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stimulation at the 0,00125 per gent level and inkibition with concentra~
tions sbove 0,10 per cent, Lankford (1944) found that the yonococei

were stimulated by a five milligram per eont oystine addition to peptone-
henaglobin agar. Frants (1942) reported good growth of the meninzocoecd
at & cystine level of 0,00012 per cent, Grossowics (1945) reported
InhiMition of meningoosasl by cystine and the medium of Frants' only
suliable for growth when large imocula were used, Recently, Scherp and
Tieting (1949) eoncluded that the medium of Frants will support ihe

growth of meningocooci with small inocula, even in the ahsence o glucose.

These suthors conolude that the growth of seningococel in the nediom of
Frante is not the "ready and profuse prowth of all viable cells of the
inoenlum® bud rather the "growth of sl least one of the cells originslly
innenlsted and the production of a trained culture.....of eells =ith the
greatest synthetic powers” and the medium of Franta, a deficient but
adeguate nedius,

This conception of ;rowth of variants in response to the medium
eonposition say well be the explanastion of the extreme varisbility of
enliural eharacteristics of plgmented ard Mochemically aetive cultures
of Xriggerip, us reported by Jordon (1921) and ¥ilson (1928). Cordon

had noted the reversion of type I 7. peterrhalis- s rough, friable grey

a pule yellow, Wilson had reported loss in yellow pigmentation and
ghanyos in biochesical fermentations upon five serial suboulfores on
asciiie agar, Lankford ard Skaggs {1046) ulso have indlcated the proe
dwetion of variants from gocarboxylase~deficient strains of 5. poporr-
hoeae, verisnta which grew well withont a supplement of phosphothiamine,
THe variants were obtained by massive inocula or Ly culilvation in
suboptimum amounts of cocarboxylase.
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fraciion of agar identifiable zs & fatty soid, These authors rejorted
thut olelc, stearic and butter __?n,,g, scids in 0.5 §u§n per ul cone
eentrations ware mufficient to inhilit gemecoccal growth, Gurdon (1921),
rggw.u used an &wggggg ﬂmﬁ, for the eultivation of the irom
negative cooel and reported satisfactury growth of all strains, 4lso,
olelc acid wes uoed as 8 Kaﬁﬁ substd tute for Clogtridium pporosenes by
Shull, Thowss snd Peterson (1948), the laetie acid becteris by ¥illiams,
geillus arsbinosus by Lardy, Fotler
and Tlvehjem (1947) and eoncentritions of 0.5 to 5.0 sierograss per 2l

Broguist and Snell (1947) and Lectob:

were reported as opiimsl for these {astidious organisms,

The growth of lgisseria species in partially-defined sedia* has
been studied in recent yesrs with particulsr emphasis upon the nitrogencus
requirensnts of these orgenisas. The addition of nitrogenocus supplements
o & natursl medium in order to promote growth of Helgperis was reported
by larkford (1944) using elther cyetine, cysteine or glutathione supple-
aen%e to peptone hemoglobin agar to stimulate the growth of the ;onoco-
eunn,  Boor (3942) noted the growth of the gomogoocus 1n a tryptic digest
af cusein when cystine wae added, The addition of nitrogenous supplements
to yrovote growth in & semi-synthetie medium with vitamin-free csselin
mydrolysate as the nitrogen source wss noted by lenkford, Seott, Cox ard
Gaoke (1943), All strains of gomoeoocl grew in the pertially~defined
mediun when & thermolablle substance was sdded, in small guantitics, in
liver extract, Later, lankford ard Snell (1943) reported this thoramolabile

wilatance to be glutamine, not replascesble by either glutamic acid or

# Madia eontaining chesleally defined inorgenic salts and vitamins but
vagein hydrolysate 23 nitrogen source.
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gintathione, Gould, Kane and Yweller (1944) reported an unknown faotor
presept in seat infusion which, upon eddition to thelr partially-defined
medius, stisulated a two-fold incresse in colony sise of X,

ould (1944) noted the gradual dependence of stock atrains of gonocoeei
POm glntaﬂaim, when grm in & partially-defined mediuvm, TFreshly
isulsted strains did not mim glutathione but all gonmososcus stroins,
on eortinued auhmlwn, ahan@,md to glutathione dependent wvarisnts, The

. gin@s«%&m was mt mhmhlc by dt@mw eystine ov muim. Landy and
Cerstung (3.945) mlm a msuumrma ‘medlum with wryptone,
eystive and glutamine and successfully cultured all N, zoporrhioess strains

i in a aynthetle mediom has been reported in
recent years, 1n contrast to the complex protein sixtures eaployed in
the past, the reported nitrogenous requirements of the Hplgserip were few
and sfimple, Frants (1942) cultivated wmeningocoee! in & medium ¢:ntaining
deplutanie aoid and oystine as nitrogen souwrees. Orossowics {1345)
reported the growth of meningocceei in this sedium only wnder sirietly
eonirolled conditions and with relatively large imoecla. Orsosowics, in
twrn, proposed a modium contsining sodium glutamate &s the sole nitrogen
source and was able to maintain undiminished growth throughoud ten serisl
subevltures, Oould, Kane and Mueller (1944) proposed a wediua for the

cultivation of H. zemorrhoeap containing glutathiome, glutamic scid and

hintidine as nitrogencus sources btut indicated the nedium was far from
optinal for the growth of the ponoeoccus, Weltom, Stokinger and Carpenter
(1944) prepared & sedium for ihe cultivatiom of ¥, gunorrhoses

nitrogen sources, glyeine, cystine, indole-d-acetic acid, glutamie aecid,

leurine, arginine, histidine, methionine and proline, iipon occasion,
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this medive wag supplemented with plutemine and choline and all strains
of H. gongrrhoens, stock and recent Lsolations, grew well,

Few reports have been published about the vitamin vequirements of

the cepus

leisgeris. lankford, Soott, Cox and Cooke (1943) reporting om
a thermoisbile substance stimulatory for the growth of the gonoeoecus,
att a@g ngagi of %a ugﬂng 35 ﬁ&n 5§3 and agw
other ggu&» ga were ﬁﬁvg %o ﬁ,wﬁ& %ﬁga of growth in their
partlallg-defined medium,. ? «ggggg uﬁg«nﬂﬁ was reported as
glatuaine in & later publication Agea uﬁ Snell, 1943). Uould, Kane
and Jupeller (1943) noted "a faotor {or group of factors) present in meat
infusion, nob ssseniial for growil but which cause a marked stimulation
of (rowth” and later, "no one of & large mmber of vitaxins, hacterial
gt faetors or other subsiavoes tested were ndble to replace the mead
infusion Tagtor, sither singly or in various combinations.® Lardy and

Tered WY m”@#@wﬁ ina ﬂ&é of MW‘ comorrhoene, used & vitauin smlyture

including shisain, riboflavin, pyridoxine, cslcium d-pantothonate,
rientiranide, bilotin and folic acid in 8 partially-defined sediua but
attespied no determination of minimum mutrile requirements of these
orgenismes, O(rossowics {1945) used thiamin inm & synthetic wedium for the
groeth of B
was nfinenced by the thiamin in the medium. Ordal and Busch (1946)

weninaitidis but noted that metabolisn, net total growih,

reporied a biotin reqguirement of four straine of Y. plogg and stisulation
af ter additional strains by biotin with seximum growth obtained at cone
centrations of 0,05-0,1 slerogren of blotin per liter of modium,

Thus, considersble inforaation is svaileble on the growth require-
ments of the pathogenic ligipseria -~ M. gonorrhoese and N, menincdyd
and jrowth of selected straine of these speeles in synthetioc medla have
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been noted above, limited information, however, is available on the
groth requirenents of the non~pathogenic JSeisweris species « species
athor than d. gonorrhoese ‘w e peningitidis, slthough the reports in
literature implied a more ccmplex growth ramimm of these specien in
aditition to & lack of interest in these non-pathogenic Helaseris. In
view of the limited information availsble on the growth mﬁmﬁu of

presert study was undeptaken with these objectives: (1) to defins the
wloinel vitamin requiremsnts of the non~pathogenie Neisseria and (2) te
species in a completely synthetie

atiteapt to cultivate these Heleseria
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CULTMAL AND HYOCHIICAL CHALACTELISTICS OF THE GHRUS MuIsoiy

