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A CTUDY OF T YILTING L OQINTS AND JODINL RUILLUAS OF
THZ LIPOIDIZ HXTIACTLD ol 1 SYCHROLHILIC, LU30:HILIC,
ARD THMLOUPHILIC BACTIRIA.

I, INTRODUCTICN

The effeot that environrent has on protoplssm has led
rany investigators to speculate and investignte 89 to how
environment affeots the protoplaam of orgenisnas, Huxleyll
statel thet protoplasm is the physical btnsis of life. Ale
thouh Wilsonaa points out thet our knowledge of the chemiosl
composition, physiecel state and the structure of protoplaam |
is in certsin respeects unsatisfastory, it is nevertheless
known thet the composition of protoplasm wvurles within cer-
tein limits. The most csesusl cbserver is aware of the fact
that an environment whioch is favorable for the development
and growth of one type of 1ife is8 not at nll suiteble for
life of enother, thet ia, ths veriocus kinlds of 11fe possess
different types of rrotoplasn, Loebl4 believel thrt physio-
logioc characteristios are depondent upon the physical or
cherlon]l propertlies cf rrotoplasm, Accordin~ to this view
1t 13 to be expected that sanimel and plent life which crows
optimally under veried environmental conditions must be as
varied in its protoplasric structure,

This view has led saveral vworkers to lnvesti-ate the te-

havior cf the protoplas~ of living orgnsnlisms with respsct to
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the optimal temperature at whioh tho orgunisms grow,
uayer'slv expariments in 1917 led him to attridute the kille
inz effect of heat 63 protorlasm: to the agccunuletion of acid
(possivly cartonic acld) in the tisaues, the rote of forma=-
tion of this acid being commensurate with the rate of mataboe
lism, The thsory of Heilbrunlo is, however, sormewhat dif-
ferent, He concluded that the action of hoat on the c¢cagu-
lation of protoplasm §is due to a primery effect on tho emulsie
fied 1ipoid in the ecell, and secondarily ty the action of the
liqueried fat on the protein, It would indicate from Helle
trun's conclusions that the type of fat present In the cells
Plays s large paert in keepling the protoplass alive at the
optinmal growth temperature of the orgenlsm,. If the fats play
a8 role in the chemiecel maeke up of the protoplaam then 1t s
nacessary that the organisrs syntheslze fats thot are liquid
at the optimal growth tenmperature,

Ivanow'sla experizents tend to substantiste this theory.
He atudied the iodine nurberse of the olls extraeted from dif-
ferent specles of plants of the same genus grow under similar
¢elimatic conditions, I'e found undor these ooniitions a sini-
l2r contont of unssturcted Tatty acids in the o1l extractsd
from the various specles used, Cther experiments conducted
ty him to show the effect of clirmete on the fatty anclds ahowed
thet cils contuining slyecerides of unsatursted fatty sacids

vith one doutle btond (oleic, erucls, or ricnic) ere indiffer-
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ent towerd climatic chenzes, while in the soids with thres
doubtle vorda (X -4 1linolenio acids) the iodine numbters de=-
creased with fneressin: terperature or with the growth of
the plants 1n more southernly reglions. The olls with two
double bonds (linoclaioc type) held sn Intermediate position.
It 1s concelvatle that certein orgenisss hnve the abdlli-
ty to synthesaize certasin kinds of frts end are thus, because
of their specific type of frat synthesis adapted to grow withe
in the temperature range ypsculiar to those orpsnisns., A
temperature rance suitatle to the optimunm growth of one ore
ganisn magy thus be destructive to other orgunlsms heaving e
different type of fut metatollsm, OCn the other hand it may
elso be possitle that the optimum temperature at which an

organism grows may grestly influence the kind end amount of
1ipoids préaent in the cells. Thus H&mpile working on the
influence « temperature on the life processcs and death of
bacterlia conoluded that the propagation of all tacterial 1life
1s necesssrily limited by temperaturcs which may affact the
physiolozical functions of catarollis:m and netatollism of sush
unicellulsr orzganisms. This 15 fllustrated vty the known

fact that paychrophilic bvercteris are fourd in weter st low
temporatures snd in o0o0ld storage pleces. They eare charsctere

1zed by a slower rate of growth (lowsr metabolic rate) and a

higher water content, Thelr optimum terpersture ranyes be=
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tween 592 end 10° C. In comparison, the therrophilic bace
teria are found in hot water springs end decaying vegetsatle
matter, They have a lowor water content and produco enzymes
at temperatures at which other bacteria sre destroyed., The
optimal growth temperature of the thermophiles 1s tetweeon
50° and 60° C. Another group of bacteris which holds en ine-
ternmediate position is known as the masophiles, As the nerme
indlcntes they are chearacterized by a medium nmetstolie rate
end water content, They sre found Iin the todles of warnm
blooded enimals snd {n the air, and thelir optinmun growth teme
perature ranges tetween 30° and 37° C,

