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i.0

deoxzyoholate

AB T

Nocardioform bacteria were studied for their

ability to interconvert bile acids. “rom the

~ gtudies of  utilisation and resistance curves,

the.ﬁmost'isuitable donor and recipient strains

i'fur : cumplemeutary gene  cloning, were

&Mgggggg__gg ggz&ags 'atraxn Ci and 3hodocgggg§ :
;z&hropolia straln. &TGC 42?? 1 respectlvely.f

5°d1“m ﬂ30KY°h°late was used as the aelect;ve  :
blle &cid._“ A Sﬁﬁlum d&axychnlate and sad1um ;f“i ' 
ta“”°¢h°lata }.thYPersensitive reaipi&nt Hfﬁ#grxﬁﬁ:-'“

created hy'HHTG mutageuasisg &n& designatedf?fftﬁﬂh

20mg:fml ':__-'--'u_{f ;_-_agici’i_;j';ﬁ_ |



Further stﬁdiés would still have to be performed
  ta verzfy that the ab;llty to utllise the sodium
':deoxycholate waij dueﬁ.}ta gene . Glanlng+~

:fElucldatlnn Qf the metaholia pathway cnnld aid 1n '

1,f[;ba¢am1ng 1ndustr;ally applicablev

'?the nacardzoform‘ intEFGOHVErSlu‘ of bila acids-:'




2.0 INTRODUC

Steralds are a dlver31iied class of oxygenated

_tetrac?clic 1soprenold derlvatlves, characterised

- 5.,by ":@, cyclopantancparhydrophenonthrene rlng_

"ifé?ﬂﬁéﬁ? , The sterols E-E...cholaaterol, and b;le

7T;,ac1ds {derlvat;ves af choleaterol) are tha two

Bile

:.Sta.bility and_ __ "_'_c_ 11 gmwt.h*

"i most importanu graupa of starozda. Steraids ‘are
 vita1: tu; aukaryntia llfe, '; they ara thea'[;  
recuraers whmch -are esaentlal far membrane; 3, 5'

:salta arE ;,




part or all of +the side chain of § F-cholestane
{Whiting, 1986). They contain hydroxyl groups
subgtituted at positions €3, C7 and Cl2 of the
steroid nucleus. The three major bile aclds are
cholic acid, chenodeoxycholie - acid  and

'deaxyéhblia;écid, ag diagrammiged in.Figure 2




ch.enodeoxycholic scid and_deoxyc:hblic ecid,

In principle, two methods can be employed for the
_éyntheéis and production of pharmacalogicaily

' aépiéel’ét@rdidé.fl Namely toﬁal'IBYﬁthésis by

-Ibhemicé1-“ méthcdé fﬁr ) part;al santhe31s from

fnaturally ocuurring -steroids;n,'which already_

ll.cantain fajbh cyclapentancperhydrophenanthrene"'

"u- fstru¢tura, ance the dlssavery that the slde 

'*‘;h:ahaln T _varlaus ahundantxi naturally occurringf:g-}f”n"

"7}{;;that ohalesterol dacampasing micraarganlams 1n5f'a

'liﬁte'aids such as gholaateral (Wﬁal greaae), pajéflf”



that cholesterol decompoSing microorganisms in
uature_ exist not- only in ﬁxcgbacterigm and

Noc vrd a, as was form&lly disuavered, but are

“.-;widely dlatrlhuted among actlnomycetes 'and

bacterla, . ﬁxgabggter um ‘and Nogar ;g_ ave qulte___

'=fff peculaar, in -that a. number _ of aholesterol.

T:f;fdecomposlﬂg strains belong to theseﬁ ganera. In .

'V”ﬁ:jather genara,. decnmpaaang stralna appaar rather_?.;

'*7ff11naldentally and there'; seems Lhuf apparent" -

'pzsarrelatlan hetﬂaen”'thef cholasterol decﬁmpasln$} ?{



with partly oxidised ring structures, On the
other haﬁd, in substrates with a modified ring

sbructure blocklng the first enzymic reactions in

" ,:£h§' rlng cxldatlan,_ the side chain wlll be

's~*fffdegraded,__ resultxng in the formatlon of .

22{{;}_17wketastercld5*_ '

:,agr&daglon 1dur1ng the m;urub;&l cunversxun nfff“ﬁ” :

_dhnlesteral ta 1?~ketaatenoid, waa Elu01dated byf;;f£;~'

eventuslly lead to carbon dioxide and water.




COOH

CQOH

4 CHy-CH,~COOH

39*11984}.$ter¢13;.0ha3* Inf

__"c, K. 843
=== ~mn_§ﬁ.{EdsJ Rehm,ﬁ ¥ P

?Martzn,

"”_Hm;croarganzsms.

”f  5 &gthrabacggg”“ﬁ;ﬂ’ﬁ. 




(8ih and Wang, 1965 ; Sih et al.,1985) or by the
ugse of l'neta-bo.l_ic inhibitors such as &,8-dipyridyl
. .and :g?p'henanthroiiné, which apparently inhibit

the 9¢ -hydroxylase selectively.

“Jvollowxng the c27 -hydraxylatlnn and oxldatJon of

L _the resultlng alaohol tn & GZT aarboxylic a.c:u.d, _'

',praplcnzc aﬁid, acetic ac;d and aga:n propi0n1¢

” f;#&id are rem°VEd* Teaultlng in the formatian of v

“Qaif024 and 022 _»arboxylza acids as intermediatesgf: :}.3;_'

' ‘35and flﬂallyL.lﬁ.;thE_ fsrmatian cf the 01? katof9f;  ' __

compounda.

”'ﬁjllmitatian';in thelr usefulness has been thefﬂ;ﬂ”

-Qidlfflﬁulty selentlvely ?emgv;ng saturated';




aliphatic side chains while maintaining the
integrity of the sterovid ring nucleus. Thus
chemical cleavage of. the side chains of these
- compounds, with the exception of stigmasterol, is
-ﬁﬁnsstisfaqtbry_ beaaqée of the formation of

" n&merpﬁs’ products. While several studies have

'f;shﬁﬁﬁf7 that many microorganisms 'caﬁ' degrade o

'“_[3terals; anaar ﬂarmal' cdh&itiana B ﬁhls has

3”e]]entalled deaampoaitlon af the ateromd nuclausi .

:f manufacture of ateroid druga. Theae pracesses are'

foconcamitant w;th slda chamn degradation (Arzma et*fi

:aarrled out in’ the prasenae af certain 1nhibitang}f_;7




based on the inhibition of the key enzymes for
steroid ring degradation, the c-1{2}-

dehydrogenase and 9{s{}~ hydrdxylase.

Threé;differént methods have been employed to

inhibit one or both of theﬁe_enzyﬁes:

ﬁi)'T '5tructura1 modlflnatxun of the substrates,_-'
m:”f 'thu9 Preventzng Bnaymle attack an the ring

; .}jsyatem,

i_'.__:'__Inhibz.tian of tha 9(&)“113':11‘4:2{?135& bx

Lchemxcal means, thua preventing Ena?mig :  ?fff;if "

'" -a n;eavage 'enzymels} withnut affe¢t1ng enzymas}_' f-”

“"ﬁ; #99E?9§1bL3 for aide—chain metah:llam (Slh et



al., 1968). Enzyme inhibitors used for the
accunulation of i‘?-ketosteroids have been
observed with chemicais classified as: lipophilic
_chelatlﬁg agents, metal ions with 's'iniilar ion
.rada.l to-' Fez’ ihofganic “ SH—raagents and
auto—nxzdzzable redox dyes. -Thé7ima9t.éffective

S 1nh1hitors -1nclude G&:&”ﬂlpyrlﬁylg 1,10~

. w.;phenanthrullnw' and 8 hydrnxyquenollne,_hnwever,

"-'_"_'-=_they a.ra toxle, and ‘wan enly be added after the_"-: g

"'-"Z'-,'..'cnltsure h&B grc:wn f°r 35‘“& i"ime"' '

he selectz,ve alﬁemchmn &egra&atm

helbngan' { Lo tha gene'i . Np_cgg_ &;a,z":

in bacter:t.af ._ S

W_L-?_q____lmtem ER



Fiur S 8Tt S )

1988}, showed that the second 3C compound is
cleaved less readily, yielding a mixture of C22

aﬁd C19 products. The side ~hain degradatipn by

_Ehpdococqng species gtrain IME8 could be strongly

directed towards C22-acids by the ection of

non-steroidal 'inducers, especially lanalin and

.ieéifhiﬁ; : ThlE type_ af 1nduced incr*ase in

dlreated enzyme acblv1ty 15 not common 1n ateral :

sideﬁchain degradarg mlnruarganlsms.':

nltraseguamldine, a procadure knnwn tn induceF':



multiple lesions, it is possible that isolated
mutants, could carry mutations other than those

indicated by the accumulated products.