A, Horyhological Charscteristics
The olassification of the gram negstive cocel of the norms)l naso-
vharynx has received consideratle attention in the past &nd two divergent
views have attained prominence. The first view is embodied in the
owrrent Sergey's lapual of ]

entitica with specien differentiation among the existing and reported
ewlinres, The sesond view whe sugpested by ¥ilson (1928) as follows:

”‘m... there is, at present, 1i%tle jJustification for the reco,w
rition of separate spmm anone the syvam negative eooti...mith
the possible exception of i, ¢ Re should, therefore,
ecovbhine the ranalining Wu inten . s:mg Mea, u{th sone
spyaopriate neme such as B, pharvnois

This view had comsidered the wariatisms in coloniul morphology and plge
aertatlon reportad by Viser and Nuntoon {(1909), Gordon {1925) and %ilsom
{1927) and hed sdopled the cungservetive stiitude in taxonowy,

The organises studied in this lovestiyotion ware of the gemus
Neirperie, chromogenic and nomechromogenic, serobic, non-pathogenic and
characterised as "growing well om ardinary culture media.” Alllongh
three of the strains (B, Llavesgens $746, 155, 157) were iLsclated from
definite cases of meningitis, the entire group of organisse studied were

eonsidered non-pathogenic and no stirainms of either E. gonorrhocse
B sgnimdtidis were inslnded, The eulture dssignstions and the sources
of the culturem are listed in table 1.
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Table 1
Source and lesiznation of Cultures

Ha calarrhelis 100 Stock culiure
e sioca 22, 1455 tniversity of “aryland
N, perflavs 876, 1927 .
Yy flava 53
Y, eatnrrhalis  © | 7900, 6176, 8193 . |Americen Type Celtar
e slees ©C 7903, 9918 | Collection
%y norfizes .
¥y flavesoens 9746
Ne flivessens - T1ss, 157 ~ |or, 5.5, Granhes
¥ational irstitute of
 Realth
He ontarrhalis §1, 82, 87, 53, %9 |br. Spaulding
56 Temple University
Ve periliava 53, 54
e rerilava 2AH8, 3445 Arvmy Yedical lchoal
Yy 2heca Ry 14y 19, 24, 32, |Buman throat isclstions
~ 35, 36 University of Yaryland
e perfisva ‘
‘s Plava 6
nelassif{ied 3, C, K, ¥, Guinea plg nasupharynx
Jy %, L, §, isolations
G, Py By 8y University of Hdaryland
it V %
f§£>3 arg, Cve,
ﬁ?ﬁ ﬂm *:3"13,
G‘“},&, Hmﬁ
Calf Throut of Turnsey onlf
Sheep Throat of sheep
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The noarphologloal and blocheuical tests used in this study were
restricted to tests necessary for identiftcation of the organisss under
study,

Hethod of ipplation. Husen throet and animsl throat imelations were
performed either by cough inooulation of trypticase soy ager ylates or
siresk inoculation of the sane wedium with swabbings from the nasopharyn~
gesl rogion of the subjects, Subseguent techmique involved merphologleal
exaxination of suspeoted Nolsgeris eolonies by srem stainm and purifleation
of calonien which exhibited eharseteristic morphology, Cultures which
exhitited facultative or siaroserophilic growth in aystine trypticase ager
(CT3) doeps mere discarded. All incubations wers at 33~35 C for 24-43
hourn,

% deaoription of the methods used in the isolation of Relsgeris
streing from the nasophsryngesl region of yulnea plgs was given by
felesar, Majek and Faber (1949).

Sipek gulapes. Stock enltures of the Nelsseris strains wers maine
tained by stab inooulation into cystine trypticase agar (CT4i) deeps and
inoutation at 35 C for 24 hours, Cultures were stored at 30 C in cotton-
storvered tubes and transfers nade ot three woek intervals,

Gterage of cultugme at room Lempersture materislly shortened the 1ife
spun of the enltures during the winter asonths whereas higher storsge tem-

perstures resuliod in move rapld desiccation of the medium, Thus, 30 C
approximated the ideal storage temperature and, at this tempersiure,
resourse to rubher-stoppered tubes ar atarch medium was found %o be ube
necossary for the maintenance of the stock cultures during this investl.

gation,
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issults. Orgonisms ;rown on loeffler's blood serum slants produced

suall colontes after a 43 hour per&& and thcpmmta of the eslonies
Ma umifornly presented a light yellow-brown appearance. his yellowe
brown color was called caramel in this study. When smeared upon paper,

wor, the caramel golor of the colomies often appeered as lizht grey
am it was concluded that the yellowish cmst of ‘he medium was mu;mﬁm
tw the caramel color. Washed, packed cells of the same organism, howe
wynr, often presented a variely of hwes and in the non-shromogenic

ballg species, grey, oream and pink colors were obaerved., Ho oule
taye showed a complete sbsence of color although many strains wers 1ight
groy in color when exanined as pecked cells,

The presence of greenish-yellow solonies were noted smong the chromo-
genio sirains when ouitivated upon trypticase soy slants but the greenish

eset never appeared upon the petri plate eolonies, It is um that
the thin growth of the chramogenic organisms, and nop-chromogenie strains
as will, upon the slant refrasted the incident light and the refrasted
gkt gove an iridesoent appesrance to the colonies. Ihe preenish,
irddesgort hues were noted when members of the [, gatarrbalis sroup were
grovn upon freshlyeprepared sgar slants and the tubes rotated in the
ounliisht, The green tint vever avpesred either upon the opasne loeffler

serus slant or in the packed cellvlar mmss.

Piament isolation. Comfirmatory evidence of the absence of green
plgment iv Halasaria species was obtained by isoletion of pigments fvoa
the bacterial cells., The packed cellulur mass from the plgment deter-
winet! on was washed thoroughly with ten sl of petrolews ether, To the

‘ether suspension, an equal volume of ethanol was added and the zixture
allowed to remain undisturbed, Af%er am hour, the ethanol layer was
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cultures was based primarily upon the eolony pigmentation, Variation in
colony texture was noted in one instance, N, perflavs (2A45), origimally
& smooth, gliatening, yellow colony displayed s yellow, rough-textured
irregulsr outline after a year on CTA mediun, Fvertually, the organism
reverted to the normal smooth form after successive transfers upon tryp-
ticase soy agar and remained in the smooth form, Vileon (1928) had noted
chanyes from smooth to rough emong some strains of his organisms, fol-
lowing five successive, rapid transfers on ascitic agar and this smooth
to rough mutation remained permanent,

The morphological appearance of all strains of Neisseria in this
study eonformed to the elassical description of the Neisseria - granm
negative cocol in pairs or small clumps with adjacent sides slightly
flattened, Giant cells were often seen in the microscopie fields but
their presence could not he correlated with any physical faetors except
the physielozlcal zctivity of the cells, The giant cells appeared more
numerans during periods of rapid suboulture of the stréinn rlfhdr than
in response to sgecifie‘ktimuli in their enviromment,

