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Obgervationg of Zifferemces in growth lemper:iture requirement,
or tolerance, have compelled the bieteriloloriat to sdopt  woerlulury
desceriptive of these rel-tionships: thermephilie bacteris whieh grow
resdily at 55 C and 37 € ure commonly ealled fuculiztive (Horrison nd
Termer, 1924); those which grow st 55 € but mot st 37 C are termed ob-
ligate (Cameron =nd Esty, 1926); those which withsisnd elevated temperstures,
but whieh do mot presumsbly rsrow at such temperatures :re czlled thermc-
fduric (Robertson, 1927).

Imseneckl und Solnseva (1945) divided thermophilie busteri: into
two groupss the "stenothermzl thermophiles®, whieh grow well at 60 €,
bat not at 30 €; and the "euritherms=l thermophbiles”, whiech grow well ot
60 C as well as ot 30 £. Cordem 2nd Smith (1949) showed that many orgun—

isms of genus Bani] ware capsble of growth over 2 wide runpe of tempeor-

atures. Their sethod of stwily was examinastiorn of osur slents for zrowth,
s method previously ecriticized ry Dorn nd Hsbr (1929) and Hursen (33533).

Thermophllic menbera of genus Durillus hove baen meeh studled

beozuse of their ublaquity, rel:tive s:ise of hendling, isporitonee in irdus-
try, and possible ifaxononie sisnifiecanes. Pruetieally every materi:l
shich haa ever been in contret with soll bus been shown to yleld thermo-
philes, even fresh snow (Golikowa, 1926) und deep vcecn bottem mad
{Bartholomew and Rittemberg, 1949). Honsen (1933) explains the ubiqjuity
of the thermophiles by their slow tut rontinuous znd substantial growth
at temperatures a8 low 28 20 C. Imsepeaki nnd Solmzeva {194%5) und
Gaughran (1946) failed to fimd thut their orgunisms grew st temperatures
a8 low as described by Hansen,

The present cluesifienxtion of the therwophilic members of gerus



Bacillug is chootie. It 15 based on cell measurenents, conditiom of
sporungls, =nd n few bilochemienl chovasiers, which sre ~oknowledped
to be guite varlsble. BSmith, in Berperfs munusl (Breed, st 11, 1948),
stated:

The data on the species of this group ure se menger thut

it is not possible to offar s ration:l asyotem of alissi-

fieatior., Hany of the charueters used for separsting the

various speeies sre probably us varlsble in this group :8

they have been found to be in the mesophilie group. Laok-

Ing o knowledge of the limits of waurisbillity snd lucking

other pertinent dats, the present arrangement is regurded

a8 toaporary only.

In an sttempt to slsbarate z ressomable scheme of classifiention,
Gordon apd Smith (19/9) exnmined zbout 200 strains of thermophilie
sporogenous baeilli, =nd proposed the reecognition of two general types,
as regards temper=ture relsatiomships: (1) those which grow st the ususl
temperatures (30 € %o 40 C), but not at 65 C; and (2) those which fall
to gzrow at the ususl temperatures, but grow well at 45 C, They ndopted
the name Baecillus eossulans Hommer (Hommer, 1915, Hassong snd Hommer,
1929, and Sarles =nd Hopmer, 1932) zs reprssentative of the former type,

and Baeillus stex ug Dork (Donk, 1920} us repressepi~tiive of

the latter group. Sowe of the eultures they studied, which h.d been

identified s Bueillus ° seidursng Berry (Berry, 1933) were shown

rere conzidered o be nipnied.

It has been shown tﬁ@t as thermophilie bucteri:z yrow riplidly =t
elevnted temperutures, they =nlsc dle rapidly (Hnsen, 1933, Imsenecki

end Solosevn, 1945). OStained smears reveal enormous rumbers of “ghost



cells®, snd the visible count was found to wvary from the total count

by 50 to 100 per cent. As the cells grow rapidly, and sutolyze, enzymie
material accumulstes rapidly in ths medium. The produetion of amyluce
frem thermophilic members of gemus Baclllus iz ssid to be commercially
feasible (Imsenecki and Solnsewa, 1944). Flerer (1927) irdeed, contend-
ed that the dinstase and entalsse of rome thermophilic soil bmaterdn
wore zotive st temperztures where those enzymes cof mesophilis bueteria
vere dematured. Gsughrsn {1949), usieg resting cells md manometrie
methods, showed by detailed susntltiative snalysis of the respirstory
ensymes of thermophiles, that the eneryies of :otivation are of the
same mamitude as for "mesophilice” enzymes.

Studies of growth processes, using restirny celle, were critieized
by Balm and Schroeder (1941), becsuse the cells are staiic snd thus
inczpable of producing new enzymes for thoge which sre either consumed
or theranzlly insctiveted. Irvestigstions of growth processes of thormow
philegs might be facilitated by the use of & simple satisfsctory medium.

The literature abounds with reporis of simple medis which are
gatisfaectory for growth of commor soil saprophytee of the gerus Baclllus,
sg well ss the supposedly more fastidious orgmnisms., Olinks-Tschernorutsky
{1933), for exumple, found th:t many strains of Beeillus myocoldes grew
well in s medium composed of MgdOQ,, KQE?QA, RaCl, FeSO,, Ca(l,, snd
glucose, when supplemented with pny of several smmonium salts. Growth
wag improved, lhowever, by the sddition of 1f mino uside. Indeed, zrowth
wag better ip thiz inoergunic salt - -mino ueid medium thun in peptone
troth, 8 messured by total mitrozen (Kjeldahl). Wermer (1933), Stahrk

(1935) and Heigemer (1935) were sble to zrow many of their struins of



Bacilluz subtilis in o medium similior to the inorgsnic sult medium of

Clinks-Techernorutexy. G(ladstone (1939) fousd thet Breillus vpthroeis
was exncting in its amino acid regquirements, expeciully =g rogurds

omitting one zmino seld st o time from a defined medium contelning 17
mmino ncids, inorgsmic salts, =néd glutemine. He did not mentiop that
the organism required vitaming, :1lthough Lendy (1939) and Breswer, st al
(1946) found growth factors essentisl. Stokes =pd Woodward (1943) showed
thet B. brevis produced especislly large zmounts of tyrothriein in -
medivm composed of inmorgsnic selts, glucese end =sparngive, Brewer,

et a) (1944) found the vrowth of their gtr:ins of B. ampthroels wis vistly

jmprovad over thst in Gludstorets medium, when supplied 18 .minc clds
in the provortior in hyirolyzed cugseln, supplemented with muclels -eid
or components of maclels scid,

Bo reporis of simple medi: suliable for cultiv:tion of thersc—
philes wug found. Onushran {(1947) stuted in his review of ithe therno-
philie mierocrgarians, *The fleld of essentl sl mutrilites for these
organisme has been untouched.?®

The objects of the preosernt work were: (1) to determine the

vitamin requirements of representative thermophiles of genus Bael

(2) to apeertain if the vitamin reguirements wviried with tempsrature
of growth; (3) to attempt to cultivate these thermophiles in completely
synthetic medin; (4) to study the srowth rcurves of = stenothermophile,
waﬁwwa optimz]l simple mediom, ®nd ip = putursl medium; (5) to observe
changes ip morphelogy engendared by changes in composition of medium
and in temperature of cultivation; snd (4) to =ss.y for the production

of mn oemyluse sctive nt elevated temperaturcs.



