sbestos
coated with reduced nickel. Kydrogen, freed from ammonis
and saturated with water vapor, is passed over the sample
and then over the re.uced nickel, both et 350° C. The
geses issuing from the combustion tube are pessed thru s
condenser and thru & dilute acid. Ammonis may be determin-
ed in any of several wayse. He obteined very zood results
with this method in the analysis of several kinds of flour,
coal, oil csake, casein, gelatin, glue and other msterisls

and stated that the anslysis required only a few minntes.

In general higher results were obtcined than by the Kjeldehl

method. This seemed to offer possibiiities in the snclysis
of yeest but even with several hours of heating and with
temperastures of 800-900° C, the best result obtsined was
6.C5% nitrogen, which is but 75% of the Dumes result and
considerably lower than the Kjeldahl.

The method involving preliminery acid hydrolysis and
oxidetion with Hzoz seemed by far the best possibility
and it was decided to use this method to see whether or
not the Kjeldahl method had fsiled to indicete the progress

of the fixation of nitrogen in the first experiments.

o
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3ince the hypothesis had been civanced that some com-
pound or compounds associ:ited with the nucleoprotein in
yeest were resyponsible Ifor the Jifference betiezn the
nitrozen s determined by the Ljeldekl u«nd the lCumzs meth=-
ods, some pure nucleorrotein &nd nueleic zcid were rre=-
rared from yeast, followinz the method &s deseribed by
Yswk (2C). Several samrles of yraet, seversl molds znd
& few pure compounus were ansljyzed by the threc methods

«nd the results are given in [ABLE ZVII.

LaBnz XVII

rergent of iltro-en Found

Compound or msterisal
Cale. Dumas XIZjeld. Iil,.jeld.

Caff’?ine 28.9 29.77 ~8e.0cC o4
Uric acid 0.8 3Z.24 3l.26 21.58
Theobromine 3l.1 31.79 3C.56 29.62
Diphenyl amine - 8.3 8.62 8.18 4.407
Cesein 14.89 12.66 1Z.88
renicillium expansum, rovdered

air dried. .liycelium and spores 5.23 4.66 5.CC
Aspergillus niger, rowdered

sir dried. iycelium =znd epores 4.49 4.42 Z.98%
Yeast nuncleic scid 7.78 6.72 7.58
Yeast nucleoprotein 14.85 12.14 13.59
Yesst, Fleiscimenn, dried at foctory 9.CC 7.95 8.6C
Same yeast one yesr lsater 8.28 7.88 7.93

Yeast, Tleischmenn, fresh, sir dried 8.46 7.17 7.45
Yeast, Fleischmann, fresh, vac.dried 7.54 7.58 7.65
Yeast, Fleischmann, fresh, wet 2.19 2.16 2.18
Yeagt, Pleischmann, fresh, wet 2.24 2.01 2.28
*Jhese are the hizhest results obtzined by severzl deter-
minations.

’he modified Ljeldahl method zave rasults on yesast
nucleic scid snd yesst nucleoprotein as well as on dried

and fresh yeast necarly as high ss those obtained by the




-4~

the Jum88® method, zud considersbly higzher than those obtezined
by the ijeldahl msthod. .hen Fleischmsnn's yeest wes dried
in & veovum at 4C0C there was prectically ao Jjifference in
tic pitrogen content ss determined by the throe iethods,
wherees therec was & grcet diflcrence wnen tae scme yesst
was dried at atmossrheric pressure <nd room tew.ersture.
oried yeast scexad to locsc mitrozen on storage, «s iundiceated
by the Jumas method, but there wss & nuch lower loss &s
measured by the {jeldahl method. Jhese rhenomens would in-
dicate that the compround not smenable to the Xjeldahl meth~
od was volatile.

ihe heterocyclic ring compounds sasrslyzed 2ave very
nearly the ssme results by sll three methods. It will be
noted that diphenylamine gzve very much lower rcsults by
the modified method, due to volatilization during the pre-
liminary trestment. Of the two molds enalyzed, one gave a
higher result by the modified method and the other & very
nuch lovier result. <Jasein contained more nitrogzen as de-
termined by the modified thsn by the reguler Xjeldshl method.