A series of mutants which are blocked at various
- stages of the stercl degradative pathway have
f_;Beén-fisalated;lfrom the potent stercl degrader

"ﬁ1ﬁgh§§§gz;? 'ﬁ;iiﬁi_gé' ATCCM 6842. {Warcha et]'.

:”f a1 ,1978) 51tosterol biﬁconverszons by theae 

'i-*_ 5“muﬁaan result 1u the accumulatlan of a number af'

)

" 57f_ntermediate ‘_cumpaunds,' sume af whlch aref e

manufaatara _af mad callv

%axciting{ chem1cai

ﬁ;inta 9&x)“hydrﬁxyandroatenedion

 pat&mt1a11r usefulw__ gﬁ aubatratés inf;fﬁﬁ§ _h5j_f_-

1mportant steruzds.ff f5

39r°°ad“rﬁﬁffﬁr'9utt1ng'¢articosternxd axdawahamna};3: ;gg£“



2.2.3 DEGRADATION OF STEROLS TO HEXAHYDROINDAN
- DERIVATIVES

Besides their use as substrates for microbial €18

" op 022 steroid.production, étérnia are mlso used

:I:a substrates for axzdat1on to hexahydrainuan
der1vat1Ves, whlch contain intact steroid rings ¢
and D isee Figure 1). These compuunds are also
avallable b? M1crab1al degradatian of andrastanesff.f
and pregnanes.- however thesa aubstancea are moref'

expensiVe than Bterala.

hnwever, tha leizgth tr«f the €17 side chain [

S datermines tha reaatian rate._ bﬁi&&ﬁi&h:ﬁf ﬁﬁ¢ :ff1 



3;_degradat1on uf sternla anﬂ.stsrozda.

3P—hydroxy configuration {11) function is
followed by the isomerisation of the ps-double
bond, a reaction which has been shown to be

catalysed by an isomerase as well as various

.aholesterol oxldases. This lsomerisation step can

alsn occur nonenzymatlcally.

Depend;ng

,g; on jthe arganlsm studzed, tha further mstabolzsm




of the 3-keto-~d4-ene configuration {IX¥I)} compounds
invollv.e‘s 9'(0(')h¥droxyls;tion followed by C-1(2)-
'deﬁydrogenation br vice Qersa; The 'resultihg
'metahoilte'.  ?I_ ._ undergoes | simulﬁanabus

'-_aromatzzatlon and cleavage of tha B-ring, via a

'_}nonénzymic  .reverse aldol type reactiam;' +o

'”prroduce a 8, 10~secnphenollc derivativa VIli It  s

“ff'haa been shawn that the meohanmsm of the c»1(2}— ; “

'{ deh?draganase proceedn via a uranb&aaxlal 1¢333Qﬁ ; 'w"

“a;;_fgrboéss.




degradation has been isolated from species of
Nocardisa (Buckland et al., 1976; Cheetham, 1979),
.QEQV1bagtgg;um, orzggbg cterium and ﬁghiz_phxll_m
(Wilmansk& and Sedlaczek 1988) ' The overall and
: f.spec1fic activlty _of  :cha1estero1 -.bxiﬂase

: §syntheaiaed durlng growth of égthrogacter speclea

félﬁ 79 was analysad (Wilmanska and Sedlaczek, f

" ﬂ 1988)." Tha increased actzV1ty af the enzyme 1&“'

"’-f{aultures whzah were hruught lnto cuntact w;thf ~“-'

7ﬂfff'1nncu1um:fﬂ

__}ant::mediates Qfﬂ




introfuction of new steroids into commerce is
limited and 5o new developments 1in microbial
bhiotechnology  of steroids is restricted.
Conpounds  with the characteristic steroid
stfucture abound fin nature, hoth.in plants and
:aﬁimﬁls,L but canaentrations differ widei#k-For_
reasona af cvats,~'only.a faw naturélly'occurriﬁg~

nom@aunds 1¢an'L_pe cunsidared 's_ starting"

mater;alaif Besmdes ﬁiasegnln (Dzoscar&a specigg; f

3]?e.g‘; y&ma};_ the blle 'acida from cattle g311 f' S

t’bi&ﬁders and stigmastéral (saya haans) arg,thgf-f[ff[g

terials ¥

;Hbﬁé#é?£ i@yf-~=-_

”Prnduct;an '”ng' whateveri_;ffjfff'"

 heEn dav&lapaﬁ ﬂn :t 1ﬁbbratory snala' Si_nEf.E:*:“""

;these procesaaa

.jh&VQ 'ta”lnampata?'wlth ghEmlﬂalj}J -;r¢jd_



w;i f17—ketmsteroids, usxng mutants blucked 1n the;rg{ ; 
-Vf;ablllty to, ﬁegrade tha aternzd rxng system, areng %ff'"ﬂ

':f'gfnow utilised ‘on an¥f 1ndustr1a1 scaleQ3 Thég;iJ? 5; {

methqu, high conversion efficiencies in the

prSEhce of a large substrate have to be

.  ohtained.

'?_:_Sbme af the proqesses fdf' thé7 éyﬁthésié:“bf.f}-“--”

:}fermeﬂtatinnj'praducts ate 'ery nseful startingf;




a) Eirect isolati_on from natural sources, such
§. the7're¢overy. of - conjugated éstrogenes
from hurse urlne and’ of cardioténiec aterolds

:'Qf:"fram the plant Dlgit&llﬁi.':__ ¢  S

";7grof anlmal :and Plant orlglns.: The Pﬁrtlal;”

,respeaﬁ ta microhial biutechnalagy¢  ﬂ35“"ﬂ“2

":} b}ff3Partial synthesis frnm aternzd raw matarzals 1;_ .

”*fﬁfayﬁthesxs nf sterold hormuhEB and thEITQﬁif S

'"fanalcgs 15 the mast 1mpartant proaesa W1thfffjf5”’




| tdxic' compnunds._ Steroid ‘substances have poor

- w&ter solubzllty and mlcronlzation. ?gepa:&tion
'}{” f §f'i suspensxons, _ 6ra' emulslon, : #d&itibn_-of
:73:'surfantants 3_andf  appartionzng  §?_ substrate _

-tfg ad&1tian, can be .*nst as decislve from an' °

Q-_yield, 1n the case cf bantechnnlug:cal prnducblnn;f f

:Juf_compuunda. R

r:ma'ﬁlmpartance

w;»e°°n°m1° Pbint Of V1ew,- aa is ;the vnlume*tzme -

'i:in industrlal;??ffh".

geﬂera ﬂnnardia and a nom es, 1 as members ﬂf”€ 3  :ff”



the rhodochroua complex - {Goodfellow .and
Alders:m, 1977), which ' at the time formed the
fanily Actinamycéta.ce'a;e {Bergey g - Seventh. o

: Editioh} In a classzficatlvn haseé prlmar:ly on

;Eﬁmorpholagzaal, .chemlcal and spare character5’ i:.“._

"*}factznamycetés have aincé been rec13351f1e& intufff.;'

?ff?uver thirty genera and ten fsmzl;es; -Gn th1s;f[;”-

zi£basxa, nueardzuform bacterla ¢an ba classified;"”

-;lnto twenty genera mnd saven families‘fL :”:””

_i¢1as$1fied in the _5family Nacard;aceae,

e

xyf“,gggdig being tha type genus;, At present tenf° “ﬁ_f |




‘species of Rhodococcus can be recognised.

'ﬁ f.Nacurdio£arms can degrade many toxlc ccmpounds, :

:and#_hygfimycin.:, Inﬁlvi&ual apecias are theg'jlj::

}Jilncluding acrylamlde,’ phenolic compaunds and 
'“}insevti¢ides,:. degrade lignln, 1ntarnunv¢rt?fﬁ' “"

Jsttaroids,__prnduce such 5nt1h1nt1cs as rifamyninsq -f7:;

"j}faetlalqglcal agints_nf tuherculosla, leprnsy and*;;
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2.7

gjby mutagenesls,__ uging g Dnacaaus  f7

u€ﬁstrain TGG 4277~1 as rec;pient, and_ 

MS_OF_ PROJE

' The aim of this work was to clone the gene{s; ior
--bacterla, fur even ual use 'infphafmacéuﬁicsav'ﬁ

fsultahle danor' ana r&ciplent were: to be ¢reated_,i;




 MATERIALS AND METHODS

 3;:_-.fwobARbiﬁFORBISTRAINS:

smii? L e oo

| '_ﬂhodmccus erytkmpajis ﬁTﬁc 4?79 I:'-j _'_::_fs_i_:z;#pﬁﬁﬁiéij;-.re&i's.ﬁanﬁ' nuﬁaglé_. of "4:2?1' '__."'B"ﬂ&iuﬁ' o
SR E Iiahhs

_.K;=_5[&?cc 1&351 S

-’,-flaycu,a{4z;;. ':<;. n;serreira |

o '-::'H.Ft‘rreim .

we o CMeCmEs

_charaat&rmd ¥ nsu

- --;_"chamteme& br BSII M&Bbs _

odm 'ametnlate sumr.

