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INTRODUCTION

A, Historicsl Advances in Nutrition ane Pathogenicity of Weisseria

1. The Nutritional dequivements of Heisseria meningitidis

weichselosum (49) in 1887 isolsted and accurately described a

' diplococcus presest in the meningeal exudate from 6 cases of cerebro=
spinal meningitis, His observations concerning the morphology,
staining resction anc viability of this microorganisu became the
subject of such controvers, among investigubors that it was nol until
1900 that they were [inally contirmed, firuly esbaolishing this
diplococeus as the etologic ugent of epidenic cerebrospinal meningitis,
Straine of this oacterius have since veen classified as Neisseria

pmeningitidis, fthe early confusion concerning N, meningdtieis hac been

vergetusted to the present time, CUontroversy still exisis concerning
the morpholo ical, culﬁural caw blolo iecl characters of tue
MENINLOCOCEUE,

| Ihe matritional re ulresent. of H. geningitiais strains have
been wet primsxily by conlex edla asu an atzmos here containing
carbon uioxiue. In 1309 Elser and Huntoon (16) conuucteu extensive
stuaies on the cultural chavacteristics ol the meniaguccecus wnd
employeu ascitie fluie in soliu wnd liguld media sfor ite isolation and
maintenance, Cordon and Hine (27) auvocsted o pes eal extoact agar
medius for carrier detection in 1916, This mediw. consisted essentially
of & tryptic digect of mest, & 5% acdium chloride extract ol pes floux,
and agar. In 1941, dweller and Hinton (41 ) developed a nedius vwhich
was based on the essential eomponent parts ol the Goruon and dine pea

msal extract wgar. They discoverew that the wetive growtheprosoting



fraction of the rea flour extruect was due bo starch and coula be
replaced by numerous varietie. of starch, YThelr final medium eonsisted
of sharch, mest infusion ane o gom . lete seld hywcolyzate of cassin,.
This relatively sim lifies mediun wao found superior to cnocolate zgar

in a series of primary isolutions of ¥ peningitiuis strains, Uther

com lex solic medaia which have been employec in the eultivation of the
meningosoccue include Blood sgar, chococlste agur anc wextrose-sharch
agars Hecent studies by Jyseum (29) indieate that strains of N,

meningd tivis may be grown and repeateuly subculiured on solid media

containing amnonium ion as the sole nitwogen source proviwew they ave
first cultured on blood agar platen contulning glucose.

Ligquid culture wmedia auvocate. fur the prowth of the wmeningo-
coccus have been as varied anu as com lex iu their avellable autrients
as the solid medla. It was nob wntil 1942 that a seriocus atbtenyt was
made to preeisely define the nutriticnal reuirenents ol straine of
Hs meningitidis. In that yewr, Frantz (21) developea a simple,
chemically deiined meuium in which he was able to obiain growith of 14
of the 15 strains of N, meninzitidis tested. This wediun consisted
gssentially of two amino acids, glucose and incrganic salis (table 3).
These compounds were found to represent the essentisl factors present
in lueller snu Yinton meuium necessaxy fox growih of the meaniugococcus.
Later, in 1945, Grossowicz (28) defined a simple liguiu mediwn in

which he wai. able to grow all 5 strains ol N, meningitiols tested

(Pable 4). He emphasized the growbh-stimulating eifect of caleium ions
and the inhibitory effect of certain smino acidae, Subseyuent use of
Frants mediwn by other investigators coniirmea the original findings

of Frantz (18,5%,46,47).



2, Studies ol the Pathogenicity of Neisseria meningitiuis

Investizators have 1in general agreeu that straing of H
€ 5 e 2.

meningitidie possess only & moderate grade of pathogeniclt) ior

laboratory animals. Ihe role ol endotoxin ia the pathogenicity of
these strains is of particuler ilwmportance in view oi the large numbers

0i bacteria generally eumployed in these studies, .ice have been used

extensively end have been shown to be particularly susceptible to
intraseritoneal inmoeulations (5,16,42 ) as have young guinea pigs (15,
16,19). Branham succeeded in procucing meninsitis in guines pigs (6 )
and rabovits { ) using intracisternal injections of living cultures,
hest~killea cultures, filtered sus ensions of living cultures, and
broth filtrates. Flexner (20) and Mobonald (40) used intraspinal
incculations in proaucing a meningitis in conkeys simulating that

ocourring in men. Davis (15) inoculatec strains oi H, meningiticis in

the nasal cavities and veins of monkeys in attempting Vo more closely
apgroximate‘the portals of entry im orbtant in the initiation of this
d isease in man, He was unable to reprowuce bthis Jdisease using these
routes.

Virulence studies of N, meningitidis strains ia chicik eubryos
followew the initial reort of Goodpasture and Anuervon (2%) concerning
the bacterial invesion of the chorioe-azllantoic wembrane of these enbryos.
Budaingh and Folk ( 8,9,10 ) established the susceptibility of 12-day
old ehick exbryos to a recently isolated virulent .train of Ne
seningitidis, Sbtrains grown for long periocds on artiiicial meuia were
aviruleat in chic: embryoc. In many instances histological changes
substantiateu the presence of meningitis following choric-allantoic

inoculatbions,



3e 1The Effect eof Nutritional Resuirvements on Vathosemicity

ihe pathogenicity of U, meningitidds strains is degendent to
a great extent on their ability to survive intracelludarly following
phagocytosis, Tnis type of existence necesssrily imposes nutritional
vestrictions within which the phagocytized bucteris must continue to
aeet esssabisl metabolic reyuirements. This may in part explain the
inability of the mutritionally dependent non athogenic strains ol
Seisseris to survive phagocytosis. Oraal enc Susch (44) studied 14
strains of H, sicea and found that biotin wa. re uired for growih and
that a mixture of 19 amine acius replaced the vitawineiree acld
hyurolyzed casein also necessayy for _rowlh or thesc strains. fitting
and Scherp (17) succeeded in growing a strain of ¥, catarrhelis in
Frantz medius only after adding a mixture of amine acias eguivalent
to those in casein, Hemes et al, (43) discoverec that 47 of 57 strains
oif noupathogenic helsseria required biotin or niacin or both for
growth in a glucose salts mediwa contasining vitenineiree acic
hydrolyzed casein, Martin et al. (39) showeu that 4 strains of H.
perflava required putrescine for . rowith in a medius conteining 18
amino scids, biotin ani salts, JThese regquiresents assume luportance in
that they detecnine the chewieal enviromment within which these none
sathogenioc strains must exist anu are conciderably more complex than

those reguirements of strains of H. meningitluis which arve capuble of

growth in a simple ehemical environaent,
iutation to mutriticnal dependency within strains of iH,

weningitidis might markedly alter the virulence of the affected

strains, Rake (45) goupared the gro.th in broth of recently isclated

virulent strains of H, meningitidis with simller strains maintained
L



for long periods of time on artiificisl medis. [e found thet recent
isolates werte reseily grown in hormone broth mediun in comjarison %o
the stocis strains which srew poorly if atf sll in ithis sume medium,.
behery une Fitting (46) observed that sose recent isolates from
satients with meningitis grew well from minute inocula on first sub-
culfure in rFrantz mediw: while sowe stock strains reyulred hewvy
inocula. decent isolates have Leen founa to be more virulent in
animnl stueies than have stock strains ( 9»19,42), .owever, tiese
avirulent stock strains were found to wetain thelr toxie properties.
Yo stuuies nave beeun concucted bto determine the eifect ol
nutritional dependency on the .othogenicity oi M. meningitidis strains,
Studies have beson conducted using other bueteria in estublishing a
relationsniy, between nubtritional reguivesents snd puthogeniclty.
deoon et al, (1) studied tne eiivcts of biochemicul mutatien

on tne virulence of steains of valmonella tyshosa. They found that

mutants with requirements for purines or for g-aminobenzoic seid
possessed little virulence following initrsjeritoneal injection in udce
in compurison with the virulent, nutritionally independent purent type.
The loss of virulence weo atitrisuted to the limited availability of
thewe speciiic growth factors in tne peritonenl cavity ol itne nost.
Full virulence was restoreu by injectlon of these speciiic growth
fuctors inte tne host or by reversion of the nmutanis to tneir Lormer
level of nutritional independence, utante requixing aspartic acid

were also founu to be welutively avirulent for mlce. Garver et al,

(23) stusied viochemical mutants of Xlebsielle pneuuoniuve, Five



6
different amino acid-regairing mu&&ntsl and one pyvrimidine~reguiring
mutant were found to be as virulent as the perent strain whean inocculated
into the peritonesal or ﬂ&bﬂl cavities of mice, However, they observed
that purine-requiring mutants were avirulent regaraless ol the route of
incculation, leversion Lo purine ince endence or the injection of
purine into the peritoneal cavity restores virvulence., IFurness end

tiowley (22) successfully employed transduction by phage in establishing

)'-‘:1

a hich level of virulence in 2 sirains of dalumonella typhimuriua

L

which were foxmerly avirulent for mice. These straine were sdenine-
dependent in thelr avirulent state but became adenine~indepencent
following transauecticn by phiege te the virulent state. 4 strmin of

Psendononas pseudomsilei (34), anc strains of Pasteurella pestis (11)

huve slso been founu to lose virulence for mice following mulstion to

purine dependency.

B, Objectives of this btudy
Pne objectives of the present study are as follows:
1}. 7o establish the minimel nutritional requirements

of strains of J, meningitidis.

2)s "o determine the virulence of these streins using
the chick embryo as the host,

%), To determine if a relationshi; exists between
nutritional independence and virulence of H,

meningitidis strains as has been shown for other

strains of bacteris.

i : . . . . .
* The mutants possessed ineividual requirewents for thweonine,
tyrosive, methionine, leucine, and histidine.
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A, Hutritional Keguirements

1, Bacterial Cultures

Seven strains of Nelsseris meningitidls were investigate. with
respect to their in vitro mininal sutritional reguirementu., sour were
obtained from the American Tyue Culture Collection, tuo from the stock
culture collection of the uepariment of Bactericlogy of the University
o0i Uregon .edigal gchaol, and one was freshly isolated frou the nuso-
pharynx of & symptomless medical student. 'The s eciiic designation of
each strain, end 1ts history, sre presented in Tables 1 ana 2. All

straine were reconiirmed as N, peningitivis accoruing to the taxonomle

griteria outlined in Bergey's sanual {T). Upon seguisition of
cultures, each strain was lyophilized, snd stock cultures were instituted
and maintained by means of stab inoculations at apjroximately monthly
intervals in dextrose-starcn ugar (38}, Uhis wediun, hereafter referred
to as Dua, conslsts of 1.5% Difco Protecse-repone No, 3, 2.0 gelatin,
0,24 dextrose, L.07 soluble sterch, 0.5 NaGl, 0.3 Ne PG, and 1.0%
agar. All stock culitures were incubateu and held at 37 ¢ in stoppered
test tubes.

