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ettanlatiett a t  the 0*00125 pm  ant. le v e l and iahftbitiott with eoneeni r « -  

item® above 0.10 per c en t, Lankford (1944) found that the tfonooooct 

wer# fM&wnlat®* by a f iv e  eilXigva* per t e n t  egretlae addition to  paptone- 

h*tod£lofc£ji »§ar# IVant® (1942); reported good growth o f the aevilRgoeoeel 

at « cystine le v e l o f 0*00012 per mn%» Qvmmmtlm  (1945) reported  

irihSMttafi o f eeningooeeQt by oyetlise m d  the ' sRtdiua o f F ran ts1 only 

ed itab le  fo r growth when la rg e  iaocola  were need* Becenfely, Scti#rp and 

F itt in g  (1949) concluded thm t the  nadtnn o f Front® w ill  support the 

growth of nettingoeecei eith  enell ittoenla, even in  the absence o f glneeee* 

Ihe®# authors conclude th a t  the  growth o f aealngoeoocl in  the acdlan of 

Fr&nt® i s  no t the "ready end profuse growtti o f a l l  v iab le  eel la o f the 

inoetiltat” bi*t ra th e r  the Bgrowth of a t  l e a s t  om  o f  the cell® originally  

inoculated and the- produo felon o f a  tra ined  c u ltu re * .* ..o f  cell® *ith the 

greatest synthetic power®" and the aadlee of Frants, a deficient but 

a d e q u a te  n e d im *

Thle conception o f  ijrowth o f v a ria n ts  in  response to  the m&lmm 

e x p o s itio n  nap w ell be the asqplanatten o f the  extras#  v a r ia b i l i ty  o f 

c u ltu ra l eharacterlstie®  o f plgnented and. biochenic&lly a c tiv e  culture® 

y?fd o o tria f  me reported  by Qemkm (1921) and U lso n  (192$)* Oordoa 

had noted the rw teralen o f type I  2b Qfrftarrtiallp- a  rough, f r ia b le  grey 

eolflnFf to  a type I I -  with s i s i l a r  physical C haracteristic®  bat colored 

a pale yellow* Wilson had reported  Ices in  yellow pigmentation and 

In  bioebtm loal ferawibation® upon f iv e  eeariel subculture® ots. 

a s c i t ic  eger* Lankford and Skaggs (1944) a lso  have ind icated  th®' pro* 

duetie*  of variant® fro® eoearbosylase-deilcdeR t s tra in s  o f £* gSMGKr 

hoes#. is r lsn tR  which grew w ell w ithout a  stippleaent o f ghosphothianine* 

W® variant® were obtained by eaesttre inocula o r by c u ltiv a tio n  in  

*uboptlieai mamint® o f eooarboagrlaae#
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^te ta th tcna*  Qm&&9 Kam arid (1944) ■ reported an an tes*m fac to r

jcn u m t in  s c a t  in fusion  whldh, open addition  to  th e i r  parti& llyM i#ft»td 

m dlua , ctlMHSatoi a  tachdtold Inercaa# in  colony s i t e  o f i ,  ^anorrho—f ,  

nodd  (1944) noted f t#  grad-oal dependence of stock s t r a in s  of gonococci 

open £r1ntatelonof ''«lMm grown la  a  parteaU jM lefinod m&divm* Freshly 

iso la te d  s tm ts #  did not ro f id rc  ittu tetetono  b a t a l l  gonaeeeetse e tra ia # , 

os omntitKHMft sidsm&tui’# , changed to  g lu tath ione dependent carian te*  f t#  

-g lctetM aec w sen n i mpataMflfcder-fcjr s i f t e r  c y s tic a -e r  cysteine* Uadlar and 

tew ten g  (1945) % partlally -«d«fii^d  mmtifom with teyptone,

and glofcasiln# end m s m m f ^ X t j  e o lf tra d  #11 £* gcaarrtteeaf strain®

tested*

.ft# g tw ft o f Kciaccgla. l a  a synthetic eedioii lift# teen  rsported i a  

recent years# l a  c o n tra s t to ft# eonplex protela elacftre# employed la  

f t#  peet, f t#  reported idtrcfenous r#qmir#**&enta o f f t#  Walaserla war# fee 

und. stap le#  t e a k  (1942) cultivated »alngoeo©cl la  # iM iia  eonteivlag 

d-i, iuUK̂ de add  and cystine a# nitrogen ocweoe* Qrceseiries (1945) 

reported  ft# g re e f t  o f eeolngoeocei ia  ft ie  nodi## only wader str ic tly  

oontrollid conditions and with relatively la rge  inamila# fikossowies, i a  

tarn, proposal a apnilm containing sodiw® glu tsm t®  m  the so le  n itregen  

scarce and was able to  n&iot&ia wsdinls&sted g ro e ft ftrouglieub te a  s e r ia l  

eidHSulteree# $et*Mf ion# ami Id e l le r  (1944) propped a fo r f t#

m iltim tioB of JJ, i>onorrhoea# osat&iniaf glutathione, gltiiaalc acid  and 

Htatid&n# a# t&tregenoas sonro## bat indicated 'ft# media* was fa r  froa 

optical fo r  the growth o f ft® gonococcae* W«ltoaf Stoidnger and Carpenter 

(1944) jsrepared a  secHim fo r  f t#  c u l t l  v a tic*  o f J|» mmmrfamm, using , a# 

n itrogen eetareee, g lycine, c y s tin e , indol#»3«aoctlc ad d *  glutertic ac id , 

lew d n e , a rg in in e , h is t id in e , co ftloo ln#  and praline* vjpen occasion.
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bmm noted tbovt* H alted hmmwr, i s  finrailsfeXe an the

.growth o f the »eaH3oHi#g€nlt le ls se ria  epeetes •* species

other the® M# m m s lm m  « *  I* *M m ** the repo rt! in

lite ra tu re  iqplied a wore eoopilsx growth r«*plres*#ni of these epeeies to  

oM ltleo to  e  look of in te r e s t  In thw o nm*»3*thages&e Qeieaerla* la  

view iif1 the H alted  la fm a itio a  im tllabl* as the $renfth lofniifeaeot* of 

the gmmm ialssogta- ether than M. ^oaarifcosoo uni I* aealiiflfttldisf the 

preeent etadljr taw with these ehjeotiwso* {1} to  fe fiae  tho

mit&ml eltasda rm îdLrmsm^m of the m>e~p&thogeftie lslaa#rl&  anO (2) to  

ftttospt to  eeltlwmto these iljB&soagha species la  a e sep le te l/ sjjmthetle 

a M I o r *
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m vn m m  a w  m txm m C A t C M M e m isf ic s  m  w e  m m s m m m m &

A# sferpbeto^eal Characrterlott##

tli# o lo s s lf la a tlo a  o f  toe p*«a negative ##®**A o f  the  normal iwe®~

hm  received cmmidMmbl® a tte n tio n  in the p in t  knd to e  divergent

miew# have a tta in e d  promimmm* %« f i r s t  view 1# m btidled la  the

mtrrewt AarpMf.!# iiamml g f  I&toradj^&tl##. Bafttorlailafpr and represent# m

a t t e s t  to  olaeeifjr its# p s  negatlv# cooei, the  H#i###riar a# separa te

e n titie s  with spaed## d if fe re n tia t to n  m m g  the  e x is tin g  and reported

ettlttsr##* % e m wm d r im  mm  suggested tgr Wilson (1928) a# .follow#!

***** tfeiero l# f a t  p resen t, l i t t l e  ju s tlf ie a iie i*  fo r the r#co£?» 
s&ilon o f separata  opeeie# th# gram negative eo#et*«*wlth 
the possib le  exeaptU * o f &  emM rrh a lis .  *• shomld, th#r# fsr#9 
oog&lii# tli# raa a ia la g  type® in to  a sing le  species, with some 
apgaropriai# xssm auch a# £•

Ib is  v ia#  -ban considered tb s  w t a t l a n #  in  ooleiiiiil ftsrpfeelogy and pt#»

enwifcctie# reported  %  f le e r  and Mwiteoii (1909)f Gordo# (1925) m d  i l l# # #

C1920-) and had adopted the een##rvati** s t i l te d #  In  taxaoMQr*

% # organ!*## stud ied  in  te l#  im a t lg o t la B  wore of Vm gtmm

flei#mrpftf shrew#ganto and i®# oorbble* no&'pathegenie a id

characterised a# ^growing wall on ordinary mil tors media*?f Altooogh

thro# of to# strain# (JJ* flavgseens 974fe, 15.5# 157) w w  iootetod ftw

d»flt&to oases of meningitis# th# entire group of organism® fttedtod war#

considered mud m  s tra in s of e ith er £* mMSEhiMM. ®r

I* war# iaolndod* th# '.«altnre  4m®tgn&temm toe aatrooo

of the oulter## a re  l i s te d  in  W l s ' l #
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8t® f»iw » ‘jw fftiu u r ilMSww#|,,p |li X8MIS8 % t|fr mm I
$«$$**» f ta |w * $ rfx t *v&eom mXM rn^^t XMfcJH® q q f f mm %
9JL^m ^kKptm^Pfl #1|*<X»*S |@ 8 III9  %#X mm 1

9$mp3mm%%M m i& £ »0ltWE W ** mm 4
flur&ii* $̂Hi6H0®Si jb&XX®̂ jftOXf^ mm £i‘
MX%m *^%mm • mt%B& j«0XX«£ ^ mm fl

i y ^ i  *%®%om *vt%oam 3 p f f ' X»»^-nK» ^ t %
*%«%m X9W»J88 tlp X 1 ,1

J a o i |W 1 I #  $*|#f mm t
9£%%m "*3fefU8l8tXft *q%mm wsmm' % i|fff’ a o tt* ^  **P? i