Sediuﬁ-taurééhﬁ.;te hyperaemtive )
E “af HE3Ls1-




3.2  ESCHERICHIA COLI STRAINS

| sTraIns 'GENERAL REHARKS . oRIGIN:

_ fﬁﬁﬁ33294gin;nyaagen1c farm of 4294 '3 *  %, Dabbs |
'”5_;fg5ﬁ$29#?iﬂﬁﬁRestrlctlun - Reaomblnatmcn . E.Dabbs
17 nutant of MM204 (non-lysogenic). .
“' [&351atant to R;famplcln I

ﬁi-gauaéi':of ‘pDA%0 and pEcoR2E1
~;Amp;¢i lin &ealstant

 ;*23*Ef:'



R ”4:5%@ o]

i(Tryptnne Yeaat alyczne Bruthﬁ {Se@tiﬁn 8 a 21{;;¢ffff7

”'”~J31was maed, exeepk far'g;; gﬁ gngn c1 and c1 07Q ﬁ5ﬁ'”

'”ﬁTf;ﬂ}whare 2% TYE wau used. Hocardiafcrm a*raina vaedf:“;:




in mutagenesis were grown in T2 (section 8.4.3},
E. c:‘o_li' strain MAMM294 was grown in LB (Luria
Btothi (section 8.A.5) supplemented with “0mM

| MgS0s ,' 'to'-ob'ta-in the plasmid vector pDA30. Luria

'"*iﬂBroth wes alsa used to graw MﬁZQ%«l and ﬁmployed -

| ﬂi. transforwatlons, plasmld screens or

;'extracticns,._  inr_ plasmmd _ screens aﬁd:

 'ffﬂ§xtrqct;pns,¢ft LB was supplemented wath 50'

Utzlzsatzqn and resiataﬁce;1f:"

”':?edium platea {PRMpf.,,

._;;ga; ;



:* i sets,_-then autoclaved at 121°C -for 20 mlnutes{_ﬁ”

' 5the salutlon Was: stored at —BO“C. { When needed,f_z

{section 8.B.5) were used to grow up the

~transformed nocardioform bacteria, either Cl1 or

o STORAGE OF srmms

"A 30 w glyaerol solutlon was allquoted 1nto 1m1

'ﬁifa v1al was thawed and thea 1nnaulated w1th 100“;];f .

'fﬁpl af a;hacterlal straln and storeﬂ at ~80°C.afﬂf

Salutluﬁs ﬁf;“_

"Eﬁﬂsndium arsenate (SAARC =m, Muldersdrzft, |

““tLSQnth Africa* hereaftar re¢errad 5o as_;;.



1M sodium arsen.te (BDH Chemicals Lid, Poole,
England; hereafter referred to as "BDH"),

Zu sodium arsenate, O 5M sodlum arsenit

~were- made__in sterlle d15t1lled water,' then

'y ifi1ter sterlllsed u31ng a 0. 45 pm fllter. All

of the solutions werg Btared ' a.-t_ room -

'“3 9mtemperature.,

CARBON SOURCE

ISigma Aldeich cnrporation, st Louis, Mmaauri, |
hereafter referred o as ”slgma"} el



All of the solutions were auntoclaved at 121°C
for 20 minutes. Fllterxng'was performed using
':0 45Pm fllters. All carbon ¢ :urces were stored

ot 49C.

:;The solvent DMSG (Dlmethyl Sulnhox1de} (BDH}f-

'ff;and ab»olute alcohul were alﬁo tested as carbon“,f':."

i Fbi" _"utilizatlan S'hudlﬁﬁs ‘t‘:he Var?-lngi_:_ | ._ . .

"---eancentramna wmg;ml _' 2 'o mg/m;.; -.-;:_sf_




3.

- ﬂ;;?bactarzal strazn wh1ch appeared tn be tha bes£T “ "

REPLICA PLATING {Spot Testing)

This méthod allowed for one single colony to be
-ﬁsnd per' prganism, for the entirs range or

 concentration of carbon sources, being tested.

ZGNT:iInto the wells af the sterile '“female part-af
'”75the apparatus; une drap ar 1f many tests were o
Qﬁperfnrmed,, two drops, af sterlle Water wgrp_.,-”

m:ifp;ﬁﬂﬁd«_ ﬂne bacterzal calony per well was added,_ﬁ:--*--

The Wells wers. nambered. The:;:'ijf:

;ffThe donor DNA was datermmned by" Qbaerving thef '3*



ntiiiser ‘of the bile acids. The recipient DNA
. was _t';hosen' from the stra'j‘.hs which could not use

-ﬂ5tﬁe biie-aqids.

V*“Llauxn CULTURE FOR UTILISATION _aND RESISTANCE“-'

'"VI_STUDIES GF BILE ACTDS
he nacardquarms to he testsd included ther_

'%%427?-1 063, 4377~1 031 :andf.ﬁf7if-;f

i}were then flaadeﬁ anto a revulv;ng' drum, andf' N

'37f ﬁ:1ncubated at voom tamperature Cuntil _erowthfir'ﬁ 




 (tgrbidity)-_was obsgrved. Then every tubs’s
aptical. density at _-540nji1 was recorded, and
' thereafter every 24 hours, for the néxtiéﬁﬁ

'f-dava.f:g_ ”;3',f

'a“?;ﬁrowth curves of stralns 42??91, 4277éi 063 and

. ,014 were dane,- ta determine the time7ﬁiff

ﬁoptlnal den$1ty of the?};?f

jt lagarlthmlc and stat;anary phase. i



The conditions for WTG-mutagenesis of 4277-1

_weré optimised by B. Gowan (1988).

- Strain 4277-1 was grown up in T2 (sect:on 8.4.2)

'f.“untll logarithm1¢ ar statzonary phase. A Aaml

"ijfallquat nf the culture was washed _u31ag lml af;_ 

' L? f19mM Trls Hﬂl,,f_x_ {sectlon 8 c 2y th?ﬂ.;;-

rff?iﬁ lml nf ﬁTG tc a : flnal :cqncentratzon nff:'

= reauapendeﬁ 1ﬂ 0 9m1 af 1QmM Trzs H61, pHB;'ﬁnd-   

:”{LTha aells were plaued ﬁt 37°G fur z{gﬁ;

after whzah thay were55-”




3.13. 1 Patchlng |

'lWhen slngle qci@niﬁs__had g:own,: they were

_ .repl.:ma_'___ _”pﬁtéhéd“ ~ ento a series af... 'p];ates_._ A

i‘.of;a.:l ..bi; B '1'1.2 " .-caldn'i;é's | p'e.:.‘ ' -ﬁlate' '::ouid "be
“  €fpatched. . The plates used ta assay for mutants".

inere, in order of patahan. L e

ﬁ Minxmal medium plate Wlth nu glucase  f

 %:;=

:ﬁ(MMnaGlln arﬂar t¢ detect agarose mutanta.i;f

" with na glucase, but*ff

__1m1th the additlan of"ﬁha'appruprlate carban;fﬁ

f&tect mutant

hhﬁ carhan aaurue;ﬂ




 Strain 4277-1 which had been treated with NTG

”'=sﬁaﬁhallaﬁed:tav'rEaca *Statidﬁﬁr? phase in T2.

 ,Then Iml of the culture was waéhgdf.twicg_wizhf

'”;”sterlle dlstllle& watar._ An amoaht df.ﬂslml'waéf

&dded t.o 5m3 of biM-l-G aﬁpylemented m.th Eﬂ!,tg/ml_

{streptomycln The culture was allowed to grnwf

Traam tamperatur';with aerat;on, nntil 1t had{

eached pgarlthmim phase._ HThe cells_were thanf



-appropraate ) enrlchment '}_bile used. The

”7;enr1qhmen*'praceuure was repeated tw;ce.”_

- Goncurrently w;th the . Enrichmant Procedure, :a;. .

ﬁﬁ{i?anhrol using T2 &B the enrlchment broth and ;;}it

IEMH*Q “3 the Belectl‘a broth,' was Ferfﬁrmeﬂ far_f:jf;;j 5

'I‘he salective




1% Isoleucine {Merck,_ﬂormstadt, Germany,
'Heraafter ‘féfErrEd to as "Merck') + 1%
L Vallne (SAARchem), | |
1% Tryptophan (SAARchem} + 1% Tyr051na |
(‘BAARchem) + 1% Phenylalanme (SAARchemi.
% B }% Shlklmlu Acld {Merck} . '

““m[:f¢Thgse that appeareﬁ ta be mutants were then |

;, designated a co&e.;_ The nnntrols -1n the spnt.

”f_;ByﬁﬁE}, supplemented with 10& mg}ml'gfrggg mg)mlffff

““fifof eaeh °fTST;  ﬂ"h:J

_ 1nc1uded the garental stralng ofu42?7_1!_:f,t”

The_mutants were then stared ;n.f :_f?A,ﬂm

The platag Were theniff?*v .



incubated at room temperature.

fHThe remaining sonlcated _cells were 'diluted ﬁd-_
108, 10v amd 10—10_ in stenle &191:.111&11 water,
'5  ?and 1UQP1 per dllutlon per sﬁraln -Was plated h;

”'3'540nto TYA (sectmon 8 B 1), and 1ncuhated at raam- .