& eolloetion of *{latesour

organisms” wog obtained from the Ratiowsl Chmmers Agsoelation, Wphington,
De Coy through the kindness of Dr. Jobm Yeusir. These ~re unidentifled
roumbered ecultures isolated from = vuriety of spoiled foeds. Tro suliures
were obtoined from the jAmeriesn Trpe Culiure Collsetion, Wighinctom, D. C.,
through the kindness of Dr, R. E., Gordon. Ope culture wos obtuimed
from the U, 8. Food and Iruy sdministration, throush the kindness of
Ur. Artlmr P, Pomnigan. One strain was » University of Morylwmd ztock
culture. 8Six culturss were isolsted from soil und mouse [eces, by en~
richment in ruirient broth (74 hours nt 55 C) =znd subsequent strezking
or dry mutrient ager plutes, irn such & marmer as to obtairn iesolated
colonies. Repested strezking of 2ingle colonies wus congidered to nssure
purity. This collection of cultures wag consldersd representative.
Taxonomie study of the cultures employed wor limited to desmonstration
that all were famsultative, sporogencus, gram-pogitive to gram.worisble
rods, and to determination of growth 2% 35 G, 55 C axd /5 €, Thig lust
wag done by the aimple method of smesring u drop of 20 te 24 hour broth
enltuare (55C) over the emtire surfaee of = tube of glirted ngar, and in-
ecbating st the three temperstures. Growth 4 585 C nd 65 € wiz dwuye
auite prompt, while st 35 C sometimes Jid not wppe.ur wntil 3 devs. AL

caltures st 35 C were ex mined np te 3 weeks. Tible 1 zhows the sources,



Tatle 1

Kumber, source, and growth temperature range of cultures.

Fumber Source Isolated from Growth at
35 C 55 € 65 C

10 Univ. Md. ? + +
26 NCA® corn * +
1356 KCA hominy + +
1462 RCA pampkin + *
1503 BCA peas * +
1518 NCA corn * +
1792 HCA corn + *
1805 NCA corn + +
2156 HCA norn + +
4103 RCA string beans + +
4298 KCA corn + +
NRS 91 ATTCH* ? + -
1215 KCA hominy +
1264 NCA pumpkin +
1460 KCA pe=8 +
1508 HCA eorn +
1734 NOA beets +
1863 BCA milk +
4160 RCA nilk +
3401-1 FDARSH tomato juice +
KRS 27 ATTCHH 7 +
E-1 isolated fertile scil +
E-2 isolated fertile soil +
E=-3 isolated fertile soil +
e isolated clay soil +
c-2 isolated clay soil +
HF-1 isolated mouse feces + ¥

#National Canners Association.
*#*imerican Type Culture Colleetion, identified as B. stearothermophilus.
*¥#]J, S, Food and Drug Administration, tentatively identified as B.

thermoacidurans.
wi¥¥imerican Type Culture Collection, identified as B. coagulans.




znd temperature requirements of cultures studied.

Haintensree of cultures. OStoek cultures were kept In the refriger-
ztor or agnr slonts of the follewing cewposition: tryptiecse, 1 per cent;
yenst extruct, 0.2 per cent; ¥all, 0.5 per cent; gur, 2.0 per cent;
final pH 7.7 It was found necesssry to transfer stock cultures frequently
in order to obtain growth wher subeultnred in broth for prepirution of
test ecell suspensions. In order to msintuln some striims, it weos fownd
neeessary «lse to :llernote broth snd ager subsultures. This lterpotiom
wag necomplished b the use of the mediuvm sbove withouwt » = duplieste
set of cultures was covered with aterile 1light xinerd oil, nd kept in

the refrigerztor. These ell-preserved cultures were viable sfter 18 montho.
Haterizls and cenersl methods

Ir determinine suitability of

media, and testing constituents of the medla, for growth of the orgumisss,
adventage was taken of the rapidity of growth, snd the rapid rate of
fermentation. A Figher electrophotometer, AL wmodel, using the 425 B
filter supplied with the instrument, wns used to Jetect furhidity as a
meagure of growth., Orisntation experiments zhowed th:t most of the crome-
isme rapidly dissimilated glucose with the consezuent eceuml:tiorn of
abandant ~eid in the mediuvm. Arceordingly, the fir .l pH w0 eotinm-ted
colorizetricslly.

Incubztion. For inmbation -t 3% C :nd 55 £, doulle-wullad ir
incubators, without forced druft, were used. Thermomelers, immersed in
water, in severnl places in the inmecud.ftors, showed ih:¢t the Jdifferences

were in the runge of plus or mimms 1 C, =hiech wiz not considered criticsl.
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Berause of originasl low cystine content, -nd losses of crstine =,
tryptophane upon neid hydrolysis of ewsein, it wis necess:ry to fortify
the medium for continued use with these =mino =eids. Following the usuzl
practice, glucose was added. Althouzh Cordon (1947) 'nd GCorlon and Smith
(1949) expressed the opinion that zlucose is specifically inhibitory to
the "oblizate” thermophiles, especinlly a2t 65 C, these org:anisms were
found not to grow in the absence of glucose in the ezsein hydrolygote
medium. The zcid sensitivity of the thermophiles is generally accepted,
and proved in one instance by Hansen (1933): therefore, it was decided

to buffer the medium strongly. The addition of 0.5 per cent KZEPOA

was found sstisfactory. The addition of trace elements is also the common
practice in the use of caseir hydrolyzate media, =2nd traces of the follow-
ing compounde were incorporated in the earlﬁ work, until the inadvertent
omission revealed that better growth was obtrined without them: H3B03’
KI, MgSO,, FeSO,, MnSO;, CuSO;, ZnS0;. (For cuwmtlities used, see note
with table 2.) No sttempt was made to determine the need or optimal
concentration of inorganie saltis. Table shown the effect of rlucose,
rhosphate, and the trace elements on the crowth of 10 stenothermophiles

in the cazgein hydrelyzite medium aubove, supplemented with the required
vitamins.

Sterilization of insredients of buszl medium. A 10 per cent

solution of KgHPOA wag sterilized by autocluoving. Solutions of nitro-
genous materials and 20 per cent glucose were aterilized by filtration
through porcelain fummels (Selzs 02); coneentrated vitamin solutions

and other chemicals added as substitutions for vitaming, were filtered
through sintered glass funnels (Corning UF)., All filters were cleaned

with aqua regia.
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Table 2

Effect of addition of glucose, phosphite, :npd trace sulis® on 7
growth of 10 stenothermophiles®¥, at 55 C and 65 C, in
ewsein hydrolyz:ite nd in  "mutural! medium.

Growth response at
55 C 65 C

Natural mediunm
ne glucose 30%% 283
0.1 ¢ KZHPOA

0.5 % glucose
0.1 % K;HPO,

0.5 % glucose
- 0.5 % K,HPO,

Casein hydrolyzate medium
no glucose
0.1 ¢ XK, HPO
with trace elements*

0.5 % luoose
0.8 4 %, HPCA
with trace elements

0.5 % glucose
0.5 ¢ ¥, HPO
without trace elements

#*4 snlt mixture wee mode by dissolving the following coupounds in
500 ml water, without the aid of heat: H BQQ 25 mg; KI, 2.5 mg,
MzS0,.7H,0, 10 g: FeSO,.7Hz0, C.5 g; HS0% 4750, 0.5 3; %o04.5ﬂ20,
245 mg; ZnSOA, 2.5 mg. The mixture was féltered (porrelain) and
refrigerated to prevent decomposition. One-half ml wis added to
each 100 ml of completed casein hydrolyzate medium.

##Cultures: 10, 26, 1356, 1492, 1503, 1518, 1792, 2156, 4298, and NRS 91.

##%Fipures represent average turbidities of 3 serial 24-hour transfers,
of all 10 organisms. Turbldity messured with the Fisher electro-
photometer, AC model, using the 425 B filter. Figures obtained by
subtracting the lipht transmittance from 100.

Note: The natural medium was trypticase soy broth diluted 1lii;
the casein hydrolyzate medium contained biotin, niacin and
thiamine.