This modification is one which is well suited to the
anslysis of ycest and culture medivm and should zive quite
different results than those obteined by the uswal Ljeldshl
progedure. 3ut it is not verfectly reliable, for it does

give low results in some cases, but never with yeast nor

with yeast protein.
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The Effect of the Hydrogen Ion Concentra.ion on Fixation
of Atmospheric Eitrogen by S Cerevisiae and liycoderma, as
Indicated by the ZJjeldahl and The Rodified X%TWEethods.

In this experiment the same molasses medium developed
previously was used. But this molasses contained 0.41l5 of
nitrozen as compared to the 0.210 in the warlier experiments.
The nitrogen content was the same as measured by both methods.
The medium used had the composition: !

Yolasses 6.00 gms
K2HPC, 0.50 gms
~ater to 100 cc

The hydrogen lon concehtration was rezsulated as pre-
viousl;  describded. 10 cc of this medium in a 50 cc Zrlen-
meyer flask were inoculated with one loop, 0.01 cc, of a
three day culture of the yeast indicated at the head of the
tables grown in this same medium. Incubation was at 300 C
= 0.020 8 in a saturated atmosphere free from a:monia and
oxides of nitrogen.

At the end of the time indicated in the tables the
flasks were removed and =znalyzed by the regular and modi-
fied KJjeldahl methos. pH,.count, and Gram stain were taken
from a similar series of flasks inoculated in the same way
at the sane tine. Thé flasksg were ;@ngged with cotton, but
not otherwise closed.

Blanks were run at the following pH values: 4.00, 35.00,
6.00, 7.00, 8.00 and 9,00 and were made up at the same time

and in the same way as Were the other two series of flakks, and

. . C et e i e e
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vwere incubated with them, but were not inoculated. rhey
were snalyzed by both methods glso. Iitrogen gzein is egusl
to the nitrogen in the inoculeted flesskx minns the nitrogen
in the blsnk, cclculated to 1CC ce.

The results of this exvericent erc given in T4BLIS

IVIII - LZI11 end shown Zre hicelly on veges 5C - £,

¥
i3

=141y in tkis modive than

<

Tixetion hes rroceded ..uci morc T

(%]

in tket us28 previovsly. Ihie 1ust bo due to the molasses,
and probsbly to its hiskher nitrogen content. It hes iro-
ceded so rapidly thet rete curves zre not ziven, due to

the luck of nocecsary dats. Again it wes found that nitro-
gen fixation was a function of th: kydrozen ion concentra-
tion =znd of time. But it ic difficult to muxe any zenersal-
izations from the dsta obtained. «uitc different results
were Ziven by the two methods of snelysis. 4sgein it weas
noted thet there wis some connection betwe n nitrogzen fix-

etion end the Grem stein, sltho this was not ne:zrly 8o

clezr cut as in the first exreriments.

s T € v L .
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2323 XVII1
Sgecnsromyces cerevisiae
{ime - ons week

¥ 3ein nams/1CC ce
Initial pd Finsl pd Count urec Stein Xjeldehl kodified

4.0C 4.CO 31C + -Ce32 -5.55
4.5C 4.060 380 + ~Ce49 -5.94
5.CG 5.0C 345 - -Ce33 -5.C5
5.25 325 + -C.49 «5.55
5.5C 360 + -C.33 ~5.79
5.75 3565 +(few - -C.49 -5.05
6.CC 5.2C 415 + -1l.28 ~5.79
6.25 390 - =1.26 N &)
6. 50 400 + -10 26 -5¢ ‘67
6.75 37C + ~1.49 -5.55
7.0C 0,40 354 +* =2.16 -5.5b
7.25 360 +(few - -2.,60 -5.39
7.5C . 37¢C +(fev -) ~3.C6 ~5.CH
7.75 445 + -2.6C -6, 53
8.CC -Z. 29 -5.14
8.25 6.6C 350 + -5.55
8.50 360 ${few -) -2.29 -5.47
9.0C 6.8C 285 + -C.86 -5.55
TaBLE XIX