*%%ym *11188918 J » j f  % i#xt X®80*HK> ■ $q$T «* a**%%*» *%n%m #!f$®€W8 sfirpl %sprt Zmifsjm* %t$T\ mm $m.% %®m %ef®fii f tt%©8Sl« X̂ smBxm %i$%} i

4»xi© ^i0 *w*m$ *Wmm : n o x i^  ¥ t* H - m yix^ -
4 * tc&'*?& *v®@ma §xv*» *oX T ^ tsf^T t ">n»* mm w c*XXm® 88|tlliC  t # T t mxx*A mm

,wlW |i" 'if ;ii3iT O W 5 " w m
WMSQ •4 mv*o

i p M t m
Ax*S I® 88T*«*»W .*r©  x*|n»teo p*» x 

(ptnm w N i) g »t<***

* £ t



Or&sx&Bm grmm m  hm £fl*r*m  blood m v m  J2eed£$eod

m i l  ee lo a les  a f te r  & m  hm r period m d  o f  the m lm & m

a tmm% presented a X l# b  ywltae-fcrovn appearance* % ia  pmtXm**

hpe® co lo r mm c a lle d  mmrmml in  th is  etftufer* fhest sneered ape® paper* 

io iW ir f: the  oaraael co lor o f th e  m lm lm  o ften  appeared as l i r h t  grasp 

igid. f% nBpfip weeOUidttd th a t the  j^XlesdJdi cen t o f Ĵsse *11*11 wan 

§m  th e  m m m l color* Washed* peeled c e l ls  o f fcfee m m  organlam* hew* 

« t i  oft®® presented a  w i i l r  o f  hi* e and 1® the ttHfrHdHreMgeaie .£» 

i^ ta rrK jilla  sp ad es*  grear# area® «®d pink co lo rs i e «  efeefsrved* %  ea l»  

i p . d M d  a c o l l a t e  absence of co lo r although aaif s tra in s  were l ig h t  

dPNtf 1® co lor whett cansstniid a® p iolaid ce lls*

% e presence o f gpeaiilgth'felle* were noted. wmmM the dhpewft*

genie s t r a in s  wtem c u ltiv a te d  ape® ir^ p tiea aa  aejr s lan t*  b a t the greenUfe 

mm%, mmmr appeared upon th e  patarl p la te  colonies* I t  le  mmwmd th a t  

the th in  growth o f th e  ehreiiageaLe ergsalM i*  end. acMMtesM^w&e etsw tae 

m  well* open, the  s la n t  re fra c te d  the  in c id en t l ig h t  mmI the  re frac ted  

l ig h t  ggv* an ir id e sc e n t appearance to  the  soloed®** the  green ish , 

ir id e sc e n t hoc* v i n  noted when «saber« o f  the J§» o& tarrhalfa g im p  m m  

g rm s  uptm fresblph^rcpared agar c la n ta  end the babes ro ta te d  In  the 

« « a l # t *  tb s  green t i n t  never appeared e i lh e r  open the  opaque ie e ff le p  

esonm s la n t  o r 1® the packed e e l la la r  m m *

nsm & nt ie o liit io n . C onfirm tcr^  evidence o f the absence of green 

p&gMuit in  iftiaaay ia  species was obtained %  iso la tio n  o f  ptgaenie .free 

the bac teria l c e lls*  the parted e e H a la r  nee* f re e  th e  ptgaent deter*  

■wdmMm mm  washed thoroitghXy with te e  «1 of pctrolais* ether* %  the 

- e th e r easpeiieta®* an equal velnae of ethanol wae added and the e tv ts r*  

a liened  to  renal® undisturbed* A fter m  bo«*rf the  ethanol h f ®  waa
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lb ,

cu ltu res was based prim arily  upon the  colony pigm entation, V ariation in  

c o l o n y  tex tu re  too noted In  one in stan ce , &  m r l M m  (2 km ),  o r ig in a lly  

a  smooth, g lis te n in g , yellow colony displayed &. yellow, ro u # -te x tu re d  

Irreg u la r  o u tlin e  a f te r  a year on CTk medium. Eventually, the organism 

reverted  to  the m r m l smooth form a f te r  successive tra n s fe rs  upon try p - 

tlcae© soy agar and reaained in  the smooth fo ra , Wilson (1923) had noted 

changes from smooth to  row # among some stra in s of his organisms, fo l

lowing five successive, rap id  tra n s fe rs  m  a sc itic  agar and th is  smooth 

to  rough mutation remained permanent,

the morphological appearance of a l l  stra in s of N eisseria in  th is  

study conformed to  the c la s s ic a l  descrip tion  of the -  gram

negative cocci In pairs or sm all ©lumps with adjacent sides s l ig h t ly  

f la tte n e d . Giant ce lls  were often  seen In the microscopic f ie ld s  hut 

th e ir  presence could not he co rre la ted  with any physical fac to rs  except 

the physio logical a c tiv ity  of the © ells. The g ian t c e l ls  appeared more 

numerous during periods o f rapid  subculture o f .the s tra in s  ra th e r  than 

l a  response to  sp e c if ic  s tim u li in  th e ir  environment.

t ,  Btochesdcal C h a rac te ris tic s  

Studies of the  biochemical reac tions o f the  cultures ©entered about 

th e ir  fermentation reactions on fiv e  sugars upon which the curren t 

c la s s if ic a t io n  key i s  based* Of these five sugars, the e arly  workers 

re fe rred  to  fkuetose as an "unreliable* sugar, although they continued 

to  employ th is  sugar in  th e ir  c la s s if ic a tio n  schemes* U s e r  and Huntoon 

(1909) reported the u n s ta b il i ty  o f fructose  when s te r i l i s e d  by In term it

te n t  steaming and in  the  presence of the basal su b s tra te , but th e ir  

experimental evidence was ignored fo r  fructose  continued to be used in  

the  c la s s if ic a t io n  of H elsseria species.
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twottft»9 o i  tfeo %%m o f o$sftl?*ls# otiovotf * nogotiwo obotAiiiilt •r '
fo r  rtd tto tn f tMgotw b /  tho «i$d M i n d  iooia* Hw ran& to

fafommfamMm o f rooltiool &%%hm$Jh Ixi oaporlaoatal

>  A m i  g m ltr  qjOonUJtatto* w%tMm%km o f iwsXloa# than fliwooo* 

lor# ooiieXttsirw ewldoaco o f d ire c t  om^ii&hte w iili**iJ 

t*lnod b /  ys» thanhem  mmmsam4 t te

o f  tho ®r&w&wm in  tho ptmmmm  of opoolflo oiifeotrot#.

Mao o» imftootor# 1b# teeML^no employed « a  oi 

wwr# grown on tvyptlaoMt oojr ol«isio tm  2b bmmm§ wwdtoi fra®  

with i&yolologiml ooliot owtf c#tslrtf«i«d* %#|r wore roooo* 

in sa line, ##olti.fO0 Kd Im4 Ogata separated. Tho oollo wwrw 

fiwo&jr oxtpvaM l l a  « outiobl#  wolnwo o f online «nd aovwtotf For fo

o f the mtfafrZmm M m  rwdteettow %tmm§ 

taboo w ith hollow otoppo.ro m m  mwi* In to  tfeo m im  fcdbo mm 

p ipe tted  2 sal of phoopbaii# tm ffor Co®It so la tia ?  3f Choptor t n } # 2 wl 

o f  H/5CI smbsirat© m l  1 M  o f aottaptaMi M m  m lni& m *  Cm  « t

o f oormtod ooXlo (70-80 par went l i # t  oboorptiea m  ftdbor olowtvarpfc** 

425 3 Moo f i l t e r )  woo latvwcfoood in to  the hollow 

v  4 ##ri©« o f tub## ptopirod in  th is  « m f  were owoimotod w ith 

o woetswi poop fo r  throw w tm teo onsi tsn*«reo4 l a  a  w ater both * t  X$ 0* 

fcffcor tm  otettteo# the tofcoo war# iwfortod to  nix the ooXot&tfeo m i  tfco 

fo r  the Moo co lo r i a  ©aefc tdbo to  dtooppear woe ootod« m th  eaoh



MTU#* a eoatrol tufea-aitfe ha« iaeluded, alao a m ntr® l

imfm #itts a boHacI *pael»en of ttw fe«*t*rlal rapczMKUtt̂  la iliia r af 

tim: oimfcr&'^iilgp*: w  cbars^d ao£ar: d n riq f Us# w y ra t d f -ife* eaef*:ri~ 

wenta* 'i4&<fatism %imm of a 20 par aaat imspamstaa of M* fMim (4) 

tsa tfe# p m m m m  ®t apaaific carb^r.ydrc-te aafeatrataa mm  rffeMi in tafela 

4*

fabl# 4

£«qp*rf m* of ladoofeioit %«&# «f Jlatiffidt*# &im fey J£» flam  (#4) i s  tto# 
i¥*»a*&io a t %ris*ii® Sartwkgrflwitaa and E la ted  Cosaposasda.

— ,lt1'":""1 ......................... .  l^aolM,iii«Ltl^_

3 4  •
T rm to a m
M k m f

tt*BHlta& a®*a®aiNwdl 4 4

. . M lmd RflKtiwl ...... -...-...... - fn r n ir t a --------- -----

I t  &ppm&‘M that tfm  m XnAtlm  tlm , mi g%mom mm ®%gsA£%mm%ly pnt*
.-s

%m$m$ I® m m m T i % m  ifca m tH M m  tlaa far M&toaa* ftlttUa* wepmrto*

« $ *  parfor«wrt with ar^adUm g» mrfliaai (12) and »* flam  (55) 1m 

:0mmmm mi $1mmm ®r *&««*» tttartvata* showed eoasw*r*bl# fatiita* a 

s ^ .  rapid att^ok of swOLtoaa.