2. hedia

The basal, syndhetic, liquiu mewium em loyed Ior evaluation of
minimel reyuiveente was nouiliew sligntly frow that initlally auwvocated
by Frantz (21) in 1942, which cumsists of the two amino acius Legystine
ond Leglutasic cold, dextrose wnd inorganic salts {Tuble 5)‘ & single
chanze in composition was nude by reuucin, the concentration of

amagnesiun suliate by one<half to 5.0%%. The preceuure ol prepuration
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varied caly in that the finsl pll was brought to 7.6 prior to autoclaving

instead of T«%. The solutions veve stored at roon femperuture in sealed

The Grossowicz { 28) mediun, which wus utilized in early studies,
varieo from drantz nediu.: in thatd sodium thiocsulizte (25 mog/ml) was
substitutes for Legystine anu both caleilum chlorice {100 meg/ml) and
thismine (1 mcg/ml) wers added. Un sddition of agzar nelther Grossowica
nor Krantz medium peraitted growth of the meningococcus, thus necessie
tating the use oi an entirely uliferent volia mecium.

The solid medium utiliszed was foruulsted oy waeller and dinton
(40 in 1941, Initislly, it was prepaved according to tneir oxiginal
procedure, except for the substitution oir wilco "deel .ieart for Infuéian"
for raw, cho,ped beei hesrt. However, the sabsequeant scquistion of bifco
dehydrated Mueller and Hinton udedium greatly facilitatew prejuration.

BbA was only occasionally used.

411 medla were sterilized by suboelaving at 121 C and 15 pounds
pressure ior 10 minutes. A4All sclutions subsequeatly added to stunduxd
medds .ers sterilizeu in the samne way.

3. LUetermination of bLssentisl hutrieats

ae Zurbicinetric Assay of Growth anu wurvival

Growth of ¥, _eningitidis struins in syuthetic qealsn vas

measure. by a bsusch and Lomb "bpectronic 20" eolorineter-spectrophoto-
meter., The resistor. of thiu unit were replaceu weeoruing to tae
procesure of Uresmer L& bo increwse the reliability of the instru.ent.
fhe puveties employeu were 13x100 mm mxaé culture tuves which vere
etehed with both reference reading mari enu iuventifying number. Iae

tubes were asbchew according to the vensity reading with 2.%50 cupric
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oing, sutoclaving and

(1

suliate. The operations oi cleaning, cotibon plu,
incuvation were carried out witn care to yrevent etching. Ifhe tubes
yenerslly containeu 3.0 ml ol culbure mevium, anc aever more than
4.0 ml, to gr@vgnt soaking the cotton pluy upon thorou h agitation of
the content. prior to each density resulng, ALl optical density
meLsurenents were made at 520 nillimiow

frentz mediwn was employew as the baswl solution to which
coitions or ueletlions were m.de in determining the indivicual minimal
putritional veguirements, Jouble strength rrantz medium was useu wnd
giluted to final volume with solutions of aduitives or sterile distilled
water. JThis method was followeu %0 Jacilitate auditions fo this meuvium
shile maintaining the proper concentrations of sclutes, If growth was
obtained in the vesal medium on coatinuew suseculbure, deprivation
studies were curried out in which the awine uclus Legystine wna Lepglutamic
asold were eliminateu completel,, or sodium thicsulfste (12 &cg/ml) was
suostitutey for lecystine

If growth was not obtaineu in tae vapal meviua, it was
sabosguently enciched with Jifco Yeast cxtract. Growih ia the eariched
mediuws lew to sbtenpts at uelineation ol tae essentvial growth-promoting
substasces presents, In an atteupt to susiain growih in a synthelic
basal asulun, yeaust extoact wus repleceuw with solubicns contalning
vitanineiree, scld anu ensyme ayurclyzeu cawsein, vitamins, purines,
cyrividines and adno acias.g These solutions vere adeew inuivisually

or in ecobination, at concentrations repurte. in the rosults section.

s Vitamine-free casein was obbtaineu in seid Wyurclyzea Ltorm ivo. wvlico
and Wutritional Biocche.deals Corporation while the enzyme hydarolyzed

Jre arntion, vitamins, purines, pyvimioices, onu aulne «clus were ovlalned
from Huteitional siocheaivils vorporations
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The inocula consisiteu of eilther o wire loop transfer irom
stock BBA gulbures or, wmove ilreguently, of 0.1 ml of & 24-hour liguid
culture. All inoculates tubes were incuvateu im withero o three gr five
gallon screwecep uadle jar at 37 G,

In many cases where liguid incculs were used, coloany counts
were smployed in an eifort to correlate sensit, readiasg of the lancculum
and nusmber of wviable cells, fhis procedure was used in oruer to
gtancaruize the number of living cells in esmch inoculum anu o detsrmine
the survival o inelvidoal streins, Jhe agar plates were poured, then
incunated in a single layer at 37 € duenty-four hours prior to the llume
of inoeulation., Ihis was necessary to reduce the moisture vontent =o
that discrete colonies would develogp. Jlate inoculations consisted
of sprescing 0.0% or 0.1 nl of a cell suspension or wilution over the
sgar surisce with trisugular glass spyresders., LY neceusuyy, osuchterial
cultures vere dilutew with sterile saeline oo Frantz wecviun to provide
a distripulion of colonier that .oula allow accurante counts. Incubation
wes carried out ab 37 C for 48 hours in one-ganllon candle jars. A
colony counter faciliftatel counts as all solid medie usew reauily
transmitted light,

bs Faper Chromstogeepd

In some experiments, paper chron tograyhy was resortec to
in an atteipt to determine the If range. of wcbive com,.onents in
comylex growth-pronoting supstances suc ws yeast extract and ewsein
hydrolyzates on which some strains were uepencent. The proceuure of
Bentley und .hitehesu (2 ) consisting oi cucending chromstography with
syridine-water (65:35) as solvent wue followes. saterials to e

evalusbed wers prepaved in agueous solution at pH T.56. 4 sheet of
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Whatusn 3 4 chromatogsraphy paper (18x22 inches) was ruled .ith a
norieontal line three inches lrom the uwependent margine. Solutions
vwere individually deposited in 10 laubua velumes at auplicnte predeter-
wined sites ab lemst one ineh apsrt on the ruled line. ALL spots were
thoroughly dried beiore eddltional wolumes vwere depousiteu and prioe
o solvent exgosure, A oylinder was formed by sitapling tue oy osed
iree murgins und was subseguently placed in an air~tignt eylinarical
plass tanikz, containing freshly prepared pyridine-water solvent ut a
depth oi one inch. Id ration oif the zolvent front was alloweu to
syoceRL LO0r aypraximutalﬁ 24 hours abt soom tempersiure, wliter waich
the psger was resoved from bthe fank wnd thorousnly wiied in the hoou.
ihe prescnce of coopounds containing free amine groups was ueberuineu
by the color reaction on spreying with 0.10 ninhysrin in N-bubanol and
hestbing for cne minute at 100 C.

svaluation of i values of essentlal components was Dased
ot the vigible jrowth of depeuaenﬁ‘str*inﬁ in the presence oif sections
of chrometography strips. Aiter eveporation of il solvent irom the
chronatography paver, one ineh wide stri.. wers cut comprlsing both
the remnants of the inltlal siot end the painay ol migratory constlie-
wents. ne sirip of & peliy woe oorared while the otner strl, was
redueed L0 ten sgpments of eyusl slize., Aany adsorbed mutecial oa the
ben seguents was elubew by 51&@;&@ each segunent in & culture tube
containing 1,5 al of distilled waber unu sutoclavin, for 10 ainutes
at 15 pounds pressure. w~bterile wouble ctwength Franbs mualun was
then aswdied to o final volume oi 3.0 ml, =zuw tinally, the contents were
inoculabed anu incusated st %7 U in candle jors. Gonirols for suach

solution chromsbtographed were provi.eu by uspomiting equivalent velumes
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m small seguents of chowomutograply pajer. The dried spots were cut
out with an aueyuate w.rgin, sluted, then tre.tew in the fashion just
mentioned. Visusl eveluation of turbidities and tae relationshi.
o1 the lnuiviaual seguents to the position of the uolvent froat were
important in eveluasion of the R values of the growihestinulabing
components. Use or the "oSpectronic 20" in optical uensity deters

L

minsbions was prohwibited by the .resence of the rapers.

By Pethogenesis in Chick bambryos

1. Chick Imbryos

A1l embryos were obtainea 10&&1135 ano were of Cornish-Cross
origin, In view of the results obtained by Buduaingh snd rolk (8,9),
l12~day ol embryos were useu execlusively. Lhe ezps wers secured ab
least 24 hours sefore t.e dey or inoculation and muintained at 37 ¢
to  roviue & eriod 0. envircamental acvapiation. saiutenance of
viability wao by ueuwns ol a amall‘tem;ﬁrvtur@-camtralled ingubstor.

water at

=,

A constant husddity wos obtainew oy pluciaog shellow ,un. o
the botton of the incubstor. The uninoculate. eggs wese turned 1§

to /O degrees at least once dally. soth inoculate. anu unincveulate.
e448 were lucubated with the longitudinsl axis din the horizcﬂtal plane,

2+ ebnod o1 Preparstion for Inoculation

The choriv~allantole route of infectlon was utilized and closely
approxinated the techaigue oi Goodpasture and Suddingh (26). 7The
eggs were ecanuled prior to inoculaticn with particuler attention paid

to location oi the air sac auu lerre velns, and embryouic movements.