Sm21l umounts of the essein hydro-

lysate modium were prepared by lissclving (with boiling) the follewing
subgtanees in 95 al water: le~eystine, 1 mgy dl-tryplophune, 10 wmg;
ReGl, 100 hg; vitamin-free cesein hydrolvsate®, 0.5 g. After £il-
trotion, the sedium was dispemsed inte 100 ml pyrex bottlez or suitable
flaske, and 5 ml of 2 sterile 10 per cent solution of xzﬁfe&, and 2.5 ml
of a aterile 2C per caznt sclution of glucose were sdded. After ~ddition
of viteamina, or other chemlcals under test, the medium was pipetted into
sterile test itubes. The final pH of the medium was 7.2 to 7.Z. Large
smounts of the medium were more conveniently rrepsred by making a tep-
fold concentration of the casein hydrolyzate, NaCl, cystine snd tryptow
phone, which after filtrztion was zdded agepticnlly inm the proper smount
to previously measured =nd sutoclaved water.

Unless othervise specified, the baszl mediusm used throughout the
work wag prepared ns desoribed above, and had the following composition:

eagelin hydrolreate, 0.5 per cemts MNalfl, 0.1 per cent: crysiine, 0.00L1 per

centy g}ucose, 0.5 per cent; KZHPOA’ 0.5 per cent; tryptophane, 0.0l per cent.

HiTerert batehes of the medium, prepured from the sume lot of

easein hydrolysate, snd prepered from different lois of czrein hydrolyz:ste,

uping dlfferent inceulr, produced nom-identicsl growth resvonases-
sinilsir observation wag made by Woolley =nd Hotehings (1940).

Preparaticn of inoculum. Oultures were grown 20 to 2L hours at
55 € In centrifuge tubes coniaining 5 ml of asedium of the following

composition: trypticase, 1 per centi yesst extruet, 012 per cent; Hull,

1 Three lots from Hatiomal Dairy Research Labs., Ine., Oakdele, Long
Island, snd lot 388461 of Pifero Cuszmino Acids, were tricd and found
gatisfuetory.
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0.5 per cent; gzlucose 0.5 per cent; KQHPOL, 0.5 per cent, final pH
about 7.4 (Sterile glucose aud phosphute solutions were udded zafter
sutocluve sterilization of the rest of the medium.) The centrifuge
tubes were covered with »luminum caps during inecubation, and before
harvesting the cells by centrifugation, the tubes were closed with
sterile rubber diaphragm stoppers, of the type used in serum bottles.
This obviated the occurence of fragments of gauze or cottor in the
medium, materially lessened the possibilities for contamination, and
enormously speecded up the subsequent operstions. The sedimented cells
were washed twice with 10 nl of 0.9 per cent MHaCl, und finally resus-
pended in 5 to 9 ml of saline for use. 4An attempt wuis made to standard-
ize the cell suspensions only roughly, 2nd no measurements were made

on this xccount. Sueh cell suspensions contzined rel:tively old cells,
and pructicilly no spores. One drop from the tip of 1 ml serological
pipet contained from 350 to 10,000 viable cells, =8 determined by plate
count at 55 € in medium of the sume composition as thut used to yield
the crop, with the addition of = per cent agure. Orientation experiments
showed that the speelier dropwise iritizl inoculation was in no way
Inferior to the more laborious loopwise method and that repeated sub-
culiure was uunecessury before harvest of cells for test. Toennies

ard Gallant (1948) reported the same findings in their quaniitative
studies on bacterimetry.

Conduct of testse. The tubes of completed media, containing differ-

ent amounts of vitamins, or other tesis substunces, were preheuted to
the temperatures of incubition, and inoculited rapidly with a drop of

cell suspension. Four serisl Zi~hour transfers were made with a 4 mm



loop. OGrowth response wes obgervad by turbidity measurenent, znd by
colorimetrie estimation of the Iinsl pH stteined, 411 tests were nsde
by cultivating the orgenisme under test 2t iwo temperzitures (e. ge,

35 C end 55 €3 45 € und 55 €5 55 C und 65 €), beesuse of the possible
toxonomic significance of the ability to grow well st stuted teapers-
tares, and in the snticipation of {inding Jifferencez in requirements
st different temperztursa.

Unless otherwise speeifisd, the natural medium (used as a
conparison with the esgein hydrolyzate medium) had the following compo-
sition: Tryptiesse, 1.0 per centy yeast extract, Ol2 per cent; MHaCl,
0.5 per cent; glucose, 0.5 per cenijy K HPQ;, 0.5 per cent; final pH T.4.

Sereeniny of yitaming., The following vitaming, in the ranges of
concentration indieated, were dded to the busal medium, singly, nd
in many combinations: eholine, eslelum-D-pantothenate, riboilawvin,
pyridoxin, nlaein snd thizmine, 0.1 to lﬂ.@/pg prer ml; pteroylglntamie
acid' und blotin (free acid), 0.1 to 1.0 pg per ml; i-inositol and
p~aminobensoic 3cid, 1.0 to lﬂlpg per ml. Only bilotin, niscin snd
thiamine were found to be essentianl »nd stimmlatory.

Substitutions for witaming. It was found that meny of the
thermophiles required bhiotin and nisecin. Blotin ean be replased in
the mutrition of some bacteris by desthioblotin, oxybictin, oleic seld,
pimelic scid, aspartie zcld, and tween-80., Hisein ean be replaced for
some baeteris by the mmide, variocus derivatives of pyridine, nnd coenzymes
T and II. In this =ork, oleic aeid, pimelic neld, tween-80 ind desthio=
biotin were tested for biotin setivity: nicotinanide nnd Jiphesphopyridine

nnclaetidez were testsd for nizeln znciivity.

1 Folvite, obtained from Dr. Fenjamin Cairey, Ledsrle Lubs., Ine.,Pearl River,
K. Y.
2 Lot Co 4902, Schwars Labs., New York.
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the demand for bloiin, although this chonge in smount of growith wsas sn
egually wriable property. The enlture was repeatedly "purifted® by
gtreaking on very dry sgwr pleabes, which were picked ss early a5 colonles
appesred, usually in 1:-18 hours; a new culture wns itsken from the original
slant recelved; the phase of the culiture 4ld not appurenily vary. Yeot,
eonsigteney could not be obiained in blotin recuirement. Bsepeelially
clesmed glasswure, filters, caps, and bottles were used, but these
precautions likewise falled to produce duplicatsable results.

Exsmination of the tsbles indiestes that for best continmued growth
in the casein hydrelyzate medium, the concentrations of vitamins weres
bletin, 0.04 ug per ml; siaein and thiomine, each 1 ug per ml. It is
geosn slso that groups 2 and 3 orgenisme, which do pot require all three
vitamineg, zre stimmlosted by thelr presence.

Responses of the orgznisms to increments of vitamins were not
linesr, %When supplied suboptinom smoumts, howewer, the orginisme did
not attain the usunl low pH, »lthough vowth was substapilal, ap
measured by turbidity. A1) orguwisms exeept 4103 und 1805, irn the opiimal
mediua deseribed, produced 2 finel pH of about 4.5, thet is, they were
asethyl red positive.

Fone of ithe coaseln hydrolyzate wedis employved supported more than
about 60 per cent o5 much growih & s more cohcentrated natursl medium,
although zbout 100 per cent of the growth im 2 diluted nuturszl medium
{zee table 2). The incorporation of 10 times the optimel comecentrations
of vitsmine did not iaprove growth under the conditions deseribed.

The sdiition of (.05 per cent Blopsr EX to the casein hydrolysste
medium produced.practically identical turbidity as the maotural medium.

3 A liver exirsct, supplied for use by Dr. L. L. Laechet, lrmour snd (o., Chicngo
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rowth Testonses

B

ying amowts of biotin, visely =pd 1hlwine,
w BE 0 oama £5
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5 a5 13 128 1a 197 157 1 43 130
3% (36 133 1% 3

K sf | %8 18 | 96

c Jo iV 32 AL 1A T4 13 Tsa 15 135 [ i Les
L . 17 32 136 136 13 I3 |3 34 134 | o4 172

¥iversge of replicete furbldiltler of serdnl li-hour transfore, TFlores obtadned sy subiracting skt
trangzittince from 100,

#0rganien iz varialtlo in 1tr need for hiotin., 3See text.