Saccharomyces cerevisiac

Iime - two wecks
N Gain ngms/1CC ce
Initiel pE Final pH Count Gram Stein Xjeldzhl Hodified

4.CC 4.45 294 + -2.C6 -C.25
4.5C 4.68 303 + =1.57 -1.87
5.CC 4.85 2C4 +(few =) +2.52 -2.47
50 25 4:096 304 + +C017 -2085
5.5C 5.06 348 + +1.94
5.75 5.15 348 +( few -) +0.04
6.00 50 74 348 * -5. 28 ‘2. 83
6.25 5.80 386 + +0.44
6.75 6.11 408 < -1.18
7.00 6.14 394 + -0.68 -1.25
7.25 6.20 é76 + ~-C.28 -C.856
7050 + .0.68 -lo 25
7.75 + -2.08 ~l.54
80 25 6‘ 28 393 -0. 68 -0.80
8.50 6.43 542 + -1017
9.00 6.62 301 +C.8C

-———




Saccharonyces cerevisise

Time - four weeks
Y Gein mzms/10C cc
iodified

Initiel ph KJeldshl

4.CC
4.5C
5.00
5. 25
5.50
5.75
6.00
6.25
6.50
6.75
7.CC
7.25
7.50
7.75
8.00
8.25
8.50
9.00

Mycoderms

+0. 72
=0. 30
+C. 32
-10 28
+1.46
+0.42
-2- 68
+0.22
+1.54

+2.14
+1.12
-0.48
+0. 50
+0.C4
+1.17
+1.98
+0.22

Time -~ one weex

Initiel pE #inel pd

4.00
4.50
5.00
5.25
5.50
5.75
6.00
6. 25
6.50
6.75
7.00
7.25
7.50
7.75
8.CC
8.25
8.50
9.00

5.C2
5.71
6.38
6.0
6.CC
6.28
6.3C
6.85

7.22
7.31
7.35
7.48
7.67
7.77
7.83
7.91
8.54

-1.12
+3.76
+1.48
+4.7C
+3.71
+C.18
+0.88
+1.48
+5.20
-3.52
-4.67
+0. 98
-3052

+0.24
"0052
+0.78
+0.18

TABLE XXI

Count
z6C
22C
130
322
290
255
292
13C

195
193
122
182
194
149
102

Ssccharomyces cerevisise

Time - six wesks
§ Jsin nmgms/1CCec
Initiel ph Zjeldskl
4.00

4,80 ~Z.Co
5.C0 -3.8C
5.25 +C.84
5050 -2.?

S5.78 -1.49
0.CC

6025 '104:9
6.50

6. 75

7:00 ‘1049
7.2

7.50C

7.75 -5.89
8.0C -6.02
8.25 -C.17
8.56C

9.0C

§ Gain mgms/1CC ce

Grem Stain Xjeldahl Lkodified

4+ Hbht+tHEHERBE KRR

-

«1.GCS =Z.CE
-1.84 -3.CH
"5046
-C. 58 -2.78
+C.7C -2.G5
+0.98 +6.85
-Ce2d +6.95
-0067 480 75
+0.16 +5.40
-0.48 +4.35
+0.C3 ~7.47
-C.48 -9.CC
-3.48 -2.7C
-2.35
?51‘3 -lo 21
-2.26 -1.19

‘lo OO - -150 60
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i Initial pH ZLjeldshl

wyecodeme

Pime - two weeks

Initial pE Pinsl ck

4.0C
4.5C
5,00
5.25
5.5C
5.76
0. 0C
0.2
6.50
6.75
7.00

Mycoderms

5,50
6.11

SO0
o 0 ] o o [ ]