A % M - . & ol » .
’*  Santa Clare Northwest Hatcheries, Portiand, Uregon
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Candling was somewhat difiicult uue to the variation in the coloration
of the eggs anu the relstively thick shells. A small triangle was
pencilec on the shell in o region relatively iree of underlying
choric=allantoic veina, oveventy pevcent alcohol was used to c¢leanse
the ghell at the sites ol entrance. A small flased probe was psssed
through tne shell ane shell membrsne into bthe alr sec, An electrie,
rotary band-tool fitted with & conloal, sorasive i was used 1in
outting the trisngular shell window. CUare was exercised in cutting
through the shell only to the uncerlyin; shell membrone bo avoid
microhenorrhages in the choriov-zllantole memdvrane, iLfter removul of
the isolated suell frxapmonis, the Jhell uembrané wWas genbly evfocvated
with o plunt, rlused probe allowia. the choric-sllantole memboune o
fall awey [rom the shell memLrane., In soue cuses, the zir sac hau to
be bulb aspirsaies because of iallure or the choric-allantolc .embrane
to descenu spontaneously upou ,erioretion ol the shell membrane,

3. Lultures and Inoculation

Incculation of the chorio-allantoic membrane .ith struins of
Hedsseria followed immedliately upon resvval of the shell memovane io
minicize air-borne contsninstion. The streines iavestisetew incluued
all thosse listed in {ables 1 and 2 znd one monpathogenic st.oain,

Aeisserie catarrholis, which was obtuined Irom the culture collection

01 che wepurtuent of Hacterioclogy, wnilversit, of Upregon wedical uchool.
Two types oi media, couplex anu miniual, were usew in cul buxing
straing prior to i.oculation. Doa slants in 6xy inch test tubes
constituted the cumplex for. oif seulun while Franitz solution fommec the
minimal meuium in those steaiuns in whioh iv supporbed  rowth., In bthose

strains in whiech wini el wonulrenents were nol deidines, only Vbis-groun
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cultures verc ubilized wi sources 0 u.cteris, & Lbd slant wae streaked
wom o stocls UOA tee., stup.ered ang incusateuw at 37 U fop
24 hourc. olee loop inoculs were then %een from this 24 hour slant and
used in initiating cultuoes in both Do and Yrants wsedis, eccn of vhich
wes suboultured after 24 oours. he 24 houyr prowbh o: bhess supeuliures
sEUSVed a8 the source ol cells for chorioeallantolc incculation.

In an attenm;t to obtain inoculs witl e ual nuusers of living
saoteric the following proceuurs wo. usedu. Cells f[ron both A slants
woG frontz aedium were suspendew in solubdions o sterile s:lins or
Frantz meaium. In earlier experioents sterile suline was em. loyed in
all cell suspensions anu cilutions wheress Frantz meciun was usea ior
this gur ose in loter stucies. The duh sluns culture was saspended
in a 4.,0'ml veluse and aseptically centrifuged at 17,000 ¢ for ten
minutes, JThe supernatant was decanted and the cells were resuspended
in 3,0 ml volume, The Frantz cultures were similayxly centrifuged,
decanteu snu resuspended in %,0 ml., Determination of viable cells
present in the densiity sdjusted cell suspensions wus by means of colony
counts of organisms grown on llueller anu Hinton plates according to the
procedure previously described in the section soncerning nutritional
studies, Both the final adjusted eell suspensions ang the dilutions o1
these suspensions gade for counting surposes were used for iagculationss

Inocula of 0.1 or 0.05 ml were delivered throeush a 0.1 or 1.0
ml pipetie onto the chorio-allantoic membrane withoubt contucting the
maxgine ol the window., Following incoulation & sterile coversliy wes
applied over the winuow anu sealed with & selted, 50-50 amixture of
vaseline and paraffin. Three minutes were required to comglete the

procedure with each ez beiore 1t was returned to the lacubator. ILabryos



15
were inoculeted in groups of iive for each iuuividual cell suspension
or vilubtion. Mive control eggs were icoculated «ith equivslent
volunes of the fluid im which the bacteria were suspended.

4. Observations of Infection

the embryos were observed through the coverslips for signs of
death o the day of hotohing (2ist day)e. Ueath of the emwbryo was
based upon fallure to observe amovements and absence ol arterisl
pulsations in the chorioe-aliantoic membrone, Candling was employed
as a nmeans of reaching a finsl judgment on expirution of the embryo.

Specimens for culture were obbained as follows fyrom all
embryos which died and from some embryos which survived to the day of
hatching, The coverslip was rembved and a flamed nichrome looy was
passea through the choric-azllantole membrane into the underlying
spuces and structures. The loop wae then ctresked over the surfuce
of & iv4 slant which was subseguently stoppered and inecubated at 37 C
until colonies appearsd or for one week in the absence of growth.
smooth, gray, translucent, moisteappearing colonies, which were oxidase
positive as indicuted by thelr color reaction to pedinethyl-phenylencs
dlamine, were wecorded ss Jelsseris, uwuspected contaminants were
examined microescopically using the Grom shain,

Decasionally slides wewe preparec of the embryonic fluids,
which were obtained in & fashion similar to specinens for culture,
They werc Gram stained and exsmined microsgopleally for bacteris,

inilammatory cells anc phagocytosis,
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ReSULYY

A, Putritionel Jtudies

1, Cholce of Basal ledium ana Growth Hesponse Groupings

Both Frantz (Table 3) and Grossowics (Tuble 4) media wewe
initially considered in chooging a busal medium., However, the Grossowicz
medium, as shown in Table 5, promoted a gramulsr type of turbidity and
a brief inquiry was made into the cmmsative factors responsible for this
pheneéenon. The components of Grossowioes mediunm foreign to Frantz
mediun were investigated using strain il, Uolutions of differing
composition were inocculated in duplicate with thie strein and subseguent
turbidities were examined visually, Turbidity measurements and plate
counts at 24 and A8 hours indlcated that the reaction of 4«1 to this
meuwiun was one of survivel rather than sctual growth. The results are
shoun in Table 5, It is appsrent that calcium chloride plays an
importent role in this phenomenon as it is capable of promoting a
granular type of growth when added alone or in cumbination with other
inorgenic salts, oince growth in Grossowicz mediwn with or without
caloium chloride was no better than in rrantz pedium, ibs use waws
discontinued anu Frantz mediun subsequently formed the basis of sll
matritional stuuies,

On the basis of the results fto bhe described, the sevén strains
could be divided into three swoups according fo their nutritional

requirenents. Group I represents those strains of J, meningitidis

which would grow in Frants sediuwnm on initial transfer fvom the stock
comglex DbA., Group II, however, required supplementation of Frantz

medium initiall, but did grow on subsequent fransier into the simple
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synthetic medium. Group III could not be adapted to growth in Frants
mediwa without supplemnentation,

2. Group I

fﬁis grougp consists of strains 1-1027, L1628 and li-2092 which
were obtained from the American Type fulture Collection. These strains
grew on initial wirve-loop itransfer into Frantz medium from gtock Dbi,
411l nutritional studies involving this group employeu inocula which
were talten Irom a 24-hour culiture ol these strains in rranitsz mediwa.
The liguiu test media were incoculated with Q.1 wl of a 24-hour culture.
In the event that a volume grester than 3.0 ml was necessary for
incculation or test solutions, culture tubeg were mutehed uecording to
their 24 houvr turbidity me&surements in an attewpt to approximate an
egual nuaber of viable cells in all inocenla, vThe growth response of
strain 11027 in frantz mediws {Table 3) is representative of thié
group {solid line in Figure 1).

From Figure 1 it is evident that growth was relatively slow in
the syntuetic media; but, with time, the densidy in complete Frants
mediun (shown by the solld line) reached that in nedium supplemented
with 0.1% yeast extract., It is interesting to note that growth was
obtained when the medium was simplified by the deletion of both glutamic
acid and cystine, that is, it conteineu ouly glucose and inorganic
salte {labeleds No Addition). The addition of cystine to this simple
glucose~salts mediun completely inhibited growth (lowest curve), in
contrast to the incresent oblained when 1t wag comhiheﬁ with glutamic
agid in comglete Frantz wedium {labeled: + Glutamic + (ysitine). Deé@ite
the fact thal growth wus obtoined in the simple glucose-salts medium

without addition, diificulty was experienced in maintaining sexrial
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subcul tures in this mediwaz,

However, the aduition of 0.0012% sodium thiosulfate not only
improved the growth rate but also permitted serial subcultures in the
absence oi glutamic acid sna cystine (Figure 2). These subcultuves
incicate Lhat these Group I strains possess remurkable synthetic ability
in their response to & chemical envivownent consieting only ol glucose
eno inorgenic salts., dhe exset tine of subculture was not iixed but
varied from 144 hours %o 192 nours. [Fhe delsy in teansfer was probably
a major factor in the failure of strein He1027 to row in the thiru
subculture, The second subeuliurve of straln L1027 had been in the
stationaxy phase of growth for at least 72 hours beiors the third
subculbure was institutea vhereas the other streins were in the log
phase of the growth curve, In suvsequent experients strain U-1027
waB grown and subeuliured repeatedly in the simy.le glucose-salts medium
when the orgenisms were transferreu uuring the log phase ol growth.

The minimal meciun for waintenance of growth and metabolic
processes essential to Croup I streine of H, penimgdticis iz thus met
by a simple chemically weidned solution (Table 6).

Be Group il

This group consistes of strains L2 and Bell which reguirsd
& gingle passage through Frantz mediua with yesst extiact supplementation
beiore growth coulu be oLbained in Frantz wediuwa withoul supplementation.
This initial passage consisted of incubaving & wire loo, trensier from
DbA at 37 ¢ in Frentz mediwn sugplemented with 0.1% yeast extract for
& perio. of 24 hours, Incouls of e ual volumes (0.1 ml) were suvseguenily

ransferred into Frantz medium with or without supplements.