In neither the eangeln hydrolysote sedfun, vor ln the tryptiesse waart extrict lueose thogphate neliium
414 thege ormriene lower the pH more than 0,7,



Fageniiscl vitomieny for enritherwophiles,

Of the 15 cultures of eurithersmophiles studled, & were found to
grow on continued subrulture, in the ensein hydrolysste redism comtaine
ing no vitanins, at 35 G, 45 0, ard 55 C. Do further study waz made
of thase cultures. The other 7 culiures were sll found to require
bilotin, pniacin rnd thianipe for good continued growth =t the three
temperaiures nbove. £ Pew experiments indiceted that growth wae less
prempt in the csgeir bhydrolyzete medin tharn inm the natnral medium
at all temperatwres, snd tocordingly., the trupgfers and readings of
turtddity were npade at intervels of 48 hours. Some of the oultures
appesred to grow slightly more shundantly, lut apparertly no more
repidly, in 1 per cent casein hydrolvrate. This ecomemntrstion wase
uped oceasionally. Im ciher respeats, 1) of the nmedis used in studiles
of the eurithermorhiles were the same 28 {or the stenotherwoephiles.

Orientation studies sghowed that in the medin esployed, these
ormmisneg were fa wotive as the steomothearsmophiles, im the Clasimilotion
of glucose, nrd that in 48 hours, grew somevhat more sbundamily.
Therefore, exsmination of fimsl pH wae limited Yo festing with methyl
Ted,.

Table 7 shows the growth response of the 7 eurithernophiles,
in eagein nydrolyzate mediun, upen the sdditden of varying amcunts
of bletin, rizeir and thismirs., Exanination of this table shows that
the orgsnisms produced somewhnt more turbidity, snd wevre consicerably
wore fretidione as to comecentration of wvitaning, than tle ztenothermo-
philes. This iz especisnlly marked when grown 2t 55 C. It is seen
slso, that the optimum coneentrations of the vitamins eorcerned, are
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the sume 28 for the stenothermophlles. Aguin, 10 timez these
concentrations did pnot improve growth, zlthough Q.05 per cent Biepwr E
made the csnasein hydrolysate medium entirely comparable to the notural
nediun, 28 determined by rroduction of the same turbidity.

Becillus congulang HBS 27 was tested by the same means, in
medis contalning verylng smounts of biotin,:niacin and thiamine, 4t 35
and 55 C. The results indicete that thir orgavism, which may be
typlesl of the group had about the same rerulrements at 35 C ag zt
45 =nd 55 C. Table & presents the data of this experiment.

B. Vitamir replacenments
« Hizmeilr replacement by niascirvemide srd diphosphopyridine nueleotide.

Baeteria for whiech nizein is 2 growth funtor ear usuully atilize
niacinamide as well. Jolmson (1945), however, fourd that Leucorostoe
sesemtercideg 9135 did pot use the =midein convention:l coneentrstioms,
but demsnded the free acid. UJonversely, Koser, ei al (1941) found
that for zome members of gerus Pagteurells, ndsein would not sctiefly
the requirement for the amide. The etmeept that nilzein iz converted
to the amide, and is then syntheeiszed into diphospbopyridine nucleotide
(DPH) sugpests that orgenisms which reguire niscin should probably grow
well or better when supplied coenszyme I (DPK). Koser and Kssail (1948)
found the contrary case with 2 strains of Leuconosice mesenteroides.
They found that very large smommts of the coenzyme suprorited slow
snd 8light growth at 24 € end 30 C, tut failed to suppert sny growth
at 37 Ca

The 10 cultures of stenothermophiles which hsd been found to



Tmble £

Growth of B. gosgulioms NR3 27, at 35 € ond 55 ¢, in eogein hydrolyszate smediuvais
with rombinstions of niacin, thismipe ond bPletipe.

Growth » £
e 22 L
#® €3 &
62 46
41 25
1o 0
0 0
0 0
G.1 1 .04 66 53
.01 1 Ce04 62 51
o 1 0.04 0 0

#iversge of replicste serisl AS-hour tranefers. PFirures revresert turbidity
ag mesgured vlth Fisher Electropbotomster, 106 .ninmue rendng of 1light
trenenlttance, usine 425 B filtsy.

#aCorrcentrstior of casein hrdrolysite, 1 per sant.



require niacin were tested in the casein hydrolysate medium, st 55 C
and 65 C, for their -bility to use Aiscinamide and DPE as replacements
for nisein. 411 cultures respond zz readily to the amide a3 to the
free acid. Hone of the organisas responded well to the presence of
DPE in ususl concemtrations. Tenfold increase in concentration of
DPY supported from 20 to 100 per cent as much growth as did vpiseirn,

at 55 C, for all emltures, but at 65 C, even this smount of IFE fulled
completely Lo satisfy the niseir demend for 2 eultures. For the other
T ealturee, elewaited concentration of DPF supported from 80 to 100 per
cent of growih as did pizein. Teble 9 ghows the respomse of the 10

culteres to wvarying smeunts of rniscinumide snd DPHE. Hegative tube
were reinoculated, and a fresh tube of the ssze nedium was inomilated
from & tube showing good srowth, in order %o sliminste the possibility
of technlieal errors.

Berause of the low order of setivity of the DPE prepuration,
it zeemed advissble to test it for activiiy for snothesr riscin-
demsmding organism. 8 var. sureus (ecarried ss
g sureuns 209, in the University of Maryland stock

culture collection) was chosen because this organism has been found to
require niacin or DP¥ (Knight, 1937a, 1937b, snd Landy, 1938), and
was found to grow well on serizl subeulture in the optimel cagein
hydrolyaste medium employed. Tsble 10 shows the =bility of the DPN
preparation to sstisfy the niascin demand of the mlcrococcus.

At the time of preparatiorn mmd use of the DPH solution, ne
knowledge of its purity was swveilsble, tat these prepsrations usenlly

zre & 1ittle more than 50 per cept pure, and it wap with this in aind



Talile ©

Reaponse of 10 stenothermophiles whieh require niuzain, when supplied
niacinanide 2nd DPN, if ensein hydrolysate medium, at 55 C and 65 C.

Organism _ °C  Kiloein

1 pz | ‘1 ‘ .x . ':, x Sg - 2 ;ng .,.
10 5% %* 51 F Aﬁlfw 50 F 42 20 Je

65 42 A2 Fiv 40 27 13
1356 55 L4 L5 L0 F¥ 24, 20
65 42 A2 38 Az 23 10
1503 55 50 50 A5 50 30 20
65 43 42 40 25 25 10
1518 55 1 51 44 40 31 16
65 43 42 0 30 25 5
¥RE 91 55 50 50 45 50 33 22
65 36 36 35 34 30 5
26 55 50 51 46 48 40 20
&5 40 41 36 0 0 0
1492 55 48 47 40 42 38 25
65 33 35 33 30 30 20
1792 55 30 29 25 20 20 20
65 20 25 20 0 o) 0
2156 55 51 50 L5 5 2 0
65 40 40 38 0 o 0
4298 55 46 4 42 46 32 22
65 37 36 35 35 30 5

#iverage of turbidities of 3 serial Z24~bour trangfers.

#MPrepared by Jdiesclving the coenzyme in distilled smter, and {iltering
through sintered glass {Corming UF). Amountis indiceted sre uncorrected
for aectivity, whieh was found to be zbout 50 per cent.



Taklea 30

Hegponse of Microcgeeus uyopenes ver. aureas to nivoeln
DPE preparctiom, 2t 35 €, in eszein hirolyazsie
aeilum contaleines bictin, 0.04 pg per mi,

and thisnine, 1.0 Bz per @l

Vitanin or ccensynme, contents per &

&

-2 odn i

i

Turtidity

Q
o
20 ne
2 ng
0.2 pg

b

oooare
i

TO*
0

79

65

10

#Turbldity of third serisl 24<hour transfer.

1ight trspsmittance subtracted from 100.