, QidUlatIa» rate* »f mltoa# &a<$ felaeaaa ««r* obtained fey «*a#ari*i® 

aboarptton at t a iie i  Mai: iatarval* @f i«afe#* atoiigit a » *

t*l&*d ilaoasa or ®&ltos# as *vfe*trat*« th® rmmltm of a typiaal 

Pipper taaat mm ahova la  tabla 5 and ctlajprawaedi la  figttra 1*



|

flw m  o f M m, h f J> fltim  (#4 ) in  fm m w m  * f
Olotott m 4 MuLtmm

J ..... . tint..tdjM JteeraftUa..........  ...
ii f "“IT 1 9 ? f at. at Ht

5&S % 47 44 44 It 14 14 13 i s s

O&WKM 41 If n II H m H 3§ IS' 34
control 44 44 44 44 44 44 44 44 44 44

ftw  m p id  ntfc* m f mX%mm Its mm&h& m i wi%h gtm&m,

ty  Hi# J§»- flava sirtlft t* mM mA frm  tafel® $ mA tigsam  4# 

■Sfull*r retnlta wmtm ttotelMd 4adL4*t4«ii ratt# of a tltta*  m& gUm 

■mm mup# StttftdJMNi #4 tii’ Jf̂  metHmm. (12) And. flam  <55) * tXtttoi# 

t i  mm r ttU ttd  ttmi Mm Mumtotrrg *#timd rnpm iitm M g' Hit

tfellltgr of tb# fe a tttr ia l t e tp M l t^ t  in  tfc« prawn** of 

itiSasjdUnMi Wltt̂ i i% mm gwmMmmA %tem% similar osEtdation r*t*» pr*v*tl*S 

im  Mm tmtail noctiiMi and Mm% ml%mm mm m iM m 4  msA ftamMfttS'ttr*.. 

rap id ly  **w§ * itii m M  jwrndattUM tb m * *  $l**oitt mm  u t i l i t t *  ttin iif#

If »t «41# mttli 11441® ®)MMr«*bI* *eid ptmAmMatm
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w m i  m gm m m m B  or rws mmm m a ssm u

O riel and Bandi (1946) reported  a  M atin  requirem ent fear 24 strain®  

^  &  aieca* »e etfcar re p o rt km  fee©** fonnd re§enilqg tbe vtfcassin 

re<pslr*m$fite ©f the gran m qprtif* ©aeei o f th e  normal naaopharyiau 

ftrwBarnlfan of iaoeB lnu  %& ©pfaniaMi mad: aa lnocttla fa r  tfe# 

m^mrimm^m in  tfcie end the f t lim s in i •eefcioMi warn g ram  ttn w gis two 

i M i i  amMnltnrnsi on tsypU im m  *&y s lan ts*  Hm inooulm i wam prm$wm& 

an follow©i Growth on th e  a la n t anrfaoe wan rm m m iI w ith 5 ®1 o f fhja* 

aalifte* the © nil* eaatrUtypMI and the aw paraatent I l t p i i  

d lm rd e tf*  Hm peeked e e lle  were waatMMt w ith $ nil o f » a llae 9 e©f*fcri~ 

ftygaA again m& the  w gm m atant lia p id  dieenrdad. Hm paatsed e a ll*  warn 

•ttepefided fo r  tim  th ird  tin e  w itti 5 *1 sa lin e  and mm loop (ahoot 4 m

d ian e te r) o f th e  waatMMl c e l l  m » im m im  aarvwd an tnosmliin. f a r  5 ®1 o f

Hm tmeh mkSIm *

frwaaemtiati te a t  ia»dt*an> S traiim  o f ffoiaaarie were te s te d  fo r

growth ©is m M m  of the fellaa ln f eoapeeiUont

Caaaljt tsjrdrolafeeie* witaadii-free^ 0 .5  g
m m m m $ e*p. 0 » 1 |
Cyetalae 2 .0  s*g*t
ttyptdphaae .$0.0 . ega
m.% eolation* -" 2.0 s&l.
B ie tln  . 4 .0  Merograis©
tldBfid.ii hj'tfroehlorlde 10O0.0 aierograine
Oateima d*p»j*l©th«n»te 1005*0 nteregran*
? > r ito liie  h g fd r^ lo rid e  1000*0 M eregraa*
td ae in  1000*0 nteregran*
M a tllle d  w ater to  100*0 ml

pH 7 .1

^HSSeir* hpdwii^^  ̂fairy Keeearoh Mfeoraiortm f
laltljm re, Ttomtgjemtmd m  le t  #6*

* Halt eelntion contained dtaodlwa phosphate* 5 g$ petaaeimi ©felorldef 
0*09 g | aodttm dtdbleride* 0 .0  gf mgsseelmB stslfete, 0.06  g$ w ater to
ISO wSU



Hm m & lw mm m  follesef Hie easetn

fin est* *  opeteiiie end tryptophan* w e  dinsolved in  lose than Urn to ta l  

w®tmw o f voter*  the  s a l t  « n  prepared separately m i  aided

t© the ossein hydralysate Mixture* The aedtae urns nad# op to m \vm

w ith m tlm m nm  imp the mXwmm of sltaMin* to b® added la te r*  ad justed  

to  the denlsed degr©# o f a e i i i iy  tar esene of a  M m  p i ootor and 

s te r il is e d  %  f t l l r a t ts t*  thooogt fyrex sin te re d  g lass f  11 tors* the 

nsdlan a t  ib is  p e ta l was c a lle d  His toot mdtwn* s te r i le  so lu tion#  of 

tho wltae&isa s i r s  added oooptloall/ to His toot astftoi sad the esaplete 

aedlen <&*ps«ised In to  # ie r tl# i a luair*i»«4apped t e s t  tubes I n  5 ml 

m m iis*

l¥wfiiim tioii o f r ltm lm  sala.tionsA S ta r tle  so lu tio n s of sttaaine 

(eneept felo tln ) w#r«-p^f»n»«d by so lu tio n  o f th e  vttm&mm In  d is t i l le d  

m tm  s t  e^noontrstlim s of 103Q i&eregraa* per n l# s te r t l is e tls n  fejr 

sintered g lees n i t r a t io n  and storage of the eeasstitrated wltaatn solo-* 

tlono in  eottotMrtopporoA tubes a t  refrigerator tospsrotttro* ftUrtin 

woo disseised in  a  3  per mn% ethanol so lu tio n  a t  a fin a l edOoontar&tlOB 

o f 10 MdloraenMMi jw  s&» s te rilise d  by sin te re d  g lo ss f i l t r a t io n  and 

stored with tho otfew vltaMlns*

i t  tliis  point# a  prollntinoy o ^sfiw w t was undertaken to  dstendno 

the growth rm pm m  o f s tra in s  o f ?^lgseria to Hi# eeaplete wsdi^B* a 

s in g le  loop InooslotloiK o f a series of organises In to  the  eoaplete to s t 

i» d iw  oofitoisdfig Hi# f i n  rita n i.e s  re su lte d  in  Hi# appearane* of heavy 

follow ing im m batlon fo r j&8 hours* Slid## prepared free  

th# heavy flo e  revealed  the pvesenee of mlcrmrgmXmm mm m  th#  preei~ 

pilot®  and the p o s s ib ility  o f phosphate precipitation a t  the elevated pB 

of the m d l'm  appeared feasible* aeeordlngly* th® s a l t  so lu tio n  was



a t.

iM&ilMft m i a stMMtod ml% solution fo r fe# rmminder a f the «a$*rt*» 

jam te was adopted. Ha# Ewnr so lu tio n  wm mmposmI o f sep ara te  s a l t  

•n ltttio ii A1 ami s a l t  so lu tio n  # *  two sd o f each so lu tio n  added to  94

?tl of basal nadim prior -to the pif mdjmstsatfii* fSta fin a l pH of fee 

madias mm adjusted to 7.35* to el&ainato fee pfcosffeato

flaeatlfitisn  at a nor# elewited pH*

gasfflosjttoft o f h&nal agsdlua. the com position o f th e  b asa l m dtnn 

mmlaymi in  fete rasn& niar o f fee «xp#riaaiits o f th is  lu re# tl§ a ila s t was 

as foUoM it

CaMdUai byctralpsate* salfc-ffeoe* oitM dji»fr«o 0*5 $
Glucose* tt.p . - 0*1 g
C pvtsiat 2*0 p p t

50*0 mg*
S a lt so lu tio n  #  2*0 a l
S a lt so lu tio n  #  2 .0  id
m stiU o d  w ater to  200*0 ml

pft 7.35

m # b a sa l nndtisa wan prepared aa o u tlin ed  in  fee sec tio n  an P ranaratlan  

i £  ee<tly)|.

tho  complete to o t mmilmk o f oObooqaaiit aaqiarlaent* consisted  o f fee

b asa l nediuM a# m tm i mbm® w ith fen ad d itio n  o f b io tin  {free a c id ) , 4 ugf 

M « i »  lipdrnclilsrfcla, e a lsto n  d -i» u ta fe « a to # p y r lim lm  h0 rm shU rl4m 

mm niaoia* m dh in  1000 mmmtm*

fM iaU m rjr e&pexlsiettt© w ife the coapleie to o t asd ic*  ra su lto *  in  

grooth o f tho  to o t organisms mai no pradL pttatlim  o f tho  medium a f te r  

incubation fo r 4i  feasors*

1
Contained FoClj^RgO, 0 .01 g | StC lg.4% %  0.05 g f % SO ^.7^0t  0 .5  gf 

SaCl, 5 .0  gg w ater to  WO nd*

3 CMMdned SBgFOg (Soaranaan’a ), 1 gf (ci&pdrcni*)*' 3 gg wafc#r

to- 1QQ n l .