'?f;}:tamperature The numher of caiany formlng unlta 'f.ﬁ:f7i_3

. deterained b

"-fféﬁxdﬁyéﬁhé' praduced. - Tha cF& wara dete*mined7.*i"'5"'




-'.-'frc:m grnwth dur:.ng atat:.anary phase of 4277*1 in

T]TMM+G.-J-

“:fjﬁ;in{chLcUL&TIGN CF THE MUTATION BEVEESIGN RATE 03”1- ;

“"]:[sELEcTEu MUTANTS

An’ 'noculum a:f 50511 of ezght'aumtrephs wEre




3.18 BULK PREPARATION OF NOGARDIOFORM CHROMOSOMAL DNA
R '-'GF 1, o070 |

5 :f3;i$;i Optimisatlan of 01 Growth 1n TYG

2'iiﬁsTo be ahle ta rUPture the ce aa!li hﬁd féle£§é? 

”Ef?iihif chramoaumal DNA, } glycmn@ was 'néédéaQ7-~f

-However a ﬁuncentratlan af glyclue Wnﬁuu Wnuidf;,__ S

-; ’pro&una a signlflcant 1nhib1t1an _af growth, but&?f"

fprnduced a gau

:?Yield af chromosnmal QNA needeﬂ}f ;;t f;f$;



: .r'nofu- temperature with aeration. The culture was
| harvested u31ng 500 ml bottles and a JA- 10 rotor
.; (Be¢kman) .'centrlfnged 'at 6030 _rpm far: 15'
';l;minutea The supernatant was d:scarded, and the:
o fpellet was resuspended in 19 m1 bf iﬁmM Trla Hclijl
pHB (sect:l.cm 8 C- 2;1 19% ("fv} sucrase, : Then 5- .
ml of lﬂmM ’I‘rls, 10% $ucrose, :Ln wh:.ch IDO mg of_.'__:-
.Jfflysozyme {Boehringer} had. heen freahly dlssalvedf tJ:"f”D r

:;waa_a&ded, '_xed well, ind ~naubated:aff37°c fnr]ﬂnjiﬁns




3,18, 3 BNA Puriflcatlon by Caesium Chloride - Ethidium
_ _-:Bromlde Densitﬁr Gradlents '

”*T;Tc the DNA solutxoni_ an equal welght per volume

':'   q; -caeslum chlarlde lBoghr:ngg:) _{CsCl},_wa&

. added, and d_i_ssp;y_e_d, -

Hf@hé5§biﬁ£iun:ﬁés 'centrlfugéd &t 18 GDQ rpm fornﬁr

wz”;lﬁ minutes._ The DN& waa decaﬁted aut from f*1}-‘""

'J,unﬁerneath the seum, 1ts volume was measureﬁ andi*ﬁ*'”'"'“h

*f}ﬁ a?mz*faf Bthldlam brbmzde tEtBr} (seatlaan

']*; solutxan per - ml of BN& was added. .yhgjﬂ

'frefraqtive '1ndex uf the 'f

e




3 19 . DECOLOURISATION AND REMOVAL OF ‘CAESTUM . GHLORIDE

. ...~fTh DNA was denoluurzsed by the_ addltlou of.
ZUOFi bf 1 1 TE .saturated butanol (SﬁARchem)i
(section 8 c 11._ The EPPEndarf tubes contalnlng ?:'

the ﬁN& were :shaken unt11 the TE aaturatedf55'

butanal colnurised as much as p0531hle, then‘:ii"

centrlfuged fa_ i3D :secuhﬂs ﬁan& the npper orfrﬁff?l o

ainnre& band;.was remQVed;

};Thg; process was ffZ?}7

repeatad hntil the DNA was colaurle$s.mu

&:e?&ge aime'
-_§ﬁ$ fragmant




. The aize of the genome of CI - was available from
'thé 1itératuré,;ahd was éxtragolated tb c1,0?0.
'8.21  BULK PLASMID ISOLATION OF THE SHUTTLE VECTOR (pDA37)
.. FROM E. gl AMM294-1 (Maniatis et al., 1982)

“'?ifjsa m& 3130053

;19 mi En¢A

fzs mﬁ Tris HoL (pHS)

fﬂThe Tris ?HCl andg;EDTA were made up as cnej;fﬁ:;ffw'ﬁ




A flﬁsk cantainiﬁg 250 ml of LB {section 8.A.5)
ggépighenﬁeafwith_ §0 pg/nl ‘of ampicillin was
inoculated with 2 ml of pre-cultured AMM294-1,
7then¥in¢uhstéd gtnasoﬁ-with aération; antil'fhe

culture had reached statxanary ' phase._ The

culture waa harvested u31ng 590 ml battlea and a

JAmla rotar,_ by centrlfugatlon at ﬁago rpm erA  ___

'*15 m:nutes. The supernatant wag dlsaarded.-

:JThe peliet was resuspendedlln ﬁ 5 ml af Salutlﬂﬂz?;“.

"7*Tfﬁa?ﬁff£ﬁ7frddm€“témééiaﬁﬁ&ggz" Ta each tube 0. 5;?":"

R ST



volumes of isopropanol {BDH) per wvolume of DNA
was added mixed well and allowed to stand at

room temperature fcr ib minutes.

'“-fThe plasmld was recavered by centrlfugatlnn atﬁ_

‘7;_515000 rpm for 39 mznutes at ‘room temperature.i_

'”’*’;fTh pellet was washed wzth ﬁml per aample, af-_,_

“”f   ice—¢a1d absoluta ethanol.u Tha"ethanol wasf ': 
’H?ii;dacanted uff and the pellet .was draxned for 30“55f,1if 
mlﬂutes ;m a Va"uum d331cc&tor’ fallawed by
':l;ffgresuspenslan'ﬁxn. 4m1 per samrle TR PHS;ii € ;;i?? 

lﬁ'ﬁiffeztzan S c 112« 'The plaamzd was"purlfxed hY7Ji 5j;:5;ﬁf

ZR;DNA molecular'ae1§1t markér II iBthrznger;_ Thef

..?321 was- electrdlvée&f:at”fa Patentlal differenceif

'-'fffof IOQV and a current uf 40 mA far 45 minutea ta;iffﬁfﬂaf”

'3“i51  hpgr.f Batermxnatlan af the uncut plasmld and”;ﬁ-



Cuancut €1.070 chromosomal DNA concentration
déterminéd - how much -ﬂNA-td7loa&,« once the DNA

" had been digested.

1 71£ they were nat already stared in Boehringer L

"”i anfer M, the respectlve DNAs were phanaif

“‘f~¥pur1f1ed tseatlon 3 . 1),

ethannl prec1pltat5d'“'

. 'i;f{secti¢n 8 niz *'} and teauspended in th&lr;_iﬁf
'"“__ ana tanth'iva} of Buffer H»l ff_{°L"'




The size__ of the fragments of pDA3T were

determined . by reading off the fragment sizes,

';'détefmined"by the distance th&i they had

 7m1grated, from the graph of the 3123 'of the;-

.AIII £ragments- (y aX1sJ platted asalnﬁt.thé  B

” ”';: ﬁ1stance that they had mlgrated Kx QXiB}w 'ThaJ

Hf[acanaentration cf puas? was then determlned hy:'

"c1_0?o nxA, wh;ch formed a' SIngle band when*"



mailto:fr@.gmerit

electrolyse. was deteérmined as in section 3.22,

'fgf §53§E¥”AvERAGE sxzs QF nnnan FRAGMENT INBERTS (bl ora)]?ff

| ;;;IN THE SHUTTLE VEGTQR (pDAS?]

'hafare a plasmid scraen

tenperature

;E;EBoth 51 O?B DNA and pDA37 %had_ ta be dlgeﬂted:    | .
w;with Bgl II, then 113&tad and transfarmed 1ﬂt073fiﬂ;””'.
. | ,,nuld he 2;y  # _-v



2. 1M MgCl:z (SAARchem}
- The solution was autoclaved at 121¢C for

- Zo.mindtés, and storad at room tempsrature .

':” 95; '.-1J0mM Adenosine trlphushate (ATP}
X '_jﬁftﬁaehrlnger‘

'“.ijirhﬁ solutzan.was stqred at «20&0

_1mﬁ'nzth1nthnait¢1 pH? {SIGMA13§  f;#-<fﬂf

_fThe $nlut1nn was fllter sberzllsed

;(D-&ﬁfmi and Starad at »2ﬁ¢G S

'ﬂfallgatlon buffsr, and 1nﬂuhated far a. minlmum of"* ;g'“’



1 hour at 37°C, The two DNAs were then added
together, in the determined ratios, and ipl of

T4 DNA ligase ({Boehringer) was added. The

' :-llgatlan mlxtures were incubated at 14°C for at

:-  L’1e&st _-1 hcurs. (optlmal 8t 2D ' hours or

’“ﬂﬁf 'avern1ght) -chhé' ‘controls for each stage.

