
S. F . Gorgi ct al .. . ISSN 1110·7219 

EVALUATION OF THE DIFFEENT BROTH I\1EDIA USED 
FOR PRODUCTION OF PASTEURELLA 

S. F. Gorgi, S. M. Aboul-Saoud and S. I'tl. Gcrgis 

ABSTRACT 

1h(l/s to i!l crease the Uield oj fl. nll! llociun was nl((ue ill the presc!lll sltlclyo!) grow

ing lh" or{(ollisltl ill <({(fercll t n ufrient meaia thai uu.rU in Us composition. Or!) weight oj 

bnc/erinl Hickl (U!(/ n/)sorix.Ulce were IIsed (IS im/iccs for Lhe <.legree oj growth. The 

leas/' bac/l~ri(tl yield w as prod uced bU easamiHu acid mediu wi/flOlll Cltric/llnenl or buJ: 

fer: IJ~IPliC SO!) J.,m/h ns lite (lJ~J w(~iOltl gains lue,'c 0 . 1 gm/ 100 mlJor i)o lil meuia a nd 

Ihe ow,orlJo.llCC IINre 0.2, TIle best P,lliullocida Vie1d was attained I.JU using easomlno 

acid /tlurii" plus cilricl1llle/ll o..n cl h,! (fer. in w lliel! /lIe dry weigh t uaclc!lial yield was 0.4 

9 111 P('I" /()() '"' Iv"ilc ' f i 'e! (lJ)SOd)OIlCf! value was 0.6. nU USillfJ Otis type q{ lIlecUu w ith 

flc l"n !ion. III<' dl"!I weir/II I lOllS illcreaseoto 0.9 gm per 100 1111 and the ahsorbance valLIe 

w as rr'c(l1!.:1" thrill J .0. [lol rlllclj lesli l!!] oj lil e.: vaccine !)rcpu.rec1..frQ/7l u. t!ra led. cultures /)u 

m ice IIClccinnliulI clw/lc uge inoculation syste ll1.revealcd thO[ al! Jour concentrations oj 

uad e/"iu were <;/Ji.:cliI)C ill redudng mOI"/(l!ilu ca tlSeu h!J P.lTlu/lociaa challenge ill lhe 

mice vnccinntion cfln llen9c i/loculalioll suslCITl. Mice vioea 2X: X : X /2 a nd X/ 4 COlleen ' 

{m/io/! gave acccptaJ.Jle proleclioH that reached 4.3G. 4.20. 3.72 o nd 2.250 log protec· 

t ive valuc. 

INTRODUCTION 

51 

Pa:~ktl n.; II; l lIIuliod(i :1 in lCc Unn Is (ItW of Ihc 1I1OSt sCI'ioiIS dlsea~cs ur ltvcs lock. Varloll S Lcch

niqu(".:; ]J;lVl' IICC I\ a !! Cl llplc(\ (0 ctJntrol .a nd dilllhmk pws(cun.:llos ls, O ne of the mOl'C promising 

appro;H'h ~: :-; is tll ~' <!C\'\'IUPllH'111 oj" illllll l llll z:L li(lll pr()ccclu/"(.;~ whlcll ovcr lo ng p cdods will p rotel;1 

<l n ima i::; exposed tn p , nlultoc lda Lu nnd Pokes (19B]) . (Calnek et al .. 1997) reportc<.l that vac· 

cina ti on i~ ,Ill ide,1I pn;vc llUon or ("owl ch olc ra III the various <lvi;1Il specieS. lWo m ain \11Clhods 

are CllITClll1y Ilse<! for fo wl c holera vacc illc produc lion . Thc lIrsllllClhod wid c ly 11secl In USA. the 

hacl erln is prcpLlrcd h-Olll a cu l lure g rown on agal' medlulll. nt.ljusUng and slanda rdizlng the bac

teri ,,1 (' Ollc(;lllrali Oll. lllc n lhe b<KtCl"lal RllSpcllsion <trler gcltlng rid o f .. gar s hreds Is t ranslCrrr.d 

10 iI ~cpa rdl c ( 'OJ1t:linc!" !(l r i ll(wli va LiOIi. The secoJ)d 1lIc(lIud u scd ill [he E uropean commun!ly 
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and some Afdcnn and As ian countries (British Veterinary Codex (1970) and Geneidy et aI .• 