The growth response of straine -2 and Bell in Frants meuiunm
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supplemented with 0,27 yeast extract is rapid snd sustained (Figure 3}
Comparison of turbidities in the initial 48 hour periocd reveals
compareble growih of the two strains, However, following this initlal
period, the Bell strain exhibits e response in growth which is
approximately 1.3 fole grester than that of strain -2 anu is walatained
at this level tc 168 hours oi incubation. xegardless of tvhe slight
individual differenceg, both strains presented narzed turbldity inores
nents in yeast extruci supplemented Frants medium, in contrast to the
absence of growth in wnsupplemented Frants mediuam on primaxy transfer
fron complex wedium,

Following an initial 24 houxr culbure pewiod in yeaut extract
supplemented Frantz medium, these strains are capable ol continuous
growth in unsupplemented Frantz medium (Figure 4). Ihis is well
demonstrated in spite of the irvegular times ol subculture vacying
from & uinimun of 96 hours to & maxinmpm of 240 nours. This latter time
of subculfure no doubt played an important role in the subsejuent loss
of viabvility of strain -2 in the {ifsh subculture, &s the stationary
phase of grouth had been reached at least throe awys previously in the
fourth subculture, Subeulturing at o specified vime in the log phase
of growth would have produced a more uniform viable cell populstion in
gach inoculum sne aided in the reprowuetion of conparable growbh curves.
The 1l44~hnour turbidity measurements shown are small in comparison to
the reaponse to yeust eitract supplemenied Frantz medium at this saume
intervel (Figure 3) but are appavently not uue to yeast extract carried
over in the inccula euyloyed in the initiel subculiure. LI this
aech:nien were ojerating, one woulu ex.ect a aecline in the growth

response with saech consecutive subeculture. However, the yesulis present
P



no evidence for the importance of such a carry-over mechanisu,

An experiment was conducted to evaluate the efifect of complex
grouth~pronoting scbstances on strain -2, This was periommed in
conjunciion with an experiment involving a Group ILI strain, otrain
-2 was incubated for 24 hours at 37 C in 0.1% yeast extract supile-
mented Frantz medium ané was then incoulated in equal volumes into the
sclutions shown in Figure 5. Comparison of densities at 72, 144 and
216 hours of incubation reveals several interssting differences among
the complex medis. A concentration of 0.1% yeast extract addec to
Frantz medium enhances the early growth responss without significently
stimuleting the late response beyond that occurring in uwasupplemented
Frantz mediun, Aeid snd enyzme hydrolyzed casein in equsl concentrations
did not markedly enhsnce the growth rate of strain -2 in comparlson to
the Frantsz medium control and, in faci, there appeared to be a tendency
toward growth inhibition in culbures containing these substances. The
presence of the vitamine, biotin (5 meg/+1l) and niacin {5 meg/uwl) did
not improve the growth response of strein -2 to 0.0l casamino acids
(Vifco). The failure of these vitamine o appreciably affect the
growth of strain -2 was of interest a3 Pelezsr and Doetsch (43) found
these vitamins to be reguired in the muirition of the majority of the
ﬁaﬂ;&thogenic strains of Neisgseria studied.

The inhibitory elifect of amino meid mixtgres onn the growth
response of strain -2 to yeast extract is presented in Figure 6. This
strain was employed es a control in an experiment involving a2 Group IIL
sirain subjocted to the szme amino scld wixtures to .ssess possible
inhibitory cheracteristics of the test solubions. The early inhibitory

effect of ithe complete solution containing 18 amine aclds is evident
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in gomparison of the 48 and 26 hour turbicity weasureusents of sirain
Li=2 in the presence of 0.2 yeest extract wnd 0.2% yeast extract plus
18 amino aseids, 4 pronounced imhibitory sifect was present ot 40 hours
and reamsined in effect through the 96 hour periods However, 158 hours
of incubation rendered this innibitory mechaniss inoperative and colne
clded with the appearance of relatively good growth in the sume mediun
laciding yeast extract, The growth in the presence of 12 of the 13
amino aglas was less than the growith in Frentsz medium with or withoud
the 18 amino ccids.

4o Group II1

Mis group sosprises strains Ikl and 1153 of d, peningitidis,

which reguired supslementation of Frants mediuwas for growih in primary
gulture and in subseguent subculture, Ltrain b-1 has been meintuined
for umany yesrs on Doi with yearly subeulture in the Depurtuent of
Jagteriology, while <1958 is an Americun Type Cultuxe Collection strain,
Thé bulk of investigetion in this group has been centered around sirakn

) as it was %he {lrst strain encountered und presented in intersstl

&

provlen in nutrition, since it would not grow in Frantz wedium in
contrast to the strains of the other two grougs.

~train -l was reps.tedly wire-loo, transfevwed [rom DBA deep
gultures lubs Irants mediuw and on a1l cccusions the density measure-
ments could be attributed solely to the zize of the inoceculun tronsferred
into Lhe synthetic medium. Plate counis abt 48 hours of incubation

act that the

&
o)

revealed very few viable cells remaining in spite ol the
density measurements had deoreesed very littls since the fdue of
inooulation. Teast extyact was employed as & supplement to Frantz medium

+

o stinulate growth and to provide a mecns of measuriag the relative
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potency of other nutrients in promoting growth of strain M-l, The
effect of graded increments of yeast extract in improving growth of
strain W=l is shown in Jgure 7. 4 concentration of 0.1% yeast extract
seemed 0 be the optimal concentration above which furthex increments
did not markedly improve the rete of growth.

the lack of growth in Frantz meaiwn may be explained by the
apsence oi an essential nutrient and/or the presence of toxic Lsctors,
Growth in Frants medium conteining adued yeast extract would iuply
reversal of one or both of these growtheinhibiting situations. In the
present stucy, experiments %o define & minimsl soliu meulun for each
group resulted in failure on every occasion in which 1.5% agar was added
Yo the minimal liquid medium. However, the addition of 0.l% yeast |
extract reversaed the apyarent inhibitory effect of sgar. Frantz (21)
noted this identical phencmenon in 1942 when attempting to euploy his
minimal medium in ager form, siueller and dinton (41} descriveu a
gimilar growth-prouoting effect of stavch in solid media and suggested
that it acts ae a "protective colloia" amgainst the inhibitory elffects
of amino acius., wulalysis was employeu to determine whether cougounds
of high molecular weight in yeast playeu a similar role. 4 yeast
extract solution wee dislyzed aguinst one lifer of distilleu water for
a périod or 18 hours at 7 C, The dielyzate was distilled under vacuum
to a volume equal to that remaining inside the bag. activity in the
dialyzate woula be atiributeu to compounds of low molecular weight.
probably acting as nutrients, wnile setivity in the residue would
provably ve aue o the protective sction of high molecular weight
compounas. she results are shown in Figure 7. rhe sctivity was found

to be present in the dialyzate with almoss comuplete recovery while the
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residue added to Frantz useciun failed o support the growth of strain
Mel, This would suggest that yeast extract provides a dialyzsble
nutrient essential to the growih of strain -1 in srantz mediwa,

In attemsting to determine the nature ol thie dialyzable
nutrient, solubtions of Frants medium with addeu vitemine, purines,
pyrimidines wnd casein hydwvolyzates were evaluated for their asility
to proaocte growth in comparison to growth in Frantz medium with auded
yeast extract. Vitamins, purines and pyrinidines ~ere found to be
withiout efrect either alone ar in combination in enabling sitrain il
to grow in Fronvs medium. Vitaminefree cusamino aclids (vifeo acid
hydrolyszed casein) revealsd an ability to susiain growth of this strain
in rrantz nediws ac shown in Figuxe 8, Although the early response is
less than eseen with yeast extxact (¥igure T), luter turbidity measuvew
ments are in general mmch higher than with eyuivaleni conecentrations
of yeast c¢xtract, This is perticulurly true oi the lower concentrabtions
of casamino acids (0.05% and 0.1%) which show prolonged log phases.
The 192 hour growth response of strain U1l upon continued subculiure
in thi. medium is presented in Figure 9. The initlal culture was
transierred at 96 hours of ineuvation whereas all following subcultures
were initiated after 48 hours of incubation. A concentration of 0,05
casamino molds appears optimal in continuew subculture as well as in
initial cultures (sigure 8).

Vitenin-free, acid and enzyme hydrolyzed cavein (Hutritional
Bioonemiculs Corporation) were also evaluated to &ﬁtermin@ if any
significunt difference existes in thelr growth-stimulating potentials,
& better growth response in the presence of enzyme hydrolyzed caseln

would suggest that strain i1 might be dejendent upon smull peptidss.
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The results of gradeu increments of both enzyme wnu sciu hydrolyzed
casein on the growth of strain i1 ia Frentz medium aye shown in Figure
10, As with sasamino acids the optimsl concentration of both types of
hydrolyzstes is 0.05% The graded growth response to the increments
of acid hyurolyzed casein is in sharp, conbrast te the growih response
in the presence oi increasing concentiations of the enszyme hyarolyzed
asein preperation. The enzyme hydrolyzes preparation in concentrations

up to 0.1% promoted growth which wau comperable o that with weid
hydrolyzeu casein in the {irst 72 hours of ineubation. However,
concentrations ol ensyme hyirolyzed cusein grester than 0.1% showed
partial inbibition of growth; and, ot 0.2%, cocplete inhibition occurred
(Figure 10B). The ,resence of suall concentrations ol yeast extract
(0.00%%) tenced to reverse tiis inhibitory efiect.

The 72 hour growih yesponse of strain .-l to lncrecents ol the
various bypee of supplesentation mentionew above ic shown in Figure 11,
Ine inhibitory effect ol enzyme hyuvolyzed cuseln in concentraiions
above 0.1% is quite evident (curve labelled: kngzyme Hyurolyzed Uasein).
The growtia response to the aseid hydrolyzed preparation was practicully
identical to thait obtainea with cosamine agids in siwiler experiuents.
The turbiaity measurenents of strein -1 in the preseance ol increasing
amounte of yeast extract are approxivately twice as great as in the
casein hydrolyzates at equivalent concentrations with the exce.tion of
the enzyme hydrolyzate avove 0.1,

The experiments testin. the efisct of caseln hydrolyzates on
the growth of strain el suggested that elther an awline acid or
combinaticn of amino acids wee essential for the maintenance of growth

ana metabolic processes of thic strain. A amixtwre of 18 umine aciue
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was em loyed in the same concentrations that .artin and Hansen (39)
used in obtaining growth of nonpathogenic strains. The couplete
mixture, and eighteen mixtures with s single different smino aeid
deleted, failed to sup ort the growth ol strain k-1 in Frantz medium
lacking Leglutsmic meic and Lecysiine (leglutamic ecid and Lecystine
were emong the 18 amino acids tested). wubseguent use of Group II
strain =2 in evaluating possible inhibitory influences of the mixtures
indicated that the inmdividual absence of 6 amino acies resulted in en
enhance. growbth response, These amino acids, Lethreonine, DI-try.tophan,
Dl~valine, L-cystine, Letyrosine snu glycine, were eliminated from the
total mixture anu the 12 remaining were oy in evaluated with straln Jd«l.
The results are presented in Figure 12. The inhibitory eliect of the
mixture of 12 amino aclds on the eafl; growth response of strain -l
to yeast extract is apparent on comparison of the 40 hour density
measurements with 0,15 yeast extrect, snd 0.,1% yeast extract zlus the
mixture of 12 amino weids, in modified Frantz meoiwn., A maried lag in
the response to yeast extract was seen a2t 48 hours in the presence of
the amino ascids and had disappeared at 96 hours at which time growth was
apparent in the amino acid mixture without addea yeast exiruacts The
absence of Leglutamic aciu and Lecystine in nodified Frantz meaium
containing yeast extrsct resulted in a diminished growth response atb
96 and 168 hours while not influencing growbth at 48 hours. The individual
deletions of Ulwserine, Dl~isoleucine, Lelysine and Leleucine tended %o
inerease the 48 hour growth response without ap,reciably altering the
later growth in compariscon to that seen with the mixture of 12 amino
acids. Howeﬁef, when Yleaspartic ceiu and Ieglutamie acld were deleted

