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B&olHaa is chaotic* It Is tossed cm rs#H measurements* eosdlttofr of 
#p«r®agi% sad a fev hl©eb#&tcul characters# which sm acknowledged 
to to# quit# variable* Smith*. in Bcrgoy1# aanrl (Breed* #t aj*. 19i3)* 
stateds

the data ©*s the species of this group are so aeager that 
it. is not possible to of for & rational oysto# of classi­
fication . Many of the character & used for separating ttoo 

sped## sir# probably a# variable in this group m 
they feitt been foistd to to# in the mesophillc group* ia<&» img a knowledge of the limits of variability and la..eking 
other pertinent d&t&* th# present arrangement is rog&rded 
•as temporary only*
Ik an atteopt to sl&bQrate a s-cbmm o f elm®sifi©aii.©is*.

Sordoft m d  Smith (1949) wxaadUaed about 200 strains of thermophilic 
oporogsoom# bacilli* and proposed Hi# recognition of iso- general types* 
as regards tMperatkxr# r#latlon#blp#s (1) those which grow at the usual 
tempers tares (30 C to 40 0), tout not at $5 0; and (2) ttoo## which fail 
to grow at ttoo usual teaperatur##* bat grow well at 65 0* They adopted 
the nano BeeUlu# noAgalsaift Haaaor (teaser * 1915* tessostg end Hawser* 
1929* «#d terlos and Banter* 1932) it# representative ©f the former type* 
and Bacillus #t#Aroth#»#WEhilu# Bonk (Bonk* 1950) as representative of 
the latter 'group* Baem of the culture# they studied# which h.d been 
identified as Bacillus thermo aeldar m s  Berry (Berry* 1933) were shown 
to grow at 37 C and 55 G# hat failed to grow at 65 C* m 4  were therefor© 
called B. ©thorp so labeled grew wm 11 at 65 0* and were lb#re~
for® called B. stearothers*«3hliug* Muaerons other named strains studied 
wore considered to toe elenamed*

It has been shown ttfyt a# thermophilic bacteria grow rapidly at 
©derated teaperatoree* they also die rapidly (Bai*sen* 1933* taaeBecki 
and Solneeva.* 1945)* Stained eaears reveal enonaoms imebere of wgh©si



calls*, ***»<* the -risible count was found to wary fro® the total count 
by 50 to 100 p m  mmt* A# the cells grow rapidly* and sutolyse, «*jmlo 
material accumulates rapidly in. the medio®* Hi® production of amylase 
from thermophilic members of .genus B&eillMS la said to be commercially 
feasible (hssenenkt *m& Solnsera, IfM)* Herer (1927) indeed, contend­
ed that the diastase m & csatsl&ss of warn thermophilic soil bacteria 
» # w  active at temperatures where those mwymm of mesophtlie bacteria 
were denatured* Gmaghrem (1949)* using resting cells and awsometrlc 
methods, showed by detailed quaatltstltm analysis of the respiratory 
e»symes of thermsphlles, that the energies of activation are of the 
same magnitude as for *mesi©pMlte}t easy*®**

Studies of growth processes, using resting cells, were criticised 
by lafei and Schroeder (1941), became© the cells arc static and thus 
Incapable of producing new ensymes for those which are either consumed 
or thermally inactivated* Investigations of growth processes of thermo* 
philes might be facilitated by the use of a simple satisfactory mod in®.

The literature abounds with reports of staple medla which are 
satisfactory for growth of common soil saprophytes of the getms Bacillus* 
as well as the supposedly sore fastidious organisms* GXink^Tschermmitsky 
(1933) * for example, found that many strains of Bacillus «reot&os grew 
well In a medium composed of IfgSÔ , X̂ HPÔ , SmCI, FeBÔ , C&CLg, m& 
glucose, when supplemented with any of several ammonium salts* Growth 
was iqnmvtd, however, by the addition of 15 c?mliio acids* Indeed, growth 
was better in this inorganic soli - amine acid medium than in peptone 
broth, as measured by total nitrogen (KJeldahl)* Berner (1933), Stuferk 
(1935) &»d Eeigener (1935) were able to .grow mm? o f their strains of
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Culture©

Source and mt&atmamem of cultures* A eollaetleis of "flab-sour
argsualgng” m s obtained from th e l« tic « iis l t'hmmmrs issors ta tio n , B-nsMagtan*

B« C*# through the kindness of fe* John Ye&sir. These are unidentified 
mothered cultures isolated fro® m mrietf of spelled foods* Two maltores 
were obtained fro® the America**- IVp© Culture Gollemtiee, Ŵ shimgtoft, D* C*, 
through the kh»ht8t of Ik** It* E« Gordo®* fee culture was oht-lnsd 
frew the II* 8* Food and Brag Adwtmistratioit, throo-gh the kindness of 
Br* Arthur ?* Btumlgum* fe e  strata m s a tfalwerslty of d ry la n d  stock, 
culture* Six cultures were isolated fro® ©oil m d  mmme feces., tgr on- 
rldtaa&t Is natriwt troth '{24 bmrm 'at 55 C) astd subsequent streaking 
06 d ry m tr ic o t agar plates, 1b such & meaner as to obtain isolated 
colonies* Repeated streaking of single colonies was considered to assure 
purity* th is  collection of cultures m e  considered represents tire *

Tfeaasaealc study of the cultures employed was lied ted to demonstration, 
that all were facultative, •porogenorae, gram*»pe*litve to gras-vsrlabl® 
rods, and to determtaatlon of growth at 35 C, 55 C :*rd 65 0. This last 
was done by the simple method of mmrim* a drop of 20 to 24 hour broth 
culture (550) over the entire surface of « tube of sl-rated agar, md 1»~ 
eahattag at the three temper*tores* Growth »t 55 C -:nd 65 € ms -ilmye 
oauit© prompt, while at 35 0 sometimes did not appear until 3 d.v?ys* AH 
cultures at 35 C were ex;.'aimed op to 3 weeks. Table 1 shows the sources,



Table 1

Humber, source, and growth temperature range of cultures.