Leathes and Raper15 state that, there is reascn to bee
lieve that all the fats formsd in nature are fluid st ths
temperature at which thoey ere normeally rormmd in the animal
and plante. It is pointed out that the faty found in colde
tlooded animsals ere of e lower melting polnt btecuuse of thelr
unsaturated nature, whereas, the fets oocurring in warm blood-
ed animals and 1 troplicenl plants are mor: saturated asnd have
e hi~h reliing point, If the fsts are liquid at the tsupere
ature &t which they ere normally formed in the enimel and

plant then it i1a conceivable that they would also e liquid
in bacteria., In the psyehrorhilic bhecteris the fats forred would

be of a highly unsatursted tyre s0 &8 to vte a liquid at their

optimal growth temperatureés, In comparison the fats found in
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the thermephilic bdecteria would be of & rors saturated type
becauss the organisms hve en optinmel temperature of tetwsen
850° eand 80° C, Thus enabling the btacterla to synthesize a

rore saturated type of fat,

This conclusion is torn out by the experiments of [fear-
son and Haperao using Aspergillis niger and Hhizopus nigri-
ocens in thelr experirents. The orgsnismns were grown at 4ife
fersnt tomperatures anl the fats extracted, Asporgillis
niger grown st 18° C, had an 1odine number for ita fats of
149, grown at 252 C, the iodine pumber was 129, and at 35° C,
1t was $5. Rhizopus nigricens grown at 12°C, the iodine nume
ber of the fats was 08 enid grown at 25° C, was 78,

Similerly Pigulevakilg who examined the olls extracted
from 4ifferent speciocs of the same family of plants concluded
that the composition of the oils end fats they contelinsd de-
rended upon climatio conditions and possitrly nutrition. .Thus
a cold oclimate induces in seeds of plants the necessity of
accumulating oils exhititingy & high degres of unsaturstion,
therefore possessing groect chemiocal setivity,

Pontillonla wag of the opinion that the medle hos somee

thing to do with the type of fat syntheslized by orgnulsus as
well &3 the tomperature, To test the redia fsctor he grew
molds on four 4ifferent types of fat free synthetic medla.

fle concluded from his experiments thet the different types of
media cnuscd the synthesis of aifferent kinds of fots ty the

-
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organisma, He obasrved that the d&ry weight of growth in
sach case was graater after 72 hours, wvherees, the weight of
the total fata was in each case grestest after 42 hours. The
melting point and 1lodine number of the fatty escids vuried
with the redie end the growth but more with the redia, The
rmeen molecular welght of the fatty aelds varied with the tine
and redia, PFrom I'ontillon's conclusicns 1t would seen neces-
sary to take into socnsideration the media fsctor in any ex-
periment dasigned to study the type of fat synthesizsd by
orgenlisms as well as thz temperature factor. '

. 1,2,3,4 5

indersm and Chargaff woarking with the [lumen
Tudbercle bacillus and Andsreon and Robarts&.7 working with
the Avian type of Tubercle bdacillus growa at 372 end 42° C.
respectively 41é&n't find the results thet woulld te sxpected.
The melting polints of tha seturated fatty aclis were the
sare for both types, ilowever, the 1odine nunter of the liquid
fatty aclds of the [Humen type wes 33.5 and the ifcdine nunter
of the liquid ratty aclds 1zolsted from the Avian typeo was
36,84, Judging from the ilodine nunmbers the type of fat prese
ent in the Avien type is of e pore unsaturated tyre thon that

of the Human, although the optimal growth temperature of the
Humen type 18 379 ¢, 7hile that of the avian 18 42° ¢, It is

possible tihet the fatiy acids of the Avien type esre composed
of longer chain fatty eaclds than those of the IHumen type.

P
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This would take into acoount the higher iodine nurter of the

Avian type.
16 .
Katson conducted experiments on psychroprhilic, meso-

phille, therrophilie, human end svian tubercle bvecteria., The
basteria were grown on the following wmedie Uaehlnsky'szl
medium for the mesophlle, a modification of Kosar'sls madium
for the mesophile, Banaen'sg medium for the thermophile end

Long'aaz medium for the humen end avian tubercle tmeilll.

From his experirenta he conoludsd thets (1) there wes an ine
verse gorrelation in temperature at whioch the orgsnisms grew
and the lodine number end =& 4irect relation with the melting
roint, and (2) that the type of fats producsid veried with the
kind of rodia used, The results of his experirents ere shown

in Teble I,

Xelting points end lodins nurdbers of various frscticns of fets
extracted from difrfersent orgenisma grown st various tenperatures,

XTRACT sy chro- l'ssophile Tharros~| Human| Avian’
* phile Gecali 20°| H.0011 &7°| phile T.Pe| TuB,
E‘?emperature

of growth 4°¢, 23-260C, 370C. 5000,| 370C.|429C,
L'elting pte 23u700

P Alc~atheP $£2t0«40 | 20350 33=3J90 42..%80 380 32340
pxtrect

Todine no.of

Alo=~other ex.| 49 516 20,6 30,1 | 30,9 |11.9
pelting pte

pf fatty ecids| 309 19° 430 250 370 350
Todine no, of

h’atﬁy eoids 68,8 76,86 42,6 80 113,2137,2
‘alting pte Of

one-ganonifistle B89 270 353680 420 25«43 | 40«4
odine nos cf] liot ot

[cn-smronifisble) Tested | Tested 53.2 24.06 108,5177.8
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i

Yatssn found sesveral apperent inconsistencies in his

results as «will be sesn in Table I. In tho case of the tue
tercle tmellll it will te noted thut the svien tyre clthough
1t has en optimum growth temperature of 48°C,, the aleohol
ethar frection malted at 32«34°C, vhile the Humsn typs melted
at 389C, The melting pdints of the variocus frzctiuns 1lsolated
from the thermophile are not in dlrect relstionship to the
optimum temperature of the organism which ia 58°C, Cne pore
tion of the alecholecther fraction, for exanpls, nelted at
25-30°C, and another porticn of the same fraction melted et
48«509C, These inconsisteneics rsy be due to the waristion
axony specles, tn .4 ia, one speeclies may te etle to synthesize
one type of fat vhile snother dowvelops anothey type of fat,
The type of medie may heve sn effeet on the type of fet syne
theslzed by the varicus orgsnisms, Agein the temperature fac~
tor 1s importent tecause at one tenmpersture an crpranlism

may te atle to produce one typs of fet while st snother 1t

18 atle to produoce snother typo.