E.kﬁloéhaﬂical Characteristics

Studies of the biochemical reactions of the cultures centered about
thelr fermentation reactions on five sugars upon which the current
clanpification key is based, Of these five sugars, thg early workers
referred o fructose as an "unreliable” sugar, although they continued
to employ this sugar in their classification schemes, Elser and Huntoon
(1909) reported the unstability of fructose when sterilized by intermit-
tent steaming and in the presence of the basal substrate, but their
experimental eviderce was ignored for fructose oontinued to be used in

the classifieation of Nelsserls specles.
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Table 3 (contimnd)
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detarniv concurrently. The method of Tebel1? deteruised the total
mmm power eaf all mmmmm, with fum applied far the deter-
minaflon of the amount of spee!fic carbohydrate under enalysie, 411
maltone broths, at the time of anslysis, showed a negative shewioad
test for reducing augars by the femedict and Barfoed tests, The results
of ehenleal detersdnation of residusl sujars, slthough in experimental
error, showed greater quantitative stilization of maltose then glucoss,
¥ore comclusive evidence of direct ensymatie wtilization of msltose
was obtained by the Thunberg technigue--shich measured the dehyuirogenase
aotivity of the organisus in the presence of specific substrate with
mettylene blue as indiocator, The technicue exployed was gs follows:
Hnotoria were grown on trypticase soy slants for 24 hours, washed frem
the slants with phystiological saline and centrifuged, They were resusw
pevcled in saline, centrifuged end sgain separated, The cells were
firally ouspended in & sultable wolune of saline and seraied for 30
wimttes, For determination of the nethylene blue redustion timen,
Thanberg tubes with hollow stappers were uwped, Into the maln Lobe was
pipetited 2 al of phosyhate buffer {salt solution B, Chapter 171), 2 sl
of #/50 substrate and 1 ml of 1/10,000 nmethylene blue solntion, Unme =l
of serated cells (70=80 per cent light absorption on Fisher electrophe=-
tonster, AC model 425 B blue filter) was introduced into the hollow
n%%m & series of tubes prepared in this zapner were eveouated with
& vacuum pump for Siree winutes and inwersed in e woler bath 2t 35 C,
ifter two mlnutes, the tubes were inverted to mix the solutions and the
%ime for the blue color in sach %ude tn disspposy was noted. Uith eaeh

2 mﬁiﬂa’ Pe Bhde
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seylen, & control mwm mmﬁ#ﬁwﬁ was included, also u euntrol
tuhe with & bolled a;‘wmmra‘ of the beeterial suspension, Keither of
the mm t»uhn cver chenged color mﬂu the mmq oi’ the experi-
menis, Cxidation times of & 20 per dent suspension of H. flava (4)

in the presence of spscific carbahydrete mmm ere shown irn teble

Table 4

Gomparieon of heduotion Tinee of lethylene Flue by I, favg (#4) in the
Fresenos of Various Uarbohydvates end Felated Compounds.

PREFK

gzzz |

it arpesrad that the axidation time of gluooso was sigmificansly Pro=
longed in aomparison to the oxidation ime for maltose, Similsr wxperie
(32) end ¥, flave (55) in

merts perforsed with orgenisme i, _
presence of glucose or asltoss substrates showed eomparable results, &

uore rapid attack of maltose,

 Gxddation rates of maltose and glucose wors obtained by meaguring
gt abeorption at varied tise intervals of Thunberg tubes which come
mm ¢lucose or seltose as svbstrate, The results of a typloal
experizent arc shown in table 5 and diagrassed in figure 1.
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Table §

hmduction Tiwes of Yethylene Blue by K, flawa (#4) in Presense of
Qluevse and ialtose

Suratrate | or_Gant Lo
21 3 s 7 9 32 2
47 46 46 32 16 14 13 8 8 8
la % % » 9 3 3 38 3 3

The rapid rate of meltose oxidatiom in comparisem »ith glucose
oxidation by the H. {lava etrein is evident from table 5 and figure 1,
imiier results were obtained when axidstion rates of maltese and glue
esae were detersmined with N, perflavs (12) and K. Llgva (55). Althowgd
it wor realined that the Thunbery wethod speeifically msasured the
dehydro enating shility of the bacterial suspensions in the presence of
wathylens blue, it was coneidered that similar oxidation rates jrevailed
in the basel medium and that waltose was oxidized and fermented more

repidiy and with seid production whersss glusose was utilized slowly,

1# ut 011, with 11tele observable seid production
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CHAPTER 11X

VITAHEN HECUIREMENTS OF THE CGRNOS

trdal and Busch (1946) reported a biotin requirement for 24 struinms
of ks giges. Uo other report has been found regarding the vitealn
requiresents of the gram negative oooccl of the norms)l nesopharynx,

Frepuration of inoculum. The orgenisms used as inocula for the
ermerimente in this and the following seotions were grown through twe
serial subeultures on wum soy slamis, The inoculum was prejured
a8 follows: Orowth on the slant surface was removed with 5 =l of phye
aiolorical saline, the cells centrifyyed and the supernatant liguid
discarded, The packed cells were washed with § ml of esaline, centrie
fuzed agsin and the supernatant liguid discarded, The packed cells were
susperded for the third time with 5 nl saline and ome loop (about 4 ma
dimveter) of the washed cell suspension served as inmooulum for 5 =l of
the text sedium,

ireuaration of test mdium, Strains of felngeria were tested for
srowtk on medium of the following vwmai%m:

Cusein hydrolysate, salt-freg vitswinefreel 0.5 g

Clugose, G.pe 0.l g
Cysteine 2.0 mgm

. ne 50,0 2gm

Salt golution? T2.0m
Frotin o 4.0 mierograzs
Thisain hydrochloride 1000,0 sterograns
Calefrus deparmtothennt 1000.0 mierosraans
Fyridoxine hydrochloride 1000.0 microgrens
Haein 1000.0 alerograse
istilled water to 100.0 wl

pH 7.8

4 Casein hydrolysats obtained from Natienal Dairy Research Laboratories,
Zaltimore, aryland, Designated as lot #6,

2 541t solution contsined disodivm phosphate, 5 g3 potassium chloride,
0,09 g3 sodivm dichloride, 3.0 ;; usgnesium sulfate, 0.06 g3 water to
100 ml,
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The medius was prepared as follows: The casein hydrolyeate,
glnoose, cyateine and tryptophane were dizsolved in less than the total
volune of water, The salt solotion was prepared separately and added
to tre cusein hydrolysate mixture, The medium vas made up to volume
with allowsnes for the volumes of vitanins to be added later, sdiusted
%o the desired degree of acldity by mesns of a Beockman p¥ meter and
sterilized by filtration through Pyrex sintered glass fillers, The
wedium at this point was celled She test medium, Sterile solutions of
the vitsmins were added sseptically %o the test medium and the complete
uedins dispensed into sterile, aluminus.ganped test tubea in 5 =1

anounts,

$ Sterile solutions of vitaming
{except biotin) mm by solution of the vitamins in distilled
wuter st concentrations of 1000 mlorograms per ml, sterilization by
sintered ;lass f1ltration and storuspe of the concenirated vitaaln solu-
tions in cotton-atoppered tubes at refrigerator temperature. Dtotin
wns diesolved In a 25 per cent ethanol solution at & finsl concentration
of 10 merograms per ml, sterilizcd by sintered glass filiration and
stored with the other vitaming,

At this point, n preliminary experiment was undertaken %o detersine

the prowth response of straine of Leisseria to the complote medium, 4

mingle loop dnooulation of a series of organisms into the coumplete test
modium containing the five vitamins resulted in the appearance of heavy
floceulstion follawing incudation for 48 hours, Slides prepared {rom
the heavy floc revealed the presance of microorganisas amang the preei.
nitate and the porsibility of phosphate precipitation at the elevated pd
of the sedivm appeared feasible, accordingly, the salt solution was
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modified and o standard salt solution for the remainder of the ex;erie
senis wee adopied. The new solution was composed of semrate ssld
solution Al and salt solution B, two wl of cuch solution added to 96
wl of besal wedium prior to the pif adjustasnt, The finsl pF of the
nediue way adjusted to approximately 7,35, to eliminate the phoaphate
fipeenlstion at a more elawvated pl,

sion of bemal medium, The composition of the basal =medium
surioyed in the resainder of the experizments of this invastigstion was

a2 Tollows:

Camein hydrolysate, saltefrez, vitasin-fres 0.3 g

ﬁlmm, oD - 0.1 I 4

Tryptophans 5040 mgm

Salt selution al 2,0 a1

Salt solutionm BR 2.0 w1

Mstilled vater to 100,0 =1

pil 738

The btasel medium was mrepered as outlined in the seotlon on Preparation
2% test zeding.