1967) dcpcnds {III the usc or P.lllulto(:ida organisms grown in broth cu ltures ,\lId inactivated 

wltll formalln . Different types of broth culture media are used by dlfrerent labora tories. Bacterial 

i ielc1 s diJrcr~ greatly according to til e type or luedJa used . Batu (1968) found that U)C large scrtle 

cu ll ure of P.nlullucida on cCi sein hydl'Olysate med ia ye lle! C\ culture density or 2x109 organisms 

pcr 1111. Arawwewcla e( aI., (1981) fonnul"lt ccl a simplc and ecullomlcal medium c:onlalning 

casein bydrolys<l. h' C,Hl s ugnr. yeas t cxtract phosphatc buffer, and peptic diges t of blood to ob

t;:l in den se cullun:s of P.muttoclda. Rebers ct a1.. (l989) repOited that the growth of 

P.IT1LlltocidiJ obtained with trypticase soy broth was equi'll to or belter Ulan Ulose obtained with 

blood o.(aL 

It Wd S !l Ie olm of th<; p rescnl s ludy tu cOlllpm'c between dlffe renl broth medi a used for eu lUva

Liol'! of P.J11ul toc id. J depending on bacterial yield on dry weight basis ami sper:LmphotomeLcry (ab· 

sorbance!. ('0 examine (he ,wtigClllc compositlon of P. lllultocida grown on dlfferenl broth culture 

lOedi jl . to ~tudy I he efTec t of aeration on bac terial yie ld originated from broth cull ures. finally to 

s tudy {he illlrlllll1ogl.'n icily of a vaccine pr~pa rcd under the most opUmum growth condiUons. 

MIlTERlilL AND METHODS 

1- Bacterial strains: 

The P. InulluCida \'ilcdnal s tra in used lo r prduction of fowl cholera vaccine .Veter lna ry Serum 

and Vaccine Re:,c<lt'cll Institute, Abbass!a . 

2- Bacterial growth studies: 

Scve n oilkrcnt types or medJa were used . It include nutrlen l brolh (Oxold. England) . lIy ptosc 

phosphate broth ([')lICo LaborCltOlies Detro tl Michigan), lryptlcasc soy broth tDlfeo laboratories . 

Detroit. Mkhi!_!:HJJ. br:l in heMt Infusion brolh (Dlfeo), yeast e:-clract proUose cyste ine broth (yPC) 

(Namoka and Murata 1961). c nriched caslne hydrolysate medJa (Oxo ldJ without buffel- and Cll

riehed en s ine hydl'ol)'$lie llH.:dia (Oxold) with buOe r . Ail these media were prepared as 1% of tile 

V{l\um(" of IiTSh nwdin ill. and i'lilinoculated cultures 100 ml were incubated at 37QC for 24 hou rs 

1 mder s tnlionary r:omlilioos. 

3- Sparger Aeration: 

Acr~ tivll w,, ::; applied h~,. poSi tive pressure fmm ao air compressor vIa an air Olter to the nlctlla 

ga \'{.! th c best r csu lh. The reaction ves.'Sct was a lO-liter Pyrex bollie . AJr bubbles was distributed 

fiuely through cd(thcl1ware filter candles . Air pressure reqUired was 8 ib per square inch USll1g 

13" rkdcld N fil let· cnndle. A thick s tream of fine bubbles was produced. Ten liters of enriched 
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LusamilJO ~\{'i<J bru th (a~ ~a\'c Ill...: bt:sl. ft:~su ll s ) we re s terilized in the bott lc \,-,h ieh Ims been fl lled 

wllh ga~ d i:-,lrihl1 l cr (filter ('\11 riic...,J, II W QS incllbaled G( :37oC, ner aled for tWCllly four, checked 

for dens! 1 \" :" v! pori I v ,J nil 1 .... , 'IMli n was added lo a conccll lra liOIl of 0 .2 5 pcn:'cn l. 

a- Dry we ight (,f'tim', 'on. 