Humber Source Isolated fro® Growth at
■ 2 5 J  -Asjj,

10 Univ. Md. ?
26 MCA* corn

1356 MCA hominy
1492 RCA pumpkin
1503 PGA peas
1518 PGA com
1792 MCA com
1305 MCA com
2156 KCA com
4103 MCA string beans
4298 MCA com
HRS 91 ATTC** t
1215 MCA hominy
1264 MCA pumpkin
1460 MCA peas
1508 MCA com
1734 MCA beets
1863 MCA silk
4160 MCA milk
3401-1 FDA*** tomato juice
HRS 27 ATTC***hi- ?
£-1 isolated fertile soil
B-2 isolated fertile soil
£-3 isolated fertile soil
C-l isolated clay soil
C-2 isolated clay soil
SIF-1 isolated mouse feces

*
•*

National Canners Association.
•**Araeri«an Type Culture Collection, identified as B. stearothermophilus. 

s* Food and Drug Administration, tentatively identified a© B. 
t hermo aoidurans»

•»***Aiaerican Type Culture Collection, identified as B. coagulans.



and temperature requirements of culture® studied*
Ha in ten an ce of cultures. Stock cultures were kept in the refriger­

ator on agar slants of the following composition: tryptio&se* 1 per cent*
yeast extract, 0.2 per eenij Bad, 0.5 per cemij agar, 2.0 per cost; 
final pB 7.2 It was found necessary to transfer stock cultures frequently 
in order to obtain growth when smfceultnrad in broth for preparation of 
test cell suspensions* B& order to maintain some strains, it was found 
necessary also- to alternate broth and agar subcultures, fbl© •iliematlen 
was accomplished by the use of the mediun above without $r r duplicate 

set of cultures was cowered with sterile light mineral oil, md kept is 
the refrigerator* These eil-preserved cultures were viable after 1# month®.

Ha tori ale and general methods

Detection of .growth responses. Is determining suitability of 
media, and testing constituents of the media, for growth of the organisms, 
advantage was taken of the rapidity of ..growth, and the rapid rat® of 
fomentation* A Fisher eleetrophetoaeter, Ml model, using the A25 B 
filter smelled with the instrument, was used to detect turbidity as a 
measure of growth. Orientation experiments showed that most of the organ- 
isms rapidly dissiail&ied glucose with the consequent accumulation of 
a b u n d a n t  acid 1 b  t h e  Bedim. A c c o r d i n g l y ,  U s ®  fin il p H  w a s  estl» *ted 
celeries trie&lly .

Incubation. For ln<wtb&tton ah 35 C &©d 55 C, double-walled -air 
incubator®, without forced draft, were used. Thermometers, lasersed in 
water, in. several places is the incubators, showed tbut the differences 
were in the rfuige of plus or minus 16, which was not considered critical*
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Because of original low cystine content, and losses of cystine 
tryptophane upon acid hydrolysis of casein, it was necessary to fortify 
the medium for continued use with these amino acids* Following the usual 
practice, glucose was added* Although Gordon (1917) and Gordon and Smith 
(1919) expressed the opinion that glucose is specifically inhibitory to 
the "obligate” thermophiles, especially at 65 €, these organisms were 
found not to grow in the absence of glucose in the casein hydrolygate 
medium* The acid sensitivity of the thermophiles is generally accepted, 
and proved in one instance by Kan sen (1933) t therefore, it was decided 
to buffer the medium strongly. The addition of 0*5 per cent tjHFO* 
was found satisfactory. The addition of trace elements is also the common 
practice in the use of casein hydrolyzate media, ~nd traces of the follow­
ing compounds were incorporated in the early work, until the inadvertent 
omission revealed that better growth was obtained without then: H^BQ^,
KI, MgSO^, FeSO^, MnSO/̂ , CuSO^, ZnSO^* (For quantities used, see note 
with table 2.) Ho attempt was made to determine the need or optimal 
concentration of inorganic salts. Table shown the effect of glucose, 
phosphate, and the trace elements on the growth of 10 stenothermophiles 
in the casein hydrolyzate medium above, supplemented with the required 
vitamins*

Sterilization of ingredients of basal medium* A 10 per cent 
solution of K^HPO^ was sterilized by autoclaving* Solutions of nitro­
genous materials and 20 per cent glucose were sterilized by filtration 
through porcelain funnels (Selss 02); concentrated vitamin solutions 
and other chemicals added as substitutions for vitamins, were filtered 
through sintered glass funnels (Corning OF)* All filters were cleaned 
with aqua regia.



Table 2

Effect of addition of glucose, phosphate, md trace salts* on 
growth of 10 stenothermophiles**, at 55 C and 65 C, in 

casein hydrolyzate jad in ’’natural*' medium.

Growth response at
_________________________________________ S2_S_________ 65 C
Natural medium

no glucose 30*** 28***
0.1 % fUHPO,^ 4
0*5 % glucose
0.1 % k2hpo^
0*5 % glucose 
0.5 % K2HP04.

Casein hydrolyzate medium 
no glucose 
0.1 % K2HP0^cff.)
with trace elements*
0.5 % glucose 
0.5 f K^HPO^ 
with trace elements
0.5 % glucose
0.5 < K2HP0^
without trace elements

*A salt mixture was made by dissolving the following compounds in 
500 ml water, without the aid of heat: H^BOx, 25 mg; SI, 2.5 mg,
MgS0^.7H90, 10 g; FeS0^.7H20, 0.5 g; MnS0/.4%0, 0.5 g; CuS0^.5H20,
2.5 mg; %nS0^, 2.5 mg. The mixture was filtered (porcelain) and 
refrigerated to prevent decomposition. One-half ml was added to 
each 100 ml of completed casein hydrolyzate medium*

**Cultures: 10, 26, 1356, 1492, 1503, 1513, 1792, 2156, 4298, and NRS 91.
***Figures represent average turbidities of 3 serial 24-hour transfers,

of all 10 organisms. Turbidity measured with the Fisher electro— 
photometer, AC model, using the 425 B filter. Figures obtained by 
subtracting the light transmittance from 100.
Note: The natural medium was trypticase soy broth diluted 1:4;

the casein hydrolyzate medium contained biotin, niacin and 
thiamine.



Frgnmratlon of basal medium. Shall amaniat® of the casein hydro- 
lysate medium were prepared fey dissolving (with boiling) the following 
safestanees in 95 si waters 1-eyetine, 1 mg| tryptophane, 10 mg$

100 mg; i&temim-free msei® hydrolysate^, 0*5 g. After £11- 
tr&tian, the medium was dispensed into 100 si pyrex battles or suitable 
flasks, and 5 si of a sterile 10 per cent solution of v « v  and 2*5 al 
of & sterile 20 per cant solution of glucose were added. After addition 
of vit&adns, or other chemicals under test, the medium was pipetted into 
sterile test tubes. Hi® final pfi of the medium was 7.2 to 7.1. Large 
mounts of the medlua were sore conveniently prepared by making a ten­
fold concentration of the casein hydrolysate, Had, cystine and trypto­
phane, which after filirs/tian. was added sceptically in the proper amount 
to previously measured and autoelaT&d water*

Unless otherwise specified, the basal medium used throughout the 
work was prepared m  described above, and had the following composition» 
casein hydrelys&te, 0*5 per cent? K&C1, 0.1 per eenti cystine, 0*001 per 
centf glucose, 0.5 per cent; K^HPO^, 0.5 per cent; tryptophane, 0.01 per cent.