The complete test mediua of subseguent experiments cousisted of the
hesul medium ss noted sbove with the addition of blotin (free acid), 4 ugs

thianin hydrochloride, calolum d-pantothenste, pyridoxine hydrochloride

anti macin, each in 1000 aflorogran amounts,

freliminary expsriments with the complete test medium resulted in
growth of the test organisws and no precipitation of the wediam ofter
ineubation for 48 howrs,

1
Contained FeCla.4Ra0, 0.0 g3 #nCl2.4%30, 0,05 g4 %8050, 0.5 g3

m‘ 5.0 g3 water to 100 =i,
2 contained HipP0, (Soerensen's), 1 g3 KitP0, (ankydrous), 3 g3 waber
to 100 =l.
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Results, To determine the essentiality of a single vitemin, a
series of aix bassl medis were prepsred, one medium contaiming all 6
viteming, the remeining wedis each deficlent in s single vitanin and
inoculated with a series of ten test organisms. The results of this

axperiment sre given in table 6.

Tebhle §

Greowth Response of 10 Ztreies of ¥elsseria to the Complets Test Yedium
Containing § Yitamins and o ﬁmyitﬁ Tost Mediwe with Individual
Titamin Omissions

Complete test medium + Cuitures Tested
viteming oliminsted ultures Tested .
i@iﬁ&mllx 7 22 B8 7T B4T 876 1927 2080 TOOZ TeRS 2408
Yo omission H W B ¥ B ¥ BN ¥ »
lews thismin ¥ B B B B B B B M
loge caleium dw

pantothenate $ B B OB OB OB OB B 3
less nlecin B H B & 3B B 2+ B+ B+ 24
less pyridexine

nydroshleride 2+ 3 I H B B 3 S W M
lese Yiotin - - - - - - - - - -

legend: = ¥ mo growth
2+ ® fair growth
3 = average growth
The data presented in tuble 6 indicated that the organisms wers

unable to grow in the absence of bistine Whem this vitasin was present,
good growth resulteds In addition, the results indicate that the
cultures wers sble to grow thraugh fowr serisl transfers when essh
vitamin, other than biotin wasz ¢liminated,
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To deteraine the essentiality of biotin im the sbsence of the other
vitaaine of the B oomplex, ten strains of Ugisperiz were tested in

seoven different medis, each of the five media contained a sipgle, dif-

forent vitamin, the sixth medium contalined no vitenies and the seventh
medium contained nl)l five vitamine undsr test, ™o obtain a more acourate
estimation of growth response, a Fishor eleolrophotonster, AC model with
425 B blue filter, was used to measure turbidily of the medium after the
fifth serizl transfer., The results of this experisment arve given in
tadle 7,

Table 7

Orowth Hesponee of 10 Straine of Nelsserian to the Prssl Hedium Contaloing
Biotin, ’iasin, Puntothenute, Pyridowine and Thiwwdn Individually ard in

Compination
80
43 W0
_ 45 36
hydrochlaride 0% 4 0O 0 0 4& © ©0 0
Basal * niaein 048 3 0 0 0 M o6 0 0
Basal * Biotin W76 12 % 10 2 4 W ! 40

{sher eleetrophotometer, 40 nodel, 425 B blue filter,

* Roadings of fifth serial tranafer with 44 hour imcubation periods
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A)1 organisws tested in this experiment grew well in the presence of
bilotine Orowth of any single strain wae not materially enhanced by the
pregence of other vitasing of the B complex. Twe strains of X, gatappe
halis (100 and 7900) grew profusely in the absence of any of the vitee
ning tested in thia experiment but the total amount of prowth was
incressed materially by the addition of dloting no other vitasins under
test were sble to effeot a similar growth atimlation. Since these
organisms showed good growth in the absemce of any vitamine but ine
ersascd growth by the addition of blotin, they were regarded as "biotin-

stimlated.” The growth of 2l) X. gatarrhalis strains wes not stimulated

by the presence of biatin but no cultures of other sneecies responded to
biotin in siwilar menner,

To determine if additional growth stimmlation of ligigseris were
obteinable by the addition of other growth faotors, an experiment was
perforeed employing the five vitemina of previous exverisents, riboflavin
ard folic acid. The vitamin concentrations in the cemplete bassl medinm
were ss follows: biotin, riboflavin and folie acid, 0,01 mierograms each
per »l of basal nediumg ealeium Dwpantothemate, pyridoxinme hydrochloe
ride, thiamin hydroehloride und niaein, one mieroyras each per -1 of
baerl sedium, The ribeflavin and folie aold were aqueous solutions,
sher: lized and stored as noted for the other vitamira, The medis whish
were inoculated consisted of a basal medium devold of vitanmins, besal
medium plus biotin, basal mwediua plus all seven vitamine and trypticese
sy broth, The trypticase say broth waz 1m1m for comparative pure
mm M grew more lmxnriantly upon thia andia than vpor sny
ot er ratural twmdivm, ‘lhc results of this experiment, efter four serial

travafers, are given in table 4.
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Iable &

Gpoeth lesponme of 10 S%rains of Nejspgeris in a Basal Yedium plus Siotim,
o Gomplete Medium Flus Fiboflavin und felic Aseid, and in a YNgtural Hedlum

edia
Basal =lone 4 6 11 T Yo 4 5 6 2
bgenl * biotin 90 28 24 67+ 3 16 14 6 16

Baaal * 7 vitamins 3 MUr 33 13 8 6 WM

77 43 ¥ &~ &4 60 12 8 3%

8 & B
8
8

Trypticase soy broth

= ppowth gramtlar, readings inaccurate
“ﬁm results of this experisent mmam that neither riboflavin por
m‘i% soid rendered any growth ut&mm to the organisay tested, The
#ii:hy differences between readings were not significant. Uf signifie
earce, however, wers M%ﬂ&t&md by Wth of organisss in tryptie
srse soy broth. In comparison with trypticase soy bLroth, the growth in
partielly umﬂwtia modis agapuwaé lw»s than opt&m ami this deficiency
wis rot resediable either by the additiom of one per cemt starch, 0.01
nsolc aeld or i-inositel. It muot

per cent yoast extract, para~sainobe
be eoncluded, thet ti.%r the conditions of the experiment were not
sptimim or a vital mutritive subsbance, irreplacesble by the vitasing
noted above, was absent from the medium,

aring the investigation on minimm vitamin requirecsnts of lglsssria,
& series of organisms wnder test did not respond to the presence oI biotin
in the husal medium but grew well in a basal sedium which contained five
vitamine of the B ocomplex, To deterzine the minisum vitasin requirements
of Ltese organiena, six media were prepered, one mediua contaiming all
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five vitaxine, biotim, pyridoxine, niaein, pantothenate amd Lilaming
the resaining medis each defteient in & single vitamin, The results of
rls experisent alfler imecculation and 8 serlal transfers are recorded
in tuble 9.

Table 9

“pouth fesponse of 11 Unclessified Strains of Maisgeris in a Complete
Tewt Sedioa with Individual tsisaions of Blotin, Pantothenate, ‘yridow
xine, Maein and Thigmin,

tedia

Complete~ Bagsl * five

vitaning _ 3832 32 0151743253 0o O
Complete less biotin 30 D 02,13 ¢ 3 2 O 0
Uoeplete less ealeius

Gmpuntthenate _ 3222 17 20351428323 0 0O
Ceuplete less pyridoxine | | o

rydrochioride 38324 26 231837253 0 0O
Gompleie less niacin 00 0 002320 90 0
hydroehloride 3528 30 20N 24H 2% 0 0

Lack of growth in the complete medium lesm miaein indioated that biotin
wai not the eole essuntial vitenin requiremcnt among the Neigserig.