Fizores rapresent



thot the concentraiions were prepared., The stated rurity wee later
found to be & per cent. Fxaminatiom of table 10 ravesls thet 2 ng
per ml of DPN preparstion (uncorrected for DPE econtent) prives nbout
the same turbidity with the microcoecous ug did 1 P& per ml of nisecin.
This indioates that the DPN preparatiom had approximately 50 per cent
activity. Fomsible losses in filtration, errorz in welpghing and
dilution may aceount for the disparity.

The surithermophiles were found completely zble to use niacin-
amide in pluee of niseln, 2z were the stenothermophiles. The
eurithersophiles were found generally more able to use the DPN as
supplied than the stenothermophiles, Table 11 indiestes the responses
of the niscin-demanding eurithermophiles to varying smounts of rlacin-
amide and the IPFN preparation. Tubez of medlum prepared zt the same
time us the medium used for testing the stevothermophiles ond the
micrococeus were used. It is seen that 2 P& per 2l of the DFN prepa-
ration (equivalent to spproximstely 1 j;g DPR, o5 estimsted in the test
with the micrococcus) produced prectieslly the same turbidity ane dié

1 J.xg per ul of rizein.
7. Biotin replacement by desthiobiotin, oleie :zeid, pimelie «eid, and Tween-80.

The idemtifircutior of bictin es8 a growth Inctor for bacteri: has
introduced the important problem of mechsnism of its wutilizetion. One
appronch to this has been to present to the organisms rejulring blotin,
certain homologe, derivatives, or compounds which were found by elimi-
pation or chanre to have blotin activity in biotin~free media, or were
found to stimlate synthegis of the vitsain by microorgunisms. It wasg



Table 11

Response of eurithermophiles to nlacinszzide und IPFN

25 replseesents for nisecin, in easein
hydrelyszate medium, 2t 45 C snd 55 C.

Concentration of compound s PE per nl
P

Organism Temp Niszele Bizeinamide

120 0.1 ©.00 0,001 20 2 Oy

1215 45 58% 50 35 2 60 55 40

55 52 45 30 18 56 50 30

1264 45 58 L5 40 30 62 €0 40

55 55 40 30 18 58 58 30

1460 AS 55 50 40 20 65 50 33

55 50 45 30 20 €3 44 24

1508 45 47 48 32 10 &0 40 35

55 42 40 20 10 50 40 35

1734 A5 70 60 35 20 TG 40 35

55 60 38 20 15 60 40 30

4160 45 65 5% 38 30 68 60 50

55 60 45 3 20 60 50 50

KRE 27 45 70 50 3¢ 20 70 47 30
55 60 40 20 I} 50 37 20

® Figures for nlaein snd nlscinsmide represent the turbldity of the
cultures on the third serizl trensfer; those for the IFE, represent
turbidities on the second serisl trapsfer.

##4i11 eultures execcpt tide one were methyl-red positive.



found, for instanee, that desthioblotin conld replace bistin in culti-
vaetion of yemzsts, but falled for some members of gemus Lactoboeillug
(Dittwer, et al, 1944 and Lilly and Leonian, 1944). It bos beer chown
that desthicblotin is probably an intermedizte in the synthesis of
biotin by 2 streln of Penieillium chrysogenum
deathioblotin aects &3 an sntibiotin compound in the growth of lacto-
bacillns cssel (Dittmer, et al, 1944, and Tatum, 1945).

Among the other compownds that have been shown to be abls to

(Tatum, 1945) s although

replzce blotin In the growth of microorgunisms, plseliec aeid and oleic
acid were swailable for use. duVignesnd, et al (1942) showed that the
pizmelie seid requirement of & strain of Corynebecterinm diphtherisze
could be satisfied by biotin; Hutechings snd Boggzlano (1947) &nd
William, et al (1947) cshowed that olelc seid ecould replace biotin in
the putrition of certain laetic scid baellli. Tween-80, presumably
bocause of its clelec anid conient, was reported to possess biotin
aetivity (M1liams, et al, 1947).

As & preliminsry test, three stenothermophiles were grown in
the optimal caseln hydrolysate medium, chinged by the substitution of
verying smounts of olele zeid, pimelie seld, Tween-80, znd desthio-
biotin. Alse, the medium contalning biotin as well as the challenge
substances was used in order to see if sntidlotin setivity was present,
or 1f the coampounds tested were toxie in the conconirations usged.

Table 12 shows thet 2t 55 € and A5 C, ) pe per al of cleiec neid
or pimelic 2eld and 2 pe per nl of Tween~-80 exhibited neither nnti~
biotin effect, or blotin sctivity; that desthioblotin exeris no mnti-

blotin effect, bt iz instexzd n suitsble substitute for blotin, rt n



Table 12

Qlelc wveid, pimelic anrid, 30 and depthloblotin as re-

plagements for bictim, in cagein hydrolyzate
medium at 55 € amd 65 C.

0.04 none A5% L4 50 49 50 L4
004 cleie seid, 1.0 L6 F 54 50 45 50 F 74
O olele zeid, 1.0 2 z 5 2 5 2
0 olele acid, 10.0 0 o i} 0 0 0
0,04 pimelic acid, 1.0 hdy 43 51 48 50 F ¥4
0 piseliec aecid, 1.0 2 14 2 Q 2 e
0 pimelic aeid, 10.0 © ) ) 0 0 )
0.04 Tween-30, 2.0 YA £3 50 42 48 40
G Tween-80, 2.0 o v} 43 s 4] 0
0.04 desthiobiotin, 2.0 L7 L6 £0 L7 50 46

8 46 51 47 50 46

o dﬁatﬁoﬁﬁmg 240

#Figures represent the average of the turbidities of 4 serial
tranafers, and sre obituined by subiracting the percent light
transoittance from 100,
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concentration of 2 pg per ml. Since the concentration of desthioblotin
uged wes 80 much higher than the usual concentrstion of blotin employed,
all of the 12 stenothermophiles were togted in lower amounts, 1 to
C.04 pe per nl. The resulis of these tests appear in table 13.
Reference to this table reveals that desthiobiotin at 3 conecentration
of 0.04 e per ml, is sultable as s biotin replacement 2t 55 C and
65 C for 9 ecultures; that it 1s mitable at 55 € but not at 65 € for
2 enltures; and that it is unoultable at elther tempersture for 2
cultures.

8inece the 3 stemothermophiles initially studied showed ne re-
sponge to the presence of oleir 2nid, pimelic aeid, or Tween-8C, ihese
pubstances were rot tried with the eurithermophiles. Talble 14 shows
the ability of desthioblotin, at a eomeentraiion of 0,04 J& per ml,
10 replace blotin for all 7 eurithermophiles, at 45 € and 45 ¢, as
evidenced by turbidity meazsurement and atisinment of low pH., Maximum
response was with 1.0 )zg per ml desthiobliotin, althongh 0,04 }zg per ml
satisfled the requirements suffliciently to produce the ususl turbidity

and low pH.
Attempts 1o grow stencthermophlles in chemierlly defined meodla

& prineipal zim of this work was to devise s completely synthetie
medium which would support good contiruwed growth, which might faeilitate
studier of sueh foutures as spore foraztion mnd germination, proteclysis,
smylolysis, and need for iporgrnic iona. Bo suech medium wos found,

Sinee the thermophiles here giudied were doubtless soil orpanisms,



Table 13

Response of 12 stenothermophiles to varying smounts of desthiobiotin
in ecsgein hydrolyzate medium, at 55 € and 65 C.

{Contrel
Bictin ,
0.04 3 Cad 0.04
L Croeniem 55€ 65¢C | 55C 65C(55¢C 65¢C |55¢C 65 ¢

Group 1 10 50% 42 48 38 4B 38 46 36
Sl +* * * + . * +

1356 L4 42 A2 41 L2 41 41 AD

-+ <+ L J L 2 L J -+ L J »>

1503 50 43 50 34 48 3L 48 32

¥y * - + + + - -
1518 51 43 51 &2 A8 L0 i8 L0

+ + . + + * + *
KRS 91 50 36 50 36 50 36 50 36

Group 2 26 50 40 50 0 L7 0 L7 0
L J * 4 - -+ - - -

1492 48 33 & R 2 0

+ * - - - - -

192 30 30 30 25 20 20 15 10

»* * * + - - - -

2156 51 40 10 & g 0 o

‘.’ "' - - -— b - L

4298 A 37 46 36 L6 35 46 35

* * * * + . - *

Group 3& 1805 33 32 30 30 25 20 20 20
4103 41 40 B 3% 38 3% 3% R

*jverage turbliity of 3 serial 2i~-hour transfers.
#¥Results of "methyl red test®. # means pH about 4.5 or below. - means
PH above 4.5
##Thege organisms =re never methyl-red-positive in the caseir hydrolysate mediz.