16
The atove results of Latson's as wsll as the findln-a

of rontlllonla surgzest that 1t might te possitle to obtaln a
xore gomparable serieos of results if one kind of fat free
synthetic media iz used for all of the wvarious teacteria. 1f
all other experiventel camditions including —adlae ere cade

ematant, it should e rosaitle by growing peychrophilie,

4
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megorhillia, and thermophilic buecteria at thelr respective
optimel temperatures, tc more sccurstely detsriine the type
of fat syntheslzed by the various orgenisng usel, Howaver,
sinces different specles of organisns sre used it is obvious
thet the type of fat may not only be influsnced Lty the teme
persture et whieh the orzanisns grow, but the type of fat
'produced mey be & spec¢ific organismael function +f the waricus
spscias, It is, therefors, mecessury In eny experimsnt dee
sizned to study the influence cf temzorature on the type of
fats produced by tecteries, to grow orzaenisms under such cone
43 ticns ashwill teitea Inteo considoration this poasible speci-
fle crgunismel pecullisritys. This could ba done bsst by grows
irg et different toamperatures an organian, for exenple Becile
lus coll, having a8 wide varlation tetween its minimum end rexe
izur growth tesxperature,

The purposs o this protlem i1a to study the effect that
tempersture may heve on the type of fat synthesized bty tactere
1. This can ve dona by studying the meltinz points and
1odine rpumbers of the lipolds extracted fro: psychrophlilie,
mesophilic, and thermophlilice bacterias which huve tecen grown
8% thelr optimul temperstures and on the sane kind of fat

freae synthetio meliea,
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1T, EXPERIVIENTAL

For a series of experiments to test the effect of tame
verature on the typs of fat synthesized by becteris, the fol-
lowing becteria were ehosen: a psychrophile, isoleted from
{6e box s8lire 2nd whose optimurm taomperature wes betwesn four
end elight degrees ocentiegrade, a mesophlle represented by
Bacillus ocoll, which was grown et twenty degrees ocontli-grede
and at thirty-mssven degrecs contiegrade, end s thermophile,
strain 1503 University of Illinois, isolstel frow a2 nanure
plle, whieh was grown nt fifty-Tive degreos centiegrale,

“xporimsnts were run using various fat frec medls to
sse on which kind the varicus basterla mould grow and give
the most luxurious growth,. It wes found that Uschinsky'azl
rediun was the best,

USCHINSEY'S 3 uDIUN

Distilleld wator s.acaccscse 1000 coo
Aspar&gin srevssssavsrecanse el gma,
Arnonium lactate s.sesesaes 10O frise
NHACl eescvecncssonsensovenne D0 gus,
EESGQ sssesnsacvesnrasenssa Dol gra,
CaCln sevsncssnsscesvscascnse 0.1 By
KoHP 4 dveverevsnssssennsas 1.0 gre.
nycarlne scosossnnasnssascas 40,0 s,
AZBAT s ecessronveenrssssssnne 80,0 gnde

Finsl reaction pH 7.3
After culturing the orgsnisms on the synthetioc rmedla
rentioned atove, cn slants in 16 oz, oval tottles, the sur-

face growth was waahed off with aanline., Ths growth of the

>
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masophile and thermophile was harvested efter 48 hours end
the payehrophile in 5 da&a, After tho organisma had toen
washed from the surface of the slents they were centrifuged
at high speed for thirty rminutes. The supernatant fluld was
poured off and the orzenisms resuspended in the extracting
fluid whioh oonsisted of aquasl perts of 95% ethyl alcohol
end ether. The mixture wsa put in large glsss stoppered
tottles, All operations end experiments on the extrscts
were conducted under en atmosphere of carbvon dioxlde., ifter
the bottle was fillel with tmoteris #nd extracting fluid 1t
wes gallowed to remsin for four weeks and was regquently
shaken, in atmosphere c¢f osrbon dloxide wes kept over the
mixture to keep down oxidation, After four weeks ths supere
netant fluld was decanted ani filtered, The residue was
washod with ethcr mnd these washlings were edied 10 thse supere
vetant liquid, Tho residue was then immedirmtely trensferred
to chloroform and allowed to stand for four wecks with fre-
quent shakings.