7; 1nc1nded a plaamid free control, aﬁ- ﬁﬁéﬁt”'

:‘ﬁ,f  ;P1asm1d contrcl; a GI 073 DNA free ccntrcl an& a'ni

4 BNA Txgase free cantral.n, An 'EL ggl;_ Q[F-1"“

'Etra:bfnrmatlnﬁ by the aalcxum chlorzde methad ;,j,j,]”5

::T ;;$5;: .



gantly resuspended 1n half of thelr origlnal
' L cu1ture voluma,ﬂ 1n an 1ce cold starlle snlUL1an'
” 'af 50 mi Cat:lz, 10 mM Tris (pHB) . The cell_ o

L _'suapenamn woi then placed On me for 15

_-_.'__.m,,,nutea, befarg be:r.xag cenﬁrifuged 81: 5005 z'pm---' Lo
’?;505 75 minutes‘.. The supernatant waa again*;f__*'

.:idiscarded, and the BEIIS' rasuapended 1n 0ne]= Fﬁff




The buffers descriﬁed in section 3.21 were used,
:'Tﬁe féelected 31ng1e 'calcﬁies ofu frgﬁéformeﬁ
-MM294# - Were_ grown overnlght ih.’sﬁi of LB
L supp1emented wmth 50pgiul ampzclllln (sectlnn -

.a 'f?'8 A 5): w1th aeratlan.' Then Iml of tha cultureﬁJ

.iiw_ harv&ated by centrifugatzon for minnte,._ﬁbfy""“
’f@jand %he pellat ‘was. resuspended 1n IGﬂPl af'g ;f=,}:5f

-f[fsulatzan i supylemented wzth 5mgfml af lysezyme,fj?"”

and Wleft at_ rnam temperature for 5 mlnutes;bﬁﬁf f §31:

Theﬁ _ZDOFI of?'salutlon  2 W&S :adﬂad, mlxe&:F

' preboiled. RNAsse (lmg/inl) waehmger}. e




; presence __pf.-l pDAS? = was  ' determined . by

 f;a1ectrolysing samples uslng a 0 4% agarose gei

'":(sectian 3 E), along tw1th & plasmld anﬂ a'

'7T}plasm1d free cﬁntrol.. The percantage of cells }1; f;*fff

"?LW*th- 1nsert were 6eterm1ned, and used ta ' 3;._ ;ff

'.ﬁalculate the' Eize o:f the genamlb__l,.bratﬁ" .




__nf the genomic lzbrary was ‘needed to be able to
:T?ﬁfﬁdetebmineifftheJ{ numbar dfi- transfarmauts cuf
: ';“f4277-1 063 necessary per. pg of Gl 0?0 ﬂN&, for af   '

 ';representat1ve numbar af calon 45 of the entlre_-'

”'f?iiﬂi 970 gencmlc ta ba achieve&. ;

'i ﬁinEﬁstT19w aF THE 4z

_ }77-1.069  NOCARDIORORM
'ijRANSFcaHATIQN ;ijf; B e



" 1g PEG 4000 {Merck) ' dissolved in 1ml ' of

" : ratnplast buffer.

. The nonardlofc«rm transfcrmatmn was fzrst' o

“::i%Pé:'armed “on 42;7 “1, aaa anﬁ 4z??a1 914 with,[g}_f"'




3 tSO .1  Nocardieform Transf ai'matian
. Sepa.ra.te élliqui.:t.‘l.:.s' 6f Iml 'fronj- . cultures of
B 4_:.2_'?%'1_-;_6_33'_ Cand 4377-1 014 in 4% TYG were
ﬂ*i ﬁéh£fifﬁgéﬂ-_ The cells were “eauapended in- 1m1”7

.ﬁ'ﬁggof Protaplast bnffer;_ contalnlng ﬁmgfml ng “

,;;1ysezyme, and 1naubated at 3?nc fur 2 haurs with“ ;;;*'
fkagztatinn.jf The ae]ls were pellened, an& gentlyﬂ_if'
;resﬂspandad 1a lml uf protcplast buffer, andfﬁffa_fiﬂfﬁ

;then_ aliqunted inta 1BUP1 seta in eEPendorf”mgff}fifj:




Using the results of the transformation with

B _.._.951@30, -émd -- -frc'mi" thé- -dét.'eéminatibn .bf-' the B
a; concentrat1on of pDA37 plasmld wzth an 1nsart'.
“ frf(sect1on 3. 291,, umber of. colonles needed t

. ;far the tranaformed cells, tﬁ he represantatlvex;-

f&f the Pntire CI ﬂ7ﬁ gennme was aalculated,f=:'"

:'However the pD&”f ﬁas fuund tn he too dllute, aST.;;;7 3;.f

'ransfhrmatznn s

Thus ’[‘.he_:'- PBA&?‘ -*---had' tD be' .:Z:_. s .

'ﬁ'fg.;ﬂ42??~li053 and.427?~1 Hl4 were;alﬁa grawns but“i f;- :




_ﬁ-ithﬁt:lt. the_; arsenate supplements. Then 1ml

a’i’iqﬁoté'-of' all four--caiture-s-mre washed with

A,Q:starlle dlstxlled water and 190p1 of‘:each3w§§} ', N

'{spread onto: the:f'relevant selective platas_;ﬁ

"7f5Traaaformed 42?7*1 063 'd an*transforméd_;ﬁ H

‘}7342?? 1 663 aells Weré spread onto Mﬂno& {sect:nnf}ﬁ.”'"

3:5*3} and ﬁMnoG supplemente& w:th 40mg}m1 ST   *

 and“MMunG su?Plamented with 20 mng1 39! as W311¥T

Qas nnta HM+G?.and HM%G supPlementad With 45mg/mlf;”ffﬁiaf"ﬁ

_fEanh calnny Was grawn avernight 1n 5ml nf 4% TYG}f?-

'f1  su§Plemented wzth 40 mM arsenata, at raom“L L

I T




~j;* tehperéiure and -with aeration : Fram each

' culture lml was. harvested by centrlfugatlan for

";f: 30 seaonﬂs,; resuspenﬂed 1n 800P1 of Trza- HCl'_"

e 16% sucrose wzth 3mg/mi nf frashly dzaaalve6_ _;ffc
;u.g lysazyme, and shaken for'l hnur at 3?96.  The: ;f.* _,,f

”35509113 ware then pelleted far 1 minute, dralnedff  ﬂ f-ﬁ'

; well and resuspen&ed 1n ZBOPI of TE* ThEH 4091f ]i. W

”B% Sﬁﬁ was added-

._The snspen31uﬁ shauldC;[ﬁg;¢




'Fﬁr enﬁymiC' digesﬁions, 13. 5Fl nf Sample was

'  g taken, tn whzch 1, 5F1 of Buffer M was added, and j

RS Fl at Bgl II wes mixed zn ﬁigea‘*ion____

f:fvlaweﬂ by UV:llght belare b&lng phatggrffh&d{'*'

:”nccurrad avernaght at 37“3 after which the_ '
':3_s'mples~ were 'eleatralysed and run on D ¢%q-"

*j_garnse _gels,, fnr 1 5 hcurs,g;_The gﬁla werefff



| 3M'Nacl'
_- 0 3M Na—c;trate
| pH'? O

""'-?-._whs mm of 4271-1 070 '.__a_r;d MM294- wers < .

:_;"’:*I.;_.resuapended in TE. Valumes of‘ Bpl, igli' and '.




3;Nitrocellulmsk "'membranes (Hyhondwc, Amersham
7  U Bah. y wére wet in’ dlstllled water and then_
'”}‘:snaked in 2 x %CG. ' The transfer apparatus was "'

U -_.:'-_set up, and .-{;he -‘chk- “fll‘her pa‘par} wes -Sﬁaked-- -

ifﬁ 20 x SC’G and Was Pﬁsltlbned. T&E tranafar o

fbuffer  2ﬁ . scca e peured inﬁa the hufrerf;ﬁ o

raserva;i} _ Tha gels Were_ inverted ontu th&f.  f5

a“” *ll_aifffzgkiiiﬁ_-

;wiqk,_ thslr urzeﬁtitxon waa marked,_



g f,ds 3 uma LABELLTNG AND DETECTION

The Nan*radiaactzve BNA labelllng and Detectlun .

"1t' vf B&ehringar Mannheim, Catalogue Number-"

2393557 ;was uaed.:_ Tha prlnciple af the method o

”hat-the DNA was'

;_digangenin

*fj3%53;§;;'">"wf**"“

fbe;led by randam prlmed ﬁ5f:fﬁ=f 
1abe11edf;}fjf;--;:_



(.Qémrinéar'H&nuheimhﬁmbHJ'Manwhaim, W‘Germany___
”"”_iaﬁaxive bN& &abailing*

'ijfdigested pbﬁa?- calla w;fh an 1nsert were 1u&dedf]i  L



onto & 0. 8% 1ow meltlng agarose gel (Sea Kern).