Different batches of the medium, prepsred from the same lot of 
■casein hydrolyss&te, m d  prepared fro® different lots- of ease in hydrolysate, 
using different imoeul?, produced non-identical growth responses*
•isdlar observation was made fey Woolley and ButeMnge (194-0)*

Preparation of inocultia. Cultures were grown 20 to ZA hours at 
55 C in centrifuge tabes containing 5 ml of medlua of the following 
composition? tryptieaee, 1 per cent? yeast extract, 012 per cent; B&C1,

l Three lots from national Dairy Besewreh Labs., Inc., Oakdale, Long 
Island, and lot 3SBA&1 of Blfco e&oaaisso Acids, were tried and found 
satisfactory.
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0*5 per cent; glucose 0*5 per cent; 0*5 per cent, final pH
about 7*4 (Sterile glucose and phosphate solutions were added after 
autoclave sterilization of the rest of the medium.) The centrifuge 
tubes were covered with aluminum caps during incubation, 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 cotton in the 
medium, materially lessened the possibilities for contamination, and 
enormously speeded up the subsequent operations. The sedimented cells 
were washed twice with 10 ml of 0.9 per cent KaCl, and finally resus­
pended in 5 to 9 ml of saline for use. An attempt was made to standard­
ize the cell suspensions only roughly, and no measurements were mad® 
on this account. Such ceil suspensions contained relatively old cells, 
and practically no spores. One drop from the tip of 1 ml serological 
pipet contained from 350 to 10,000 viable cells, as determined by plate 
count at 55 0 in medium of the same composition as that used to yield 
the crop, with the addition of 2 per cent agar. Orientation experiments 
showed that the speedier dropwise initial inoculation was in no way 
inferior to the more laborious loopwise method and that repeated sub­
culture was unnecessary before harvest of cells for test. Toannies 
and Gallant (194$) reported the same findings in their quantitative 
studies on baeterimetry.

Conduct of tests. The tubes of completed media, containing differ­
ent amounts of vitamins, or other tests substances, were preheated to 
the temperatures of incubation, and inoculated rapidly with a drop of 
cell suspension. Four serial 24-hour transfers were made with a 4 ms



loop* Growth response was observed by turbidity measurement, and by 

colorimetric estimation of the final pH attained# All tests were made 
fcgr cultivating the organisms under test at two temperatures (e# g#»
35 C and 55 C| 45 C and 55 Cj 55 C and 65 C)» because of the possible 
taxonomic slgBific&nee of the ability to grow well at stated tempera- 
tores, and in the anticipation of finding differences in requirement© 
at different tempera turss*

Unless otherwise specified, the natural medium (used as a 
comparison with the casein hydrolyzate medium) had the following compo­
sitions Tfyptic&se, 1.0 per oentf yeest extract, 012 per cent; tt&Cl,
0.5 per cent? glucose, 0*5 P®r eetibf 0.*f per centj final pH 7*4*

Screening of vitamins* T3a® following vitamins, in the ranges of 
concentration indicated, were added to the basal medium, singly, and 
in many combinations ? choline, eaXcium~B~p&rtotJ^rsi©, riboflavin, 
pyridoxin, niacin and thtoatoe, 0*1 to 10*0 jxg per ml? ptaroylglutasie 
acid1 and. blotto (free acid), 0*1 to 1*0 jig per ml; i—inositol and 
p—iimtoofeemzoie acid, 1*0 to 1O jm  per ml* Only blotto, ni&eto and 
thiamine were found to be essential and stimulatory*

Substitutions for vitamins* It was found that many of the 
tberaojahlles required blotto and niacin • Blotto own be replaced in 
the nutrition of mme b&cterto by desthtofeletto, oxybiotto, oleic acid, 
ptmelic acid, aspartic acid, and tween-80* Siacin can be replaced for 
some bacteria by the amid®, various derivatives of pyridine, and coensyme#
I and II. In this- work, oleic acid, pimelic acid, tween-80 and desthlo-
blotto were tested for Motto activity; nicotinamide and dlphosphopyrldtoe

2nucleotide were tested for niacin activity.

^ Folvite, obtained from Dr* Benjamin Carey, Lederle Labs., toe.,Pearl River,
-  S* I*lot Go 4902, Schwarz Labs*, Mew fork.
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the 
equally

for Motin, 
variable

ugh tM© eteige tm monmt of growth was m  
flie emltur© wag rep-ea tedly r<

slant received* the

g ©el very dry agar j>l&bes* which wove 
} usually in 12-10 boors; a ®sw culture was taboo from the origins! 

I tee pm#© of the culture did not appereetly wary# f@i* 
could not he obtained %m biotic requirenset* Especially 

f filters* caps, sod bottle© wore used* but these 
likewise failed to produce duplieatable results#

Examination ©f tbs tables indicates that for best continued growth
In the 
bioiln p 0*04- mg per ml; niacin and thiamin#, each 1 mg per ml# It Is 

else that groups 2 and 3 organisms* which do sot require all throe 
* are ehiaolated by their presence*

Responses of the organism® to Increments of vitamin© were not

attain the- usual low pH, although 
by turbidity* HI orgaaaisas 

medium described, produced a find

* uw^twws * wtw ergoi
growth was substusttial* a© 
except 4-103 snd 1005* in the optimal 

H of about 4*5* that is* t

Kene of the easels
about 60 per cent as eueh growth ss a more eoneeiitrated n&turml medium*
although about 100 per cent of the growth in & diluted natural medium 
(see table 2)* The Incorporation of 10 times the optimal concentrations 
of vitamins did not improve growth under the conditions described#

The addition of 0*05 per cent Blopar 2?” to the casein hydro-lysate 
medium p-rwhir>iar3..pi»ar»-H naiiy identical turbidity as the matural medium#

A liver eactareeti for use %  Ur. L# L* Laefeet* Amenr and Co*,
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Bessntial vitamins for ewrlilwmopMXe8 •

Of the 15 cultures of eurlthermoptiiles studied * S were found to 
grow os ©on timed smtorulturo* i® the casein hydrolysat© êdiii® ©e»tais**
lug so vitamins* at 35 Cp <45 C* and 55 C* So further study was made 
of those cultures* The other 7 culture* were all found to require 
Motin, niacin mil thiamine for good continued growth at the three 
temperatures above* A for ©xgierisie&ts lsdleatsd that .growth was less 
pnwpt in the eeseiB bydreij-mte media than is. the natural medium 
at ell temperatures, m d  accordingly* the transfers and readings of 
turbidity were made at intervals of 4^ hours* Sea* of the cultures 
appeared t© grow slightly more abundantly* tut apparently no nor© 
rapidly* .in 1 per cent casein hydrolysate* this ecmentrstleft was 
used occ&sicsiftXly* X*? ether respects* all of the- media used in studies 
of the eurithermophiles were the same as for the ©ten©thenaophiles •