The strains i, GP6, B, J, ¥, and 36 required niacin in addition to
biotin for norasl growth, Strains of © and F required nisein only for
sontimmed growth in pertialiy-defined medium, Strain L required biotins,
niacin and thiamin and ihe wwo straine designated ae Calf and Sheep
reqwired other factors or eosbination of factars for normal growth,
Subseguent experimerts indicaded that growth of Sheep and Calf strains
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Zable 10

#inimal Vitemin Hequirements and Crowth lesponse of Sixty Strains of
Honepathogeric Heipperig Through Five Transfers in o Casein Eydrolysate

ledium
Species and Strain | Hinimel Vitamin Per cent Light
Besiznstion Poquirenonts :

7900

8176
8193

Hy mioca

Hy perflava

3448

55

§§3§§§5 N§§§xa3as%: M

none
biotin stimelation

none

blotin etimmlation
none

none

blotin stimnlation
nons

botin

none

tlotin

votin

bMotin

: blotin

blotin
biotin
blotin
biotin
biotin * niacin
Motin * nizein
botin
blotin
todin
h&eﬁn * M,aa&u

Mutim
biotin
bietin

blotin
biotin
mm

biotin

blotin

biotin
blotdn

biotin,

bus 52 SBEFSENY RUNSS.REELE BUENEIBELLZBY
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dpecies and Strain
Lesigrmtion

Unolsosified biotin *+ niscin
none
niacin
niscin
bMotin ¢ nlacin
bMotin * niscin
biotin ¢ niacin *.
thisuin N
biotin * niacin
biotin * niacin ¢
thianin + pantothenate
blotin * niucin
blotin
blotin * ntacin
MWotin * nisein
blotin * niscin
blotin * ntacin
biotin ¢ nigein
none

BRENEs

none

Motin + nisein

blotin

blotin * niasin

bYiotin * nisein

bYotin * ragin ¢
thioain *+ pyridoxine
+ pantothenate

GP1é |none

Calf Imo mintmus reqei

$it1)

BERRSY.BESEREY FE BLRBBSE

2% PUISBEBLENEBLEE B8 RuNESE
5

BB .TUSEREERSER RY wyEN2S

20 PRELEREL!
BV RBREEZRRRER P¥

g%égiggﬁﬁﬁﬂtﬂﬁw DM RO W
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imong the uwncleassified strains, however, the vitamin requirenents
for growth were mumerous and diverse, 2iotin, niacin and mixtures of
these two vitaaine were required for most strains, A few cvltures
rexirec no vitawins and a few gsuliures needed a molety of vitaming for
adecuate growth, Two strains did not respond te any vitemln mixtwes,

T™he responas Of four strains of Keisserig to graded amounts of
Motin in the basal sedium is shown in table 11,
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Table 11

fpowth Hespomne of Five Strains of lelsgeris to Ornded Amounts of Hiotim
in a Casain Fydrolysate ledium

Sassl, mo vitamin 0 36 0 0 2
Agan) * 10~Sug/al blotin 0 45 o o )
Sasal * 10 ug/ul biotin o & o o )
Baan) * 10"8ug/ul biotin o & 10 1 16
Paoal * 10~%ug/a) blotin & & 16 15 15
Basal ¢+ 10™%ug/ml biotin & 4 2 B 15

. , A AS 20 - R—— .

Cwrves drewn with these date are shown in figure 2. The organiss, 7900,
catarrhalin, blotin-stimalated strain, showed & relatiwely constant

“ml

response to all additive insremenis of blotin, irrespective of total
eoncentration, The response of Y. gatarrhalls (1876) was detected at a
coneentration of 1073 ug blotin par nl of basal medium whereas the H,
perfisva strains (7925 snd 2448) and the H, {lavesomnp strein (0746)
showed growth at a hiotin concentration of 1070 ug per ml., e srowth
response % ingreasing concentrations of biotim was not linear,

The jroeth response of five stralne of Helsseris to waried convenw
trations of niaoin in the resence of 0,01 ug blotin per ml of wmedia
was determined and is recarded in tedble 12, is four of the organisms
tested required biotin in addition to nisein for growth, the basal
medium was fortified with a constant apount of Motin in addition to the
varring increments of niaein under Leste For this experiment, it e
encluded thet moderate uagwwwi af the mnwvﬁ.tu becane apparent at
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thmoﬂiwsmmafmwmmummm
in the Presence of Bletin in & Caseln Hydrolysate lHedium

Basal, no niatin

Sasal * 10~3ug niacin/ml

X

0
10

9
40

A .4

4 0 o

fesal * 107%g ntaein/al 5 5
3 8

n 12

ggpwaﬁ
Fggu@r

niacin congentrations of 10™% to 10™> ug niacin per ml of hasal wediux
in the presence of bMiotin., The unclassified strain, E, which had &
nirimal vitamin requiresent of missin only ; - demomstrated maxizmm
growsh with 2 ndecin conoentration of 10™% slerogrems of niactn.
Curves drewn with these data are shown in figure 3.
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Figure 3, Hesponse of five strains of Neisseris to graded amounts of
’ niacin in the presence of blotin in a casein hydrolysate

mediun,



CHAPTIR IV

pharynx have been unreported exoept for the refurence of Crdal & Busch
(1946). Heporting on E. gigeq, these authors noted:
®eese the hydrolysed casein was suocessfully replaced with a
wixture of 19 anine acids {(the amine acids af casein hydroly-
e Ly v e X
media lacking ome of the 19 amino acido, mmmww
mm&mm&ﬂﬁdm&mwm&ftmm&wwwmu
organieas.”,
ation on the clooely related organisns L. zoporrhoes
| WMMMWWW W, ane and
Moeller (1943) Teparted slight and erratle groweh of ¥, gon
mmeamﬁmmMam, improved growth
whan & sixtwe of m acids M in caseln {axelnding eystine and
twyptophane) ware added to the original mixture xrd yood growth when an
suid-hydrolysate of casein was added to the oriyinal mixture. veltoh,
Stokinger and Cerpenter (1944) recorded the growth of ¥. gonorrhosss in
& aixture of elght soino scids plus indole-3-atetic acid, Orowth of
sdditions]l straine could be indused by the addition of glutamine and
choline to the basal medium, Mrants (1941) reported growth of M.
peningitidis in s sixture of eight anmino acide, Py the sddition of
smmonium chloride to the aediwm, all but two sulno aclds eould be
deleted and the final medium contained ammoniun chloride, glutamic acid,
salts and glucose, Orossowion (1945) criticimed ¢he redium of Frants
as foadequate and noted the growth of meningocoecl only under strictly
gontrolled eonditions. Orosgowios, im turn, retounended a more ade-
Quate sedium vhich contained sodium ylutamate ns the sole sourcs of




nitrogen,

Other investigators have recomsended mediu for the growth of
Seisgeria, awon; whom vere Lankford, Seoott, Cox and Cooke (1943),

Oould (1944) and landy amd Cerstung (1945) but the maino acid mixtures
sugrested by these investijators were enriched by the addition of
casein hydrolysate and the nedia were considered ws partially defined
or “sei-synthetic,”

To deteruine whetber the Nelsmads could grow ir s synthetic
wediwa, the casain hydrolysats used in the exderiments desoribed in
Chapter 111 was omitted snd amino ssids were sudetdtuted,

Inocula for these experimonts wers prepared in the menner employed
in the lnmvestigetions on vitasin requiremsnts,

ligdia were prepared by solution of the suino acids under test in
distilles water with gentle heat, addition of glucome, salt golutions
4 and D, the nixture made up to volume, asldity adjusted and the
nedivum sterilised by filteration twough Pyrex lass filters. Calculated
quantities of biotin and miscin were added esejiically and the complete
wedium dispensed asepticelly in alusim
anommte,

Preliminary experiments indicated that meither amsmoniom chloride

m-gapped test tubes in 5 md

nor susonion niurste were adequate nitrogen s>uroes for the euvltivation
of Nelsscrise Imitial experioents slso indicsted that casein hydroly-
gugggggg?s‘g;ag?mﬁ%%ggﬁﬁ
oitrogen requirements o %Eg sbudy,
?ggﬁsgu&ﬁ% o slmple synthetis
gﬁggggfiggu%ﬁ ﬂ%gv«%
amino acids recomsended by Franmts (1941) for the enltivation of the



mendngoeoeci. The composition of the mediusm is given in table 13,

Table 13
Composition of a Chexlcally Defined Hedium for Unltivation of lisigseria
{after Frants)
Muwn, CeDosse D2 2 Mooin.ciesscconssase 00 nlerograns
Sult solution i. 2,0 ml d=(lutanie acid.,...e 0.13 g
Salt solution By 20 o) i Mm srsevarsnne 0.0082 &
aiﬁmc‘ovauntta 0.1 M Distilled water $0uas 1000 ml

pﬁ ?-35

Among m thirteen orgunisas tested for Emmw {n this medium,
three atrains - 1485, 7925 end 243 - grew poorly on the first tranafer
and no streins grew through a second transfer in the above medium after
four days' inoubation,