8 lag was observed at the 96 and 163 hour siages of incubation without
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a marked disturbance at the 48 hour interval, The relative lag in
growth was more apsrent in the aosence of DIm-aspartic acid. The
results suggect that strain il may possess a reguirement lor Dhe
avpartic and Leglutamic acids,

The resulis with growth of sitrain -1 iun amino aeid mixtures

indicated a complex interaction bebtween the bucteris and the amino
acids presenit, Although the prowth response in the presencge of 12
amino scids was comparable to that vbiained in acid hydrolyzed casein
(Figure 104), the absolute amino acid reguirements were nob defined;
paper chromatography was utilisea to more accurately ustermine the nature
of these rejuirements., osolutions of the complex nutrien%$4 previously
employed were subjected to ehromatograyiy, and chromatogra.hed froctions
were incubasted with strain -1 to determine the BRI location oi the
growth prosoting components. This method of determining the active af
ranges is deseribed in the llaterials and lethods section. The resulte
are shown in Table 7. The df locabions of the sebive components of
yeast extract extenced from 0.3 to 0.5 and were identical with those
obteined with the dialyzate of yeast extract, The grouwth resgonse of
strein Hel indieated that the active components were locatew within
much larger RY bounuvaries in the cases of casanine aclusg, acla hyarolyzed
caseln and enzyme hydrolyzed casein than wuas the case wilth the yeast
extract preparations. In contrast, the color reactions of the separated
components of equivalent guantities of east extract,y the dialyzute oi
yveust extract, casaminoe acids, and seld hydrolyzed casein were soniined

to practicelly identical Ri bounuaries. rhis apparent discrepuncy in

4o

Yeast extract, cusamine acids ana cusein hycrolyzates.,
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the growth response say have been due to concentrziion difierences,
absence of inhibitory supstences within these ranges or to totally
different active substances in the nutrients Investigated. 41l of the
nutrients tested exhibited a color reaction within the Kf range 0.7
to 0.8; however, only in the case of enzyme hydrolyzed casein was
growth obtained in this range.

Un the basis of these chromatogrephy results individusl amino
acids were investigated in respect to thelr if ranges. IThe BRI vange
extending frum Ou4 to 0.6 was arbitrarily chosen as a meuns of
selecting amino seidas which would most likely proaote growth of strain
M=l in Frantz medium. Eight amino aclids were found to possess il values
within this range and included Dl~aspartic secid, Leglutamic acid,
blealanine, Lethreonine, Jl~serine, Lehistidine, I~cystine, and glycine.
& mixture of these amino woids was evalusted Tor its ability to promote

growth of strain .=l und was found to leex any stimulus in this respect.

B. Virulsnce Studias

1., Reisseria g&tagrhalis

This organism, considered nonpathogenic for man, appeared

relatively benign in its effect on chick embryos following inoculation
of the choric-allantoic membrane. The results are presented in Figure
13. VWhether the observed deeths weve actuslly uue to an established
infection may be yuestionedy s on no occasion was a positive culture
of N. catarrhalis obtained from o dead embryo (fable 8), This strain
wus employed as a control representative of the nonpathogenic strains
of Heisseris. It was grown solely on DbA medium as were other strains

for which a winimal medium was not defined, Ho attempt wus made to
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explore the minimal requirements of this organism,.

2e Strains of Group 1

Strain 1027 appeared to be as benign in its effect on chick
embryos es was N, ecatarchalis, The results of in vivo experiments with
this organiem are presented in Figure 14 4, Growth in rrantz meuium
4id not enhance the virulence oi this strain, It is appsrent that a
certain amount of verdablility existew in that lesser numbers of bacteria
appeared wore lethal thén larger numbers grown on the sawe wmedium,
Anong the contributing factors may be included individual differences
in susceptibility of the embryos fto infection, stresses experienced oy

he bacteris throughout the extended procedcure ol chick embryo incoulaw
tion, and experimental error.

The lethal effect of strein 2092 on 1l2-day old chick euzbryos
WaS more pronounced than'wiﬁh strain «@=-1027 and here again growth in
Erantz mediun did not enhance virulence (sigura ldﬁ).

btrain H-1628 proved to be the most virulent for the chick
embryo of all strains tested, This uirain wa. else vne of the moati
consistent in its manifestation of virulence (Figure 15)., Baoteria
grown in Frantz mediuwn were more virulent than were bacteria grown on
DA mecium., Vexry few organisms grown in Frantz medium were necessary
to establish an infection while larger nusbers of bacteris resulied
in early death of all embryos. An experisment was conuncted to decide
if endotoxin may heve played an impordant vrole in these latber deaths.
Bucteria were heat-killed by boiling dilutions far‘lG minutes at 100 ¢
end inoculating equivalent numbers of living and desu bacteria.

Inoculs of the heat-iilled suspension included heat-stable endotoxin

6

liverated upon death of the bacteria. Inoccula containing 2.2x10
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Dol-grown or 6,2x104 Frantze~grown, heat-killed bacteria onda libersted

endotoxin failed to have any lethal effect in chick embryos.

3y Bpiraine of Group IT

Streins M2 and Bell are equelly virulent in chiek embryos
(Figire 16) and sre surpassed in this respect only by strein i-1628.
Frontz mediuvm again failed to enhance the virulence of these strains.

4y Strains of Group III

In general, strains M-l and 4-158 (Figure 17) exhibited no
grecter virulence in the chick embryo then that resulting firom incculaw
tion with N, gatexrhalis (Figure 13).

These Group III strains were responsible for many changes in
the inceulating procedurs of all strains used in subseguent expewiments.
Their decline in viability was so great in the sterile saline initially
used for suspensions and dillutions that it beccme necessary to roﬁtiﬁely-
use Frantz mediun for these purposes and to periorm nore freguent couﬁﬁs
of viable cells present, All strains employed did poorly in sterile
saline and the one hour losses ranged from 40 to 70% of the viable cells
present initially. In contrast, the krantz mediun supported growtn of
some sirains ond reduced the loss of visble cells very little in other
strains, Uifferences here were due in part o the ability of straius
to survive in Frantz neddum anc in [ art to individual strain reguire-
ments for carbon aioxide. The use of dilutions necessitateu thorough
mixing with resultant seration ane marked reduction in cerbon dioxide
concentration. The deleterious effuets of aeration on the visbility
of ¥, meningitidis strains in ¥rentz medium were uemonstrated by Tuttle
and Scher, in 1952 (47). For this reasorn and because of the length of

the procedures involved, plate counts were roubinely used to a greater
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extent than previocusly in determinations of the number of viaule
baoteria in the primary suspensions frow which the inocula were derived.

5. A Hecent Isolate from an Active Cuse of Meningitis

This K, meningitiais strain, cesignated Heagle (Table 1), was
the only strain which was acquired from an scute case of meningitis
during the course oif this study. Its virulence in chick ewbryos wau
of particuler interest in this respect, The lethal effect of this
strain grown in Dbi (Figure 18) cospared favorably with that of strain
#-1628 grown on this same medium (Figure 154). Growth in 0,1% yeast
extract supplementeu Frantz medium aic not alter fthe virulent manifes-
tations of this strain., Although a thorough nutritional stuuy was not
conducted, strein Heagle wos found to grow in Franiz medium. Buddingh
and Polk { 9) founa that strains of meningococei grown on artificial
culture medla for long §eriads of time were avirulent for chick embryos,
while a strain which they studied shortly after it was isolated from
an active case of meningltis was virulent {or the chick embryo.

6. Observations of Chick kmbryos Infected with Nelsseria

ideroscopic examinations of allanteic fluid containing exuaate
from the choricezllantoic nembrane wers conuucted tu asceriain presence
of phagocytosis. .aterial fro. embryos which died from infection with
Hel027 was examined in this fashion usiag the Gram stain, &lides
prepared irom embryos which died 48 hours following inoculation reveasled
both intraceliular end extracellular Gram negative diplococei. Cells
of the monooytic series seemingly prevominated and contained from one
pair to as many as 10 to 15 palrs of bacteris., Relavively few disinte«
grated monocytes were found although the grenulocytes were present in

varying states of cellular disintegyation., Very few intact granulocytes
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were found to contain more than one or two palrs ol bacteria. Fresence
of phagocytosis, extracellular bacteria, and a cellulsar inflamnstory
response were thereby esiablished.

Attempie at recovery of inoculated H, catarrhalis within 16
hours after death of the embryo failed (Teble 8). Group IIT strains
wers alse relativel; difficult to recover in comparison to recovery
rates of strain Heagyle and Groups I and II. A negative culture was
not interpreted as an inalcation of & non-specific deauth or the avsence

of infection accoraing to the resuits obtalned by Sudeingh and Polk { 9).
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A, JVutritional Reouirements of H. meningitidis

pr—

Five of the 7 strains studied were grown in the simple, @yﬁthetic
medium advocated by Frantz (21). The remaining 2 strains possessed
mutritional reguirements which were not satisfied oy this medium, The
results obteined in these experiments sgree in genersl with observations
made by earlier investigators studying the nutritional reguir ments 9f
strains of N, meningitidis in that the majority of these strains demcn—
strate s marked uegree of nutritionsl independence,

The growth of the American Type Culture Collection strains M-1027,
Hel628, snd 1=2092 in Frants medium with carbon dioxide available

indicated that these etrains possessed vemarkable blosynthetic abilities,

This became even more appurent when growth was obtained alter further

.
X

sigplification of Frantz wealum and upon continue& subculture in thie
resultant simple, glucose-sults medium. Frantz ( 21) stated that glutamiec
acld wae essential to growih or that its absence greatly delayed growth.
The obssrvations in the present experiments indicate that it is not an
abeclute growth regquireasent and did not markedly stimulate the growth

of these strains in the simy.le, glucose~salbs mediwa. The role of cystine
in the mutrition of ¥, meningiticis strains wus stuwleu by Grossowles {28},
He founu that cystine exhibitea an eifect on the growsth of 2 strains of

e

B. meningdtidis whieh was de ondent u.on the concentration of this

substrate ana the size of the inoculum., Concentrations oi ¢ystine of
0,005% and higher inhivited growth while "minimal" concentrations stimulated
growth. The “minimal® concentrations which stimulated growth of the

strains he testec were not ueiined, He observed the inhivitory action
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of cystine when it was added to & bassl mediun containing both glutanie
acid and sodiuwn thiosulfate in addition to glucose and other inorganic
salts., The resulis oi the present exgeximants inuicate that glutamic
agid btends to reverse the inhibitory effect of oystine; the reversal is
evident ot a concentration of cystine as low as 0,0012%, Jhe mechanism

oif this inhibltory action of cystine on growth of N, meningitidis streins

has not been elucidated.