- Th pracadure was the 'sama _as descrlbed in

j-'l'.'-Sectmn C- 2P except that the electrolys:.s was .

'f@ performed at 400.__ A Patentlal dlff»renae of

IHS_BDV and K3 current of 35mA was applxed far 3. 5 f

J:qﬁhﬂurs, aftar wh;ch the gal was nlaced onto the“jfff e

im?fﬂ?'tranﬂill minatnr, and the inserta' were cutil{f ?

;_wml of dismlzed'.mm;- then 'autaalaved a.mi-_f;-;_-




stored at room temperature.

10.% (Y/v) SDS
'  The'5Bn1ﬁtibn ‘was  made up- in 10 ml nf
fﬂ?&isti]led water, then autoclaved and stnred*"

'r-v;at rocm temperature.f _ o

Lli—l- (Hemm o o
'”: jA 4M L1Gl solut;on was made up ta 1 lltre*    ;f;Qf 

.The'samples wera‘ heated at Bﬂﬂc fnr Bﬂ mlnuteslfﬁ_ﬁf : if

'“3ihhanfli.9rec1pitated {aectmnnﬁf 5

LH F£€%#i;  ERET



5'hThe finél volumes were made- up' to 19P1 with
© sterile dlstllled witer, and 1 Pl of Klenow_

o enzyme was acided- o

*?s?ﬁc_ii

| The  mixtures were then incubsted overnight st
Tha raacti"“ "“9'5 StOP?ed by i;he addltmn e

.j:af 2F1€ﬂf1ﬁ 2M.EﬁTA. By uszng 2 Spl uf L101 and;;;J,x

'-3  baing 1aft far 3D fminutes at *7&“81 the cells?jf”'



'-; The nitracellulose leters were' pr&-hvbrldlsed_

“ff*zn hybr1d1$at1an solutlnn at. Eﬁﬂc fﬁr 1 hour, u

'fn_uthen cut intn their 1nd1vidual zstrxps 50 th&ta'

'”7ﬂthere was onme lane each of 1,070 nNA and

  iMM2§4m1 DNA per Sample prabe ;The hybrldlsatiun 'éif '”fJ




 - jThe blﬂﬁklng reagent was dlsaolved at 6000.

. 5_ Buffer 2 was prepared 1 hour befare use." '

autoclaved and stored at

-SSFlfwahuaphate sulution



_ mlnutes wlth Buffer 2., The nembranes were Wash i
-Q}brlefly :fih ' Buffer‘; 511 : Antibody—conaugate
"“3gf;(pn1yc1nnal f sheep . anti*dlgoxlgenzn Fab-

"fﬂfragments, conjugated ta alkallne phosphatase}

'f was dlluted 1 1n 5neﬂ in Buffer 1, and each
'"*fmembrane waa incubated f&r aﬁ.minuteﬁ w1th 20 ml
the so .;':f' The unbaunﬁ antxbady-sangugate

”Lwas_ ramaved afher twaf;washings at_ 15 m1nutea

mémbrana wAS

-If. a ph&ge was syeanfic forf

?a” partlaﬁlar.if :jZ7if?[

,_gﬁmznrcarganism, it would invade the call and IYSe  .-;._



C ity caus:ng zones af clearmng or plagues in a

_;;;Iawn of Bacterial gr°Wth,.5_};j." .

“T:Gultures were grawn 1n 5 ml of TYC (sectlgn }§?”¢Qi-

:“Samplas' uf‘lml were centrlfuged, andﬁ;f'

?campanants ware then' added ta a aterzle g1535;7.145'“ﬁ"

"'suaces' ont

T '..__b-ve-rg;@n -



| 42°C for 2 hours, then . cnllected ‘and
 5- :centr1fuged at 12 000 rpm far 10 mlnutes._
ﬁ?fThe phage lysate 41, waa recovered 1n the{l

” ysupernatant,3 flltetﬁﬁhf{Opéﬁpm}:gp§:§t§p€§ 

; 3 4 P Z | S ﬁI*EQ tamyc 13'1 R’Bﬁiﬁ t,ance :....._ _.

'Flates af TY&Z(BEQtlﬂn: 8 B 1] supplemented w:th'E




Cuiturés*of'4277—1' and 4277-1.001 in 100 m) of
- 1% TYG were 1ncub&ted at room temperature, untll 
"“}fthe? had reached st’u;nnary phase ‘The cails~_

'”ﬁﬁwer: galleted at 6000rpm for iﬁ minutes,_andf

”ﬂﬁ;then resuapended 1n ﬁml ef Trls, NH461 MgClzf ?¥'.

ZlfFéiéss

'"”;dwere then 5anicn_

"jﬁ;dir%ﬁtiy;nééq;;th_ samglea were atared a 4°c

'75The sa]utlan waa thaa poured 1nta smailf'f~f7 ;

-battles aad jahilled on ice. _ The cells;ﬁg'"

ed far 15 'secnnds, aftar whzch_fffj;';ﬁ B



_ -~d4m_ﬂi_qnﬂ_pglmmx__;__s_hlam de ge
"”3¢ —3—§§Eﬁ~§3 _;“'”f._. Jfam §+9g§L {5% gel)
3 5gf25ml aterile water, tn which was adﬂed- :' ¥::

"5185 ﬂrea fSAARchem)

; 93393 hxsacrylammde {SﬁARmhem)

| g_mag_EDTA legmaj

'1or1c_a¢1d_{3xgma) f




 ”“52185 Urea 3 “ ' E
- 2 8Bg Naz EDT A

iy 1t s amzd SRS
8. 733 ’I‘ms | .- | - ‘.
o me solution was maﬂa up ta snoml with IR

"'-'.af.er:s.le water" .



“_"they dlﬁ net tauch the bottom of the apparatus.j

;fVThe buffer waa adﬁed,' submerging both ends of " o

“'af!the tube. Then 150F1 nf sample gel was mixedi

"gﬂntly wzth aach sample and loadeﬁ onto the tap:'1¥]3 .

af thﬁ _tnbes., The &ﬁparatus WEB sealed andf“ -

elaatrolysed far 25*36 hnurs"at a p@tentmal1fﬁf””: ;

"laov iand a 1ow current, in the:1: fﬂF"”'

\ecessary

ml_iﬁ{é&é?ikg'




2D Buffer
© To 2 litres of distilled water, was added:
ZBg glycln ; _ |
.' "3m1 glacial acatic aczd

'“fﬁ;(The huffer Was chilled before belng

 ﬂ5§E§5 :bottam gel, Iﬂml uf 7% ammonlum{_.  :”'

A iersulphate ‘per: 200 ml uf gel was added aﬁdkgﬂ” ”“ .

fdegasseﬁ an icl”jf5Then 1m1 of 'TQWEB ‘was added,f@ﬁi'}f

,&Hﬂtthe Eél was pour&ﬁ intm the battnm gl&te andfhﬂ N T




'iv) Staining
S Zﬁml Elacial acetlc acld

"i 1g amido black (Boehrlngerl

.;5 ;The smlutlon was made up in 4?5m1 af fdiﬁﬁiliﬁ&ff:f““f’ 

'ﬂ;iAfter campletlan af the alsctrolyszs, the gelsff¥T jjf;_f

' fwere r&m  3& framgfthe apparatusw and placeﬁjmn”f o




'_-fhé buffers werE'supplied in 10 X concentrations

'f_j&nd were dlluted to a 1 X concentrate before the
L aﬁzyme Was addad._ In Ipl of enzyme there were 8.*-'

' *?aunlts, and as one unit waa the _enzyme activmty--:'

ﬁ?iithat cnmpletely cleaved IP” af,ADNA 1n 1 hour;f |




40

.'.-f.i'-_.Tbe ut:.liaation uf various carbon saurcea, :anludlhg

| RESULTY
'UTILIS&TION 01? sow C’ARBON SQURCES

'-_"_"'-the bile am.da, by the nacard:r.af‘arm bactema was the-_'_-':"'.-_ _
 ?;:basis fnr the cholce nf the doanr and recxpient”f ;7'
| f{fhacteria:far tha gane clonlng._ The results af thef¢fﬂ

. prelim1nary spat testa were— aE 1n .Table kT Thef?f:'*?

[Bus | ¢




'ﬁfdm théVresults'bf'Table 1, it can he seeh from

-fgrowth on MMnoG that 14887, A448 25593, DSM4375&'

'-7'and Pl utlllsed agar as & sale carbon snurce. -

”,5;The rest af the strainﬁ ntllised agar pcarly W1th_ o

| '*i stra1n KDI nat utlllsznﬁ 1t at all. As hath A443_f

“ ff:gand 35593 utilised the 2% BMSO—much mare than the:;;”;; ' ;

'”*}ather stralna, the&e resulta were éhecked 1njf:f

'"7711qu1d cultures.;_ The results nf thE_ llﬂu1d~

cuiturea were as shown 1n Table“z.;

‘bacteria,’ QxYEﬂn.WBS nat 11m1t1ng» Howavar, na;° ’




' growth was observed.