To a ::;~(; 'j'j "i: llI ... o j 1l<1f '1'1:\ grov. UL \' ~ tl tllres we re grown for 24 h O\l rs, T he cell::; wen: then sc 

diulcllll:d b\ n IJ!, ifng,tfi!l.l al GOOO I~PM for 20 1111mJtcs, 'I hey Were Li Jcn clrlecl ln th J'c~ cha rtg(':; 

of cold a cclOl'1- fd luwed b\' 12 h Olll-S in the vaCUl.m desl",:calor. Yields wert l..\'[J .-csscd <.IS ,~ri1 Il\" 

ur d ry b<:H te l .' 1 II 1 1 no i ii! d 1\1 ,c1h)l 1l ~tIl/ 100 m l), 

2 11115;;1 "" r 124 1 1111 ' I ill nr,' til ( <.!.Ch ll icdhllH was lra nr. fcrrcd In;\ t L"eI IC to d etermlllC 

; lbsorlxHI(· ... : . ,1 rl.J ~, lila \. '" k!1~~(h (!l:lIlSiJ () l1 d Lomb spcetronlc 7 10 dIgital r catiullt), An uppro

prlalc li1) i ll'H 1\;,(':') bl .. j~, w;']<; 1I;:~, tl as a blank , 

5- Sodium Dedecyl Sulphate Polyacrylamide Gel Electroph oresis: Prote in pronk concen

t rdl inn (I f Pl11n1t f,('i (id W; l:-; deter m ined 11sing ::;odi u m decJ c('yl sulphat.e polyucryla miuc gel electro

phon_si~ <tcconl1t1;.., II) ilJ<.: kdlOiqu e 01 Rapp et 81 , (1986) was adop ted. 

6- Vacci:lc pn'!Ja ration: 

The ict' ltniql' " ( k~wri b l:d lJy Gen eldy et al. (1967) was followed. 

7 - V(1 ("cille l'v.l l \) ,) 1 iOll: 

Ti le r ICj);\nrJ ' ,l('t' i rl(' wa" ('valualed In m ice using Ule method of Ose and Muenster (1968). 

RESillJrs AND DISCUSSION 

Gra.vl]) Ill)' inrt!c :-;i f ,lie v~lCc:lnc proc\ucUon for P.lI1uitocida, J cnse suspensloDs of bn.eterla ~i re 

IICCC:-;S.u~·, Tbn-c an.: 2 rnell lUds of p ruduclng dense stispen ::;;OflS, TIl e nr::;t Is to cu lture on s olid 

lllcdia in I\(l\lx !1d'-ik ::o and hm,'ested In fonlla lin lsed normal saline , This is laborious as each 

llas\< ll a:-, lv Ill' l)alTl's led :,cpa n llt:ly an rl tesLed l'or purHy. The ~ccu\l d, a Dd recom m ended, me th

od is the 11~{? (/f 1'1I1l1l1l~~ III a meuium Ibat 5pcclfk?;lly sl, pports P.tlIu ilt)cJda OlE. 1989), On lhe 

other h '1 J]d th; i:id d (If l' , llllt li ncld<l III ~tQHon<l ry IhjUi<l m cJia is a ppr(JxJ m a te ly l:.onsl,mll.c 109 

org<J ni ~lll s per IJl!. Trhlb 10 Increase the yield of P.11l111loclda was made In U1C present s tudy by 

~ro\V i ll ,~ Il l(' mf!,lnb11l illlhrfcn!nt n u trien t media tl1at vary in its COi lS posltion , Dry wclgllt of bac

((:l'i.1I y idtl ,Uld ,1hsorb.llln wen : u sed ;} :o; indices for the ell .~ree of growtll. as shown In Table Ill. 
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The lcast baclcrl,1\ yIeld wos produccu by easallllno aciu mcdla wlthoul enrlcilmcnt or burrcr: 

l ryplh.: soy UI'ulh a s th<: dlY wcight gains WCI'C 0.1 gill! J 00 IIlI ror boUl mediCI and the absorbancc 

wcre 0.2. Tryplosc phosphate broth. nutrleut broth amI bmin heart IJlfuSion bmth gavc modcrtc 

bacterin I yield where the dly weight of enclt media wOS 0.2 gOl!lOO ml and the absorbance W<lS 

0.3. The best P.llluitocida y ield was aUalned by u :';lng <:a50nl1no acid media plus elJrlcilment 

with yei.l~l l:xtrad. t·:'SUOllC. stlchrose. lH<Jgncshl111 sulplmLc.dlsotlluU) hydrogcn phosphate and 

potassium dlhydrogcll phosphate as burrer. in which the dlY weIght bacterial yield was 0.4 gm 

pel' 100 IllI while lhe absorbance valtle was 0.6. 