The aleohole-ether extract wes treated socording to this
progcedure, The ethcy end sloochol were distilled of £ under
reduced ypressure, The residue of 1l1ipolid masterial which ree
zained suspended in dilute squeous alonhol wus repeatedly
sheren with ether in a seperatory funnel until the lipoids

were extracted, Then the elbher extreact vias driel with -
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hydrous sodium sulfntes This was filtoered, concentrated
until 4dry on a stesm bath under a current of oarton diloxlide,
and then dehyldratad in a desalecator containing mullfurio scii,
The crude alcoholeethnr extract thus obialned was welpghed
and the zelting point weas detersined, Thﬁ fiodins nunter was
deternined by the liero lethod of ‘!am.aclaai..M’k

After the realldus hef ronalned in the chloroform for
four woecks the supesrnatant fluild was fceented, lore ehloro-
form was added end 2llowed to atand for one week. These
chlorofory oxtracts wers then combined snd tho echlorolorm
distilled off unier reiduced pressure, %This concentrated
chloroform extremct weas eveporsted to 4drynsss cn a steam
rath and deaslicated, The extract was welghed, and tho melte
ing point end $o1irne nustar then deternined, 7The btacterial
residuce wna dehydrstel and walighed, then &1 sosrded,

The alcoholeather snil chloroform extraots were token up
in ether and combtired, To this was added nosrly four wlunes
of moetone, Thiz wus rllowed tO roemaln ovor nizht ia ths roe
frizerator, The acetone solutle mnd scetones 1rnesluble fraoce
tions were sepsrated by centrifusstion end rourin* ore the
supernstent fluld {ncetore soluble), To the ecatune insolutle
wos sdded aboutl three velumes of soetore snd the process row-
peated, The aostuine soluble fractions wers ouirlined end cone
centrated to a very nmaii vilura over e atemr leth,

T#0 0 of 50  sodium hydroxide wem adied to the ancetone

—
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soluble fraction end refluxed for one hour, Then two or
three co of 95% alcohol was added and refluxed for two hours
more. 7This experlmont was &cne under sn gtmosphere of certon
dioxide. Flve volumes of weter were added to the =aponified
mixture. This was pcured into a separatory funnel ani shaken
three tirmes with petroleum ether, The ether solubtls material
was collected es the nonesaponifiastle fractlon. The aqueocus
layer waa then acldifiel with hydrochlorie scid, using lite
mus paper as the indliostor, The 201dified solution was thon
extracted three times with ether., These extrects were united
a8 the saponifiatle fractlion or fatty meids. The extractiocns
were done unier rn atmesphare of carbtan 4ioxide to prevent
oxidstion,

The nonegsaponifisvle ani saponiflisble fresctions thus obt=-
tained were concentretsd over & steam bath and dehydrated,
They were then welched end the melting points snl lodine
nurbers determined,

The ecetone Inscluble fractions were tuken up in other,
seponifled and sxtracted bty the atove methods, The relting
points snd iodine nunmters were dsterninesd for tho nonesspe
onifiarle frasctions «f the acotone insoclutrle lipolds,

The experiuental nethoda sre glven in outline form as

follows: (See next pu_e,.)
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CUTLIXE COF BIXPERIVUNTAL LITIHONS

Livine Celle wevwewawesn Culturs

Grow eultures at 49, 20°, 379, end 55° €, in 156 oz, tottles.
vash cultures off slmts with sasline.

Centrifuge.

Flage cultures in egusl farts of 954 aleohol and U.S.P. ether.

All operations &nd exper

ments done under an gtimosphere of COge

Put mixture in 1 #allon gless stoppered bottles.
Eottles frequently aglitated for 4 weeks thon sllowed to saettlse,

Supernatant liquld desanted.
Residue

filtered on Suchner funnels &and weshed with ether,

Resiliue

Izmediately transferred to 1 gal.
glass stoppered tottles contaelne
fog ehleroform,.

Frequently stirred for 4 weaks,
Filtered on Huchneyr funncels asnd
washed with chlorcform.

Residue extracted ssoond tixe
with chloroform for one week,
Insoluble residus filltered off,
washed with c¢hloroform snd dried,

Alccholeagther aextrsaot

|
Hther distilled off in cure
rent of CCgqe
Algchol 412tilled off under
reduced pressure.
Hesidues of 1lipoild msteriel
renains suspended in 41ilute
aquacus algsohol. :
This mixture repeatedly shaoke
en with ether in asepsratory
funnel until lipolds sre
extrmctad.l

1
Chlorcform oxtrect

{
Fesidue .
Concentrated by distille Dried &nd

|
“ther solution
of lipoilds

{
Agqueous
AlGONOL ~iXe

aticn, teighed wried with an- tract
Evaporated on stoam hydrous sodlum Discard
tathe sBulfate.
Driesd in dessicator, Filtered,
weighed, Concentrated,
Yelting polint snd Dried in deasicator.
10dine number dee welghed.,
termined, Pelting polnt and

1o4ire nurer de=

terrined,

savonification

l, Take up chloroform end eleoholeethor extrects in ether and

contine,

e l'our in four volures of scetone end allow to stand in re=-

frigerator for 24 hows,
Se Contrifuge.

4o Tour off supernatant fluid wnich contains ecetone solutle.
5. Repeat bty takin~ up in ether the acetone solutle snd sdd
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four wvolunes of acet nhe.
6« Repest abtove proecedurs,

“lBw

Aeetonelinsoluble

olda
Teke up in ether,
uaponlry with 200 of
507% NaOH for one hour
Ad1 B2ac of 95% alcchol
reflux for two hours,
A44 5 wvolumes weater snd
extract in separatory
funnel with petroleun
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ITYI, RASULTS

The results of the experiments run on the lipoids ex-
tracted from the psychrophilie, mesophilic, znd thermophilic
bacteria asre shown in the following tetlea, Tatle II shows
the results of the reltinz points sand 1odine numbers of the

lipoids extracted from the payochrophlile.