Orient&tisfi studies showed that in the media employed* these 
organisms were &s '-ictiw© us the sten©thermophiles * in the dissimilation 
©f glucose* and that is. 46 hours* grew somewhat more abundantly* 
Therefore* exaais^tion of final pH w*m limited to testing with methyl 
red*

Table 7 shows the growth response of the 7 eurithsraophilss* 
in ©*e©tn ^drolyzate medium* upon the addition of varying amounts 
©f Metis* nisei® iri thiamine* Itoaiimiion of this table shows that 
the organisms produced somewhat msre turbidity* and were considerably 
more fastidious as to concentration of vitamins* than the steuothermo- 
phile® * This Is especially marked when .grow® at 55 C* It is mmi 
also* that the optimum eoncerttr&tions ©f the vitaaiae concerned* are
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the ease as for the stenotheraophiles* Again, 10 times these 
concentration® did not improve growth, although 0*05 per cent Btopar E 
made the casein tjfdrolyz&b® medium entirely e<M*p-arable to the natural 
medium, a© determined by production of the same turbidity*

Bacillus coag-ulang IBS 27 was tested by the same mean®, in 
media containing varying amount® of biotin, *niacin and thiamine, at 35 
and 55 C* The result® indicate that this organism, which may be 
typical of the group had about the same requirements at 35 C m  at 
45 and 55 C* Table 8 presents the data of this experiment*

B« fitamis replacements 
* litccia replacement by niacinamide and diphosphopyrldlne nucleotide.

Bacteria for which niacin- is a growth factor ©am usually utilise 
niacinamide a© well. Johnson (1945), however, fmmd that ieaeemogtoe 
aesegteroides 9135 did not us© the emidein eonwentLonal concentrations, 
bat demanded the free acid. Conversely, Eoser, al (1941) found 
that for some member® of genus Pasteurella * niacin would not satisfy 
the requirement for the amide. The ocmeept that niacin is converted 
to the amid*, and is then synthesised into diphowphopyridisc nucleotide 
(BPS) suggests that organisms which require niacin should preb&bly grow 
well or better when supplied eoenzyme I (BFI). Koser and Kasai (194#) 
found the contrary case with 2 strains of heueomosto© m
They found that very large amount® of the ©©enzyme supported slow 
and slight growth at 24 C and 30 C, but failed to support any growth 
at 37 C.

The 10 cultures of ©tenotbermophiles which had been found to



Table 8

Qrtwrth ©£ B. e o a m ljm s  IffeS sit 35 € <.,r,c! 55 C, 1m %y«frolyS4t*- isedtiaBf*
isdth mmbir** biorm of Ktc\«*in, tfcl&idja© zb .̂ biotic

-....-.Titniia. ira&X ........ CSrowth rea
Hiaeifi Tbimiit® Btotiu 3s? C ... 55. C. _...__

1 1 0*04 66 * 53 *
1 1 0.004 62 46
1 1 0.00004 41 25
1 1 0.0000004 10 0
1 0.01 0.04 0 0
X 0 0.04 0 0
0.1 1 0.04 66 53
0.01 1 0.04 62 51
0 1 0*04

A
0 0

*Av®r«tg© of VQplimte serial A8~h&nr trsasfaarn. Ttrvr^m irew©s«r.t tarfcld&tgr 
a® mmmarmd w ith  H.*h*r Il««tr̂ ?>!i©t©»rfc*r, ICO r»iiiua rmn. Hag oC l ig h t  
tre&mlt&aRet* ustii* 425 B filter*,

•*Cbr:o.ecfe»*.ti©f^ e f  easftlxs hy&roXjz^t®% 1  > « ?  e * a i .



require niacin were tested is the m m i m  hydrolysaie medium* at 55 C 
and 65 Cf for their ability to wm discin&mid© and WB a® replacement®
for niseis* H I  culture® respond m  readily to the aside «* to the 
free acid* M&m of the organisms responded well to the presence of 
M  is usual concentration®* Tenfold increase in concentration of 
W% supported fro® 20 to 100' per eent as moeh growth mm did niacin* 
at 55 €5* for all cultures* bet at $5 0* eves this aenmt of DPR failed 
completely to .satisfy the miwein demand for 3 enltores* For the other' 
7 cultures, elevmted concentration of BPS' supported fro® SO to 100 per 
cent of growth as did niacin* Table f shows the response of the 10 
culture® to varying amounts of niacinamide and W%* Seg&tive tmfees 
were r©inoculated* and & fresh tube of the same medium warn imocnlated 
fro®-a tab® sheei&g good growth* Is. order to elislsate the possibility 
of technical errors*

Because of the low order of activity of the BPi preparation, 
it seemed advisable to test it for activity for another niacin- 
demanding organ!®®* Micrococm® .ggo.gen.es war* aureus (carried as 
Staphylococcus aureus 20f * in the University of tferylawf stock 
culture collection) was chose® because this organism has bee® found to 
require niacin or S W  {feigtit* 1937% 1937b* and tandy* 1938)* and 
was found to grow well on serial subculture in the optimal casein 
hydrolyaat© medium employed* fable 10 shows the ability of the BFH 
preparation to satisfy the ttlaeia demand of the miereeoeetss*

At the time of preparation and use of the DPI solution, tm 
knowledge of it# purity w m  available* bat these preparations usually 
-ire a little more than 50' per cent pure, and. it was with this in mind



m

Table 9

U m p m m  ef 10 stenatbermopblles which require niacin# whm .supplied 
nlaclsiaunide and BfW* ill casein hydrolyse ts medium# at 55 C end 65 C«

Qrgardgca °C Fi&cin KjaaiasjBld#. Bf phn gphcpgrld ine
10 55

1 «g03* I  J ig
51

OWlpg
45 ;

20 ng
50

2 pc42
0 *2 ug
20 J

65 42 42 40 40 27 13
1356 55 u 45 40 44 24 20

65 42 42 38 42 23 10
1503 55 50 50 45 50 30 20

65 43 42 40 25 25 10
1518 55 51 51 44 40 31 16

65 43 42 40 30 25 5
IBS 91 55 50 50 45 50 33 22

65 36 36 35 34 3© 5
26 55 50 51 46 40 4© 20

65 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
2156 55 51 50 45 5 2 0

65 40 40 38 0 0 0
4298 55 46 45 42 46 32 22

65 37 36 35 35 30 5

* Average of turbidities of 3 serial 24~bmur transfers*
■^Prepared by dissolving the ooensyne in distilled raster# and filtering 

through sintered glass {Coming OF)* Amounts indicated are un corrected
for activity, which isms found to hi about 50 per cent.
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fab!© 1/

Heepovjs© of Mirgrocoecug iygogeaea Tar. giireag to sd?c?in 
BPS prepareidor ? sit 35 Cf in casein hjrdrolysst® 

-uediwsi containing hioiimf 0.04 jag per ml* 
and thiamine, 1*0 jip per m3..