Beeralts* f# dwtwrwl&a tho  nosa& biallty o f a alaglo w itaslit* a 

sarioo of *1% baaaltMdia s tr «  f»r«$arod» on# aodltta eoataialag a l l  $ 

ftta » i» 8 # th® rowAlalftf mtA la oaob <t«fl®l«Kfe la  a oisgl® witandta aad

laooalaiad  w ith a se rie s  a f taa ta u t organi.***# fh« ra a a lta  o f ttita

m pm im m k mtm gtm m  la  tatel# #*

fab le  §

C&MwrHi laspoBg# o f 10 S tra in s o f H alaaarla to  tH# Cowplat* fo o t Hotifm 
Containing 6 TltMdav «*4 to  C c ^ le le ^ fo s t lladlm wttfe XaiM taU

Tltamim M f t i l i n

¥®®f3®t® ItiS  s*dio* t
wltamlma ®lljd«ftt*6 
indiwidmlly

Soltar#« fatted
n m 7? 647 sf# m r  m m  t$m  rm § u m

■®S OBllSSiO&J m m m St St s t .ft .ft m f t

l®»s thlaala St m m St St St 2t St st f t

I#«a oalolia 4* 
jmnt©tli ®uat® f t m s t St St f t St f t st s t

1**# alaolm St » m St St St f t i t i t i t

1#®« pjri<i®*iis® 
hy&roohlorld* s t 3* s t St St St st s t f t

loss blotla m 4» m «* m ** 4» m m m

Iwgead t ® a#- growth
i t  •  f a i r  f w t  
f t  s  a n ra g p  growth

Sht d a ta  prmm&mi la  tabl®  $ iad ieatod  th a t  th® orgaalan* war® 

unabl© to  grow la  tbo  absaaoo #f M atin*  U ta  l h i i  v ita » la  was pr®f®at#

good growth rssa ltad *  la  aid ltiom # tho.raaw lt®  tmSicat® th a t tins- 

o a ltw a i war® ab lo  to  grow thr® a#i four a o rta l tra n s fe rs  afeaa ®a®h . 

M tad ft*  a th ar than M otim  was #limtuiit®d»
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411 arpmdmm tested I s  thim  g tm  **11 i s  tbs p tm m m  of

b to ilit*  Orawtli of any »t*iglo strain mm m b  m tm im lJ y  m&mmM bp fcfeo 

jrc ssn e s  o f ©ifear v ita m lm  o f tivs B oosplaa;. lb© strain®  of £* e a ta rr*  

haftis ClQO mad 7900) 0tm  pm fm m lp  Is. the absonoe o f any of th* irii*~  

atss tsstod i s  tfeta experiment bob th e  tota l saosiit of grortli woo 

Itm rm m d  m a te ria lly  bp ISo addition o f b io tls; so o th er ribaa&ns under 

%m% warn able to affaob a s is lla r  «ro*th sttasla tleiu  Bines those 

orgsniaae shared food growth I s  tbs abasfsoa o f any ▼! basins but i s -  

m m m 4  growth bp Wm addition o f M§i!% they wore regarded m  *bi©tli*» 

sb im lab iid .1* The growth o f  a ll «* eatarrh&Ila strains woo s o t stimulated 

by th e  pr«#«fi®o o f M a tin  bob so  ooltars* o f other soeeies responded to  

feiotis I s  sls& lar s&sssr*

% dmbmnAm i f  additional jgraadfe atU nlatl** of ftpiaairia were 

obta&wifela by tbo addition of attar growth festers, an experiment, was 

pmiwnmd m&Xaptng; the fiws sitspdas of pwmimm osperiaento, rlbolljrfis 

m d fo lio  m id* tbs vitas!© mmmmtrmbimm i s  the sasplat* basal wm&tmm 

wmrm as follows* b istlii, riboflavin md fo lio  sold., ©*01 wlerograoo eacii 

pur «1 of basal sed issi oalaiwa IHaubofetiaMats, fyridoadJMi bydrocfelo* 

rids* tblawljt hytirodhlori de and Hlaol% oso ad'Osrô wsi sasti par s i of 

basal wdlwa* lbs fibofU vin and fo il#  sold w«ro aspoosa solutions, 

stool Hood and stored as noted for tbs ©#*r vitaalfta* 1Hs aedi* vblob 

•w o Isocttlatsd soaslstsd of a 'banal #wtoi® devoid of vltaolns, basal 

wediwe piss b iotln , basal mdfelisi-plos a ll  seven *1 taste* and tryptiaaso 

soy broth# Us* tvyptlsaso s-oy broth was included for sosparatlso pwr» 

pOfNNSe Ip lsa a ria  m m  wore lu x iirian tly  upon Ib is  ondla than upo® say  

otfcisr n a tu ra l taodiaaw tb s  r s s s l t s  o f th is  experim ent, a f te r  fo ar a o rta l 

t n r a f e r a ,  a re  a tso s  I s  ta b le  8*
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Tttblo i

fourth of 10 Strains of I%isa#rla in a 3&sal Medina pin® S tatin ,
a Gisapliit® Madinat Fins Id ta fU v lii and Folio  ^©10, and In  a  Jiattsral AMia*

Media
S S Ias “*■ H7i 14M 7000 772* 3173 m i i

i®t»X sione 4 47 6 11 72 Ul 4 5 4 a

ta * a l ♦ b io tin m 70 as 24 67* 34 14 u 4 14

Basel ♦ 7 vitamin* 43 f© 30 23 74* 33 13 s 4 17

Ibyptieae* ssgr broth 40 77 43 37 61* 4 4 40 12 S 35

* granular* rasdiftfs inaoe&rst®

ftta .re m its  o f th is mp&ri.m®% indicated that neither r lb o f la r in  «  

fol.1© ««£tf rendered ©say growth to  tfc» ®rga«i®'«s tested* >‘>a

® li$bt differenoee between reeding* w r«  not » lg tiifi© «tti. Of s ig n if l*  

ease®, fceremr*. m re rending* obtained by growth o f organism  In  tryptic 

ess® eey b ro th . In ecMpertsen with fcrypttoas© *®p broth# the growth In 

p a r tia lly  syntbeit©  M H a appeared Im is/tti® * spftllMt aad till®  dafleisMgr 

mm no t ra im iitb la  e ith e r  by th e  eddittea o f on® par east starafc* 0*01 

par cent yeast extras®# peramaiiiobenaoi© acid ©r i~ino*it®l« i t  want 

ha eoneluded* that either the conditioa* o f th e  experisent were m t 

■9&%i.mm or a r tta l im trib im  sabeianee# irrep lac ea b le  by th e  ritasine  

noted ate©*®* m o absent fro® th© eedfun#

ta rin g  th« iiw aatlga tlsm  ©n minim® v ita a in  raqulraasKta of 

a  ae rie*  o f organ!*®* m s r  te s t  did not respond to  tha praam©® of blotin  

in  the  basal aadltm  ho t p w  w all in  a  banal ®adin» ehleh oontalxisd fir®  

vitaeim® of th® B OQSplSSt* lb  detemdae th® *1tesla  re q e lrea ittte

o f ita se  orpm i® »t  s ix  wedia were prepared* on®- eedlua containing a ll
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Ham v ito K tas, b to tiii, n l» i%  paxftaVbamt* and Ud&a$M$

Wm rmmlmtng mdl&  aaeb d© jfl# i« t ia  a s la g la  ¥ i te s ta*  lb s  r s s a l ts  o f 

th is  sx p sria m i a f te r  laoo dU tlo ii ami $ s e r ia l  tra n s fe rs  a re  reeordsd

la  tab le  9*

ly to t  f

ftaspsnes o f 21 ia e la se ifla ii S tra in s  o f te ts s s r ta  i a  a  Ooiipiate 
te s t  a im  XMivicittal Ua&satoiMi o f M@tt% fontothim ate* *>rl«§©~

xlns, WLasis and %iaidJ*.

1 U L J U L A

Basel ♦ fisa

VcbyiMee 1* 41' AM&fe4tfe

riia d n s * •3 * 30 59 2£ 17 43 m  34 0 0

C w plato  lo ss b ia tin a  0 0 0 1 4  12 0 1 I 0 0

O sspisto le s s  s a la tm  
d-1'̂ -.r-tiithflimto n  aa 17 30 35 24 3S 33 34 0 0

Ctegslate la ss ppldwt*!* 
hytiroGtalarld* 3d 24 34 40 23 28 37 3$ 36 0 0

C m ptst* lass r&acin 0  0 0 0  0 3 3 0 # 0 9

CteS&ats la s s  m tsa fji 
t^dreetitorlde 35 a t 30 30 32 »  a  a 36 0 0

teclc of groatI* in  te a  etNgdate mmM.m l« o  niseii* Ind icated  ib a i Metes* 

mm te e  «e&* eas*m tial s i  te s ta  racgu&rsaen* m m g  te a  ia i i f f r i s *  

tit® s tra in s  X§ SI6* i f  4 , I* and 54 vwiw&ret a ia e ta  i»  ad d itio n  to  

fetsfctn fo r m v m l g reste*  S tra in s  o f 1 and f  rep a ired  n teeirj only fo r  

oantlM N l iprewte in  parttailjM tafiiN N l aeditsa* S tra in  L rs q a ir td  h i Oita* 

n iae in  and th ia a in  and me m o s tra in *  daaigfiated a s C alf and ^ # e p  

roHtwirad o te e r fa c to rs  or eestoim iiom  o f fa c to rs  fo r n o raal g rw to*  

SsbsequMit aaqperiaaiAs lad le  ated  to s t  in a rilt o f Slissp and C alf s tra in s
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tm »  10

m M m l fUtesist beeMrimimie msd Qtmm Wmpmm® of Sixty Strain® of 
$s>^thoj£*»te jeieawria ftroogfe Five frassfere In & CmmAm Byrirs3y*ftt»

Bpwskm m d  Stumia s&r&ael fito sd n  
f tit t ir a M s ts

n f  0*81
•e*w*jSh80BE îS8ii

e a l  ^YwfflHin
lad a r t  tO i Sth

W« *&iee»

1* e s ta r f ta l le  100

790O

a r t
si®3

n
02
S6
m
m
m

u
w
22
24
32
I f
30

14^5
7902
9913
I

22
m&

1927 
792f 
13 ■ 
S4 
ftiipi
34HS

4
55

I f f
157

J324&.