TAELE 11

Yeltins pointa end 1odine numbers of various fractions
extrascted froi: the psychrophlls grown at 40C,

Freotion Aelght Yelting point Iodine Xo.
Cleared at 250

sleohol~ather 3«8079 ams. |lelted at 300 64413
Cieared at 500

Chloroform I7G.9 M8 lelted at 409 40,17

Acotone Solutle

Fatty Acids 7681e4k LT Se 10~11° 83.09

[ionesaponifiable | 359.7 ~=s. 30-31° 47,05

j.cetone-insolutle Clearsi at 22¢

Fatty acids 2.6 mgs. |lelted at 23° 53,48

honesaponifisble | 596 g8, 27289 86,27

flacterial residue 30,8964 gmel

In the above tarle it will be noted thet the slcohol=
ether extrect, which was =2 dark brown waxy rmeterial and tene
aclious at room termrereture, clesred to a dari dbdrown mess at
25° 5, and nelted at 30° ¢, The fodine numter (84.13) was

rether high due to the complex nature of the extract., The

chloroform extrection yielded a smell amount of & light trown

.
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sticky lipoid which clesred to & semletransparent mass st 380
C. and melted at 409 C. The fodine numter (40,17) was come
paratively low showingz thst the lipoid wes partly satursted,
The fatty sclds, isolated from the acetone solurle fraction,
were .dark brown in color, having & syrupy consistency at

room tempersture. The fodine number (83,09) indiocstes a

hizh degree of unsasturation of the fatty sclids, The none
saponifietle fraction of the acetone scluble vas a oeream cole
ored lipoid which was soft end sticky at room temperature it
nelted at 30-31° C, The fodine number was low (47.05) in
somparison to that of the fatty acids showing that the lipotd
was more ssturated, In the acetone inscluble fracticn the
mass of fatly acids was a dark brown liprold which was semi-
s0l1d at room temperature end 1t gleasred to & derk brown
liguia at 229 and melted =t 239 C., The lodine nunter (53.43)
showed thnt the fatty acids wers unssturated, The non-saponl-
flable fraotion was a lizht eream colored fat which was cryste
alline a$ room tempernture., It melted at 27«I8° (¢, and the
{odine nuuder (88.27) was rathor high showing thet the fat was

unsaturated,

The results of the mesophlle, Baclllus eoll, grown at

20° ¢, are shown in Table III.
The alcohole=ethor extract of F. coll grown et 20° C. had

a melting point of 34-35° . ‘The fodine nurber (£3.18) wes

h
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TARLT IIX

Yelting points and 1o0dine numters of the wvaricus fractions
extracted fram the mesophile, B. c0ll, grown at 20°C,

Lraction Yeleht teltine Tolnt | Jodlne No,.
é}oohol~etneg; EB28,3 mms, 24250 23,10
Chloroform 189,7 reoa, PlalD 59 41,24
0etones soluble

atty 2cids £84,3 1za, 17-18° 124,04

Clenred at 47

ion=saponifisble 155848 e, llelted et 48° 45,07
cetone-inaoluble

atty Aclis 77.7 18, E2=22,59 62,58
kon-sapcnifiatle 43,3 M8, 33=349 29,45
Factarial residue PS5.807 gma,

low showing that the lipeids had a high degree ¢f seturatiocon.
The chloroform extrection produced an amber colored et which
wes serie-polld and semi-transparent st room temperature, The
melting point was 23-22,5° 0. amd the lodine nusber (4l.24)
was high in comperison to that of the alcoholesther éxtract.
This showed that the lipoids of the c¢hloroform extract were
more unsatursted then those of the alooholeether extract.

The acetone~golutle frection yielded upon ssponification
fatty acids thet had & very high {odine number (124.94) end
& low melting point (17-18° C,). The hizh icdine nurber indi=-
cates a hligh degree of unsaturation consequently 2 low melte
inz point. It was a trown oolored lipoid which was a liquid

at room temperature. The nonessponifistle fraction on the

other hand had a hizh meltins point (47-48C C,) and a low

.
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icdine nuber (45,07) showinz that the lipofd is partiaslly
satureted., It was e light btrown solid at room temperature,

The fatty aclds of the acetone inscluble fractlion were
amter colored and solid at room temperasture. They mslted at
22«22,5%°C. end had en 10dins number (82.58) which indiested
they were unsatureted to sore sxtent. The nonessponifiable
fraction showsd a very low 1lodine number (26.45) with s come
paratively high meltins point (33«34° C,) which shows thet
the lipcid was partislly saturated. It wea slso an amber
oolored lipoid which was sclld at room terpernture,

The results of the mesophile, !, coll, srown et 37°C, are
shown in Tetle IV. The mesophile was grown st £0°C, and at
37°C, 80 as to afford a check on wiethor or not the temperature

had an effect on the type of fats produced ty the tmecteria.