The chemioally defined medium of Orossowles (1943) reproduced in
table 14, with added hiotin and niascin, was tested for ability to
support growth of six Neimseria strainas,

Table 14

Cosmposition of a Chemicslly lefined iledium for Uultivation of fSpigseria
{after Grossowios)

M& mi“ttﬁcionhud 5'0 ﬁ Mw mﬁmungoenoa 300 t
Idsodiua phonphatesl2 B0 2.5 g lagoesiom sulfate: 7 ?0 0.3 ¢
donopotassiun phosphate,. 0.35 g Caleliua chloride.d wne Qe g
Amsoniom ohlorid@secccesn Do3 g Thiaxine hypdrochloride... 0.001 g
?ml m’“tu.ﬂw-tago Q.W ﬂ' m\bo.cnwhtnutltnttviﬂ Jwe mm
8ulfatB,cccnses 0,003 8 [, PV T AR, BN : | m
Sodiuns g:lﬂ‘tmw....un. 1.0 g mw' CyPuvencenasrnes 2,0 4

Tater t0 1000,0 nl

Only ome straims F» saterrhalis (7900), grew throwgh four serial trane-
fers in this medinm. The growth of this straln, though consistent, was
poor in comparison to the growth of the organisa in & casein hydrolysate
median,
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To determine if the Egipgeria streins of this study were capsble
of consistent growth in a symthetic nediuve, w cumplex cheuleally-
defined wedium of the cemposition reproduced in table 15 was mode, in
sddition to biotin and rlacin, the sedium slso cunisined thiomin ae
Grossowics (1945) had moted ineressed mstabollsn of Y. intraeellulsris
in the presence of this vitamin, Supplementary wiﬁm&m conpyands
were added to the amino aeid mixture fo stimulate o support the growth
of the Jelsseris straims, Of the mp}mmmﬁ% ﬁtmm compounds
added, yeast rucleic acid alone was defined Yut not chemically synthew

sized,

To note the effect of elimination of the anine acids and the
supplementary witrogenous cospounds, medic of siapler composition were
aade by the elimination of two or more nitrogen sources from the come
plete medium, The camposition of the simpler symihetic zedia ard the
growth respomsen of ¥eimseria to straims in the complex synthetic medium
of table 15 and in the simpler media are presented in table 16,

Table 15
Composition of a Completaly Synthetic lediua for ihe Orowth of lgisseria
Blotin...cvavusveose 1 mlerogram 1% Lyaine.c.vucooncasnnesesdD mgn

Hlaein...oveessnse 100 d‘m dl Yalintenervsssconvsssnes 5 mgn
Thiemifeserecaccee 100 'ﬁm 41 am& Ainring. seenevecs 38 Aagn

mm' Coluresnses Do 8 ﬁmm&imuwtwqqqdenom&toco & ngn
S8l 20lution A ...¢ 2.0 m1 dl lauointeessisanscnseses 48 ngew.
Salt aXution B .,.. 2,0 =1 dl I80)ei neesesnsecnnns 48 BgEM
l*Glutanie acid .. m-ﬁ ngn 4l Serinfecsnsecsescsanssn 60 ngm
IMutanin®eccencnes 2.0 "y 41 MW"M"N.-“-"-“ &L ngs
Cutathlon®escrenses 280 mit iy oltyirolinCesesvsnves 2 ngm
‘?1 MMM Mid‘tﬁ wia m d‘ W%i@w{maonaotﬂnﬁscto 36 m
KB : heoevesases &Q& m ﬂ hota WWX&MM..... w ngm
al mpmmﬂco.c 2.0 now p 75 mim»ocnu-otuc.uo.. 66 _gm
1e Wuan»“u 24,0 nim Yeant micleic 20idivcocesns 15 ng=a
j 2 1iNBesenosses 800 nge fara~aninoherzole acide... 5 mgn
1 a’agmlﬂiltﬁtd 3.0 ngm Mﬁﬁ #88eeesensannces 1D na
1 * ArgininefCh..., 56,0 ngm Cholin®eesssusscsnnsonsses 3 BN

Distilled water %o 1000.0 =1
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Table 16

Growth Pesponse of Five Streins of Nelaseria in & Completely Synthetie
Hedium and in the Synthetic Yedium with Sussessive Teletion of Hitrogen
Sourges

flodia Componition

B
<
S

1. Complete modius

2, As sbove less perea-axincbensolc
acld, adenylic scld and choline |

3. iz above loss miclele sotld ‘

4« 48 abore lesa Syrosine and beta
alanine

5e x‘;a &bage im;&n;_plm;m and

- hyéromypraline y

€. 5w above less waline end proline

7e As above less serine and throunine

8, Aa sbove lems leucine and

9« As zbove lese histidine

10, in above less aspartisc soid and
asparagine

11, As above less avpinine

12, is above less cysteine and lyaine

38 B
28

E ER

ERE 8
188 3

wb

I |

]

~BE FE oBe < EF
OSSO OO0 COC © 0O O

314

* not detersined
#% fourth serial transfer; 4 days® inculstion between transferss
reading with Fisher eleetrophotoueter AC sodel, 425 B blue filter.
The results in table 16 indlcated that a1l of the Nplssaris etrains
Y Mﬁﬁ) ,.n W DL aenT W Mﬂ in the QWM“,
eonplex madium, Simplificotion of the complszte vedium by elimination of

nitrogencus substances resulted in dlminished growrth 2lthough the lesser
growth eould not be atiridy
compound,

Sinmilar experiments on the elimimation of anino scids from complex
gynthetio medium, with varied anino acld compywition and comtent, indiose

ed %o the ¢limination of any specific

ted that a few Yelszeris strains were capable of prowth in a medium with
fow mitrogenous sourses. Among all the clasaified strains of this estudy,
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the majority were unsble to grow in a medium eontaining all amino acids,
‘edther in proportion faund in caseln hydralyeste or ip the proportions
indicated in table 15,

B. flava (555, Y. parflave (1927) 4. satarrtsiis (8176) and X, pigos
(X) were grown in a synthetic medivm with these rd*ropenous sources: 1¢
glutanie acid, 100 sy per cent) glutawine, 15 =y oy genty l*arginine, 100
»g per centy dl aspartie acid, 75 mg per cert: J1 voline, 100 ng per centj
1% lyeing, 100 ng per centy asperagine, 100 =~ ner cents end glutathions,
1.5 mg per cent, After four serial trensfers witt four day incnbation
periods, E. flava (55) grew to & 16 per cent 1i .kt absorption; N. pepflava
{1527) and X. gaterrhalis (8176) grew %o a 15 per cent 1ight absorption,
These growth respanses, aithough slight, were one-hglf the density of
growth obtained with easein hydrolysate as 4he vdtroren source and
demonstirated growth of Heisseris species in a ~Holecally defined wedium,
ﬂthouéh the amount of prowth was far inferior Lo ryorth obtained on the
best matural wedima,

Growth of %, flava (55) could be erhaneed %2 2 25 ner cent light
asbsorption by cultivation in a synthebic medinm contsining s11 amino
acids found in ocssein hydrolysate., The concentrstiom of the individual
axine acids must be inereased threefold ower the reported concentrations
of these aclds in casein hydrolvmate,

The synthetic medive recomended by %1%33;?1’%%&%»@: snd Carpenter

(1944) for *he growth of ¥. gonorrhosas was a»wy & peries °f 45 smino

acld mixtures immm inte a cheuisally ﬁwﬁwﬁ nedia, none ef
which supported prowth of the thirteen Eglasuriy test species through
four serial transfers. Carry-over of mitriles in the inooulua often
wupperted the growth of test apeciss throngh ane transfer hut rarely two
tranafers.
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Under the conditions of the testa wnoted sheve, wery few strains of
Felpseria were capable of growth in a completely synthetic medium, The
addition of purine and pyrisidine bases and eneryy sourowms including
lagtate, pyruvate and sostate t0 anino asid mixtures as reported in
casein hpdrolysate resulted in no response of the tost organleme and it
ta the opinion of the imwestigator that, with fow sxceptions, the
requiremsnts of the non-pathogenic Nelsgeria sre mere detailed than of
the psthogenic Nelnseris