Vitamin or ©oensyme, contents per j?.
niacin BPN Turtidily
i _>ie 0 70#
0 0 0
0 ZOjig 79
O' 2ja g 650 0.2 pg 10

*T&rbidity of thlrdt serial 26*£xrar transfer. Fibres rapresert 
light tarasiemltt&suse enbtaracied from  3.00*



that the concentration$ were prepared# The stated purity was later 
f twad to he 6& per cent. Iramiyisiiots of table 10 reveals that 2 pg 
per si of I M  preparation (ufteerreeted for BFi content) gires about 
the same turbidity with the microeoeisms as did 1 pg per si of stasis*
This indict#® that the m  jmper&ttaift hod epprea&sately 50 per sent 
activity* Possible losses is filtration, errors in weighing m d  
dlls ties say aeooimi for the disparity*

The eorltherstephlles were found asMg&stely able to os# niacin- 
aside is place of stasis, m  were the stenothersephilee* The 
enrlthersophiles were found generally wmrm able to use the BFI ©s 
supplied then the stenethsroopfeiles* Table 11 indicates the responses 
of the nleelft-dewrading etiritbenwphiles to varying aisntt of miaeis- 
aside and the f f lf i preparation • Tubes of medium prepared, at the same 
time as the median used for testing the steeetlMnsephilee end the 
nleroeeeeas were used# It is sees that 2 jig per ml of the DPI! prepa­
ration {equivalent to approximately 1 jig D3PK, as estimated in the test 
with the gicroeoecus) produced praetloally the same turbidity «• did 
1 jig per el of nlae&u

Bio tin replacement by dtstMobistis» olei* a old, plselie acid, and TVesn-30*

The Identification of biotin es m growth factor for b&eierta hm-
introduced the important problem of mechanism of its utilisation# One 
approach to this has been to present to the organisms requiring bio tin, 
certain hosoXogs, derivative®, or compouads which were found by oltiil- 
nation or chance to have biotin activity In biotin-free media, or were 
found to stimulate synthesis of the vitamin by mleroor ggnisss, It m s



30

Tutam 11

W m p m m  of mdtlMmophil** to f&i&cima^id® md W U  
as replaavMmts for alanla* in easeta 
tgrdrolysate ®oiinat at 45 C and 55 C.

ConcentratiGft of eospottnd, pg par stl 
Organism T«af> liaein fii&elnaaldft X M

-.i».o_... -.0,1 0.01 0.001 20 2. 0.2
1215 45 5i* 50 35 21 60 55 40

55 52 45 30 m 56 5® 30
1264 45 50 45 m 30 62 60 40

55 55 40 30 16 53 56 30
1460 45 55 50 40 20 65 5® 33

55 50 45 30 20 63 44 24
1508 45 47 48 32 10 60 m 35

55 42 40 20 10 50 m 35
1734 45 70 m 35 20 7® m 35

55 60 36 20 15 60 m 30
4160 45 65 55 m 3® 68 m 50

55 60 45 35 20 60 50 50
H O  27 45 70 50 30 20 70 47 30

55 60 40 2® 10 50 37 20**

* Ftgifrmt for ataisla end KiacinaadLd© r®pros«®t th* turbidity of tbs 
eultur®s on the third. sorial, tarastafer? ttmo for iho EPS, ropraae&t 
turbiditt** «n thm emeaad serial transfer.

**111 culture® except ttdtf on® wmrm a*tfcgrl~redi positive.



found, for instanoe, that desthiebiotia ccrald replace bio tin in cultl-
vailon of jMftfi but failed for mm® members of germs Lactobacillus 
(Dittsaer, et al. 1944- and Lilly and Leonian, 1944)* It has bses stem 
that desthiobioti® is probably an IntarMdl&te is the synthesis of 
Metis by a strain of Penleilltug ehpyoganqn (Tatum, 1945)* although 
degthiobiotin acts as m  antibiotin compound is the growth of L&cto- 
baellMs mm% (Bittner, ®% ai» 1944# faton# 1945)*

teong tli® otter ecmEpotmds that haw been stem 'to be able to 
replace bio tin in the growth of Mcroorganisns» pt»lte acid and oleic 
acid were available for us®. dnTlgaeead# et (1942) showed that the 
plnelie acid requirement of a • train of Co:rfBeteoteri,i» dlnhthsrlae 
could be satisfied by biotin$ Hutchings and Boggiaao (1947) and 
William, igt aj. (1947) stewed that oleic acid could replace biotin In 
the nutrition of eartain lactic aeisl bacilli. Twe©tv-SD, presumably 
because of its oleic acid content, m s  reported to possess Motin 
activity (Mlli&ms, 4*4. 1947).

Is a. prelintnsry test, thro# stenothsmephiles war* grown in 
the optissal casein hp&rolymt® medium, ctenged by the substitution of 
werying amounts of ©lei® acid * pimeHe acid, fweeu-flO, and destfeio- 
biotin. Also, the '©odium containing Motin as well as the challenge 
substances m s  used in order to ©e© if cotlbtotin activity was present, 
or if the compounds tested were toxic in the concentrations used.

Table 12 show® that at 55 C and 65 C, 1 jag per .ml of oleic acid 
or piselic acid -and 2 jig per ml of ?ween-»&0 exhibited neither cntL-» 
biotin effect, or biotin activity\ that desthiobiotin exerts no sr«ti~ 
Motin offset, but is instead a suitable substitute for Motin, at a
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Table 12

OXete aeM, pimell© aeM, ®ai destbioMotiii m  r®~
pl&m m m t® for Motin, in ©a#®in Igpdrolysat* 

aedium at 55 C and 65 C*

OrgsnS^BS
Contents of wadigg. at/afl. 1536________1501_______ BBS 91
otto 6th«r J . S5 B 65 C . 5SC 65 0 . 55'C &  G
0*04 rone 45* 44 5© 49 50 44
0*04 oleic acid, 1.0 46 44 50 45 50 44
0 olede acid, 1*0 2 2 5 2 5 2
0 oleic acid, 1©*© 0 © 0 0 © ©

#*04 S&M&te acid, 1*0 44 43 51 4t 50 44
© pi^elic acid, 1*0 2 © 2 © 2 0
© ptmelic acid, 10.0 0 0 © 0 0 ©
©*04 fuecn^SO, 2*© 44 43 50 42 46 40
0 fee©**-©©, 2*0 © 0 0 0 0 ©
0*04 desihiobiotin , 2*0 f f l 46 50 47 5© 46
0 desthiobiotin f 2*0 m .46 51 47 5© 46