TARLE IV

The relting pointe 2nd iocdine nurmbers of the lipoids extrect-
ed fraom the mesophlle, B, coll, grown at 37°C,

Lractlon Nelrht Yeltine polnt Jodine Mo

~leohole-ather 2309 gma, 3727 4509 £23.50
Clesred a4t 530

Chloroform 414.7 =79, |lelted at 43,.5° 44,33

locetone solutie

f'atty Acids Hot tested Hot tested Not tested
Cleared at 300

on=saronifisble 754 mersa, telted at 30330 82.38

hcetone«insoluble Clsared st 149 C.

Fatty Aclds 74 mes, lelted st 200 79,03
Clesred at 200

tonesaponifiable 138.3 mza. 181tod at 23-£40 58,78

lacterial residue 44,4248 B,
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It will ve noted in the preceding tadble that the alcoholw
ethar extract hed a melting polnt (27-37,5?) of exactly the
sare &8 that of the terperature &t whieh it wss groewn. The
iodine number (23,50) was low, however, which 1s to be expscte
ed on such a ocomplex mixture as {s present in the slcohol-
ether extract. It wes a light brown 1lipoild which wes hard at
roocm temperature, The ehloroform extract was & light trown
1iroid which cleered to a trensparent mess et 3990, and melted
et 43.5°C. The lodine number (44.33) was considersbly higher
than that of the slooholesther extract shouwlnz that 1t was
composed of shorter cheln fatty ecids than the slecoholeeather
extract.

Due to en eccident in the laboratory the flask that cone
tained the fatty acids isoletscd Irom the acetone~soludble
frection, was broken and the fatty eolds lost, 7The nonesaponi-
fiatle fraction, hovever, was saved and the neltins point was
found to be 32-33°C, The fodine number (52,38) wes hlgh in=
dlcating & high degree of unssturation, It wes en ambter colore
ed 1ipoid which we2 soft st room temperature,

The acetone=insoluble fraction ylelded upon savonificsa-
tion ratty seclds which were licht yellow in coler end soft at
roocm temperature, They chenced to a trensparent mass at 149C,
ani meltsd at 20-20,5°C., The lodine nunter (79,03) was cor=
respondingly high shovwing the unsatursated nuture c¢f the fatty

acidse The nonesaponifisble fraction had e rsther high fodine
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number (58.76) and a low melting point 23-24°C., which showed
thet the lipolds prasent were unsatursted to sore extent. It
was a light yellow trunsparent rether soft fet at room temper-
ature.
Table V. glves the regults of the thermophile which was
grown at 53°C,
TASLE ¥V,

The melting points and is5dine nurkoers of the wvaricus lipolda
extracted from the thermcphlle, strain 1503, grown st 53°C,

kraction Welght elting point Icdine no.
tleohol ether 429.,2 m7a, 67=-689 36476
Chloroform 35)ev L8, 56=570 £85.53
icetone solubla Cleared at 30°

Fatty Acids 87 rrg, Yelted at 319 28,68
Lon-sanonlriablo 85 pra, ABe’3, 5O 3187
kcetono-insoluble

"atty Aclds 716 "8, 58,8-39° 46.44
tlon~gnvonifiatle 49,5 "8 ¢ 49° 20,98
3acterial residus 19,6877 gmad

The amloohpleasther extract of the therrophile had a very
high melting point (87=£8°C.), end e rather low fodine number
(36.76) which indicates that the fet wes highly suturated. It
w28 a dark btrown colored s0lid at room temperasture, The chloroe
form extraction ylelded e lipold which hes a peltin: point of
585790, which was reletively oclose to that of the optimum tem=-
perature for the orgsnism vhich 18 55°C, The 1odire nurter

(25.53) was again low showing the high degree of saturstion
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of the lipoid, It was an smber colorad fat which was sticky

at roox temperature.
The asostone solutle frection ylelded fatty aelds that

changed to an ambter colored mass at 309C. end melted at 31°C,
It had a comparatively low lodine number (38,.583) whigh woulad
indicate & short chaln fatty ecid. The non-seponifiatle frac-

tion had a celting rolint of 33«335,5°C, end & low 1odine nunter
(31.57) which showa that it 1s composed of lipolds which are
saturated to some extent, They were amter colored end asticky

at rocm temperature,

The rasz of fetty acids 1isolsted from the acetone Insoluble
fraction wes an smter colored lipocld which was solid at room
temperature. This rass melted at 33.85«39°C, and had & corre~
spondingly low fodine nurber (20.98) which showed that it was
highly saturated in nature. The lipolds wers amter in color

and so0lil at room tempercture,

Table VI is glven to show the compariscn of ths nmelting
points and 1odine nurters of the varlous fractions of the
1ipoids extracted from the psychrophilie, mesorhilie end
thermophilic baoteria,

It osan te secn from Table VI thet the fats synthesized
by the psyohrophile would be liquid at the optimum teapers-
ture of & psychrophile vhich !s» tetween 5 &nd 10°C., 1In the

caso of tha fatty sclds of the acetone solubdble fracticn the
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TARLTL VI

The results of the maeltin: points and 1odine nurders of the
lipoids extracted frar the psychrophilie, resoprhilie, and
therrophllic bacterie,