CHAPTER V
NUTRITIONAL SUBSTITUTES FUR BIUTEN IH ORGTH WF MEISOKRIS

Reoent inveatigations have indicated that biotin is utilized in the
nitrogen metabolism of mioroerganisams, Allison, Hoover and Burke (1933)
reported an absence of respiration by
goensyme R unless avallable asmonia was pressnt) aspartleo acid, in the
presence of available asmsonia, inovreased respiration by Ebisobiwm.
Burk, ¥insler and du Vigneand (1941) eonfirmed trese observations and
noted, in addition, a greater increass in resmpiration rate than growth
rete. Later, Wimsler, Durk snd du Vignesnd (1944) ealled this ineresse

ihisobiun in the presence of

in respiration and growth rate, upon the addition of biotin to biotin-
deficient celis, the “blotin effect,” The biotin affect was examined
more intensely by other investigators and speeific functions for Biotin
ware vaported,

Koser, Sright and Dorfman (1942) noted that aspartic acid stimule-
ted the growth of Ioruls gremoris in the abgence of bdlotin and demomsire~
ted that biotin was comnernad in the aynthesis of sspartie acid, Stokes,
lerson and Gunness (1947) also reported that biotin is needed in the

Another funstion of biotin was suggested by Lichetein and Umbreit
(1948 . DPlotin was required for the deesrdoxylation of aspartic, malie
and oxalacetic acids, yielding pyruvie aeld and carbon dioxide as the
end produsts, lardy, Fotter and Flwehjem (1947) rrovided supporting
evidence for this theory when they demonstrabted aspartic actd synthesis
from pyruvate and bicarbenate in the presence of bMiotin, Oxalscetste,
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& condensstion produst between pyruvie seoid and earbop dloxide, prowoted
pang on a medius deficiont in biotin and aspartic

Ochos, Zshler and Kormbarg (1947) suggested thet biotin was cone
ocerned in the synthemis of dicarboxylis acids by earbon dioxide fixationy
this possible function was suggested aleo by lliame, Broquist and Snell
(1947)« The synthesived anid was thought %o be oleie ssld,

Lichstein and Usiweit (19470) reported that smpartic acid, serine

Of considersble interest to the cowse of the present investigution
were statements in literatuve indicating the peesidlc replacoment of
biotin by other compounds, Stokes and Cummess (1947), in & report of
compounds related to biotin, noted no "blotimsctivity” of the compound
gasel and L. arablimosus. f. gorevisias, and other yeast cells grew well
in a mediun containing desthiobiotin but lacking Maotin, Those investi-
gevors reported the corversion of desthicbiotin 40 bietin by the yeust
eolls and the subsequent wtilisation of the syntbesived blotin, The
formiles of these compewrds appesr below,

00 {0
/ \,'m _ g?/ '\’iﬁ
T -
B0 (cBy) ;oo ByC Oy (O,) 8008
§

Biotin Desthiobiotin
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A. Blotip Teplacement hy Desthistiotin

To determine the response of Nelaseris to desthioblotin, three
basal medis were prepared, us detalled in Chapter 71, with caseln
hydralysate za the mdirogen source. To ths {irst basal wediua, blotin
was added. The second and third lots of basal =sedium received desthio-
biotin, e houwr after the tudes wers insculaled, 0,05 micrograms of
blotin was added to the third tube of each serizl transfer, The results
of this experiment, after the fouwrth serial Wwranefer, are recorded in
table 17,

Teble 17

S 70 2A8 X

Basal + desthiobiotin 0.05 ug/ul| 21 éa 15 -

Basal + desthioblotin 0.50 ug/sl| 22 . 20 %
Delayed biotin addition

The results of the experiuent disclosed that destidol
biotin as a growth faotor for Nelaneria. %o inhibition of growth was
demonstrable by the addition of desthioblotin in either the 0.05 or the
0.50 miorogram eongentrations. In the case of the tubes reoceiving biotin
in addition to destbiobiotin, the activity of ite culiures was not re-
mmumwmmmnammumw %@Mfmw
by suppression of blotin activity by the desthichictin, Mas, the

Heigaeris es well am ysast can utilize desthiobietin im place of biotin,
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B. Non-replacement of Biotin by Oleic Acid
#llisms and Fleger (1946) had reported oleic aecid as a growth
stimilant for L. gaspis oleic asid, emlsified in sthanol, supported
growth better than blotin and no aynthesis of biotin from oleic acid
could be demonstrated, Williams, Broquist and Snell (1947) reported
better growth of lactic acid bacteria in Tween 80 (sorbitan esterified
with nleic acid) than in oleic acid because of the lessened toxicity of
the former. To assess the value of these compounds as possible diotine
substitutes for the Nelsserds, a series of basel media containing these
compounds in the recommended concentrations were prepared and inocula-
ted, The¢ concentrations of the compounds and the results of the
experinent are given in table 18,
Table 13

Hesponse of Tour S¢rains of Neisseria to Oleie Acld and Tween 80 as a
feplacement for Biotin, in Casein Hydrolysate Medium

tedia
Basal * oleic acid, 0.1 ug/ml 0 0 o
Basal + oleie acid, 1 ug/ml 0 0 0 8
Basal + Tween 80, 1 mg/ml *
oleie acid, 5 ug/ml 0 0 0 0
Basal * Tween 80, 0.1 mg/nl 0 0 0 8
sal ¢ Teecn B0, Q.9 me/ml Q2 0 0 9

From the adverse results of this experiment, it was concluded that
neither oleie aeid nor Tween 80 counld replace biotin., The growth of I,
aioga (1) indicated the non-replacement value of oleic acid and Tween 80
for blotin bt did demonstrate the non-toxidity of these compounds for
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Gy ﬁawup‘hmt et Biotin by Pimeliaq Aecid m ﬂna

 Ab %Ms po‘iut, it was deairsbla to determine. if pd.ulic ‘aeld could
replace biotin in the mutrition of the Ngisgeris., Because of differen~
088 in rumbers of earkon' atoms ,and configuration, additional compounds
were added to the pimné acid wedium in order to approximate the mole-

cular welpht and structursl formulas of desthiobiotin, As dlagrannved
below,

co a‘a
AN /
HG —OH
| L HC  GooH
R 2-garbon ‘c C':K;g-( ), GO pimell
CHige{ ; melic
Deathioblotin chain 32 ‘mz 4 aeld

pimelic acid, urea and a two ecarbon compound might possibly form a
substitute for desthiobiotin, The two carbon compounds tested in this
experinent were acetic asid, ethanoclamine (WH,CH,CH,OR) and ethylanine
(CHyCHaiM,)s In addition, a mixture of arginine and pimelic aeid were
testad, the spatial configuration of arginine supplementing the confi
guration of plmelic acid,

o
I

Gi
S,

| ticm
WQ (%) 403@'1

Arginine NH,“CH Pimelic acid

Basal media containing mixtures of these compounds were inoculated and
earrisd through four serial sranasfers, The concentratioms of the
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compounds employed end the results of the experinment are recorded in
table 19,

Table 19

Growth Nesponse of Four Strains of Nalsperin
Urea, dcctic Acld, Fthylamine and ﬁmmxmim m ﬁm@mﬁ&m as o
Beplacement for mmn in (asein Hydrolyuate iedius.