Table 14

Response of 7 eurithermophiles to desthiobliotin as a replacement
for biotin, in casein hydrolyzate medium,
at 45 C and 55 C.

Coneentration of comp ound, mg per nl
Organiem Teup blotin  desthiobiotin
, 0:04 1.0 Opk 0404
1215 45 584 &0 55 40
55 52 56 50 30
1264 45 68 62 60 40
55 55 58 58 30
1460 45 5% 65 50 33
55 50 63 Ad 24
1508 A5 47 48 48 48
55 &2 46 4 42
1734 45 70 &7 60 60
55 60 65 50 52
4160 45 65 65 60 50
55 60 55 50 45
HRS 27 45 70 65 50 50
55 60 62 48 45

#£Figures represent the turbldity of the third serial transfer.,
411 eultures methyl-rad positive.
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oryanisms, and members of gepus Beelllus, it wae antiecipated th=t they
would be readily cultivatable in zome of the simple medis used for
other nembers of the gemus. Duplieation of ithege medin, and inoceunlse
tion with washed cells, showed that the ususl imorganie szlts with
ammonium compounds and glucese, with blotin, niacir, wmd thismine,
falled emtirely to support growth. In some imsiesnces, enormouely
heavy inoculstion from & young ager slant eulture vesulted in come
growth which did not continue, however, om second subeuliure.

The sultability of cusein hydrolyzate suggested the use of the
econstituent amiro seids, in the approximste propertionz found in cassin.
Frert when such & mixture was prepared, in two-fold and feur~fold concen—
tration, the media failed to support continued, or even very good, growth.
The sddition of 0,01 per cent yemst extraet did not render the deflined
medie setisfuetory. This observation suggested ibat s merked deficlency
existed. Supplementation of such complete zmino zeid mixtures as de-
scribed by Brewer, et al (1946) with glutamire, nuclele acid, asparagine,
ures, smmonium salis, porives snd pyrimidines, did not improve the
growth of the organisms. In eddéition to the use of the media zbove,
sttempts were made with s large veristy of amdxtures of umine snelda,
irorganic nitrogen compounds, and organic compounds. The mmino selds
in the mixtures were gelested because of essentinlity for the vat
{(¥itnhell, 1946), or because of structural formula, or merely nrbi-
trarily. All such mixtures foiled to support growth even upon mussive
inoculation. The zdiition of (0.0l per cent cuseln hydrolysate 2id not

greatly improve the medium.



mnipes #yvziiodpdy ulesww Twaiydo eyl J1 upujaevss oy Lijunjzoddo us
vejuesedd OSTY ITYL *#eAIND Wiwoal Jo Lpmys J0F USCOUD SRE Ulnals
oAty vpuegsadas w SYIMOL} OTQISTA 8OUs O} D S AT AAGGA { L83 POTTRF
qopae sesiunido pepuioal Lpnge juegsad k(g 80ufg  *0 9¢ 3w Joydyy
A(snomicue gua @3nd lecx® ayy qIuoyirw 'O g2 3¢ peATsIqe Bua Jdoaa
SIqUTa Tu303 380YSTY euR 9} aoys O} (LLOT) uwesudyy 44 pejsoded
sxeu *Q4YT wetRslo ‘o(TRdoBINITING W JO SGALNS Yjsosd eyl
*geIoads 40 @UlBIFS oY
SEOUSIBIITY OPNT JLOS}T saalosal sfuppuyy ul LHrandsty Yy Aniuesvddy
*9TYUIOe}er 308 Pua woTImIeyITeLd ‘uotjeqneut pefuoroad uodn uvas
3743 PeROs oge C(SY6T) saszulog pun Poeussul paw (9761) ussginen
Jo esoql Qe SUdnTlInA 3% 8I% SuOTIvAJeSqO e ‘unaTuIw pesod
~dng @yl »07eq In7 wesnisaedwe] 3 204B serTiydomaeny Aypwasusd 4wyl
perreddns (LLG1) uesusy puw (V2T 2I6T) Jeuun] put UOETIION

*SwgTaAREL0 ) JO Yla04d ul jIoved giiw *sacjus) yiaoad

PRATRLOI U YIIR seanyXIE (R Ijuciiony Ul Jo plow OUTWw Uy pIUs

OuTHE STHY SO HOTEnTOUY  *WIesww Ul SUPIsed plow OulEY Junpangc 90

PuodsE wyI 91 (YV6I) TI=MITH 03 Fujpaovos ‘qopga *prow opmwiuld
~£XoIphg~aiui(n 0u peuteiabs palodus SLINIIEL plen ouTww WYY

.

aud Jeuyany jou sua Fappuly TN ‘ejusd]

~Qapdy WiE4ud Wil S9LURLENE STYWUT opuUn el0m LUeTIQROP FUTTIRON puw
PATIRATIS ! JDATT % OT [HTLOuE ATYY Uy Img  ‘qiaodl xyeg pejaoddna
g xudolg 3aed Jud T°D JU uOTIIppw w3 ¥y ew piow oulwn ey} o)

peppy ATFFaelvw SusE JO Se0ulAfiOnposdun @Oy 03 Hwdjuce uy



*3 02 49 D ¢ IeylTe 4w ‘samoy (zz WigITe LATATITIE 0F PSTIuY susy
~Qe8u0 @Y} e{y §T 91qwd pus (¥ 03 Y Seandyl) sydual oyj Wowg wees s}
31 Cevunjelsed July W8I0 JIp JO SYVNDIATIPUT Jo pecoduoo seToLe
oys faeuuss OTTA w uy LTd¥TRE wTEe49vq opTTydonaeyy 3wyy (0E61)
POE JO ey Els SUY Jailineel fylooms J0u eXu foALTw AW
sgoangwiedmey JUSIBIITE MG 3¢ wlpew
IASARIIFP N) UT BOET UOTIRISURS ) SUTTIWD 0} pesa eq Asm
foauqd Bupdiipitom L(pydes ey uy *euri q¥Fruays » wo sjuted 3wqy o°
‘y pur f¢ ¢z 7 seamiyy wy useqgr <§ &v ‘emyy jeuredv pejjold esoa
saequns o4y Jo smgljawdol eyl cegmgpuaedesy {Ous U GRIPOE Yows UL
‘eouty JuaLeIITP 3¥ SUNOO @)wld o4y emoum ST BTQUL ‘0 9 pue D §§
‘D &7 0 $€ D Oz P pejeqURul ‘wipew Wioq uy fseamyne woay LIrwe
~IPOTIRd OpEE 20 FIUTO) CUOTIEQMAUT SANOY GE OF FT JOUJE PORUNOY
oxsn 3BT *LePy JuUed Jad Q' YITE POTITRTTON fwnipewm eqeydeogd
8poIn(d WOuarxe josed eswdTidisy Uy GprE eaea BJuULOV UL *JuUncd
o3eTd J03 joubyrv uy UTeiao 03 usywys L7Teorporssd eass Loyl weys
WeATE gy} puofeq uwoTiImaen FNOYLTA puv fAIBUOTIWIE &J0m @e[330q
eyl eunjues ojesdlosply wpessy uy O w2iuzdle jo O ¢4 3% SINTIW
aMOY~0Z ¥ JO TW Z*Q SvM WRInwoul 4y D Of 3% ‘£3T{T4e38 203
#Awp 7 pOYEQMOUT Baes pur SUTpOR Syl JO 384 OUL JO UOTLERFLILLE
aywiLdoxdde aegge eywdeocyd puar #s00nld Buafpps Jo suoyinedead
Tenen 89} Y3la 897340q Xexdd ye (0T @t pedudedd saea wipew eyj
(*peqiaosep Liemolassd gioxq eyrydeoyd esodnyd ovayxe jeved
eswdTdiay e41) smIpew [RANGEU JUSTIeaXe @v &% (wWnjpem 843 uy

qpeodd JO e3wa 4q peurtmidjep sw) YIaodd ol LIojUulolive o% Sus



o CASEIN HYDROLYZATE

[-1
- x x TRYPTIC ASE YEAST
e —

4. 22:5::;::—-—:::::::::::::
P—
zZ
o 3-
(@]
sl
'.—
S 2
o
o
O
O | -
!