Scherp ana Fitting (46) succeeded in cbtaining good growth with 4
strains of #, meningitidic tested in Frantsz medium. These strains were
subseguently transierred to Frantz medium lacring glucose and were found
o grow as well in the absence as in the presence of glucose providing
carbon dioxide wus supplied. Ho studies have thus fer been reported in

which strains oi f, meningitidis have been suecessfully grown in a liguid

meadiwa aa'siméle a8 the glucose-salts mediun employed in the preseant
experimente,

Jyssum (29) succeeded in growing 3 strains of i, menin itidis on a
solid mediun contulaing only glucose and inorganiec salus, 4 24-hour
perios of growih on blood agar sup lemented with glucose was founu to
be necessury belore growth could ve obiained on the sinyle agar mediun.
This initial step was found to consist of an suaptation of the meningow
cocel to metabolize glucose, The 3 strains cultivateu on bloou agar
directly «fter isolation did not produce measursble guantities of acia
ivom glucose, However, suspensions of adapted meningococei rapiuly
prosuced appreciable guantities ol zeld {rom glucose., The presence of
casein hydrolyzate or glutamate fmsilitatea the aus tation to utilizstion
of glucose, Tale was thought to be an indication that glucose was not

metabolized in any appreciable gquantity by the wild strains of meningococei.
21 i &
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Similar results were reported by Fitting and Scherp on straine of N,
meningitidis (18) and on & strain‘of N, catexrhalis (17). The results
of the present stuuy inuicate that & similar ghenomenon may be operatlve
with respect to the growth of straine ii-2 anu Bell (Group II strains)
in ¥Frantz medium. No studies were conducted to determine whether the
necessary periou of growth of these 2 strains in J. % yeast extrach
supplemented ¥Frantz medium represented an edaptive process or.a selection
ol mubants,.

The effect of complex nutrients on the growth of & relatively
fastidious strain of Ni meningitidis is exempliiied in results obtaineu
with #2, The primary effect of yeast extr.oct and casein hydrolyzates
is limited to bhe eavly period of growth wnd repressnte a stimulstion
oi the vate of growth., These nutritive substances did not result in any
marked incresses in the late growth respouse wheu compared to the
response obtained with sim, le synthetic media. The luck of growth
stimulation by biotin ana nisein is in sharp contract to the imporsence
of these vitumins in the growth of nonjathogenic species of HJeisseria
(3504394T), Grossowicz (28) found that a mixture of vitamins was

without eifeot in altering the growth response of N, weningitiuis

strains in a simple synthetic medium.

Strains M-l and Me158 represented the 2 strains out of the tofal
of 7 studied which reqwired supplementation of Frantz mediuam, These
strains were of particulur interest in that investigabors have been in
general successful in culturing N, meningitidis strains in simple
synthetic meuis, uUtudies on the nutritional requirements ol struins
whieh failew to grow in sim le synthetic meula have not been reporfed.

The experiments performed «ith strain M-l indiceted that this struin
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possesses & requirvenent for one or more aaino acids. rhe studies
involved revealeu many interesting nutritional probleas with respect
to the presence ol amino azc¢lds in the culture megium. 4 marked
difi'erence in bacterial jrowbth was obtained with equal concentrutions
of witemin-free preparstions of enzyme und scid hydrolyzeu cesein. the
enzyme hydarolyzed cascin preparsation tenceu to inhibit growth in
concentretions greater than 0.150 and completely inhibited prowth at 0.2/
It was not determined whether this difference was due tc the Lresence
of small peptides or of tryptopban in th& engyme hydrolyzed preparation.
bmall concentrations ol yeust extract tendeu to reverse this inhibitory
effect, Acid hydrolysed casein did not inhibit growth within these
concentrations. Vitasinefree acid hydvolyze. cusein (Difco) incressed
the growth rete of strain el over a concentruiicn range of 0.0Lu to 0.2%.
the growth rate of wtrain J-1 was aluost independent of concensrantion
incresents of this casein preparation above 0,050 (¥igure 8B). Une or
nore rabe«liuibing blochemical rsactions appesred to ylay an important
role in this phenowmenon. Among thess possible rescbtlons may be incluved
the fixation of carbon wloxide, sotive memurane lransport waw utilization
of amino aeids,

ilixtures of amino ascius weye sbtudled wiitn yespect to thelr effect on
the growth of strain -1 and thelr ability to replace casein hydrolyzates,
A mixture of 12 umino acids produced a pronounced lag in the grosth
response of stogin =1 o yeast extract which la pgely disappearea alter
96 hours of incubation. sxperiments employing deletion of single amino
aclds frou the mixture of 12 indicated that no one amino acid was
absolutely essential for growth. IHowever, the absence of aspariic or

glutanic secld resulted in a diminished syowith response, the studies
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of Gladstone (24) deuonstrates that Giminished or absent growth
following the deletion of an emine zciu lrom & mixture of amino seids
does not necesserily imply that that amino acid is indispensable,
bome amino acids were found %o be “indispensavle” only in the presence
of other amino acids., 4 mixture oi 12 amino scids was found Vo replace
the growthepromoting compounds present in geld hydrolyzed ocssein
greparations,

fhe results with paper chromatography indlcate that the growth-
pronoting substances within the uifferent complex nutrients tested may
not se ol the sume nature, The presence of potential jrowth-inhibiting
compounds may have influenced the results obtained employing this methou,
A mixture of 8 amino seids selected on the basis of these enrematozraphy
experiments Imiled to support growth of strain -1,

The complex intersction. of amine acide in the 'mtrition of bucteria
are evident in the studies reported by numerocus investigators., This is
quite appsrent in view of the reports on the nutritional requirements
of nonpathogenic species of Jeisseria., The synthetic media employed
for growth of these speeies has generslly centained «ll the anine acids
present in casein hyavolyzates (17,39,44). Reports of the absolute
amino acid requirements of these nonpathogens have not appeared.
Glodetone (2&) reported the firét extensive studies concemming the
intererelationship of amino aaidﬁ in the growtn of bacteria, He discovered
that isoleucine, valine or leucine inhibited the growth of B4, anbhrecis
when added singly to a synthebic nedium capable of supporting the growth
of tnis strain in their absence, However, when asaded together these
5 amino acids iumproved growth, He observed that the toxic effeut of

valine was antagonized by leucine and thab the reverse wos £ls50 true.
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However, the presence of both valine and leucine was reguired for growth
with isolsucine, Limilar inter-relationships werc noted vetween other
amino scids of similar chemical stxucture. Two possible necnanisus

§

were advanced to explain this phenomenon. The irst mechanlsa invelved
inhibition ol the incorporation of amino acids into the cell while the
segond impliew inhibition of bacterial synthesis of azino aocius,
vubseguent studies by Umbarger and Browm (43) indicated tuat isoleucine
in excess prevented the uptake of valine by an isoleucine ana valinee
re uiring mutant of z. coli, while not affecting the utilization of
valine formed within the cell. Using another strain of K, ¢oll their
results indicatec that valine msy inhibit the iormation of iscleucine
within the sell., Uther examples of growthe~inhibiting phenomena, due
to an interference with the penetwaticn of essential nutrients into
bacterial cells, huve been reported by sandelstam (§6,§7). These
inter-reletionships complicate deterninations of sbsolute amino acld
requirements and seeaingly layed an luporitant role in the leilurs to
discover the minimal auino seld reguiresents ol strain &1 employing
the deletion technigue in the present siudy,

detailed studies of the viochenical reactions essential in the
mebubolisn of strains of N, senigpiticis will faeilitete the rurthér
definition of miniasl nutritional reguirvements, Jyssum (33) haa
demonstrated that 3 strains of N, senindtiais possessed ensymatic
aptivities reyresentutive of the intermediate reuctions oi the tricarb-
oxylic acla eycle wita vut one exception. The walic dehydrogenase
charucterietic of this cycle was not wenonsirated in these 3 strains,
However, a TPH dependent malic engyne was present which oxidatively

decarboxylated Lemalate to pyruvate. Ho auvpsritsse uwetivity was
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i scovereds Previously, Jyssum ( 20 had established the presence of
transeminase in these case strain.. He also discovered that strains
adaptes to  rovih on a mininal, glucosewsults-agar medium possessed
enhanced activity of o VPN dependent glutamic dehydvogenase while both
adapteu and wilu streins exhibited high setivity of a TP dependent
glutemic dehydrogensse ( 3). Jysosun et al. { 32 have recently reported
the presence of enzymatic activiities in sellefree extracts from
meningococel characteristic of the conventional hmbden-ileyerhol route
of glycolysis, A significant ineresce in glucokinase activity occcurred
in strains adapted to growth on a sim le agar wedium containing glucose
and inorgenic selis., Aside from these stuwles nc other informetion is

available concerning the specific engyumetic recctions present in strains

of i, meningitidis.

3. Pathogenieity of Neisseria

Ihe results presentec indieate that the chick embryo provides an
ideal experimental animal for evaluation of host-perasite relationships.
vix of the § pirsins tesbed were far more virulent in chick embryos
than the control strain of i, caterrhslis, Two strains did not markedly
differ irom the relatively avirulent manifestations o. the control
strain in ghick ewbryos. The virulence demonsirvatew by the majority
of strains which were maintained on axtificisl sedla is in suaxp cone
trast to the avirulent manifectations of similar strains studieu by
Bugdingh and Folk (10). Dhree oi the strains stuuiled were ws virulent
as & frechly isolated etrein taen irom an wobive case oi cerebrospinal
meningitis.