Hedlia

1. Besal medium * pimelic asid,

0.1 ug/ml o o o 0
2. Bassl wedimm + pluslias aeid,

0. ug/m) ¢ arginine, 0.5 ug/m § & o 0 3
3. mm«:wmxmw ‘

Oul ug/nl + urea, 3 ng/ml ¢ |

soetic mm,xw:ﬂ Sy 0 -0 3

&MM&*M&M:& ‘
a.:m/mo 1Wa3.*
sthylanine, 2 ug/al : S0 -8 0 o

Se Mmﬂim*;ﬁ.muem
a.lug/ml*w, lng,fm;.d:

The negative results showed eonclusively that bistin or desthicbiotin
could net be replaced either by pinalic anid or plaslic sold in conjunow
tion with the conpounds under test,
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P BPiotin Substitution by Gleic Aeid Flus Urea

he possibility of replacement of desthiobistin by a mixture of
oleic aoid and ures wus considercd feusibls for (be following resacn.
Jlele soid, as diagranved belom, 18 & cls=acid &nd the preximity of the
mathyl group to the sarbaxyl proup renders the sethyl group slightly
acidic., An such, the asldic methyl proup mey rosct with a vasie amide
group of ures, foraming the greater component of desthicbiotin, in the
following fashion,

'
HC~{Clig JgCON A¥ N wrea
M“-{Gﬂ:)v%
P2
Gleioc aclid m&niszaza}g
O Bef{CH, )&
Mede aold

To test this possibility, & serfies of basal asdia containing waried
sapunts of oleie acld and ures was prepured and irmoculsied, The resulis
of four serial transfers with fowr day ineubation perieds are given in
tabls 20,

Growth Response of Your Htrains of Jeipserig %o "eole Aeid and Vres,
i.n‘fw izounta, as a Hubstitute for ’%w&m in Bagal Xedium

Media

Basal ¢ oleio seld, 10 ug/ml o o
Basal * urea, 2 ug/ml L4 0
Basal + oleic scid, 10 ug/nl * urea, 2ug/al{ 0 O g
Basal * olsie acid, 15 ng/al ¢ urea, 2 ug/nl 0 0

| 3 0.0

0

0

0
# 0
a0
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The results of table 20 did nob appear significant for the percentage
of light absorption indicated only feeble growth, 7isual sxamsination
of the tubes, however, revealed the baoterisl :rowih, not as unifora
turbldity, but as small spherules of sowpact growth, about three mm in
dismeter, The mass of growth which appesrsd in the tubes would, by
visual inspection, be considered a three plus ;rowth for lgisperip and
the oleie asideurea mixture was considered 2 aubstitute for blotin in
the nutrition of H. gerfiawa (2445). The olele acid « wes sixture was
unsble to support growth of strains H. Qavs (55), X. picos (1485) or
E. flaveacens (157).

E. Diotin Substitution by Oleie Acid and Jleie icid Plus Creatine,
Daring the suxrvey of simple mixtures of cospounds vhich would
funotion as & substitute for blotin in the nuirilion of the Kelsserd
the sisilarity of the structural formulae of erwatine and desthiobiotin,
and the formation of oreatine anhydride, erestirire, by the slistwation
of s noleocule of water, was noted.

. G\\ﬁ
D 3 o
| o o pm A
RS \ [ / com
Oy - COM 0 s & ——-o~0R, mum Ciy-(GH, ) COOR
g&»ﬁ- Creatinine - Desthioblotin

?ﬁgﬁﬁgfgggéx of & wixture of creatine
and olelc acid for Nelaporis oaswﬁ of basal w=edia containdng creatine,
and oleie acld, individually, and in mixture, wes prepared and inoculated,

These concentrations of the coupounds and resultia of the fourth serial

transfer with four day incubation periods are piven in Iable 21,
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Teble 20

Upowth Neaponne of Four Straine of Nelsserig %o Creatine and Oleio deid,
Individually and in jixture, as & Substitute for Diotin in Basal Hedium,

Hedia e A0 Bupther

[T
Basal * oleic soid, 10 ug/md ] ©
Basal ¢ creatine, 2 ug/ml O

Basal * olelis seid, 10 ug/al * ereatine,
T2 o Q.. 25 20

in oentrast $o the gramalar growth of M. perfievs (24'5) reported
in table 20, the X, Llgvospoeng straine (155 asd 157) grew with wniform
tarbidity in their respective media, K, Llavescurs (155) grew well im
an olelio acid medium whereas oreatine in addition to olele acid was
sssentisl for the growth of B, flavesoous (157). The esventiallty of
the ereatine in addition to oleie acid in the mutrition of N. flzvesgens
tioal morphologically, dlochenmieslly and, ssomiing to DUr. Sars Bravham,
serologically.

An obseyvation on the physiologieal slate »f the enltures should be
noted here, e X, gagns strains (155 and 157) when used in the
above experiment were growing welle-almost lumurisntly, wpon trypticase
a8 inoculum, in the past, varistion of

d for these twn strains were idenw

soy siants prior to preparation
growth response of N, flsvesonm
in some degrev, upon the amowmt of growth méﬁ-‘m %W the natural
modium prler to inoeulum preparatiom.

Under the conditions of the oxperiment metad sbove, oleic aeld was

in test modia wis roted to be dependent,

coneldered to be & substitute for blotin in the mitrition of K,

(155) and olele actd plus ersatine, a substitsa:a for Motin in the nutrie
tion of N, flavesoers (157).



SUMMARY ARD CUMCLISYORS

A growp of Helsaeris eultures isolsted fron husan and ardmml sources
wore classifled im accordance with the sehenwe of classification cutlined
Identification of the
orgenisas upon wmorphologiesl and physfiologicel bases poraiited ssparation
of straing of hwaan mn.gin into Mnmd ngmﬁm slthouph two strains
did vot conform Mm‘iy with the ammw blochexical reastions.
Strains tmm sources mtmﬁ ﬁmﬁmm awmmwwm
quxmmﬁmmmwm'm mz%ﬁmmam 'mc;lnmifhd
division - 8 division encompassing aﬁ strains shich exhibited " peguliay

yollow plgnment, were nom-fernent

.M,w and 3@‘&1?&?&%13? dintinet from

difficult to aspess - the interpretation of tre reaction dependent upen
the lovestigator and the conduct of the test, ‘hromorwnesis of organisns
upon loeffler's seruva slants resulted in csraxnl colored cells in con-
trast W grey, yellew or pink colored celinlar ssssz chserved in washed
suspensions of Falsserig, A compleie absence of green plguentation was
noted, absorption of plgments upon inert naterial revealed the presence
of yellow and pink pgnents in separate, isolated regions, Isolation of
the yellow pizeent from a saes of cells resalied in ro aliecration of
plgsent intensity, po obserwable physical ghange im pigment hue,

The eolonial wmorpholegy of the Nelsngria =se varled - the majority
of the sirains produged a szooth colony irrespeciive of taxomomical
position, The eolonlal morpholopy was considerced a minor charasteristis
ard a variation in the physical textvre of colonles of X, perflawa (2443)
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Response o biotin was noted st & biotin concentration of 1076
ﬁggﬁug response detected st u 1% miorogran level
vith saxisn response obtained st a ua&» 10 zterogres level. A
ii%gwggﬁgg&gﬁ%? noted; to bMotin
over & range of 1075 o 107 ug per m1 and to nisein, over a range of
uelacs.bnmwmu.iwa

dmong 34 classified strsine of Sgigseris tosted, contimmed growth
of only seven strains was obtained in a chenlonlly defined medium,
Five of the seven sirsine demomsirated fair and continued growth in a
sinple, chemically defined wedium but better oowth in a aynthetic aediun
which contained the majority of known amino aclide, idditions of purine

and pyrimldine bases, energy souwrces (lagtate, ecetate end pyruvate), and
other zrowth-promoting compounds were pot able to stimalate contisued
growth of the strains which did not zrow in the ehenieally defined medium.
A bistin iuvhibitor, desthiobiotin, was shom to felfill the biotin
requiressnis of a series of test straine, %o irhibition of biotin aekion

in the presence of desthiobiotin was notad. Inancessful %@aﬁg«,&
biotin by sn olele acld ~ urea mixture was demonetrated by growth of

B, perflawg (2448) in o basal medium devedd of biotin but containing
alelc aeld snd urea, This replacenent was not permitted by pimelio acid,
olefe asid or Tween 20, Jeplavement of blotin b oloie acld wan demon
strated by growth of ¥, flavesgeng (155) 1n 2 basel mediun containing
cleic acid; replasement of bMotin by oleie seid plum creatine, by growth
of ¥, flaveseens (157) in & bassl mediuas containing oleie acid plus
orestine,
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