♦Figures represent thm average of the tarfedUUtioo of 4 aerial 
transfers, end sr© obtained, bgr subtracting the par cent light 
trammdttam* from 10©*
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concentration of 2 jxg per ml* Since the concentration of do8tblobloti&
used. w m  m  much higher than the usual concentration of hiofin employed, 
all of the 12 st^iotfeermophile® wire tested in lower amounts* 1 to 
0»Cg&jRg per ml. the results of these test# appear In. table 13*
Seferenee to this table reveals that destMoMotin at a concentration 
of 0.04. J*g per ®lf is suitable as * Motin replacement at 55 6 and 
65 0 for 9 culture®! that it is mi!table at 55 € but not at 65 0 fee 
2 cultures! and that it is unsuitable at either temperature for 2 
cultures*

Since the 3 atonethorsiophtle® initially steadied showed no re* 
spouse to the presence of oleic sold* plmeHc acid, or Tee«is-S0, these 
substmees were met tried with the eurltheraophile#* fable 14 shorn 
the ability of desihiofeiotin* at a concerntration of 0*04 jpg per ml* 
to replace biotin for all 7 enritlMwrnepbilee* at 45 C and 55 0* as 
evidenced by turbidity measurement and attainment of low pH* Maximum 
response was with 1*0 jag per ml desthleblo tin * although 0*04 Jig per ml 
satisfied the r@qmir«B®nt# sufficiently to produce the usual turbidity 
and low pH*

Attempts to grow stsmothsswojphiles in chemically defined media

A principal aim of this writ was to dewise a completely synthetic 
medium which would support good continued growth* which might facilitate 
studies of such features a# spire formation and germination, proteolysis, 
amylolysis, and need for inorganic ions. Ho such medium ms found#

Sine# the thermephile* her# studied were doubtless soil organisms*
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Table 13

Eespomg© of 12 stenotborne^phlloo to varying amount© of desthioblotim
in easoiii hydroly^at© ©©dim, at 55 C and 65 €.

...... (Control)
Motim

cwrtcewi iurtt jjr »k
Oestbioblotin

a *04 1 0*4 0*04Orr'anieKJ ...51.0... 65 C 55 C 6? G 55 f ...65. Q. ,..55-.iL..6f €
droop X 10 50* 42 40 3S 40 30 46 36

*** ♦ © ♦ ♦ ♦ ♦ ♦
1356 44 42 42 41 42 41 41 40

4* # © ♦ ♦ * ♦ ♦
1503 50 43 50 34 46 34 40 32

♦ ♦ ♦ * © ♦ ♦ ©
1510 51 43 51 42 40 40 40 40

© ♦ ♦ * © ♦ * ♦
ms 9i 50 36 50 36 50 36 50 36

♦ ♦ ♦ ♦ ♦ '«!» © **.

Gromp 2 26 50 40 50 0 47 0 47 0
© © © <*► <* ♦ *.

1492 40 33 « « ©
♦ ♦ — *» — **> *>

1792 30 30 30 25 20 20 15 10
♦ ♦ ♦ © «• — ** -

2156 51 40 10 7 6 G 0
© ♦ «. - ** — «©* —

4290 46 37 46 36 46 35 46 35
© ♦ ♦ © ♦ ♦ ♦ ♦

Group 3*** 1005 33 32 30 30 25 20 20 20
4103 41 40 30 36 30 36 36 32

^Average tiarbiaiiy of 3 ©trial 24~hoor transfer s.
of "ttetfeyl red. test*1* ♦ a «  pH abcmt 4*5 or halo*. - mmmn 

pH sham 4*5
***Th®«© organism© ar© uwer a©tbyl~r©d~p©si tiv© In th© casein Iqrdrolys&te modi,a*
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Table M

#f 7 enritfeeriiopMXes to desthiofeX-otlji as a rtf&MVMMKt 
for blotin, in oaseln hydrolyK&t# aeditaa, 

at 45 0 «nl 55 C.

Ceaeentratioa of a»fe»i| jag pear oil Or ga n i s m  Tesap M o t i n  d e a t M a b t e t l B
,        „,,..-,.,.fijflfc„, ......Itff.,..... .gg4 ....,9sS&   ...-.
1215 45 5®* 60 55 m

55 52 56 SO 3®
1264 45 68 62 60 m

55 55 5® 5® 30
1460 45 55 65 50 33

55 50 63 44 24
150® 45 47 m 4® 4®

55 42 46 44 42
1734 45 70 67 60 60

55 60 65 50 52
4160 45 65 65 60 50

55 60 55 50 45
H H  27 45 70 65 50 50

55 60 62 4® 45

^figure® represent the turbidity of the third serial transfer* 
All cultures seth^X-rad positive*
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organisms, and members o f gem* Bacillus* It ms anticipated that th&jr 
would ho readily eulilwsiabXe in sm® of the simple media used for 
other ambers of the germs* Duplication of these media, m d  inocula­
tion with washed cells, showed that the mens! inorganic salts with 
ammonium compounds extd glucose, with Matin, niacin, m d  thiamine* 
failed entirely to support pwih* In mm® instances, enormously 
heavy Inocmlatiou from & fwmg agar slant culture resulted in. mm® 

growth which did not continue, kwr®r, o& second subculture#
the roitaMHiy o f e m l A  hydrolysete suggested the as® of the 

constituent astro acids, in the approximate proportions found in  casein* 
Seed when such ft mixture w e  prepared, in two-fold and four-fold conoen— 
tnatle®* the media failed to support ee&timed* or even very good, growth* 
The addition of 0*01 per cent yeast extract did not render the defined, 
media satisfactory* This observation suggested that a marked deficiency 
existed* Supplementation of mmh complete amino eaid mixtures as de­
scribed by Brewer, e& (if46) with glutamine, nucleic acid, asparagine,
urea, aasKmiun salts, purines «nd pyrimidine®, did not Improve the 
growth of the organisms* In addition to the use of the media above, 
attempts were made with a large variety of mixtures of ^sdno acids, 
inorganic nitrogen compounds* and organic compounds* The amine m M s  

in the mixtures were selected because of essentiality far the ret 
(Mitchell, 1946), or because of staruatural formula, or merely arbi­
trarily. All such mixtures failed to support growth even upon massive 
inoculation* The addition of 0*01 per cent casein igrdrolysate did not 
greatly improve the medium*
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O o C A S E IN  HYDR OLYZATE
T R Y P T IC A S E  YEAST

4 -

3-

2 -CL
O

168 192 220120 14496
HOURS

722 4  4 8

F ig u re  1. Growth curves of orgarIsm 10 a t  20 C and 05 C,
Ir csseirt hydrolyg&te znd in tryptlease yeegt extract *aedi5t

 -----   CASEIN HYDROLYZATE
T RYPTICASE YEAST8-

7-

I-
Z.DOo

oo_l 3 -

4530 60 75 90 105
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Figure 2* Growth curv®% of organise 10 at A5 C, in caseia 
Igrdrolysate ard in tryptiease yeast extract media*



• ------• C A S E IN  HYDROLYZATE
 * TRYPT ICASE YEAST
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F ig u re  3* Growth curves o f  orgarieis 10 at 55 C, 1m 
casein hyirolysaie and in t ry p t lc a se  yeast extract media.