The results obtainec indicate that the chicic embrye is more susceptible

to infection with strains of H, meninpgibivis than formerly believed,
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The extenvive studies of Buddingh and Poll {8,5,10 ) were not
guontitative and were conducted uging only 2 strains of ¥, meningitiuis,
Both streins hau been recently isolated from active cases of cerebrow
spinel weningitiss The lerge numbers of bacteria which they inoculated
ot the chorioesllantoic menmhrene resulieu in death of the mejority of
embryos within 48 hourss Cultures were obtalned Iroun living emhryos
following inocouletion of the smniotic fluid (10)s Specinens of bloou,
ammiobic fluid and brain were cultured from as few as 3 hours to as
wany as 96 hours {ollowing inooulation. They failcd to obtain positive

*

culbures of . meningitidis later than 72 hours following inoculatlon.

Ian the present experiments bacheria were recovered frrom chick embryos
which dled as late as 168 hours following inoculation with virulent
strains., The avirulent strains el and /~153 were relatively difficult
to recover irom chick embryos which died subsequent o inoculation with
these strains, Ho orgenisns were ever recovered from chick embryos

which dled following inoculation with H, catarrhalis, The uata suggest

that the virulent straiss multiplied more readily in the calck embryo
than 4id the avirulent otrains., 7This was even more eviuent when embryos
died following inoculation of exceedingly small numbers of the most
virulent strain, M-1628, followed by wecovery of buctoria upon death
of these chick ewbryos., WYhe results indleate thal endotoxin did not
play an im ortant role in the early death ol embxyos inoculated with
large numbers of hecteria of strain i-1628,

The virulence of the majority of stinins was net significantly
sltered by growth in Fremtz mediuwme. Only in the case of struin 4-1628
was & difference noteds The virulence of these bacteria grown on

Frantz mediwnm was greater than thut exhibived by cells grown on a
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complex solid medium,

A considerable amount of variability existed in the virulent
manifestutions of inciviwal strainsg, fhis was noted to a certain
degree throughout all experiments and wes agparently cue to the numercus
variables existing in the experimental technique anu the relstionship

between host and parasgite.

CG. ithe Relationship Between Nutrltion and Pathogmenicity in Neisseria

The results of this study inuicate that virulence of I, meningitidis
strains in chick embryos does not depend on nutritional independence
slone. 4ll virulent strains tested were capable of continued growth in
Frantz medium or a simple, glucose~salis medium with added carbon
dioxide., Two of the 4 relutively avirulent stroins were also found to
possess minlaal nutritional re wirements ana could be mainteined in
the glucose-salts medium with sdded earbon dioxide. However, the other
2 avirulent strains were found to be nutritionally dependent as they
could not be grown in Frantz medium without supplementation. 41l sirains
which possessed minimal nubtzritionel reguirements were more easily
recovered from dead embryos thun were the nutritionally dejenvent
straing,.

Other factors which may play an important role in the virulence of
Hs weningitidis include antigenic structure, presence of capsules,
endotoxin produciion, anu others as yet unknown. Determinants of
virulence other than nutritionasl independence have been observed in
other bucteria. Burrows (1l) reported that the determinants associasted
with virulence of £, pestis in mice ineludec the presence ol a surface

envelope, production of "V and W antigens", pigment production on &
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medium containing hemin, and purine iadepenvence. His results indicated
the existence of other determinents of virulence in straine of P, pestis
although thelr exact nuture is not inown ac yet. Iurness and Howley (22)
were sucecessiul in simulbaneously eonierving virulence and purine
incependency on 2 strains of U, typhimuriun by means of transduction,
Anothexr avirulent, purine independent strain possessing the typical
antigenic structure of B, Iyphimurium wes not made virulent by transduction.
The avirulence of this strain could not be atbtributed to ite antigenie
strusture or to a blosynthelic ueiieisncy.

The minimal mutritionasl re uirements of streins #=1027, =2092 and
1i-1628 suggest that serological groups A, B and C may be largely composed
of nutritionally independent strains. Other strains belonging to these
groups have been studled by other investigators and hove been founu to
be 5utritianally independent { 18,28,29,%5,46,47), The nutritional
requiremente of Group D strains have not besun studied previously. The
present data obtained with stresin i-158, the American Tyie Culture
Collection neotype strain for Grouwy D, sugyesss that siraias of this
sroup may not be as independent in theilr nutvitional wrequireseats as
strains ol the other serologicul GROUS, bbrains ol Group U have
rarely been isolated {rom cases of cerebrospinal weningitis in man (3 ).
If nutritional dependency proved to ne chavacteristic of thib HLOUD
such & state might constitute & major factor in their infrequent
aspociation with ocases of meningitis in nan.

ifhe data presenteu in this study indicate that a relationship
exists between virulence and nﬁtritional independence of straing of

H, meningitidis in chick embryos, Nutritional indepenuence aypparently

represents one of the deteruinants ol virulence of N, meningitiuis
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straine in chick embryos and may well contribute to the virulence of
these sase strains in men., ieany interesting experimenis remain to be
conducted in order to clarify this relationship. Catlin (12,13} hes
been successful in transiormation experimentsin which crude extraw
cellular LA was used in altering the streptouyein sensitivity of

strains of H, mesingitidis. Ohe useu crude extracellular LNA from

streptomyein resistant strains of H. sicea anu N, meningitidis and

discovered that streptomyein sensitive strains of H, meningitidis were

~

transforued by these cruue DNA prepaintions such that they were resisim
ant to streptomycin. osimilar transformution experiments coulu be
employea in studies relating to nutvitional requirements and virnlence.
Intracellular survival in polymor honuclear leuicocytes woulu provide

vive measurement of viruleace under conditious more clowely

fotn

ar

=

approximating the diseas¢ process in man, The final deifinition of the

severminants of virulence of N, seningitidis strains will asic in the

resolution of many questions concezning the puthogenesis and trewtment

of cerebrosyinal meningitis in nan.
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oAy Al CONCLUSIONS

Frantz medium was selected and utilizea as a simple, chemically

defined mediun for evaluation of the minimsl nutriticnal reguirements

of strains of N, meningitidis.

seven strains of . meningitidis were studled in their ability

to grow in irantz mediuwm, The streins uvere divided dnto 3 grou s
accoruing to thelr miniwmal nutritional requirements. Group I consisted
of 3 strains which grew in a simple, glucose-salis mewium, Group II
consisted of 2 strains which wevre capable of growth ia Franitz medium
Tollowing a 24 hour pgeriou of grouth in Frantz medium supgplemented with
yeast extrsct, Group LIl included 2 strauins vhich reguired supplenen-
tation of Frantz medium fox grouwth,

ihe absolute reguixe ente ol Gtroup 1IL strains were not defined
although ex eviments iuuicated that one or weveral awmi .o acids vere
necessary lor the growih of one oi thess strains. 7The probleass
encountered in these experiments witlh sespect o de dneation of absclube

amioco 2gld re virenents vere noted and discussed,

bight strains of #, meningitidis anu one strain ol ¥, gatarrhelis
were evaluabed with respect to tneir virulepce in lZ-day olu chicx

embryos. Four utrains of N, meningitidis weve founu te be as avirulent

in chic: embryos as was tne sirain of 4. cstarrhelis. Ihree strains

of d, meningitiuis were as virulent im chic: emuryos as was « stiain

freshly isolatew during the course oi this stuuy from an acgtive case
of cerebrosginal meningitis., Only 1. the case ol one sirain was

virulenece afiecteu by the tyue of wediws upon whieh it was rown.

Hutritional independence seerdngly representeu ovne oi the ueberdinanits
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of virulence of H, meninzitidis stoains in the chiek embryo. Hubritional

dependence wes assoclated with avirulence. A similor relotioashiy nay
well exist with respsct to the anutritionsl indepondence and psthogenici

of N, meningiticis in man.
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TABLE

Composition of Frantz iedium (21)

Compound
L-Glutamic Acid
L-Uystine
ﬂ&ﬁEPGA‘HZO
KGL
§all
WH ¢l

4
HgisQ 4 * 7320

Glucose

GmZL

N

i
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LABLE 4

= . I T 2
Composition of Grossowics Medium (28)

Comsound G/ L
Sodiun Glutamate 1.0
ﬂazbz(}} 0.025
Kazﬁf04'12£20 2.5
5&2904 0.35
¥all 500
WH 1 [

4(.‘» b
Mgs0 4 . 7H20 043
Glucose 240
3&012'4H30 Q.1
Fenl 0.001

4
§n504 0.001

Thismine ' 0.001
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SLL 6

1
e
L

Minimal Medium for Group I Streins of ., meningitidis

Compound G/ L
N323263 0.012
ﬁaﬁQFO4QH20 245
x01 0,09
NaCl 6.0
ﬁﬂacl 1.25%
%g504-7ﬁ20 0.3

Glucose 50



senyd avey o3 (I3} 20vIg wWOLT TeDRIT frnoXx? Yo aouenard sjuesaIlex +
fuanox” 1o oouesge mauesexdsr ( taToquin g

R *fydexfogemoruo 04 Pegoslqns 310U BUA UDTUA JUSTIINT ORI JO JUNOUTR jusTRATNDe uw 01 esuodsa winoxp ‘®
it etk S s ot it it et e £ TOXIUOD
0 o o 0 0 4] 0 ¢ 0*T~6°0
0 e 0 O O ¢ 0 ¢ £°0~8*0
+++ ++ ¢ 0 o 0 0 G 8°0~L*0
Ie X3 4+ - 0 0 0 0 L*0=9*0
g x3 + % ++ - o G 9°0~54°0
I9 a9 Ao b1 e xa +4 “ Cro=hen
x3 a3 x5 T3 I3 a7y I g Feo=-¢*0
¢ 0 G O 0 2 0 9] € 0-2°0
0 o 0 0 0 8] 0 0 2°0~1°0
0 c 0 0 ¢ 0 ¢ @0 T°0~0*0
vt el VL 2 DA zI VT zL 7
T UIRIIE WITM T-1 UTBI3Q VTR -7 uteIE UM T~ UIBIIE YN
DOYBONOUT SINOH PO} BANOU] SINCH - _Dejenmouy SXaoy PeRBANOV] SINOH
Tiasen B3CEES) BPIOV OuLWBs ) 20813 X%
pazftoxolyy ewfzuy poziioandy DIOY OOTLT 91890%