Further ;]ll.~IIlC!lt<tlion of bacterial growlh 011 cltrlchcd easamjno ilc ld media \\IUS hicd In tlte 

prescnt s tudy through ueration (as gavc the bcst l·cs\llts). The purpose of acmUon was Lo supply 

oxygen lo lhe I'.llllllloe ida org<\I\iSlll fo r Incl'easlng Us m etabuilsm (DalD. 1963). Oxygcn Is not 

very f;.o luble in aqucous lll cdiD... only 7 parts per million can go into soluUon nt :noc. This Cll ll be 

incrC<I $t::d by rai ~jl1g the tol ~1l pressure In culturc media, or by Increasing tile partial pressu re of 

oxygen in t.he gas mlx turc. "I<.lin air in UIC presenl lrlal was saU:=;[ac l oIY pl"Ovldcd that It is cn'ce

U\'cly dispe rsed throughout lhe medium in abundallt slTlilll uubbles anti It is pushed through 

Ihc cu lturc vcsscl by positive pressure. As shown in Table (2) the elry weight orbaeterlai yleld, by 

using lhi :<> type of Hlceli .. wi lh neraUOll, wus Increased to 0 .9 gm per 100 ml and the absorbance 

value was grcdte:r than 1.0. 1\vo-fold dlluUon or this culturc media resulted In O.G gm per 100 

ml dly weight a nti 0 .76 absorbance . 

SOdiu lll dmJccyl s uJp\ wle polyacrylamide gel electrophoresis \Vas used to cx.amlne the proteIn 

pronles of P.!llttlLocida organIsm grown In dlITcrent m cdla. Resulls Indicated Umt there were 

qualit ative and qUllnhlaUve differences In protein proOles. As shown In Fig. (1) and Table (4) 

P.mllitocida o rganisms grown In lryptosc phosphate broth . enriched cas<llOino acid medIa, bruin 

hearl Infusion broUl and YPC Illedla cxpressed protein bands at the region of 80 I{Oa hIlt In dlf.· 

rerent <)uanIHlcs . 'fLyPI.OSC phospha\.e bl"OLh grown P.l1lu!locida expressed 80.8 KDa (l.!:j%) and 

80. 13 I{Da (~.3%). Bmln heart Jnfuslon UroUl cxpressed (2 ,9 % ) protein band, enrlchcx.l casami

JlO acid cxprc~sl:cl 83.52 Kda (1.5%J and H2. 15 I{Oa (2 .7%) while YPC media expressed 81.13 

l{Oa (2.3%1. Meanwhile Ihls protein band was nol expressed by P.mulLoclda grown In non· 

cnlichcd ca s<,mino aeld media . trypuc soy brulh and nutrie llt brolh.r.Olulloelda orgunlSlll$ 

grown III tryptosc phospbate broth Jacked protein bands 69 up lo 79 KOa proleln regions. mean

while hntln heart grown j). multoc iUa lacked proteill from 70-GO KDa region, These results agreed 

with those of Davis ct 01.. (1992) who staled that {he pmteln bands of pastel1 rellae varied from 

onc media tn another, also our results agrced with Ihat obtaIned by Macinnes an ~ Rosendnl 

(19B7) wlto observed mInor changes in profUcs of proteins from Hacmophtlus pleuropneumonia 

by altering the t'ondilions of growth. Thesc vadaUons In protein profilcs could be altrlbutcd to 
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the amount of iron in media as il was reccntly repol'lcd lh<l t J>, mulloclda grown In non-depleted 

meclium ~Cl'rc! c:d a s idcropha sc tcrmed mulUcldin (Hu e t al.. 1986)_ 

All fo ur concentr<l lions of bacterjn were effec tive in reduc ing mortality caused by P. lllultoclda 

challenge ill Ulc Illi (';c Y~lccinn Uot ) chuUengc InocLdation sys tem . Mice given 2X; X: X/2 (lod X/4 

cO~lcen(ralion ~ill,l(' ;I('('cp table protection thaI reachect 4 .36, 4.20. 3 .72 a nd 2.250 log protective 

valuc . 

Table 1 : Yields at P. multocida in still cultures of dilferent media ellpressed in gm/ I OO ml and 

absorbance. 