°----- ° CASEIN HYDROLYZATE
9~i T R Y P T IC A S E  YEAST
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F ig u re  4* Growth curves o f organism 10 at 65 C* 1b 
casein  tTydrolysate atid in  try p tle a s e  yeast e x t ra c t  media.



Table 15

Plat© *mm%9 o f orgnsdm 10, & a teeothermephlle, im optimal casein 
^pdrolysat© ©©ditm nnd in tryptica.se yeast extract 

©©dim, at 20 C» 35 C and 4,5 C*
Plat© ecmnta 

Casein bydrolysate Tcyptiaase jeast
m M sm extract moA 1am

20 0 0 22,500 22,000
24 11,000 16,500
120 20,000 26,000
220 50 30

35 0 0 21,5^? 20,500
24 11,000 16,500
48 13,500 29,000
120 7,000 26,000
220 20 30

45 0 @ 1,500 6,000
1 8,300* 62,000
4 34,000 76,500
6 320,400* 61,000*
8 12,900 500,000
13 75,5m? 11,100,000*
25 122,600 43,000,000
30 3,750,000 92,500,000
33 410,000 93,100,000
36 26,250,000 41,000,000
52 25,5m? 685,000
56 15,000 3,000
75 125,000 11,500
103 210,000 1,240
132 70,000 1,100

♦Plate ©aunt* from  which generation times were calculated*



fa b le  1 5 , c e m tim e d

Plate counts of organism 10, a atenoihermophile, ia optimal casein 
hydrolyzete medium and la tryptie&s* yeast extract 

medium, at 55 C m& 65 C*

Plate eouat#
Casein by&rolyzat® Trypticsase yeast 

Time- (Itors) medium extract medium

55 C 0 17,000 12,000
1 45,500 6,000*
3 14,200 94,000
4 7D,00@* 195,000*
5 270,000 —
7 1,370,000* 1,100,000
10 19,000,000 ---
12 64,000,000 300,000,000
14 210,000,000 124,000,000
22 325,000 22,500
24 6,500,000 2,000
30 230,000 5,100
4* 1,200 850

65 C 0 17,000 20,000
1 48,500 18,000*
3 19,500* 8,450,000
4 100,000 22,000,000*
5 805,000* —
10 1,400 20,800,000
12 20,000 200,000,000
14 19,000 124,000,000
22 2,500,000 20,000
24 2,000,000 11,000
30 3,80© 100
48 1,200 29

*Plate count® from which feneration times were calculated.



Tab
X© 

giv
e# 

th®
 
ge
ne
ra
ti
on
 

U
to
® 
ca
lc
ul
at
ed
 
fro

® 
the
 
fo
rm
al
®.



44

m m ®  16

QenermttM i ti*®ff of 10, at 45 0, 55 C «aad 65 C, is 
y®a*t «artr*et Mila*.

JjtianraX log b log B G&aoratioR time

45 1 to 6 5.5051 3.9191 56*6
55 4 to f 6*1367 4.6451 3S* 5
65 3 t© 5 5.903i 4*ams

45 6 to 13 7*0414 4.7S53 51*5
55 1 to 4 5.2900 3*7782 36*2
65 1 to 4 7.3424 4.2553 17.5
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Figure 5. B* coagulant« KBS 27, grown at 35 C, ̂24 hours, in casein 
fcydr©2ys*i© medium. Celle stained V  Glessa. l&QG X. ̂V "

•*»

Figure 6. B. co£j?ul<ins KHS 27, .grown at 55 C, 24 uourt?, in cssein 
fc^drolysate medium. Cell® stained by Giemsa• 1800 X*
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R s m  7* S?•toagothwnnrry1—  ®*'.*U; '•*35 ̂C. zt fapara,i» casein hydrolyeate sset-iua. Cells stained by Gieasa. <1800 I. t

;

figure 8* B. gj^sS^SfflgBEM^yl 91# grown at 65 C, 24- hours, in casein hydrolysate medium* Cells stained fcy CSleaea* 1800 X*



Figure 9m Organism 10, grown at 55 C, 12 hours, In casein i^rdrolysai© 
Bedim, Stained by malachite gr#©n-»afr&»i» method* 1&00 1*
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and that c-i the higher teaper&iorcc , fewer ^psres rare produced* 
2h rmre ia stances did the spore eoimt rise abenw 5 per cent*

Assay of a ewiWsree prefaratioo from j|* stesro-
lisas MSS 91 for asylolytie activity

Iwseneeki, eji (1 9 4 5 ) and Xmset&eefcl and Scl&asem (1944) 

reported tbet the production of m yl& m * from, ttomnsephilio bacteria 
is eoMMNrciallly practicable# the etusyme which BsiHMBecki , et ml 

(X942) described possessed a temperature eptlsm of 70 € to 10® 6* 
The p&mtaction of m nh m, mould be of ir#0tij»*b3t# ooMterei&l
value la the Wailed States* Bo usioh ensyae Is available, «®d 
frequently seas is ffeuad open repeated trials (Larson, 1947}*

Sine® t'he iberwephiles are mostly quite active in stareh 
hydrolysis, one was ehoeea Jm an attempt to demosstr&te »mylelytte 
activity ebeso the usual temperatures* 4® is pointed out by timber 
(1 9 4 9 ) 3 rd  Xnsoneeki, j | i  (194-2), asyl&se Is pro#ae«ci in the 
absence of starch, if abundant i'aroteiaacsotts. mtorial is available, 
ultbomgh the Russian workers stated that a eere powerful coeyee is 
produced whom tfea organisms are grown in the presence of starch* 

Bacillus o to ^r^ th erM a.^M lm s 115 91 wss oho sen because it 
grew so readily and was -settee in starch hydrolysis, wad m s  am 
identified culture* It m s  cubealtured 20 iieta at 65 C ia a medic* 
composed of 2 per cent tryptlease, 0*5 per sent yeast extract, 0*5 
per cent XgflK)̂ , and 0*01 per cent soluble starch (Baker*s)» before 
being iaoculated into the three test media below* (i) fryptiease



soy broth e m t a i n l B g  0 * 0 1  per c m t  starch; ( 2 )  1  per cent eaeeia 
i^dreXys&i© sodium containing only 0*1 per cent glmeose* and 0*2 
per cent starch; and (3) the potato decoction described by the 
Russian workers * This wa» prepared by amtoeXaving 1GQ g of very 
finely diced clean whole potatoes and 10 g of CaCO^ in 1 liter of 
water for 2 boars* The liquid was decanted into a sterile container* 
and inoculated with a. fresh culture when cooled to 65 €•