It# JNSTflaflRi

I* flee e

SCSI®
kfr**tia
sens
M etis stimulation 

none
M etis »ila®laM.«*n 
sen®
M etis)
none
M etis
%ui M mm.0*̂ ®3JEI
biot&n

M e tis
b io tits
M etis
Metis
M etis
b io tin  * n iac in  
M etis ♦ niaeifi 
M etis 
M etis 
M etis
M etis. ♦ MeMa

M etis
M etis
M etis
M etis
b io tin
M e tis
M etis
M etis

biotin
M etis

M etis
M etis

JM sM o   _____

57 55
m  m
H  54 
54 10
42 32
32 24
52 43
59 55
10 15 
22 42 
10 55
33 22 
22 10

13 15
7  13

m  22
25 17
33
4

33
20

14
10

50 35
30 24
23 12 
32 20

f
33

44 |7
23 23
K 10 
10 M
29 30
30 34

50 45
40 44

21 24
20 22 

JJL-JZ

m  03
72 74
04 
42 49

43 
00

m  57

30
23 2 i

00 
31 30

01
59 59

45
54 55

23 35
5 5

15 20
10 24 
30 4 i 
14 25
20 

i

12 25 
32 30
20 30
27 36

55
20IB  20 

44 5® 49
35 
15

17 20 m

3®
25
m
14

H  14
20 25 
35 9045

25 20 3®
I t  37 20
22 24 25

48 47 54 03 43

20 
30 
30 
20

13 12 24
33 27 33
33 30 35
30 30 30

02 65 60
30 50 53

27 20 10
23 l i  21

■10— 21 JSL
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37*

U ttttlw ilfM I 0 b io tin  * Meet** 10 18 as 30 30
0 jams m 43 5© 50 34
E 22 18 22 20 32
f n i» d n 20 20 I f 24 3@
J b io tin  * n iee itt s 17 13 3$ 25
I M atin  ♦ n tec iii 21 as 25 34 H
1. M a tin  ♦ itlmelft *

23 30 15 34 30
» M d la  ♦ H iid s  ' 14 as 15 m 24
O b te t ia  * ntaM n *

tM aM a ♦ pantothenate 16 u If m 15
P M o lls  * M aM s 10 u S 10 12
1 M e tis I f $ 10 17 9
S M eM e # fdao ia 13 22 13 m 26
T M e tis  * n ta a ia I f 10 10 14 14
0 M e tis  * slaM s 13 IS 27 36 34
f M tM& * M edia 11 14 12 32 as
« M a tin  ♦ nl&oHm 3 3 f 10 10

OQ none 33 39 42 3t a
0T4 w m 35 28 34 IS 35
® 6 M e tis  ♦ n iac in 34 65 44 10 62
O il M e tis 15 f S 6 S
a m M e tis  ♦ n is e is m 33 42 41 52
o n s M a tin  * n tm ln 20 24 24 26 30
o n * M o tin  * n lee in  ♦ 

ib ten lfi e jispridtoEiao
a p a a to t^ M t# 24 30 23 27 25

a m nee# 56 40 59 65 m

C alf HO mftte$m3tm ktlOHSBl.
mm i
tirTi Sffiwrffnil

m m g tfom m&hm&iSi&d a tta in s*  bxmmm*, tfee vitam in req eireaeitt*  

fo r dwtt* mwm wmwvwm and divers#* i io t is *  n iac in  ami slater## o f 

these taw vitagtdns were vaqalywtf f a r  mm% a tra in s*  & fm  m tm rm  

rmsgê kred  m  v ita a liia  and a fm  m ltm vm  needed a  fsMetjr e f  MtM&vsi fa r  

growiii* Two s tra in s  d id  no t reopens te  any id  M i a  a tx tire s*  

ffw response o f fo u r a tta in s  o f B pS am tii to  graded assmiiis of 

h lo itn  in  th a  b asa l a&dlaa la  shown in  ta b le  11*
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32'

of H *t Strains o f B î»ggrlo  to  Eroded iaraato of Miosis 
la  tlNi Prooonoo o f ftUftta i«  o C&ootis %tfrelyoftt* Hadio*

IMI* V - " : :

„ 1 _ ____ i ... .. - .._I______ JM ....

1a«ml» a» alftotst .0 . 0 0 0 ©

5 f 10 2 2

Soon! ♦ &lmln/ml 4 # f 4 10

lOOOl ♦ iHMriw/wt n 32 40 10 15

**—■f? * -JUL.

ntaelft ooaMitrotlmai o f IfT* to IflP* ng niacin par «X of bonoX m u m  

to th« pmmrnm  of biotta* fh» wcMnslflod etrolo* t# sfeiob hod •  

alntmX TitOMlA roooirow^t of oUoUi only > 6mafttr»tod mmimm 

with a d u sts  cKMtntratlofi of I t 10® storopoao of nUmLtu 

'Cmtmm 4roo  «itl* tlm o dot* aro utifwm to tigw m  3*
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MICROGRAMS OF NIACIN
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fig u re  3 . Response o f fiv e  s tra in s  o f N eisseria  to  graded amounts o f 
n iac in  in  the presenee o f b io tin  in  a  casein  hydrolysate 
Kseditw,



m kF fm  i f

*mm mm or m  wragau

th e  aaino aoid  requtrw M fts o f th e  g q liM fts  of the  *»ww*I naso

pharynx I i n  been onrspsrted  exoept fo r  the  r « t o w i  o f Ordal h  Bunch 

(2946)* K epertlag on jj|* s icg a r these au thors noted*

***** t l i t  bjfdrolyaed ossein  wee se se sa sfe lly  rep lased  with a
e ia te r e  o f I f  endue acid s (th e  asnlxis m lM  mi susslm  hydrfsl^- 
sa t*  w ith the exeopiioa o f hyriEms^ppollm) • A vvsrsl o f th e  
s tr a in s  v e rs  than  cu ltu red  m  m s e r ie s  mi nedia* each o f the  
aed ia  lash ing  mm o f  the 19 m& m  asid e*  Urn o ile e io n  o f m& 
on* an lae  s e td  d id  no4: sa a te rla ll^  affoot- th e  ijrowth o f these  
srsflsdess#* '1

IjmsilgtiilGn on th e  c lo se ly  te ls te d  evgsnlsn* J|» M S83& W *. and

f|_ «**»<. lfcwi#JI J l  * h&Y* h«Ma tSOPB wMaeapmia **■#! iaariU llaiaitdL J|Mgm and^^H BnM SH SK SginnK  wwimwmw **n^pwe" ien f^ fe  _ mammmmm weapsw es* i*« w®n*r ** »'«■1»' e  ?#"■■ sgp > ^•rpnmnwsi 1 "ww-w

ttiif tls r  (1943) rep o rted  s lig h t'a n d  e f f t t tts ' g rasth  o f 2* t e s b i l l

s tra in s  Shan grown on a  adbettii*® o f t h ree s^Lno aeids,* iep ro red  growth

what* a  w betw o e f  a s id e fm sw # t in  o sse in  (esslediS ig  © ystljie and

trypt^tmrae) were added to the o r ig in ^  f ix tu re  m l , ood growth idisa an 

aoid-feydrol^eate o f  ssm&» m  adiled to the orl, ;im l startups* >eltohf 

Stokinger and C arpenter (1944} rseard ed  th e  grwi*- of &» gonorrhoea* l a  

a  s is te r s  o f  e ig h t sadne a sid e  p lus liiM ft»>ea*tie m M * tfcm m  o f 

additional strains could ho Induced bjr the ad d itio n  o f glutealae and 

Moline to  tho b asa l aeditsta* F rants (1941) reported grewth o f  §* 

nsaiiiflltiilla In  a s i s te r s  o f eight aniiso ssid s*  % th e  addition o f 

a ssaw tai ch lo rid e  to  th e  m diim , a l l  t e t  ten  m& m  a sid e  could be 

deleted and th e  f in a l  racdiua contained anasnlws chloride*  glntaalo sold* 

•s ite  and g lasses*  Orossewics (1945) erltisised  th e  s s d im  o f F rants 

as laads*pahe and noted the gronth  o f seulagoeoeei only raider str ic tly  

sontrolled oossditiorMi* fhrossseUM  ̂ in  twn^ mmmmMmi. a nove ade

quate sodIon ehioli oontalned wm&iwi glntanaie aa th# ®oIe eoeroe o f





lasisliigoooeoi* Tbm composition of tba m & m  Is  glaaa in  table 13.

fsblo 13

C&itjHNiiiion of * QMKa&oalljr Baflnsi H attm  tm ColttostiQa of ielaasria.
fro n ts  }