Med ia 
Dry welgl:1 

TOllin 
(gm/100 ml) 

T ryplose phosphate broth 0.2 0.3 

Casanlino acid 0.1 0.2 

Enriched casamino acicJ media with buller 0.4 0.6 

Tryptic soy broth 0.1 0.2 

Nutrient broth 0.2 0.3 

Brain heart infusion broth 0.2 0.3 

YPC media 0.2 0.3 
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Tobte 2: Yields o[ P. muttocidOl in aerated enrjclled casamino ocid media expressed in gml 

100 1111 nnd nbsorbance in undiluled ;)1'Ill 112 dilution. 

Media 
Dry weight (gmllOO mil AbsOl bance 

Undiluted Oil. 112 Undiluted Dil. 1/2 

Enflched casamino 0.9 0.6 >1 .0 0.7C 

ncid media with buller 

-

r"ble 3: log proteclion in mica group vaccinated with different concentration 01 bacterin pre· 

pared from aerated cul ture. 

Concentration of aerated 
LO SO Log protective value 

cu lture vaccine 

" 
10.7.0 1 4_36 

X 10,6.65 4.20 

XI2 10.6.37 3.72 

XI' 10.5.20 2.50 

Utw;)ccinaled control 10,2.65 -
'--

5G 
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Tobie.): Prolein profile of P. mullocida in dilferenl media. 

Lame& Lane 1 Lan(! 2 

Rows ,,,"'" moL .... . B:lI'I<I"4 moL ... . 

A. 
A2 2.91 SO, 
A3 18. 77. 193 

A' 
AS 0 .89 69.007 
A6 4.51 66.034 '.5 62. 182 
A7 G.' 6 1.524 1.96 59.144 
A8 12 56.678 1.92 57.106 
A9 3A8 54.754 

A,O 5.73 52.708 3.49 52.945 
All 2 .06 49.949 4.39 5 1.425 
A12 
A13 5 .77 48. 191 
AI< 
A15 1.58 46286 

A' G 
A17 0.' 43.765 6.59 44.757 
A. 8 1.47 42.66 

A" 2.76 42 ,365 O.9~ 42 .385 
A20 4.89 41 .897 5.59 42.072 
R21 4.97 4 1.5.29 
R22 0 .311 41 .242 
A23 1.16 -10.899 

R" 
R25 0 .268 40.372 0 .601 40.354 
R26 0.378 38,447 
R27 1.75 37. 138 
A28 0 .0746 34.996 2.45 34.401 
R29 3, 25 32.252 
R30 0.847 32.014 
A31 
A32 1.09 2B.848 0,175 28.789 
R33 0.157 26.9 0.352 26.9 
R3< 
1=13':; 0 ,0 189 255 0.0409 24 .223 
R36 0.125 23.68 1 0.0303 22.402 
A37 0. 181 2 1.992 
A36 1.08 19 .053 1.55 19. 109 
R3' 
R40 2 05 16.934 0.0553 16.G86 
A41 0 .294 14.787 ' .82 14.064 
A42 2.41 13 .616 
A43 4.28 12.3 18 
A44 9 .19 11 .995 
R45 5.54 10 58 . 1.67 10 .85 1 
Sum 65.2 731 

In Lan(l 100 100 

Lana \ .. Tryptose phollph.,la blOth 

lna~' <I • TYPliC soy IJ ro~h 

J. Vet. Med. Res. 

Ulne 3 LAn(! 4 

B.and')'. mol ..... Band% 

1.45 1l3.529 
2.3 80. 132 1.09 
1.41 75.294 2.66 

0.793 69.294 1.43 
0.<137 64 .079 0 .760 
1.52 GO,19 1.32 

' .09 57.97 6.72 
2.65 53.782 3.03 

0.598 51.54 1 2.97 
1.17 51 .3 1 
1.ll l 49.393 1.73 

1.41 
0,92 1 47 ,229 1.27 
0.565 45.771 0.596 
0. 187 >\4.958 

1.5 43.278 1.41 
1.24 42.463 1.56 

1.' 42.247 0.644 
2.16 41 .684 1.98 
1.37 41.491 
2.07 41.089 1.87 

0 40.G73 
0 .3 16 40.503 0. 189 
0.496 40.2Q4 0.513 
4.1 1 37.322 5.;)4 
2.57 36.14 1 0.972 
1.02 34,566 0.618 

3,01 31.777 2. 11 
5 .95 29.206 0,446 

5.24 
6.44 26.9 5.5 

0 .696 ~.976 0.9 1 
1.34 24.1 23 0.797 

0.298 22.4.49 0.794 
0.57 

2 .3< 18.685 1.0G 

' .00 
2.9 1 16.964 3.24 

0.3 13 14.744 0 .93< 
3.91 13.417 2 .33 
6. 19 12.281 3.47 

0.478 11 .375 I.n 
2.6 10.98 3 .81 

14.7 75 
100 ' 00 

lana 2 • Casamlno ockJ 
l une 5" Nutrient broth 

mol.w. 