111 media were dispensed Into half-gallon mason Jars* which 
withstood m.teel&vlng well* cowered with deep petrl dishes* Control 
Jars remained sterile# The casein hydrolyaate ©odium on the second 
day received new vitamins* in order to replenish those v&ich night 
have been either ■used up or inactivated. At the end ©£ IS hours* 
no starch was detectable (iodine) in asy of the thro© media; at the 
end of 36 hours* growth m s  abundant in all media* At the end of 
AS hours# cells were removed by dceami&tion and centrifugation*
The supernatant fluids received & little toluene for preservation# 
and were immediately tested for ©aylase activity* Then* the sn&psr* 
natent fluids aw® sterilised, by filtration through porcelain 
(Seine 02)* and stored in sterile flasks in the refrigerator* 
Amylolytic activity was again tested* at 37 G* AO C» 55 C and 65 C.
A control was made by using a dilution of saliva (It 100). The very 
crude test described by Hawk ©& «3L (i9A7) mi# employed in order to 
obtain an indication of the magnitude of activity present* This 
crude method defines a •unit* of eaylase as the amount required, to 
bring 5 ml of 1 per cent soluble starch to the ©chromic point in



10 minutes, under condition® ©f tent.
fable 15 present® findings in testing asgrlslytle activity 

of the b©lue®e~pre©erved m &  the eelX-fre® (filtered.} preparations, 
at tbs 4 temperatures described* at pi 6*6 end pH 6*8. time data 
shoe tbst the dewmtrtthle easy*# never erooedei 4 unit® per ®Xj 
tbst it i8i least fttandacst in the casein lydroXysat# eediim; that 
a. considerable amount w m  lost either by storage 3® the refrigerator 
©r by filtration or %®th| that It was active only «i tbs convention-, 
el teafmratcsres*

Since the aiByXolytlc property of the preparations #»# so 
slight, It sesMHl useless to attempt te purify or to concentrate 
it, or to us# a more elaborate and accurate titrimetrie method, 
such as that of Sandetedt, «t a*̂  (1939). lone of the other steno- 
thermophilic cultures showed m j  more aecuenlatio® of mnyme than 
IBS 91 , or promise for continued work*
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finding that for the stestotheraeplsllea DPI even in Mssift amount# 
is apparently not satisfactory a© a dlspXaeoMit for niacin i® 
mmanalt although not new. A fresh ©r more potent, or even differ­
ently prepared., BP$ preparation, might in the itetnro prow t© be 
entirely suitable for these organisms* The indicated inability 
of mmm organism# to us# the coemsyme, requires, as suggested 
also by Koser -and Kasai (194®), that conslderation b® given to the 
possibility that there are other routes by which niacin is useful 
in the Metabolism of the ©ell* There exists the possibility that 
the DfV molecule, as supplied, is of such a else and in such an 
undissociated state that it is unable to ©alter the ©ellj there 
exists -also the possibility that niacin 1© used for some process 
other then synthesis into oaensymas* loser and Kasai, however, 
in their cultures of leueonogtoc* found evidence for BPK itself, 
or srnm product with BPS' activity* In view of the fact that the 
eur i thermophiles were able to utilise DFK m  supplied (at 55 C), 
it is possible that at 65 0 a considerable amount, of thermal 
alteration occurs to the DPI itself, although coensymes are generally 
regarded as being at least fairly thermostable*

The optimal concentration of biotin was found, to be rela­
tively high, 0*04 jig per ml, and for all of the euriiharmophiles 
at 4-5 0 and 55 C, the same amount of desthiobiotln was found 
entirely suitable as a displacement for biotin. Bestfetofeiotir, 
in the same concentration as m s  found optimal for biotin, wmm 
citable for the replacement of bio tin at 55 C and 65 C for 9 of 
the 12 stenotfeermophll.es, suitable at 55 € but not at 65 € for



2 cultures* and unsuitable at either temperature for 2*
Chemically defined, media* It was anticipated that the®© 

soil saprophytes would he readily cultivable in simple definable 
media* It is regrettable that none was found or devised that would 
support, good continued growth* for in such a medium, the fete of 
niacin and biotiti, progress of spore formation and germination, 
demand for inorganic ions, and kindred problems would have been 
studied with more success than with the casein hydrolysate medium* 
Doubtless a suitable completely defined medium will be found.

Growth curves* Accepting the growth curve# of organise 
L4&0? reported by Hansen (1931) as typical- of the eurith&naophiles, 
and the growth curves l»r© reported of organism 10 as typical of 
the stenothermophiles* it may be concluded that some thermophilic 
bacteria are incapable of multiplication at usual* or lower temper-* 
atures. Se etenothernoplsiles were isolate from any of the soil 
or feces samples tested, and it. may be that the stenothermepbllee 
ar® relatively Infrequently found. Ordinarily* no differstlatlon 
is made beyond observation of growth at 55 C* and the present 
classification gives no aid in Identifying organisms isolated*
The study ©f growth curves in the optimal casein hydrolysate medium* 
as challenged by the natural medium used., afforded asm opportunity 
to compare the productivity of the simpler medium. It was found 
that the natural medium was superior in that, it supported more 
generations in a time interval* and more total generations (gave 
a higher viable count). The differences were not so great as to



Indicate that the casein hyd.rolysate media® was markedly deficient. 
The shortest generation time found for the ©ten©thertsophile wan 
17# 5 minutes at 65 C» in the natural media®# Thin is somewhat 
longer than that found by Hansen {16 aimte® at 55 C in a natural 
media®), and a great deal longer than that found by Madge (5 to # 
minutes at 62#5 C is silk)*

Morphological variations. The studies of the effect of 
temperature of cultivation and composition of medium on else and 
shape of the organism® indicate that the eeeein hydrolysate and 
the natural media used produce cell© which are iBdisilnpi-lsfeafel®, 
that spore formation is about the same in both media, m &  that 
spore formation is depressed at the higher temperatures. It m s  
also observed that at the higher temperatures of incubation (i.e.,
55 C for the eurithermophiles, and 65 C for the Bte&othemopfailee), 
the ©ells vary greatly in else and shape, whereas at the lower 
temperature©, the cell® are relatively uniform. These findings 
support the opinion of Gordon- m d  Smith (1949) that mmMirmmit 
is an unreliable criterion for identification of the them&pkHee* 
They propose instead, differentiation <m basis of temperatures 
of growth.

Amylase, Imploylng the medium advocated by the Bnssi&n 
workers for the production of an amylase which is active at elevated 
temperatures, m  well as m  excellent natural medium (trypticas# 
soy broth, BFL), and the casein hydrolysate medium, it was found 
that none of the organisms in m y medium -produced detectable



amount of enzyme, secreteti into the medium or accumulated upon 
autolyeis, which was active at a temperature &b©T® 40 C* Ufc~ 
doubtedly, tbs workers wbo s w  a bis to extract oo potent and 
useful an enzyme used a kind of ihermopbll® of which there m s  
no representative in this staudgr*
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