0 T T

I | | 1
O 24 48 72 96 120 144 168 192 220
HOURS

Figure 1. Growth curves of orgsarism 10 at 20 ¢ an’ 28 g,
ir eegeir hydrolyzate and ip trypticuce vesst aviraet wedis
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Firure Z. OCrowth curvegs of crpanism 10 ot A5 €, in cugein
hydrelyzate snd in trypticsse veast extrsct media.
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Figure 3. Growtk curves of orgapiem 10 i 5% ¢, in
cagein hydrelysste «n? in trypticuse veist extiract mediz.
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Tadble 15

Plate counts of organiss 10, a stenothermophile, in optimsl casein
hydrolyzate medium nnd irn trypticzse yesst extract
medium, at 20 C, 35 C and 45 C.

Flate ecountis
Cagein hydrolyzate Trypticsge veast
Time(fours) gedium extract mediom
2¢C 0 22,500 22,000
22 11,000 16,500
120 20,000 26,000
220 50 30
33 ¢ 0 21,500 20,500
24 11,000 16,500
48 13,500 29,000
120 74000 26,000
220 20 30
45 € 0 1,500 6,000
1 8,300% 62,000
4 34,000 76,500
6 320,400% €1,000#
8 12,900 500,000
13 754500 11,100,000%
25 122,600 43,000,000
30 3,750,000 92,500,000
23 410,000 93,100,000
36 26,250,000 41,000,000
52 25,500 685,000
56 15,000 3,000
75 125,000 11,500
103 210,000 1,240
132 70,000 1,100

*Plate counts from which remeration timesz were ealeulated.



Table 15, contimmed

Plate eocunts of organism 10, s stenothermophile, in optimal easein
hydrolyzate medium and in trypticase yeast extraect
medium, at 55 C end 65 C.

Plate counts
hydrolysate Trypticase yeast

ed extract medium
55 ¢ 0 17,000 12,000

1 45,500 6,000%

3 14,200 4,000

FA 70,000 195,000%

5 270,000 n—

7 1,370,000% 1,100,000
12 64,,000,000 300,000,000
14 210,000,000 124,000,000
22 325,000 224500
24 64500,000 2,000
30 230,000 5,100
48 1,200 850

€5 ¢ 0 17,000 20,000

1 48,500 18,0008

3 19!% 3;&5@"@0

4 100,060 <2 ,000,000%

5 805 ,000% —
10 1,400 20,800,000
1z 20,000 200,000,000
14 19,000 124,000,000
22 2 4500,000 20,000
24 2,000,000 11,000
30 3,800 100
AB 1,200 29

#Plate counts from which genersztion times were caleunlnted,
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Tadble 16

Generation times of orgznism 10, at 45 C, 55 C end 65 €, in
casein hydrolyzete and in tryptionse yeast extraect mediz.

Hedinm ngraixwa ?aterml log® leg B Gm(z-era-tim time

¢ 5 ; minutes)
Cagein FA 1t & 5&5951 3&9}.91 5606
hydrolysate 55 4 to T 6.1367 A.B451 38.5

65 3 %05 5.9031 4.2738 222
Trypticuse 45 b to 13 7.041. 4.7853 51.5
yeast extrast 55 1% 4 5.2900 3.7782 36,2

65 1 to & TW3424 L2553 17.5
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Figure 7 shows the relative uniformity in cell dimension of

B. stearothermophilus NRS 91, when grown 24 bours in optimal casein

hydrolyszate medium, =2t 55 C. There sre unususlly numerous swollen
gporangis in thiz photomiorograph. Figure 8 shows the sppearsnce
of the saue orgsnism in the same medium for the same time, but
cultivated 2t 65 C, where the marked wariation ir cell dimension
is again epperent. Both slides staimed by polychrome blocd stain.

Figure 2 is a photomicrograph of o slide stained YLy the
malachite green-safranin method, te show gpores. The organisam is
culture 10, gromm at 55 € for 72 hours in optimal cusein hydrolyzate
mediun. Urusually mumercus spores sre seen. The sporangh are
gonetimes awollen, and the syoree are present in almost sny portion
of the cell.

Bacillus congulans NRS 27, when measured with an oecular
nricrometer, using ptained cells grown et 35 C ususlly was 0.5 to
0.7 p by 4.0 to 5.0 R while the cells srown st 55 C were mostly
less than 0.5 R X 5¢5 to Tsk pe Staining by Grun was most irregular
8t 55 C, .g». et 35 €, guite unifeorm, especizclly in esrly eulture,

B, stearothermophilup NES 91, when grown at 55 C was ususlly 0.8 .w%
5.0 to 6.0 P tut wher grown at 65 C varied from 0.5 to 1.0pm by
4.0 to 8.0 p. Greater wariations were often seen with this and 211
other cultures.

The percentage of szporss in the eultures was so amszll az to
nzke guantitetive estimation unrezsonable, tut the gualitative
chservationsg revenled thzt the esnsein hydrolyzate medium and natural

medivm were approximately equsally satisfagtory for spore formation,



Figure 5. B* coagulant« KBS 27, grown at 35 C,"24 hours, in casein

foydrcRys*i®O medium. Celle stained V Glessa. 160G X.
A V"

Figure 6. B. cofj?ul<ins KHS 27, .grown at 55 C, 24 uourt?, in cssein
fcrdrolysate medium. Cell® stained by Giemsae 1800 X*



>
\
1A \ / #
v
i ~ 4 v
>
Rsm 7% Stoagothwnnrryl- ®*'. *U; 'e*354C. zt

i» casein hydrolyeate sset-iia.

Cells stained by Gieasa. <1800 I.

48

"t

figure 8* B. gj*sS*SfflgBEM"yl 91# grown at 65 C, 24 hours,

in casein hydrolysate medium*

Cells stained fiy CSleaesa* 1800 X*



Figure 9m Organism 10, grown at 55 C, 12 hours, In casein i“rdrolysai®©
Bedim, Stained by malachite gr#on-»afr&»i» method* 1&00 1*



and that =t the higher temperitores, fewer spores vere produced,

In rare ingstunces did the spore count rise sbove 5 per cent.

hsEay m‘: n e#ll-fres prepavation from B. plearc-
aonhilus HES 91 for smylelytic zetivity

Imsenccki, et =21 (1942) 2rd Imsenecki snd Solnzews (1344)
reported thsi ihe production of amylare from thermophilic bucteris
is commerclslly practicable, The enzyme which Imsmenencki, st al
(1942) deseribed possessed o temperaturs optimum of 7C € to 100 C.
The production of auch sn emzyme would be of inestisable commereicl
value in the United Bistses. Fo such ernzyme 1o aveilsble, =nd
frequently nons iz found upenm repeated trinls (larson, 1947).

Binee the thermophiles =zre moptly cuita zetive ir stoereh
hydrolysis, one was chosen in an attempt 4o demomsirste zmylolytie
aotivity 2bove the usual temperastures. is 12 pointad out by Tmaber
(1949) and Imsepecii, st 21 (1942), nagylsee iz produced iu the
nbeenee of storeh, If abundant proteinicsous saterial iz nvallable,
nlthough the RBussian workers stated that = mors vowerful ensyme 1s
produced when the organisms ure grown is the pregance of atureh.