79.0 
76.873 
69.562 
64.24 

60.644 
57.68 1 
53.182 
53.064 

49.393 
48.516 
47.123 
45.566 

<13.57 
42.444 
42.220 
41 .703 

41.089 

40.597 
40. 13 

37.322 
35.873 
34.730 

31.934 
30.809 
29.02G 

26.' 
25.976 
24.123 
22.356 
20. 15 
19.109 
17.009 
16.835 
14.485 
13.22 
12.281 
11.75 
10.!I40 

I 

G7 

Lane 5 Lane 6 Lll no 7 Lane 8 

e.nd'- mol.w. S<'Ind% mot'll. eand% mol.w. e. tId%. mot .... 

7.46 97.4 
2 .74 82. 154 2.39 Ul.13 

1.1l1l 706< 0. 169 75.601 0 .135 75.922 
2.66 70,162 0.0445 71.337 5.28 66.2 
\.43 66.034 0.0042 65.2" 
3.84 61.254 4,57 59.14<1 1.49 61.562 
7.46 57.6111 ... 56.701 
3.31 53.782 ' .66 53.782 4.26 54 .144 3.48 55 

1.53 51.88 
1.1 51.425 i52 49.94 

I.G 49.393 2.7 49.625 
0 .9'2 1 47.97~ 1.74 48.19 \ 

2.39 47.22l 

2.32 <lS.97f 
1.26 45.261 
1.09 43,27S 0 .995 43.667 2.44 43.375 
1.25 42.44': 2.15 42.444 7.83 42.7 

0.449 1112A24 
1.83 42.013 ' .6 41 .974 3.06 '2.03: 
0.57 4 1.47 3.75 41 .453 4.59 41 .62 
0 .913 41 .108 3.8 '1.089 2.52 41 .08 

0.148 40.48~ 0 .064 1 40.56 
0 .263 40,056 1.28 40. 167 2.54 40.05 
0.959 37.322 7.26 37.322 8.44 37 .322 6.23 40 
0.141 36.1011 
0.36 34.481 

0 .553 32. 172 2.63 34.31 0,884 34.31 
0.09 3 1.308 ' .6 31.689 0 ,M6 31.62 
1.77 29.75 1 3.48 29.206 8.75 31 

1.47 28.494 6.09 29.1 4 
1.63 27.629 4.53 26.9 3,94 26,57 

0 .0571 26. 13 7 0.0202 25.553 0.04 77 25.658 
0.519 24.7n .0024 24.024 0.<156 24.22 

0.1 22.634 0.901 22.2 19 1.28 22.3 11 
7.32 21 .5 

1.03 19.39 3.07 19.2' 
2.25 18.229 4.9 1 17.064 

1.34 16.736 ' .96 16.296 1.l1 15.82ot 
0 .609 14 .31 4.19 14.064 3.74 14.65 11.4 14.<1 
'.2 13.53< 0.972 13. 104 

2.83 12.464 7.56 12.209 8.24 12.514 
0.6 15 11 .0 1 ' .02 11 .925 7.33 12.13; 
1. ... 10.94 

'9 • 72.8 88.6 57.8 
. (,0 100 '00 '00 

l ane 3 ,. Enriched casamino ackJ modia with buller 

lane 6:: brain heaf1lnlusion bmlh Lane 7 YPC media 
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Fig. 1 : Protein profile 01 P. multocida grown in differen1 media , 

Lane (1) (Irom teft) TryplQSe pttosphate broth, 

Lane (2) (from lett) casamlno acid. 

Lane (3) (from left) Enriched casamino acid medIa with buffer. 

Lane (4) (trom lell) tryplic soy broth. 

Lane (5) (from lelt) Nutrient brolh. 

Lane (6) (from lefl) brain heao inlusion broth. 

Lane (7) (Irom lell) YPC media. 

Lane (8) (from lett) Molecular weight marker. 
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