Time -~ four v.eeks
! 3ain mzms/1CC ce

4.00
4.50C
5.C0
5. 25
5.50
5.75
6.00
6.25
6.50
6.75
7.00
7.2
7.50
7.75
8.00
8.25
8.560
2.C0

+3.28
+1.14
4+0.C1
+1.24
+1. 63
+2.27
4+0.72
+1.97
-Oo 58
+C.41
+0.97
+3.24

"Oo 58
+0.32
+l.62
41.57

-49

T-3LE

Count Grem 3tein

1081
945
1022
123C
1088
1350
1637
942
876
58C
730
816
775
725
867
862
819
610

T4RLE

Modified
'2.18
#1.15
*2. 25
+3.51
+1.25
43.55
+C.55
-C.25
-1.18
4C.15
+1.49
+C.40
-Zo 06
"2. 78
-0.95
+2.67

XI11

I Gain myms/1CC ce
Zjeldshl Modified

+ “Co 26
f "'Oo 78
+{few -) +3.3C
+{few =) +#1.3C
+{few -) +#1.12
-(few =) 4+3.C7
+{fewn -} +1.C0
- +1.34
+{few =) -1.48
+ ~1.36
+ -103'6
" $0.50
4 +1.24
~(fev. +) +3.27
i -1012
+ -2.28
XX1II
iiyecoderma

+2e 25
+48.95
$#12.17
41.95
+C. 70
+6.564
$5.64
+6.10
+3.75
+0.56
+9.25
+1.48

+6.37
$£1.12
+(,.98
+4.96
+6.1C

*ime - 8ix wecks

Initiel
4,CC
4.5C‘
5.C0
£.25
550
5.75
6.00
6.285
6.50
6.7
7.0C
7.25
7.50
7.75
8.0C
8.256
8.5C
9.00

N 3ain mgms/1COce

©H
-‘&.

¥jeldshl
-5008
-1l.36

4C.42
-50 18

-2.28
’0048
"4. 25

"2- 60
"2037

-3046
+1.64
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In zenersl it megy be secid that two ortimel hydrogen
ion concentretions were found. For 3Icoderma these vere

erproximstely 1 6.00 snd pE B8.CC. RFor S cer:visisge two

ortime were noted also, =2t aprroximately 7% 5.CC znd pE
7.0C. But the ortims fouvnd secm to 2erend uson the tinme
o2 incubation, wié there was such & great chenge of ryiro-
gen ion concentration thet it is difficult to ssy what

ere the optimal vilmes. It is tkhot that more essily in-
terrreted results would odtain witi molasses of lower
nitrozea contexnt uznd with flesks rrovided with only s
small caplllery vent or prefersbly with a trap to cateh
nitrozen compounds evolved.

It is sigmificant, however, that nitrozen fixstion can

be shown for >ycoderms and Ssccharomyces cerevisise in &

molasses medium contsininz C.0246 gme of nitrozen yer 1CC
¢c. DThis is sbout one helf thct contained in Lediunm Z.
The meximum fixation found for kycodermas wees at an initiel
kydrcgen iosn ecucentration ofﬁg.cc end fingl rydrogen ion
concentretion ofz%.ﬁé vith two woeks inecupbation at SCO2,

as determined by the modified method, amountinz to 12.17

mzms per 10C cc. For Sgecheromyces cerevisize the maximum

fixation was 5.2C mgms per 10C cc, at an initisl hydrozen
ion concentration of 6.50 and & final of 6.0C (e&), with
four weeks incubstion st 309, ss determined by the modified
methoa.

3at it caunot be seid that either metihod of snalysis
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hes determined whet has actually teken place. _robabdbly
both tend to follow changes in nitrozen compounds rather
than in totel nitrozen content.

In general the modified method zives hizher maxima
and lower minima. Until some entirely relieble snalyticsl
method is available, no resl knowledge of the cheange in
the nitrozen content of a medium in which yeast is Zrowing

can be obtained.

SUKMARY

1. A synthetic medium containing only potassium
chloride, dipotassium phosphate and cucrose in water has
been developed in which yeast will grow and ntilize atmos-
pheric nitrogen in building up protein. A fixation of Z2.C
mzms8 per 1CC cc of medimm can be demonstrated with five
weeks incubation at 30°C.