0tXaSOSa]0 O .p ..# . 0*2 g Î LooSnSk*•*»#»#.*#**•«* 3UO0.0 aiorogrSSS
Salt solution A* 2*0 ad d^ut&aiio sold**,,** 0*33 g
S a lt g«3»UMi 1* 2d® wSL £43p«air**»*»* .* .»*  0*0012 g
Sletlii. •*•«.»•«• 0.1 islorogriisi UlsttiXed aster to. * * 30)«O al

pH 7.35

Aawg t i e  tfe&rtsan aagaoU M  tssfced f a r  g rarth --ia  tfets ssd iisa , 

tlsre# s tra ta #  «* 1 4 if * 7025 and 2&HI -  p i  posrSjr on tfaa f i r s t  tra n s fe r  

sad  a s  s tra ta #  g tm  s  second trw # f# r i s  % « afeof# M d A  s f t a r

f e r  dajra* taaabaU aft*

Ska Gtsusaioalljf d aftaad  aodlua o f Clrosoowioi (1043) reproduced la  

ta b la  14* « i&  addad M o tto  and n is e is , was to sto ii fo r sb llllg f  to  

sspport groutti of six jstaawta strains*

f t t t *  U

Co^position o f m G b m lm llr  fieftasd  M a i  fo r  ^X U m U m  o f ia taa a rta ,
{after Q rm m m im )

Sodiua atO/ortaa*.*•••***# 3 .0  g Sodtwa tlilaaalfista*...... 2 * 0  g
iiao d iu a  phosphate 0 2  8{g0 2*5 g 7  % 0 0*3 $

jftaajdtate** 0*35 g OsMlssi « til« ld a* 4  % C ** 0*1 g
toaofitaw ak tarlia#* .* .** *  0*3 g Hataalii# l ^ l r o ^ o n ia * .#  0.0COL g
Kanran smXfafca*   0.001 g Motto...*..*»•.•••**.*«• 1*0 ataragmi
Magaxiotss s u lf a te .. . . . . . .  0*001 g M a e t o . . . 1*0 ag«
Sodiiw g la ta n a ta .*•*»**•« 1*0 g Ms####* e * p « ..* .••••••* *  2*0 g

i& tsr to  1000.0 isl***(. *̂ OM* njr*̂

cww <*** attvttim* w* e a ts ry ^ s llji (7900). m v  fou r s o r is l  t r a s s -*nyiTgj tsPPr WtWtRekVM# -'saê «Ma*awai*Mp^ws' *  ̂̂

far* in  tULa naditm. O . grcarth of tb la .**3%  UiOtî h oonalatw t, km  

pass* l a  ooaporiaoei to the growth of the orgsaism in  s  casein hydroly*aie 

iwadlaai*
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to  tetvre& m  i f  thm BteiJiaarta n h m tm  o f th is  study *er© oopoble 

o f co n sis ten t growth 4a a  syn ttio it#  mudtuss, % oasg&sx cbemtcallyw 

defin*4 *a#4ium o f th e  o«*5|>oatttari reproduced t»  mtel# 15 sa s  sad*. la  

ad d itio n  to  b is t in  aadi tha  «®dlmm a lso  o-antsliisdl tb la s fa  m

Q tm m m im  (IM S) it®4 noted m * 4 M lsa  o f 1# ia ta ^ o e llo la n s .

la  th e  p*«*»#m«o of tM s vita® !® . a«psCUtt«Btar3r rstttogsaaw s eos^sands 

« * rs added to  th e  anlfio so ld  sAxfeor* to  s tta & * t«  o r support th s  growth 

o f th e  ^ is s o r io  s tr a in s . Of tho sajgdsnantory  nitron#® 

added* js o s t  m selcie so ld  s la n t toss A m flm i b u t n e t #ts«®iteaXly synths* 

stsed*

fo mot# tbs affbet o f elialnatisci of ths anlae acids sad Hi# 

ŝ pfplowsmtaf̂ 1' sdtrogt&Knis oospep âds* iasf£t& o f sls^bsr ooŝ cjksl tlois war# 

sad# by the sUstliistlon of two or isor# idtro^om wmrm®® fro® Hi# ©#»•* 

plot# asdics* Hi# eangsoslitoift mi ths stapler synthetle asdta aM th# 

growth î §# perns®# of g slsssrls to  strains 1m ths esspls*. aynihatts a»dl«B 

of table 15 and 1® tbs staplsr nedla « i  pr#««tit*i t® table 16.

fa b le  15

Coapoaition of m Coapletelj %niii«bie dedlint fo r the Growth of batsaagla

Iteato**.***.»»*•••# 1  iderosnai &♦ * * * .* . .* * .* * * .6 0
Jtfasijj.*********** starogriMi <0 50 n̂ fpa
fh ta sd n . • « . . • • * * . .  10® e tsro g jsse  d l  a lpha M a rd a s .•* .* •* .« *  IS  ngss
OXm#®#©* c .p .****««# 0*2 g  *•«**«* 4  on#
H olt so lu tio n  1 . . . .  2*0 sal 41 &ossSm«****»********** Ift
Salt s ta tio n  9 . . . .  2*0 ml <0 . Xsol*&*slae»»...«« • • • • . .  0  ®@m
l*GluUuaic ss&4 «» 2O®#0 m®* 41 S«ria* **«*###**#.*.*•»« 40 lags
l+Cftstasine**..«***• '2*0 mgm 41 lhroawim***»*••***•*•* 40 n®a
<&ut«thioa#*.•» .•••*  2*0 age 1 KydbrstOfrollae*. . . . . . . . .  2 itfpa
41 lap arb t#  a c id . . .  40*0 age 41 d sth lo n tr* .* .*    36 mm
A a p w r s g i i » * . 40*0 aga a  beta lam ias*...* 40 n§«
a  tryptophane 22.0 ®gn * . fyrosiB e * * . .* . . . . . . . . .*  66 eg*
!♦  Histidine• * . . . • •  24*0 mgs Toast w rel# ie  astd..* * ..**  15 »g»
1- fsrslins********* 30.0 ngs f)MrsHtf«L»aahsrisole ssld**** 5 Sg»
1 ♦ ayatim .. . . . . . .  3*0 ngst Adenylic acrid*..**.*.............10 m m
1 ♦ 4«giidi»s*Mm... 56.0 ngn OMUas****•***•*•*•••».** 3 0#»

D is tille d  water to 1000.0 -1
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Ibfele 16

Z enith B n p sn n  &£ Five S tra in s  o f Bjiiangia in  a  €o»pl«^»2y S ynthetic 
^ediua and In  th e  %ailiatsi© *Mlm «dHi dneonioo Selebiyoii o f IlltrSljOil

Bmtmm

ijgddo hoppm  t i  fm
, . ,  M .a a tt t ,U M  .tfoavrvttsm . *e

r r  -m W i n b J...... ,? ... .............$KI£— 7900

1 . C oaflete mti&m 21 21 24 0 66
2* i s  shove le e s  isara-a^inobem olo 

ad d *  adenylic so ld  and choline . - 16 14 n 0 m
3* 4a above 1mm n ae la le  so ld IS 14 I f 0 i l
4# i s  above le e s  ty ro sin e  and b e ta  

a ls n ia a 11 7 23 0 72
■3. msi &hm® le ss iso lim c fjse  ..and. 

■ l^y^posQjfprcilSiaB • • 22 f ': I t ': 0 60
6* la-above lo s t  v a lim  m i  prolln© 22* 1# 26 0 65
? • 4a above loos se rin e  end threonine 12 6 30 0 «*$
i* I s  ab$ve le s t  le n d n e  and 

ooth ieniija 10 15 10 0 «n»
9* is  above': lo se  h is tid in e 1 u 14 5 0 <a»
10* 4a above le a s  a sjm rtie  ac id  end

asparagine 17 B 15 0 so
11* 4a above I o n  a rg in in e 13 10 20 0
12* Aa a te re  loos cy ste in e  and ly s in e B 4 10 0 s o

S n o t doteredJNMk 
fo u rth  aerial tra n s fe r!  4  <$ay»# between tra n s fe rs ;
reading  w ith f la b e r  e lm fcr^o b o jaeb sr 4C n d e l ,  425 8 b lue f i l te r *

The re s u lts  in  ta b le  16 in d ica ted  th a t a l l  o f the Efeiasaria s tra in *  

te m p i 1# fXirveaesiia 9746) In  iM a enpm *l.^nt g m  m i l  la  the  <KMp3«t*# 

mss®lax medium. B im piX fim blm  m£ th e  M p& et# m diiai by eXlaim fclon o f 

id tra ran o aa  atftotoam * re su lte d  in  dla&alstind growth eltboaajfe th e  le sso r 

growth could m b  be a ttr ib u te d  to  the e H a lm tto a  o f any sp e c ific  

esapoitode

Siadlar expertoanta m  th e  e lim in a tio n  o f n in e  so ldo  fTcsa complex 

eymtbetio aadlua* w ith  varied anina add and content, ladlm-

tod th a t a foe IfrlaagrlA strains ears capable o f greeth In  a  nodlm with 

few nitrcacima noma* 4§mg all th e  elaaalflod © trains of thlo 0%**%#
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th e  m ajo rity  w**r© ©aahl© to  grow tm a i#edtt» mmMLwimg a l l  «*lii© t c id i i  

' © tthar In  p roportion  found l a  e©o©ln hydrolyse t© mr l a  tfco gvoparU m i 

Ind ieaied  la  ta b le  15.

I*  &1SJB. (5 5 ), « , M fC lM  (1W 7) S, BftteSClaME (SLTft) awl S, fll891 

Cl) war© groan in  a  sjffitliaii© w adlw iv lfk  thm m  ndirogewoa© aoeroeot !♦  

glutaasic a c i^  100 ag per e ea tf glnias& iw, I f  ag par ootitf ltsrgin& aof 100 

©g per ©ani} d l a sp a rtic  ©eld* 75 ag per ©©nfc* d l m ltn© , 105 »g per oen tj 

1* 100 ©g par- cen tf ©©jporogtfio, 100 n- rmr can t) end g ln ta th io a* ,

1*5 ©g per © sat. A fter fo o r a e r ia l  tm is f« ro  with fowr day lacnb atlo a  

period®, £ . f la m  (55) grew to  a  14 p ar mm% l ig h t  absorption? 8 . awrjQam.