Lydexfoqemoryn Jadey fq regrredec sjusiijny xo1duwog 1o srusuodwo)
Erog=iByy 8119 09 T-w UTBIGa JO asuciSoy UJROTH SATIVTOY LUy




1B 8

Cultures from Chick Fmbryos “hich Died bubsequent to

Inocculation with Nelisseria

vtredins Embryos Hours Following Incoulaticon
Inceulated Cul tured 24 48 72 96 120 144 168 Totals
Group Zb Ho. Positive I 25 14 i & 1 1 45
Ko, degative 6o 0 2 0o 3 0o 2 7
Total i 23 1 1 5 1 3 50
% Fositive 100 100 88 100 40 100 33 a6
Group II° No. Yositive 0o 17 6 3 2 1 3 32
Ho. degative 0 0 0 1 5 2 1 2
Total ¢ 17 & 4 T 3 4 41
% rositive O W0 10¢ 75 289 33 75 30
Group TIT® No. Positive o 2 o0 1 0 0 0 5
Ho. Segative 0 0 & % 4 % 2 10
Total 0 2 0 2 4 3 2 13
% Positive 0 100 0 5 0 0 0 25
Heagle No, Positive 0 7 3 0 2 1 0 13
Ho. degative 0 0 0 3 0 0 i 2
Total 0 T 3 1 2 1 1 15
% Positive 0 100 100 0 100 100 0 87
H. gatsxrrhalis  No, Positive o 0 0 0 0 0 0 0
do. Hegutive 0 O o 2 2 Q + 5
Total 0 O Q 2 2 0 i 5
v vositive ©o o0 o0 o0 0 0o 0 0

& All cultures were initiatew

b, Group I consists of strains #1027, W=2092 and #1623,

within 16 hours after ueath

2. Group IT consists or ciraing =2 and Jell,

de Group III coneists ol strains =l anu M-158,.

i the embryos.



FIOGUE 1

The Eifect of Additions to Frantz Glucose~oalts Solution

on the Growth Response of N, meningitidis (1-1027)
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FigUse 2

Growth Response at 144 Hours of Group I Ltraine

Upon Continued bubeculiture in Simple Glucose-Salte lediunm
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FIGUAE 3

Growth Hesponse of Group II Strains

in Frantz lediuvm tupplemented with 0,24 Yeast Lxtract
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FIGULRE 4

Growth Response at 144 Hours of Grouy II btrains Upon Continued
subculture in Frantz Medium Following Initisl Culture

n Frantz ledium Suplemented with Yeast Extract
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$IGURE  §

Growth of Ltrain -2 in Supplemented irants liedium

Keys

l. ¥YE ~ yeast extract {uvifeo)

2, BIC « enzyme hydrolyzate oif cesein (lutritional
Biochemicsls Corporstion)

Ja AHC - acid hydrolyzate of casein (Wutritional
Biochemicals Corporation)

4¢ 04 « casemine acids (Uifco acld hydrelysed casein)

5. CA+Biotin+iiiscin « casamino acids (Difoo) plus
biotin (5 meg/ml) and niacia (5 mey/ml)
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BIOTIN,
NIACIN

Z AL

+0.01%CA,

F]144

HOURS INCUBATION TIME
+0.01%CA

e

AR TRl

-------------------------------------------------
ooooooooooooooooooooooooooooooooooooooooooooooooo
-------------------------------------------------

+0.1%CA

+0.2%AHC

+0.1% EHC

+0.1% YE

----------------------------------------

-----------------------------------------------------
-----------------------------------------------------

------------------------------------------------------

FRANTZ

0.5
0.4}



FLOOUE 6

Bffect of Amino Aciu Hixtures on the Growih Besponse of Lirain i-2

in Unsupplemented and Veast ixtract vupplemented Frantz Uedium

Xeye
1., ¥rantz ~ unmodified Frantz medium
2. 0,24 Yh  « 0.2% yeast extr.ct (Difco) in Frantz idedium

lacizing Leglutasic acid and Leoystine
(modified Frentz medium)

3. 0.1% YE - 0.1% yeast extract (Uifco) in modified
Frantz medium

4o 1B AA - solution of 18 anino seids in mowifdied
Frantz mediums

3

1)s Dimaspartic acid « o : « o+ 1e0
2). Leglutamic aeid « o« « » » 1.0
5 « Uleplanine . ® » . ® » e B
4). L-arginine T O ¢ Y-
5 o« Dhemethionine « « * . « 0.2
6% « Dieserine . . M . . ° s Dal
Tie Dlwphenylalanine ¢« o« « o o 082
ag o Dheiscleucine « o .. v 0w « 062
9)s Imlysines « o « o o & » 0
lﬂg " Lﬁleuciﬂe - - [ » * - £ Q&l
ll @ L"S}I‘Qliﬂe . * ™ 3 @ N » 00 1
12}, I-histidine, «+ o « « =« =« Oud
13 » Lethreonine., - . . . . s B2
14 » Diwtzypioplxan s e 2 ¢ o s Q.2
ls)i Dimvaline « o« o « & & o Q42
16). L«-cyf:st‘ine « s & N . & '@ Ol
17 . L“tYi’Qsiﬂe ° 'Y . . . . a0k
i3}, GlyCiﬂ@ « s 39 W s Deik

* ] *
S 0.2)5 YE418 A4 - 0.2% yeast extract (Difco) anu mixture
of 18 aminc acids listec sbove in mouified
Frantz meoiun
6. 1244 « first 12 of $he 18 auino scids listed above
in moulified Frantzs medium
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pigume 7

Growth Response of Strain li-l in Franitz Wedium Containing

Yeast Bxtract and the Components of Dialyeis of Yeast ixtract
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FIGURE 8

A, Qrowth Hesponse of Lirain Mel in Frants ledium with Added
Difeo Vitemin-Free Casamino lcids

B, Semilogarithmic Plot of the 96 Hour Growth Hesponse
of Strain M-l in Frantz Jediuwn Containing Graded
Increments of Difco Vitamin.Free Casamine Aclds
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FIGURE

Growth Response at 192 Hours of Strain Mel Upon Continued
bubculture in Frantz Hedium with Added Difeo VitamineFree

Casamino Acids
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\ AN Casamino Acids
\ " ™ Concentration
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FIGUAE 10

Growth Response of Yirain =l in Frantz ledium with Concentration

Increments of Vitamin-Free Casein Hydrolyzates

A, Acid Hydrolyzed Casein (futritional Jiochemicals Corporation)
B. IEnzyme Hydrolyzed Caseln {¥utritional Biochemicals Corporetion)
Leys

0.003% YE - 0,003% yeast extract (Ihis represents & 1130
: dilution of thet amount of yeust extrach
carried over in each 0.1 ml incculum fiom
a culbure containing 0.1% yeast exiract)
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FIGURE 1l

Growth Response of H. meningitidis (Ii-1) at 72 Hours in

supplemented Frantz Hedium
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FIGURE 12

The Effect of Amino Acids on the Growilth of birain M1

Keys

1. Frantz - unmodified Frantz mediwa

2. lod,Frantz- mouified Frantz mediuwn (L-glutamic acid and Le
cystine were deleted)

3. 0u1% YE = Ou1% yeast extract {Difce)

de T - ftotal mixbure of 12 amino acids in the
following concentrations:

Amino Aecid

£

1), Dimaspacrtic acid « o+ + « 1.0
2)e L‘glutg&dic acid . * » " 1.‘9
3‘ » Dlealanine . . @ @ - s LaO
4)e Imnrginine « o o+ o+ o » 042
5)s DLemethionine « » o o+ o 0.2
6)e Dleserine o« + + o o o 0u2
7). Dh-phenylalanine « o o o 042
8)s Dlmisoleucine « « » o+ » 0o2
9)- Iawl;‘}’&iinE. . “ ® ® ® 002
10)0 L=leucine - v ® a « Ol

ot
ot
o~

®

@
Leproline o« o« « o & o Jal
12), Lehistidine. .
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FIGUHE 1%

Hortality in Chick bmbryos Inocculated with a Strain of

Heisseria catarrhalis Gultured om DdA liedium

Experiment Noe Becteria Inoculated
d p o 5 R ‘i
‘f;é 1 2.,2x10 9’ Ze2%10

# 2 53{105 N 6x10"
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FIGURE 314

Hortality in Chick kmbryos Inoculated with Group I Strains,

#=1027 and M-2092, Cultured on Frantz and DSA lledia

Ao Ubrain L1027
l. Grown on Frantz Medium (-o-)

2. Grown on DSA lledium (=*w)

B, Strain H-2092
1. Grown on rrantz Mediun (=o-)

2. Grown on DSA Hedium (-+-)
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FLGURE 185

dortality in Chick BEmbryos Inoculated with Grouy I Strain 4-1628

Ao Cultures on Doi liedium

Ixperiment Ho. Bacteris Inoculated
41 2.5x10°,  2.2x10
42 2.7%10°, 2.2x10%, 2.2x107

B, Cultured on Frantz Hedium

bxperinent No. Bacteris Inoculated
i1 5.4x10%,  5.4x107

# 2 5042107, 3.1x10%, 6.6x10
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FIGURE 16
Hortality in Chick kmbryos Inoculateu with Group II Strains

Grown on Frants and DA ledium

Ae wbrain .-z

1. Grown on Frantz Yediun (~o-)

sxoeriment No, Bacteria Inoculated
3 92107 e
# 1 4422107,  4.2x10
# 2 1.5x10°

2. OCrown on LSA Meaiwn (=e=)

bxperiment Ho. Bacteria Inoculaited
# 1 552107
o 8
#2 441x107,  4.1x107

B, wtrain Bell

1. Grown on Frontz ledium (-o-)

mxperiment Ho. Bacteria Inocculated
# 1 1.23105, 1.2x105

2, Grown on DbA Medium (esw)
rxperinent No, Bacteria Inoculated

#1 6.9x10°, 6,9x10%
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FIogae 17

dortelity in Chick wobwryos Tnosulate. with Group ILL wireins

5 bulbures on Ded deciws

e [ s;g’i}fyiﬂ a#‘l

L oerigent

& [ 24
i 8.7x107,  2.6x10°

2 4x19°, 2,6x10°

we wbeain lel58

serinent

. € 5
#2 646107, 54 52107
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FIudhe 18

Deaths in Chick Embryos Incculated with N. meningitidis

dtrain Heagle

Keys
1., Orown on DSA Hedium (=e-)
2. Groun in Frantz Lediunm vupplementeu with 0.1% yeast
extract (-o-)
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