Baelllur stearcoihermor RS 91 wap chossn because it
grew so readily and was cetive in starch hydrolysis, and wez an
jdentified culture. It was subanltured 20 times at 65 € in » medium
composod of 2 per gent trypiicase, 0.5 per cert yeast extraet, 0.5
per cent KsHPO;, and 0.01 per cent soluble starch (Boker's), btefore
being inoculsted into the three test media below. (1) Trypiicane



sor hroth eontaining 0.01 per cent starch; {2) 1 per cent casein
hydrelyzaste sedium econtaining only (.l per eent glucose, and Q.2

per cent stareh; snd {3) the potato decoction deseribed by the
Russian workers. This was prepared by antoclavipg 100 g of very
finely diced clean whole potatoes zrd 10 g of &aﬂﬂg ir 1 litsr of
water for Z hours. The liguid wea decented into 2 sterlle container,
and inoculated with a fresh eulture when ccoled to 65 C.

411 meldly were dlupensed inte hslf-gallor mason jurs, which
withatood autoclaving well, covered with deep petri disbes. Control
Jars remsined sterile., The caselin hydreolysnte sedius or the zecond
day reeccived ner vitzmine, in order to revlenish those shich might
have been either used up or imaectivated. At the end of 18 hours,
no stsreh wes detectable (ledine) in sny of the three medis; st the
end of 36 hours, growth wss zhondsnt in g1 medis. At the end of
48 houre, eells wers removed by decantation and eentrifugation.

The supernmatant finide receiwvsd = 1ittle toluene for pressrvation,
and were immedistely tected for smylase activity. Then, the supere
ratant fluids were sterilized by filtration through poreelain
(8elas 02), and stored in sterile flasks in the refrigerstor.
Amylolytic anetivity was zgoir tested, ot 37 C, 40 €, 55 C and 65 C.
& eontrol was made by using = dilution of ssliva {1:100). The wvery
crude tert described by Hawk‘gg_g;,(IQAV) wag esploved in order to
obtauin «r indloation of the magritude of setivity present. This
erude method defines an "unit® of nmyloge as the smount required to

tring 5 ml of 1 per cent soluble sterch to the achroule peint in



10 minutes, under conditions of test.

Table 15 presents findings in testing saylolytie aectivity
of the toluene-preserved and the cell-free (filtered) preparations,
&t the 4 temperatures deseribed, st pH 6.6 and pH 6.8, These data
show that the demonstrsble enzyme pever exceeded 4 unitse per mlj
that it wes lsoet abundant in the essein hydrolyszate medium; that
& considerable smoumt was lost either by storage in the refrigerator
or by filtration or both; that it was active only =2t the convention.
21 temperatures.

8ince the amylolytie property of the preparations wus so
slight, it scemed useless to zttempt 4o purily or to comeentrate
it, or to use a» mors elsborate and zececurate titrimetric method,
such as that of SBandstedt, et al {1939). Hone of the other steno-
thermophilic cultures showed =ny more securmulstior of enzyme thun

ERE 91, or promize for eontinmed work,
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finding thet for the stenotherwophiles DFHE even ir mugsive znmounts
is epparently not ssatisfactory as a displscement for niscin is
umsnael, slthough not new. A fresh or more potent, or even differw
ently prepared, DPN preparationm might ir the future prove to be
entirely suitable for thesze crgunisms. The indieated inability

of some organlsms to use the coenzyme, requires, a2 suggeated

also by Koser and Kamai (1948), that consideration be given to the
rosgibility that there are other routss by which rniseln is useful
in the metabolisn of the cell. There exisis the possibility thst
the DPE molecule, as supplied, is of such a size snd in such an
undissocisted state that it 1s unchle to enter the cell; there
exinta ~leo the possibility that niscin is used for szome process
other than synthesie into coenzymes. Koser aund Kusai, howsver,

in their cultures of Leuconostoc, found evidence for DPE itself,

or some product with DPR setivity. In view of the fael that the
eurithermophiles were able to utilize DPE s¢ supplied (at 55 C),

it is poesible that 2t 65 C « comsidersble amount of thermal
alteratior ocecurs to the DPR itself, nlthough eoenzymes sre generally
rogarded ag belny at lesst fairly thermositable.

The optimal concentration of biotin was found to be rels-
tively high, 0.04 g per ml, and for xll of the surithermophiles
at 45 C and 55 C, the same nmount of desthioblotin was found
entirely suitable ng 2 displacement for blotin. Desthioblotin,
in the same concentration as wus found opiimal for biotin, was
suitable for the replacemen® of biotin 2t 55 C snd 65 C for § of

the 12 stenothermophiles, suitable st 55 C but not at 65 € for
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2 eculturesg, and unsuitsble st either temperature for 2.

Chemignlly defined medin. It was antleipated that these
soil saprophytes would be readily eultivable in simpls definzble
media. It iz regrettable that none wag found or devised that would
support good econtinued growth, for ir such &8 medium, the fate of
riseln =nd blotin, progress of spore formutiorn and germinantion,
demend for incrganic ions, end kindred problems would hove been
studied wlth more success than with the casein hydrolyzate medium.
Doubtless o sultsble completely defined medium will be found.

Crowth curves. Accepting the growih curves of orgsrien
1460, reported by Hansen (1933) as typiecsl of the surithermophiles,
and the growth curves here reported of orgsnism 10 as tvplesl of
the stenothermophiles, it may be concluded that some thermophilie
baoterlis are incapable of multiplication st usuzl, or lower tempere
atures. Ko stenothermophiles were iscluted from any of the scll
or feces samples tested, and it may be thet the stenothermophlles
are relatively infrequently fournd. Ordinsrily, no differentiation
is made beyond obpervation of growth at 55 ¢, and the present
clussifiention gives no aild in identifying orgsnisms isolsted,

The stuly of growth eurves in the optimal easein hydrolyszate medium,
zg challenged by the natural medium nmed, zfforded =n opportunity
to conpare the productivity of the simpler medinm. It wss found
that the natural medium was superior in that it supperted more
generations in a time interval, and more totnl generatiomes (guve

2 hirher visble count). The differenees were not so srest asg to



indieate that the casein hydrolyzate medium was morkedly deficlent.
The shortest gereration time found for the stencothermophile was
17.5 minutes at 65 C, in the naturel medium. Thieg is somewhat
longer then thet found by Hensen (16 mimmtes st 55 C in & natural
mediun), =nd » great deal lomger than that found by iudge (5 to 8
minutes at 62.5 € im milk).

Hor lo ationg. The studies of the effent of
tempersture of cultivation and compositlon of medium on zize and
shape of the orgsniems indieate that the casein hydrolysate cnd
the natural medis used produce celle whieh zre indistingnishzble,
that gpore formstion is sbout the same in both medls, and that
spore {ormuition is depressed at the higher tempersiures. It was
slso cbsarved thuil at the higher temperstures of inoubetion (i.e.,
4 ¢ for the eurithermophiles, snd 65 ¢ for the stenothermophiles),
the cells vary greatly in size and ghape, wherees at the lower
temperatures, the cells are relatively upiform. These findings
support the opinion of Cordon and Smith (1949) that messurement
iz an unrelizble criterion for identification of the thermophiles.
They proposge instead, differentiztion on basis of temperstures
of erowth.

Amylzsgse., Employing the medium advoested by the Hussian
workere for the producticn of ar smylsse which is active ot elevzted
temperaturss, s wall as 2n excellent natursl medium (tryptiecnse
goy broth, WPL), and ‘he cusein hydrolyzste medium, it was found

that none of the corgonisms in sny medium produced detectable



zmount of enzyme, secreied Intc the medlunm or sccumaleted upon
sntolysis, which wag setive at » tempersture stove 40 Co i~
doubtedly, the workers whe were sble to exbract so potent snd
ugeful an enzyme used s kind of thermophile of which there was

noe representative in thiz study.
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