(192?) wad ]f. oatarrhalla (8176) grow to a 15 per ©ant H # t  absorption*
»

the©© growth' responses, ©lttM«#i a lig h t, ©ere th© d en sity  o f

growth obtained w ith ©©©©to hydralyaat©  as tfee td.tiw».f©» ©o©r©© and

dem onstrated growth ©f H elsserla  wpmsim  in  © ^ f rd e a lljr  defined aadlwa, 

although th© «©©«nt o f growth was f a r  in fe r io r  to  g rarth  obtained on th© 

h e a t m ts r a l  «#ditss*

Growth o f I ,  f la m  (55) ©©aid b# ©jhidieed t© © 25 per c e r t l ig h t  

absorption  %  ©t&tiw»tlov» l a  a  «gnKth©tt© asdlw t eorted tdag  a l l  antis©

•©id© fo©©d 1© nmmmiM fepdMLysst©. 1h© ©ws©©chr«tS©« o f th e  ind£vidtafl& 

aa&n© ©nidi ©not to© lasreased  thrwoMUl m m  th e  report**  mmmfor&M.mm 

o f the©© aoids in  m tm im  l^ tasl'p sa t© .

Hi© sy n th e tic  ©sdtisR rseosneiidsd togr ’ dslt© !!, i  tohl«g«r and Carpenter 

(1944) fo r *h© growth o f I* gonogrfiosyft m s w*a«g © sc r ie s  45 a&ino 

•e ld  adietnrea i«i«©rpQr©t©d in to  © © tm loA lly defined  tsed&a, aa©  o f 

which supported growth o f th© th ir te e n  d©t©©arl© to o t ©pool©© ttm ngh 

fou r s e r ia l  tra n s fe rs , CtancywimMr o f  «© trilo« in  th© inootiltss o f ton 

©export©* th© growth of te « t sp ecies through one tra n s fe r  h u t ra re ly  two 

tWHsafor©.
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M a r  t te  © auditions ©£ tfe t taat©  w ry  £«r 8 tr* i» #  « f

j^imgglji «w i mpafolm o f  in & a©iqp!l*t*ly me&kim* Ht*

jft̂ K  *sm porta# s®4 lnMwn mwl an a^wt MW

la o ta t* , pyrarat®  «&& *©«t*ta to  main© a«14 a&xturaa an rn p s r tn t la . 

^ga##aiia ŝ̂ aaaâ iawwa î at̂  jaaa rawâ jaaaaaaa îafaî fe â rapĝ atfaasaa aaaaa

In Wm ®$AMm mi Umi %mw&%0*&m m̂%9 aMli im i§m®p$lmm9 Wm

4tt̂ ahdM4Wlnn JHk *̂ ,dKk jtki %**..***. -i.̂ . m̂. j« •'̂™?to''M' iJi *m jm K̂ataUrMfc .A -̂. JlL .̂1.-̂  gkTW^mzmmmm o r lao  jwinnwgsjt m*# warn aMran&XiMi wtaii a*

tlsn patfeogwtte f%t#*§«8fift.»
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& japaisist 1nrtp<#ii pypct&w&M utld and ^yfegu promt#*!

growth a£ J** fpMnfltw^ ## a w sfflm  tiaHe&mifo %m. tetafclfs m l aaparfct#

to U ,

Oafw»# Milaar and ianiseyg (1847) auggaaftati that felotin wm wm» 

##ra#i Sm th i a^tti##!# o l {Bamhoayll# jgj4i  tsr ##1%#© iioBcti# tffiBaM##! 

ttit® possible function *»# a ^ ^ ta il #1®# b / Irapdai m l SufldOt

(194?)* Hfc# ®^th«#ti*## m id m i ttatgbfc te be *4UU

UMmMm and i M I  (1847b) sn^oHM ■Hsat fiapa**#!# a«ri |̂ $#rla# 

and wmri egl^Lwbtti fegp

Of* ©pppi iaterafft to  Hi# ##1#*#© of* 'tts# lnfp»yyfê jp*®̂  **#

wem in  literature iM tlM tiat Hi# paaotfelo rm ptm m m t of

blotta % ©th#r eoaqxyupda, Siok## m i tam ## (194? )# ia  # ©apart of
mifHWill m m  llTui a*.#* «u2 •trjh tv& j&tkAmk, gi A  afedk fjPiwJI „A.». — . jt.jiaJt jm # | | i a  « ^ h i i u u I# m p # w n 3v  v O M v O B  w  # & 9 v X I* ji  # # # # #  H ®  ©IT w M i # # H p # y B E I

4f##H  iji e x^e im e^m  p#fC#rM#i w ith la*

o®*#l m i jg* arablaoata#* £» o#reylttla#r m i ottor foaot o#H# 0 N* H U  

la  # <$o®t$il#bl#f4$t but tm o  iaimitjU*

gator# ropirtoi tbo m m rnm lm  o f 6 o*lftii*MU*t*i to  MmM m byt Wm 

oofII# and th# Tttili&ation of ih# biot&o* Ha#

fcHpaola# »ff  tb nmt# ©asp®#©## ffipitffty iw8###

%B e» (c% )4oofit

ftS IK-

-----01

% e € ^ { o % )4®osi!
I

s

H atim DNftMUAiotta
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itot& io& totift

to  iabertaiRe the rm pm m  of HuAm m Aa  to donMsliMottti* ®mm 

K»tHa m m  pm$mm&§ m  d e ta ile d  l a  G&mptmt 111§ a ith  ea««t» 

feydrtilyMte m  thm oUrsgaii murm* % tbs f ir s t  basal wmdkwtg fetoiin 

was addted* tbe  mrnnti m d th ird  lo ta  o f bussil a a & ta  wm&imA deattsto - 

biottiu  cue boar after ttie tab## war# iJMtelatMlt 0 *0 $ steo^rnaa of 

biotln mm  a M  to  ifee third tube of ©&dh aaris-i transfer* % * reaults
& i|iJ m  Afett#*tfe4fcMk43 KtLinPIS* xHMlh JjAtk .̂. jB̂ ĵ **<teeiebi»fc "tntt̂ ntix[XnriirtfitiifjpimirMiiW 4UMflhiKfe£MMiil9jihas *  MU.IK  wIEMV wJyp®^3J®B®*p *511© lOWFTSfi S I^ X kIJL ® r««»±w 3r£  w n p  JIBeKFllSSS 3UE1

tafela 17.

’M O a 17

o f 
o f

®e©wth fteaponse o f Poor S tra in #  o f la ia a a g ia  to  %attit©h&oti» ten iae**

?!«dl* — ̂  #1***
,

m i ... a u a .... x .__..
M  * 0*05 a* b to iin /w l 16 22 «5
l i n l  ♦ d##teioisli*bSii 0*§5 tig /s l 21 «3 is 7a
Basal ♦ d e sih io b io tln  0*$0 u g /a l 

Belayed b iob iii u d iltio o
22 70 ao to

Umb raaol& s o f ih© exp«*rl*a®i*b diaelo»<Hl test d ssttitab lo U ii mmM  raplaao 

M o tta  as a  growth fa o to r fo r  gi^y^M ^ju So taftriM tls*  o f growth war 

dnaoastrabla fey the  addition of <§«#tldUsi&#tis la e ith e r  th e  041$ or te a  

0*50 aiorogram  eostoantr&iiona*. In  te a  eas# o f #10 tains rooolwitig feto iin  

in  ad d itio n  to  destfeiebiobin* th e  ao iisifey  o f c u ltu re s  w&a no t rs-> 

p ressed , s i t t e r  by tte iiia r® ® # ^  o f growth fa s te r#  or

fey trappression o f b io ttn  a c tiv ity  fey fete d s s te ite to ttii*  thm #  tea 

teX ascr!* a s  m i l  m  y e ast o n  otiXtswi fte s te tb h io tiji is. p lace of b io tin*
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1# Soiv*repltt<seB®nt o f B iotin  fey O leic Aeid

ftlliius®  end fin g e r (l% 6 ) tied reported  o le ic  acid  as a growth 

stinnlATst fo r I*, oageii o le ic  a d d , © m inified  in  e th an o l, supported 

growth b a tte r  than b io tin  and no syn thesis o f felo tin  fro a  o le ic  aoid 

could bo demonstrated* W tlltan s, Bfewpiist and S n e ll (194?) repo rted  

b e tto r  growth o f la c tic  ao id  b a c te ria  in  fw m n  SO (so rb itan  e s te r tf ie d  

w ith o le ic  acid ) than in  o le ic  ac id  because of th e  lessened to x ic ity  of 

th e  former* f© assess the  value of these  compounds as p o ssib le  fe io iin - 

su b s titu te s  fo r the % lsseria>  a se rie s  o f b a sa l taedla een talttlng  these  

compoti-r:?f? in  the  recommended concentration®  were prepared and inocula

ted* Ihc concentrations o f the eoapound® and the re s u lts  o f th e  

CKperinent a re  given in  ta b le  18*

Table 18

Heepense of Four Strain® of B eisserl*  to  O leic A dd and %een SO m  a 
Heplaeenent fo r B io tin , in  Casein Hydrolysate H©diurn

r ' ... Fer eenit,, |* lcbt.A bsorption..._..
'M U ___  .... C ulture Jhinber . _ .

_ ..M . 14SS..... _. .2AM.......