' Utilisation of thé;gholesterbl' was similar to

"'-_}'ﬁtiiisatioﬁ dfrtﬁe-ﬁnso, ~and ‘as the cholesterol'

' ”*{“was dlgsolved 1n DHSF ) the result was takan tu:j'f '

.fugizindiaate that nhalasteral couid not- be utilxsedaf:'

“ﬂffwere comparable,-

:tnan-uti11 at1on

'“teroxds were nb loager pursued 1nf.3

"jftha growth on thf agar plates;i;

. ”i1,;1n¢reasad thair utilisatlan nf thP glycerbl wmthi"'

-_;, . ;3§H ,,“; o

_fThe results for Fﬂaltaaterul and stigmastera1 f§j.f .w
7and fallow the' same patteru af f;_:"“'

-;ﬁ. Ghalesterol, :g. thesef;Vfﬁ}f?f 

A]l of the atrains”fff'



'_,timE'anﬂ_concentratiyn, except for A448, 25683 and

" fT5é_ studles of pyruv&te showed ponr grawth for '

_.Gall strains,_ exoept fur 25593, BSH 43?56 and 01.:_

2u5ed 1n theﬁ

 ﬂut1li3at1an studl&ﬁ, b

"*};fﬁand more stable m&thod of aterlilzatian. The:> “

esu}ts fram the fllter sterllised ST utlllsatxon'“

;stulies Werp found tn be mare slmllar from taatﬂ(

““myfitq'test._ All uf tha further ,tudies were carrled o

 @]?faut uslng flltar aterzlised blle acids

" §39?-

..ﬁ:_There_was_ ne zncrease 1n prruvate ubzlzsatzon._f””"

| ”?1with caugentratmwn or txme af -1ncubatinn. Fromt}i”iTT"Vz

. fthﬂ préllmlnary studies of utzlisation of so&luméti;fffflﬁ

! :”;"tauracHQJate | (ST} t appeared thab théfaff'
..T;;gnnﬁentﬁatlﬂﬁ af ST was taa hzgh at 1&ﬁmgfml:;;%‘i.ga-

. ut the raﬁult& Wgrg faund : E
_3;tou var? :slgniflcantly from test to tesﬁ- The“f},f---'
ﬂ;filte; 5t*niiised ST was uaed, an& a comparisanf:: §7~="

a”;Ln Table 3,; as tc Whlch was the betterﬁ'f:.;{“'.



78T was performed; &g ip







4.1.2 "Isonrvu DEOXYCHOLATE |
j;Autoclaved and fllter sterlllsed SD ware tested,

";fa):ana the gruwth pattssns were fﬁ“nd t“ be .imilar

VT;for all strazns._ ﬁnly at cancenﬂratzons of 20mg!3 

bﬁ,fm 'and above wesre th&re ﬂlff&renees,.' Tnﬁ f:lteriff

;Hﬁhgrlllﬁeﬂ 3ﬁfwas better utllised and the straznsf”“

*had more resistaﬁce to 1t, _but thla wag’ fﬁund taf> 7-5** 



”f_dﬁ-ghé'no. carbon source plates, poor grbwth'all
'f; 5round WHE ubserVed, whxch 111ustrated that these
ivi*strazna cauld nat utilise agar very well._ Strain-b
'" f;i:fKD1 dld nat grqw at all¢ W1th tha supplementatzonfsn':;  .
__  ;_?uf SD, the grawﬁh waa nat impruved af A448,ﬁ [ ?jj_ 
'7f7[3fzsaas, o

BSﬁ 43755 and GY', fha ather straiﬁ \
5 | and ez shawed anﬁﬁ""

Véﬁﬁﬁ#&ém?ﬁﬁx;ﬁfl[g?§§ﬁ§§ | but aftsr S certaxnff_f%ff

ﬂﬁmg!wl"nfﬁsﬁ‘; With tzma{ﬁfff;ff}]

pattarnﬂaf reaisﬁ@ﬂce;*wha 'traina 12 711i and;CIff *'  B
el  :fpund ta be ahle to utiliaa, aud he moatﬁﬁ

 -resistant tn 3ﬁ, glthgqgh_@;_ggygw_?erx ElGley”".

__ ;;§2;=_._



Btrain C7 was found to be hypersensitive to 5D,

EER ¥ 0% B f_j_-_- " sanmﬁ CHENODEOXYGHOLATE

7fq}The patterns of util:satlnn af and reslstance t

'“'f_ ;ac were generally found ta fallow thase cf an &B

TR I

Jtan_e_;atudiea, at

nﬂ mure

f;grmwth was absarved fav any af the strains‘ At &



_.cdnﬁeﬁﬁraﬁiun df'lﬁmg{ﬁl,_ must-étrains seemed to
have been stlmulated and grew well..' 'in- the
“'ﬁlfrffesistanca studles, all cf ‘the straxns gz w wellt_.
..:fi;axnept 07,' and mbst WEre auddenly 1nh1b1te& fram ;-:.

”°ﬁ?f”;grow1ng at a p&rticular eoncentratlan of SG;

'VStrain 12. ?111 “was. ubserved ﬁa be the Cmost

,iﬁﬁaﬁh”tﬁt._ a hﬁ aBIE_ta utilmae 50 tha‘mast.¢ §rf:

‘”aumma_vieﬁ YHE RESTETANCE ﬁNﬁ ssmsszvxwv OF:'IHZ'
N@”Annxnﬁna“{ﬁatwmnxﬁ'fo BILE czns_ :

Frum_the reaults of Tablea 4 tﬁ §; the reslatanceqﬂgﬂfffﬁ”*

utxiisa}fsn as, theah.l,jf o

uvtffSoie carban saurceg~; Exnapt fnr G?,_ all gf the



' sti‘&ins.had- a higher Ievel of résiﬁtance and a
;.iower leveI af _sensltxvltr to ST than for the
 ;',other bila _acxds. : stra;n Knl could nbn utlllse f .

'-f J;'or was senaltxve ta all of the hlle aa;ds. 5,): -

‘E‘a CHGICE DF RE{:IP::ENT m:f nomn& mm FGR GENE cwmm}

was ehaaen to_”ba'the hzle

deux?chalat=:

,f5f14337, mn& apart frbm the straina ﬂi an& 42??"1,?;f}3ff9'”

f m9st af the pther atraxna had stringant amin¢ ; f@__*'

én d requ ;emanta fur grawth.;. Stramn BSM 43756 [ f} *'h

xnaludad *3 o r,f&rence, ﬁ§ ;[it was ver¥7“f"‘ e

.ra ated tn the_R_odc fcc s atraxna g[?fi}}¢ '

u;=The strains éé&& and 1488? wa;e nhnsan  aé-;

ﬁ7ffaltarnate aaurcas ; af DNA ,fb?,ﬁ ST and'_$D '



__'utilisatlon respectively._ "_To ensure that they
' 5  aould use bile acids. as sole carbun sources,-
" ,11quid culture utz;laataon teats were performed.<_

f;The reaulta wera seen in. Table .

_.._:Shtlﬁasfai) sr uﬁmn s;f:’;__g_s,__,gwﬁ_:




: Gnce'4277;1 had been'chdsen'as"the'récipient”strain,
-fit ‘was. necesaary to determine the optlmal canven—
”*f;tratians af the sile aci&s for the reaistance and
. -;2util1sation studles. After ﬂumerous testag the muat

..h’fi;frepresentative graphs were platted ta fmt the bestf f

': ;ijcurv¢.ﬁ Utml;satian ﬁf an& resxstanca to ST (Figure;
q”':fB) shawad".aarrelatlon to the platas (T&hle 4},ii 1¢
-* fwhere maxmmum resxstance waa faund ta he at ?Smgfml,'_ .