“y }esonhila The rmno-
P8y oRrOphlle s o T T e TT 377 phile
4°C, 209C, I7°C, 550C,
f.elting point Cleered at 25
of Alo=ether ex, [ elted at 30°| 34359 37=237.8° 67=650
Iodine lo. of
sle=ether 6X, 84,13 £3416 23,50 38,78
feltinz pt. of Cleared 290
Chloroformex, 3G=400 £2=22,59 |lelted 43,59|58.57°
iodine hos of
Chloroform oXx, 40417 41 .74 44,33 25,53
Acetons Soludble Hot
r'eltin~ point of [10+11° 17180 teated 30=31°
Patty Aclds e
odine No. of N o . Notd 38. 63
ratty Acids 3% ,09 2494 agte - 2
'eItjng pt.,of * Cleered 47 |Clenred 50 —_
b on=sanonifisble | Z0-31° relted 48° |lelted 2250 93~3.
10dine XNo. of
tion~snponifistle | 47.05 45,07 D238 31.57
Leetone insolublel
Lolt&ng point of | Clearsd 22° Clenred 140
stty Acids elteld 300 P2 ,850 [Telted 20° [32,5.599
odi{ne nuxber of
"atty Acida 5X.48 62,58 7903 464,44
L elting point of Cleared 20°
lonesunonifiarls | 27200 33340 *elted 23-24°] 49°
Todine Ko. of
{on=ssponifiavie | 68,27 294458 HE.T76 £0.,98
meltins point was 10=11°C, and the fodine nurter 83,09. The

fiodine nunters of the cther frections are relutively high el-

80 showing thet the fats produced nre hizhly unsstursted,

The mesorhile, represented vy L, coll, shcws saue very

strikxing results,

Lacillus coli wnes grown nt 200 and at 37° C,.
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to see what effect the temperature nay have on the type of
fat produced tv the racteris, It will te noted in the case
of the alcohol-ather extracts, of the L, eoll grown at 20° ¢,
produced fats that nelted st 34-35°C, while the B, coll grown
at 37° C, producel fsts that melted nt 37-37,5%C, The 1odine
nutbers were 23,18 end 23.50 at 20° end 37° ¢, respectively.
Thls simllerity o loidlne nurbers {-dicates thot the fets
have aprroximately the same degres of sstursticn tut the nslte
ing points show that there 1s & difference in the nuxber of
cartcn atoms prasent in the nolegules of fat. o fat hsving
short chain faetty e2ciis has & lower rmaltins polint thsn the
faets heving longer chain faetty ecilds when the 1odine nuwsbters
are approximaetely the szxe 88 tho meltins pointe In the
chloroform extracts ¢ wlder varlation i1s shownn in the melting
points 22-22,5°% ¢, for the 'y coll at 20° C, end 43,5° for
the B, ocoll et 37° C., btut here sgain the ilodine nunters zre
the anme, 41.24 and 44,33 respectively. This is sgaln due to
the nuzber of csrton storma present in the molecules of fat.
The ecetons solukle ratty s¢ids of the 'y coll grown at
20° C, ere highly unssturnted es indiceted ty the lodine num-
ter whioh was 124,94 The melting polnt is quite low &s it
was 17«18° C., In the cese of the fatty aslds isclsted from
the acetons-insolutle fraction it 1s Just the oproslite to what
one would expect, ns the pelting point of the fatty scllds of

the B, ¢oll, grown at 20° C. was 22-22.5%° C, while those of
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the B, coll grown st 37° was 20° C. The lodine number for

the B. ¢0ll at 20° was 62,58 while thet of the I, coll grown

at 37° C. was 79.03., This indlcstes that the fatty acids of the
Be €011 grown at 37° C, l=2 of & more unsstursted nature then
those of the B, ¢oll grown st 20° C, The nonezeponifisable
fraction of the acstone=insoludle fraction of . coll grown =t
20° gave & meltins point of 33-34° C, while that of the H, coli
at 37° ¢, was £23-24° C, There was a largo variction in 1odine
nurzbera which were 29.45 end 58,76 at 20° and 37° C., respective=
lye It would seem thet the fats thet were synthesized Lty the

Be colil at 20° C, had less earbon atoms present in thelr molee
cules than those of the B. eoll at 37° C,

In the results of the experimentis on the thermophile the
melting point of the alcchol=ether extract was 687-08° C. while
the 1odine numdber (33.76) was low enocugh to show the dogree of
saturetion of the conmplex mixture of fatss The chloreform 6Xe-
tract had an {odine nurter of £5.53 and s meltine point of
56-57° C, The 1o0dirs nurter indlcates the degras of saturation
of the fst which was highes In the cuse of the non-ssponifiatle
fracticn of the ecetone=soluble extract the weltlin~ polnt was
33«33.5% Co #nd the lodine numter was 71.57. Thlis shows that
there were some long chaln fatty acids present. The lcdine
nunter of the nonesaponifieble fraction of the acetorns-insolutle

was 20,98 ghowing that the fot was highly saturated,.
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IV DISCUSSION

A study of the neltinz points and fodine nurters of the
1lipoids extraoctsd from the variocus becteria used in the expere
irents of this problem revealed thst the temperature at which
the organisms grew {8 en irportant fasotor in the synthesls of
fets by the orgenisms. The reason for this conclusion is thet
slthouch the saue type of mella was used for all the various
tacteria, neverthelessa, they continued to grow zni synthesize
fats that were liquld et their optimum growth ter: eratures,