Basal ♦ o le ic  a d d , 0 .1  u g /n l 0 0 0 0

Basal ♦ o le ic  a c id , 1 tig/ral 0 0 0 8

B asal * Tween SO, 1 mg/ml* ♦ 
o le ic  a c id , 5 u g /a l 0 0 0 0

Basal ♦ Tween 80, 0*1 mg/m% 0 0 0 8

IQ ..ik5. m/mk--------- ______ L ........JL............8__ 9

f& m  the adverse re s u lts  o f th is  experim ent, i t  was concluded th a t 

n e ith e r o le ic  acid  nor fm m  SO could rep lace felotin* the growth o f W# 

s icca  (X) Ind ica ted  the non-replaeew eni value o f o le ic  acid  and Tween SO 

fo r  b lo tin  bu t did  dem onstrate the no n -io itid iiy  o f these eompo\m&* fo r 

th e
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Q» S o^epX aceaent o f B to iin  by P M 1 « . Acid and Hrea 

, At th is  p o in t, I t  was dea&rsfeXe' to  determ ine ; i f  pim elic aoid e e u li 

*ej&*b* felo tin  in  th e  n u tr itio n  o f the gfttsssria*  Because of d iffe re n t 

o ts  in  members o f carbon atone and ocm fiperaiio ti, a d d itio n a l compounds 

were aided to  the  pimeXie aoid  medium in  order to  approximate the  nolo* 

©tiler w eight m €  s tru c tu ra l form ula of destb ibb io tiii*  As diagram ed

below,

K / \
HH m  K ^w ea

hc- gh
I I WJ COCH

r u t a fo (c% )xconH \ I
2-oarbon ftjC { % -(a tj)4CW» plM elic

p la a lic  a c id , u rea  and a  two carbon compound mlgfet possib ly  form a 

su b s titu te  fo r d e s th io b io tin . Hie two carbon compounds te s te d  in  th is

experim ent were n o e tic  a c id , eldianolamlnif (M^CH^CHgOlt) and ethyXaaice

(0!^O%UE|)# In  a d d itio n , a  m ixture of arg in in e  and plm elic ae id  were 

te s te d , the s p a tia l con figu ration  of arg in in e  supplementing the eonfi~ 

g ttra tion  of p ia e lie  aoid*
m
II

m
I

H2| COOH
HWJ |

I (^ { ra jk c o o H
y

A rginine H m O ic ee ld

COOH

Basal * d ia  containing Mixtures o f these  coapotmds were inoculated and

c a rrie d  through four a e r ia l  tran sfe rs*  the concen trations o f the



e*p&®y®& msd tli® ©f tfet® ©jcpiM’l m i t  mm

54*

in

tafcl* 19.

.'ieepooa* o f Four 
>, docile Aoid, S ^ lo alB o

fab le  19

Of pfteaorlfi to «JWi.te Aoid, 
ami IthaiMlaains In C-aebinBtlona ae a 

H^draSyaaft* -« ilm a

JM&®

1 .
0*1 wg/®X 

BmmI  a i4 ii»  ♦
i, y«i ♦

aoid.

3m ®»s«il «ii*3sa ♦ gdaalie »®M*
' 0*1 « ^ i* | ♦ m tm § I  ng/ral *

*o*ti<3 te&* 1 wi^L

4* awwtî sii * pEsislS® 
0*1 w$/$£L ♦ 1 wg

l#♦

5* StoMl mmdtvm *
0*1 W$/tSl ♦ 1ST*®* 1 Wg/«1 ♦ 

   _

0

t

....A m m .
M___ 1A85 1 ...JtMML . .....1 __

0 0 0 0

0 ’ 0 0

0

i t

*

0

Hi® sMgaAiww rwwtili® als®w®<i oonclu&iv*ly th a t 

co»M a it  b® r»pl*o»d w itter hjr pla®ll« &®l& a 

tiw® with th® e n p w i i  water iftwt*

teU I 1®



55.

t*  m m m  aM M L M tai w  

ft*  w ornm M t?  o f r#pla##si«ii* o f dwth&oM^rita tyr a of

oleio aoid aM won out amidMNMS foooiblo for iho f&llmimg vwmmni* 

Qlolc aoid* oo diagrwo&od balaor* 1# a ©tiwioM aw5, lb# proadJiltgr o f lb# 

mtfcyl to th# oarba^X group mwhro 'lb# «##$?! group »li#tX y

acidic. Am ousts* III# asU le artfcyl group r««#t wills a hati* owld* 

Hra^ of ar«&, fmm&mg lb#' greater wawiMwmfc of t&o&dobiotizi, I® the 

fhUawliti fmaiii#©*

HC^CRj JtO ^

M i*

H jfS  V I» J

® 3

OOCfWt Cftj 

m m e  acid

to  too t ilsio ponoibility* a swriwi o f baaal »#dla omitaiitiUHi wsriod 

aaownio of o&ota a d d  and asm  who pw parod #«d Ihw w u d ti

o f’ fou r S o ria ! tranafero with four day iaoahotlow portod# or# glow* I®

m i s  so

Orowife Boopoos# o f Fomr S tra in *  o f ^e iag ^ria  to  *&wi* A dd and 0rwa* 
in  ^my%Mg immmilM,# m  a  $ob*tiiui# for BlottJi in BaoaX ‘

....

♦ o&olo aoid* 10 mg/ad

♦ arm , 2 ug/isl

♦ (d« ie  aoid* 10 tsg/«l ♦ n m t  2 ug/nd

♦ oXoi© aoid* 15 wg/o! ♦ or®#* 2 mgA&

0  0 

0 0 

0 0

0 0

0 0

8* 0

* Clump# o f growth

0

JL

0

JL

4*

J2L

Q
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M ffth of ftaor S tra in s  o f M a a e r la  to  QmoM m m& 03jd e  to ld*  
and I n  M to to ra , aa  *

U a h t Abonrntlon 

*1 m »  14B IT?

Basal ♦ e le te  »«id, 10

M l  ♦ M « ito » # a  ng>

M l  ♦ ol*ic m%&9 10 
2 W a l

0 0 mo 0

0 0 0 0

A ... .J L . . Oil

of J , a«an«« (2 A*S) roportod 

50) p v  e iih  amifani 

(155 ) grew w ell i»

la  ©amtr&sl id  tfee 

la  iabl# 2 0# to© 1 * fflitircitgeftra 

to rb td ity  in  th e ir  resp ec tiv e  aedia. 

m  o ls io  ac id  ssedim  whereas oreniiis© la  add itio n  to  s le le  aoid wee 

•eeen rtlal f a r  toe ^roeto  o f JJ* fM aM w p . (1$7)* Hi© © Sfjositolity o f 

the  ere&ito© in  ad d itio n  to  ©let© ao id  l a  tin t nstr& tlflR o f ]|*

tao  s l u i m  were id e a -  

tica l and, fa Br* Mm ir M %

©feeerratton m  th e  j^ r^ io lo iio a l a t* to  ©I

©to&Sise CMS; -Ml

mcini

soyr #X«ito jprtosr to  p re^n ^ itlo a  as 

greeto veapanee of $* fl&yeg<9e**a l a te n t  M&a. 

to  mmi d©gr©«# upon to® warnfe of

should fee 

e tn a  need to  th e

varia tion  of 

tsatoS to  fee 

ipsa th e  n a tu ra l

M a r  to e  cKmdlttona o f 

considered to  fee e  avhatitut©  fo r M a tin  la  

(155) sad o le le  aoid pine c re a tin e , a etifestl 

U on o f jg, flotoooono (I5 / ) .

to afeoea* olei© aoid was 

nutrition of I*

fo r  M o tin  to  to e  n o trl-



m m m  m  c m m s tm

A o t mVtmrm  ladle* tod froa liat®  mad &nLml fsimmm

war© classified  la  mmm&mm with lb© actenc of eiaaatflQtttiim ©atHaed 

Id a— al of î fcerraittfifcive a^oiffioilaiar* XdastifleatlCML of th#

orgsniaas wpo* saorpliologtoal and pliyalologic&X hmmm pm dttod separation 

of str&ine of i s m  origin into ©atablished opaotao two strain#

did act ©©nfom frooiaoly w ith' the deoigimted M©#?«i©al roaatioits** 

Strata* £rwt aslam! t w o s  diffcrad type apooloo of i%lsatorift 'Id 

%li# typo m$ pfiamrl% assd .wote to an "tm©l»asifi©drt

division -  a dtvlatoit oaoB^Moataig «H  ©trains* ©Hcii ©adiit&tod a p n d ld p  

fo llow  w »  MfeftemMifcatV** and s a ra l^  i^ a .ly  d i sM ^ci A m i

IMX£&sas2&*

M e n ta t io n  a# a  p rtiia iy  bay to  d w u l f icafci.cn o f  g q td aaa ta  m i  

d if f ic u l t  fc© m m m  -  th e  In to rp ra ta tlaB  o f fcbe reac tio n  dm§mdm& upso 

fch© lawoa&lgator and tfao ©Mad©©! of th* tddia îrawogwniMiin of ©r^antim 

opa« fco afflsr1© u e m  © lasts roralfcod in  aoraaol co lored  © oils id  «ot<* 

tarmafc to  if**/* /a llo w  o r pink colored © o lM u r w&as ofes#nr«d in  washed 

mm^ma&mm of- S a in ae rja , A oocpletc ahwanoo o f g ram  p l a n t a t i o n  mm  

noted* o f pd#M tita i s w t  o a to r la l ro roalod  tho preset*©®

o f /a llo w  and plate plgsaaata l i t  tjao&Mtod raglana* Iso la tio n  of

th® /a llo w  plgm nA tr m  a  waao o f c o lla  roodltod  in  m  d lto ao tlo n  o f 

p&daant ia to » w it/f no ©bacrmble glapwioal oitoftgo In  fstipaatifc tma#

B o colonial of th® lal® «gtp mm varied «* th® mjcrifcy

of t ie  atraina produced a ©wooth ©olss®gr lamopoctivo of tanoacwtoal 

position* Ife* colonial mm ooaatdarod a ainor ©Iiaraofcoriafct®

and a variation in  the phfsiaal toicfcur® ©f oolo&l®® of & mgHUmm {SUUBO
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