2. It hes been shown thet yeast will grow in Lipman's
medium snd in Seiney's medium. hile little fixation wss
noted in Lirmsn's medium, & fixation of 4.6 mgms per 1CC cc
in six weeks was found in Gainey's umedium.

3. Yesst will grow very well in & 6.C% molasses,
0.50% dipotesssium phosphate medium, snd fixstion of atmos-
pheric nitrogen has becn shown to be a function oi the
hydrogzen ion concentration, two optima being found, one
et pH 6.C and the other at pi 7.9. 4pparent losses of
nitrogen viere noted for three weeks, when those flasks

which apparently had lost the most began to gain in nitro-
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Zen until in 6-8 weeks they had shown the most zsin.
Fitrozen wes determined by the Ejeldanl method.

4. 1t hes veen found thet yeast does not yield &ll
its nitrozen in the Xjeldahl anslysis. [he difference
in results by the Xjeldahl esnd Dumes methods seeme to he
due to compounds associsted with the nucleoproteins &nd
with the nunecleic acid, snd to be volstils.

5. Autolyeis does not mske yeast more umensable to

the usual Xjeldahl method.
6. A modification of the Xjeldahl method hss been

developed which will gzive more nearly the vslues given by

the Dumss method. It hss been found superior to the

Kjeldahl method for yeazst, yeast nucleoprotein snd jyesest

nucleic acid znd for cesein tnd one mold, but with wnother

mold it gzave very poor results, considersbly lower than
either the Dumas or Xjeldahl results. It seems to be of
rgther limited velue, but in many csses preferable to

the usual XJjeldahl method. V)

7. Kitrogen fixation as determined by the modifisd
method and by the ususl Kjeldshl method, kas been shown
to be a8 function of the hydrozen ion concentration.
Somewhat different results ere ziven by the two methods.
Pixation was determined for Mycoderma and for Sscchuro-

myces cerevisise in & 6% molasses, 0.5 dipotassium

phosphate medium.
8. The maximum fixation found for liycoderms was
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12.17 mzmns per 1CC cc of medium, cs deternined by the
modified method, in two we=ks &t ZCOC with en initial
hydroger ion concentrstion of pE 5.CC snd a finsl hydro-

Zen ion concentrstion of ph 6.34. Sacchsromyces cere-

visige showed the meximum fixation in Jour weeks with
the seme medium, temperature &nd method of anzlysis, at
st san initisl hydrogen ion concentration of tid 6.5C end
& finel hydrogen ion concentrstion of ri 6.CC, emounting

to 5.20 mgms per 10C ce.

CONCLUSICHS

Two yeasts, Ssccheromyces cerevisise, Zsce F, and

a Mycoderms which is described, have been found to fix
etmospheric nitrogen when grown in a molasses medium.
This fixstion ie & function of the hydrogen ion conrcen-
tration znd of time. Fixstion by Lycoderms hss been
demonstrated in three nitrogen-free synthetic medis.
Pixation has been shown to be in some way &ssocisted
with sutolysis. It does not arreer to be simultaneous
with zrowth nor provortional to growth. Two hypotheses
are sdvanced.
l. Fixation coes not bezin until sutolysis hzs
started.
2. The analyticsl method has fasiled to indicate
what has teken place before zutolysis.
Results by two analytical methods are similer but far
from identiocsl. HMaxima zund minims occur af nearly the

seme points as determined b; both methods, snd neither




indicates any fixation until some of the yeast cells
have changed from Gram rositive to Gram negative, indic-
ating tezinning of sutolysis. i{he feet that the two
methods agree even fairly closely and that sutolysis

out of contact with sir seems not to meke yeast nore
emenable to the ordinary Xjeldahl method, would indicste
that fixation of nitrogen occurs during eutolysis. 3ut
it is glec evident that both anslytical methods teni to
follow chsnges in nitrogen compounds, to some extent,
rather than changes in totel nitrogen only. <he phenom-
enon is further complicated by the losses in nitrogen

occurring during inoubation.
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