Be coll, was grown et 20° C, en4 &t 37° C, end it continued to
produce fets that were liquid at the temperatures at which

this orgenism was grown,., In the case of B, coll at 20° C, the
fats as a whole had reltingz points that were low enough to
Justify this conclusion. Thoe lodine nuwbers showed that the
fets wore of an unsaturnted type. On the other hand li. coll
grown st 37° C, the meltiny polnts of the fusts showeld that they
were liquid at 57° C. Tho lodinre numbers indissted thet & more
satureted ty; e of fat vwes present. The psychrophile was grown
at 4° C. and the resulta indiceted by the lodines nurters of

ths fats presont thaet they woere of such a degree of unsaturstion
that they were liquid et thet temperature., The melting peolints
also indicated that they were of & short chaln tyre which would

also tear out ths faet thet they were liquld at 4° g, The

thermophile on the other hard was grown st 559 C, and the relte-
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ing points showed thet they wore of & longer chain type and
therafore would have & hizgher melting point. The iodine num-
bers indioated that they were of a more sastursted typee. All
of thls evidoncs tends to show that the temperature docs have
an effect on the type of fat produced,

Plgulevskllg congluded f£rom his results tist the composi-
tion of fats syntheslized by the orgenisus he used depanded up-
on olimatic eonditions end possitly nutrition, If the term
elimatioc conditions i{p tecen to mean tempersature then the ree
sulta of this probl:m ero in ecoordsnce with his concluaionse
Due to the fect that the mesophlile, I, ¢0ll, was grow ot two
temperatures and 1t produced a different tyre of fat st esch
texperature shows that the typs of fat synthesizel by the or-
ganism 48 to & grest extent due to the terperature,

Comparing the results of the experiments run by hataonlﬁ
with the results of the exporirents of thls yrotlem it willl

be noted in the case of the mesophile, that ha cbtoined siumilar
results to those of tiis protlem. le used a nodlfiestion of
Koser's medlum for 3., ooll, grown st the twe tenperatures

and found that the type of fots synthesized ves Alfferent., The
resophile of this protlem vwass the amre argenisn and it was

v
grovm on Usholnsky®sZl ., 4441 at the two tomperatures. lowever,

the results showed the some differences in the fsts produced.

In the ¢sse of the nsychrophile iatson used the ssre wedla to
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grow the organiam on as was used in this rrotlem, There is

a slizht 4ifferenoe in the results of the two setls of expor=~
Iments but this may te due to the fact that &ifferent or-enisms
were used by hfgﬁgﬁat of thls probleme. The therrophlle that
tatson used was a 4lffersnt specles and 1t wss grown oo
Hansen'sg redium, while the one used in thias protlen was grown
on Uschinsky'szl msdiun, Again there 1s a elight Al fferencs in

the results tut thls msy bte due Yo the fact that two different
types of media were used und two specles of orge=nisss. It is
a known fact that orzgenisms within & species or -enus vury 1in
their retadbolism. Ivanaw}a ceme to thet conclusion with his
exreriments on plents of the different specics of the same
genus, Accordirg to Ivanow's oconcl.sions it would be possitle
to explain the variation in the lodine numters and uvelting
points of the psychrophile end thermophlile of the two problems
by the fact thst the orgsnisms 41d wary in their retatolism
end aynthesigzed fets Lhct were best sulted for thelr environe-
rent o

Agaln Hnmpile corcluded thnt the temperature ray affect
the rhysiologlesl functioms of catatolism end vetestells: of
such unicellular orgemisms as btaoterlia, 1t would ssem that
the results of this probvlem would tend to te in accordunce
with this theory of Hampil's in 80 far as the fat metadbollam

is concerned, as tho tempersture et which the or~enlass grew

cnuscd the production of that type of fat which was test sulted
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for the organism to survive its environment.
Finelly the results of thlis rrodlen shew that the tanpar-
ature at which the organisme grow optimslly i1s on impertant

factor in influonclng the type of fat synthesized by the tag=

teria,

Y__SUILARY AND CONCLUSIONI

le The melting points and 1odine numters of ths linolds ex-
tracted from the paychrophilic, mesophilie, and thermophillie
bvacteria have becn studled,

2., The termperature dces have an effect on the type of fat
synthesized by the tacterla,

3¢ There 18 a dirsct rele tionship btetween thq relting point

of the fats ani the optimal temperature at shich the orzanisms
zrow, In other vorig the fats roduced bty the psychrophiles grown
at 49 C. sare of a low enouch ysliins point to te liquld st the
optinal growth temperaturc. The szme ls true for the mesophlls
which was grown et 20° end 37° C, and at each tomparsture the
relting peints of the fuls were suf ficlently c¢lose to the op=
tiral temperature for the fats to be linuid, 4A-n'n the therro-
phlle grown et 55° ¢, had fets vhouse meltiny rolnts showsd a
direct relationship to the optimel) growth tesmpsrature,

4. The iodine numbars vary inversely with the terpersture at
whleh the orgenlisms growes The lodine numdbers of the psychro=-

phile baeteria showed that a sufficiently unsaturated type of
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fat was produced so a8 to be liguld at the optimal growth
temperature of the orgenism. The seme is true of the reso-
phile grown at 20° C. In the cmme of the mesophile srown

st 37° C, the foiine numbers showed that & more hichly seture
eted fat was ;roduceld tut thet it was s liquid ut the optimal
growth temprerature, The ssre is true of the therwophils grown

at 55° C.

%, The literature perteinins to the probvler has bteen reviewed.
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