ﬂ¢ '}andfut1l1sat1nn at 55mg{m&,_ whmch wara muuh greaterl?f  

nncenhratluns than fnr the athar—two blle aclds %;';”u

S m—:sxsmﬁcs

"""-'Zru's'n.t‘.man

“*Ele(EdGnﬂﬁ




_ i;i gnca 42?7* had been nhosen aa the reclplent atrain, .3

.representativa graphs

*‘hﬁ :?131:&5 (Table 4} ;

‘Pigure 8. |

f]tratiopr-h the b&le acida for tha resistance and i;T;:
jutllzsaiimn studzas,_ After numercus testa, the maatz5:"

wgrez plattt‘zd 'l:a flt the beat’__;_ e



_.-The utlllsatlon uf 8D carrelated w;th ’l‘able 5, as

"""._"maxlmum uta.l isa.t:wn of SD was a.t. B concentratlon

- alﬁms /ml, and after znmg/ml of Sn, 42??-—1 was
:'.'-'-'-nn.l 1~rmger resmf.ant ta SD. (F:LE“I‘& 9’*...”._:..--..' -

_ umssﬁa'lcm T RESISTANGE o . o
S 'rfemsaanmy SRR emaaanm) ﬁ'




T uisetion : : resiunce

|, ODG40nm) o OD(540nm)
0.3 ( : ) SIS ( o ?6







N Q.D(540nm)

rema:.nad in &Dlut:.an _--_-but

ﬁwhen _the rath becama anidia _fpnﬁ sap, the st - ;‘

i;f;éléiif*';' |



. preclp;tat&d. By adding one drop of dilute sodium

"'f;hydraxide,_ the PH was ralsed, ‘and SD went back_'

J':; than ﬁhe otth two blle anzﬁa.i

The lnw reszatanea

“fhyparsﬁnsltlve to SG.;ix;;f*:"““

;EEf4i02; ;jnA-1'

'Tminto snlutzon, As the cells utmlised the broth,.;. *
Hf”the medlum bmaame more acidzc,-_ due -tD- thﬂ'; 
'f_faccumulatian af eel; metabaliu hy*prnducts-‘T°fj;.

;nvercame‘:this prablem,' ane drop uf 10% sodiumgff  =? ]

?hydrsxxde was addad ta the culturea befora the QD5 ;f:f

The utmllsatiuu} {“}f-'

_ 131f;¢auld have been due to 42??—1 QEingff;,a7ff



1:ﬁ(a fllamentﬁus bacterla),_ entawaf

'f*f:mutageneazs resnlted, along with dlffereatfefferts{“

NTG~-MUTAGENESIS

Before NTGmmutagenesis could be performed; the growth -

-curve af 4277~1 “had to. be elucidated. Once-427?~l

;the st.tlonary* 

'*;_i growth.phase, -as it was in Jlffmrent forms and nat;f

'° 391ng1e cuionxas, 'a. reductmun 1nf the effxnlancy af@l

_J?jwhen plate& qut The most repr&sentatmve,;ﬂb?of the

m_ji;grnwth curves of 427?~ in T2 :(Figure 13), enabled

ahe grawth phasas ta be 1dantir1¢d;
| 'im. a&(ﬁ«dﬂnnﬁ N
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- In -hath"'-g'fr'owt.h curves, the lag --phase Was very

o _"'1on€; and the OB va.lue of the stat:x.onary phase

W less than in, the nan—mutageniaed 4277-»1"._

o cells, although inoculum dena:.t.y wa.s an.justed so

o - t&an

uuowi paasa oF suzmx e

Expun‘éénialtv ﬁramg
galbiee o o
] Stn_tm_n_a_z;r _ph&__s_a ““.11?!?2

::ells :m tha 1ngarithmm phaSe were_'__'

E used _ Pntcha.ng__ had ta be dune 1mmedlate1y ai’tar:_' o

e -_1.13_-5.-.4._._:.. R

'-.j'_”"'_'-'_:t.hat tha same numher txf cells wera used 1n t;he; '
.twn cz.ltures. The oells mutagemsed a‘t. stationary_.-?_-.._.___E_-- o
'__jﬁ'phase recuwered mora qumkl‘?: : ami a.t statwnary'_f B

the o




the cells had grown into sihgle colonies, as if
',_refrigerated, the cella entered 1nto staﬁlcnary

'"“=f;phase (1.5‘” filamentous farms} on storage, their

”aT5 ;?v1ah11ity eould nnt be certazn, and they Wﬂulﬂ ﬂ°f~.'.

.*..flcnger be single calonles._ﬁ_fﬁv-.

_ ;Nine raunds nf NTG*enrlchment mutagsnesia wasgg7*7‘

JQH;'ermeé from .Whlﬂh 67 Putatlve mutants waref{fff T:ﬁ$

Hcr_atéﬂ Elght nf thase'mn antsfwerenconfirmed tnﬂif;fffg}f



' Ffbm fhe platéd'ﬁulturés,'G&lonies grew on the ST

'.._ supplemented plates only. 'The_régﬁltS]geré'&s'in

Table 10. o

|- of wata~

. i quuency

| ofmta |

A 8*'." 8x10-% 1

b fomierf o
B

nTaﬂtlng Putatzve'ﬁutants_ ;ffff“fﬁhﬁ

gnmh*utillsers of the hile aci&ﬁ wera aelected,f 17

testad ' theirﬁn- o

o :eise“m.‘i,ne

:The pntatxve mutants which were faund ta be able;;.ff  ”..

j-atillse high cancentratigns, i mr tn be}_ tﬁfi”7'

.:;f 5.Fcheaked 1f thef q1{f,ff"

“ nté  twa hlle ac;ﬂa.,:Thﬁ';muta#tar~8nﬁ _the pgrental

:;Wlth an-increaéed ahility tg grnw on’ the Other_-w“* o



strains of 4277-1, 14887 and C1 were streaked out
: '-ﬁd' sihgle t‘:oiénies;--' ' to ens’u:‘:‘e that they were all
n the same physlolagical state._Tha resulta were

*~;f;found B8 1n Tahla 11. g_'~.;

and 897 L. Eg_
"féffb‘lﬁ.ﬁﬁiﬁﬁa

agluumn

k 43??*1
?’M ﬁﬁ&__ o I

"fsaaonda@y growth on - matabolic”br“FrOductﬁ  ..

_light ginwth

moderate growth

+#+ very good growth

ﬁthﬂ ah;lltyrta;gruw”n ?highﬁ an¢entr&tian5 uf the{if;ffﬁ-”

Qnthar blle acxds as th?” ule carhon sourca. Somef;-_*“”

:_30f the mutants were faund ta have reverted.-



.-v Tha same was dnve far the putaﬁiVﬂ mutanta “hlch_*:f

"f3fhad been 1su1ated for their reduaed abzlltv ta

'f“bf1futi1iaw & hlla acld as the sale carbcn suurca;'_'ff o

: __,ft wa;a_'.: . 'date::‘lnlﬁ&d Wh&thér ,gheir ability tﬂ . '-: . .:_ T

'utiixs tha'other twa_ bile aciﬁs was effeatedtj; ji;i*ve

'fThe ragults*wara as;in ?ablefiz These mutantsf*

' _crsateﬂ by.NTﬁ—mutagenasis uf 42¥?~1'

fnan—utzllaer of all'& the bmle aaids, yat it hadl'_”-"°




T

- been . isolated es a ST resistant mutant. Its

caléﬁiéé were 'different,'“and when = further spot

N __..;;ested gave incanmstent results, whlch sugg ested
'--"'{f.'that it was 2. ccmtammant. Stain 42?7—1 001 was
...._:5 _then tested 1n broth snpplemented mth ST, "tar'i'ﬁﬁﬁ.

";'_42774”'6‘92 used aa a mutant ccmtrol. _ The mutant- "

1Tab1e 1z;t- The mutant_ {f*;:,;

untifsasien "L * reststafice. s
- O.DEB40mm L T Onfﬁwnm}




The mutant 4277-1.001 wss then tested to confirm

it i% was a contaminani (3jection 4.8).

41 4ETr-l0es e |
| | '{;}fﬂ ta _the mutant 4277“1 Qﬂi hezng a possib;e

13 ”cantam1nant, the next most apprapriate mutant;Ff:Jﬁ_

?ﬁapvearad to b 427Y~1 663 (see Tabie 12)._Growth,; _-f;f»

”Vﬂfif;an Hﬁn&G, ind;c&ted that 1t was nat an autatxogh.,“- ‘.&5*

fGruwth” waa 1nhib1ted an tha platas supplemerﬁed;f;ﬂ $ﬁH”

_with enncentratinns of blla aalds.. Spot tesﬁs af,f :'ﬁ L

and _4277-1”_53 were perfhrmed, as iﬁi




'-{ From tﬁeSefprelimiﬁary réaﬁlts 1t appeared that
.-_4277—1 063 had an 1:1crea.sed senaltivz.ty to the_'- -'
“fi;bzla acadﬂ._ Brnth cultures supp;emanted with STf
Lﬂfi faud "BD" ware usad ta further invest:gate the _1 o

'ﬁfreszstauca fa anﬂ uﬁzllsatlan nf ths bile acids

by 4277-1, 427?-1 002 and 4277-1.083. Cutexs
37¢“i 002 was znclu&eé aa a aantral._ The bile:f;fiiff_

ﬁf ﬂa.SB“au& ST w&rﬁ the chasen selectiva plataaf

then scraening for thaf;mutants.,_ F:gure i?

.‘il,uatrated”_thah :43??~I nas Fwas” & reaistance{

-sanﬁltzva mutant, \aa-it~avu1d uta'lsa ST; but itf
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uﬁiisutlon : : resistance

'_-“-mutant 42‘?’?-1&?3 f.:fmld nat utillse SD very wall SRR

{Figure 19} =
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'=>ﬁ¥;51  1ar paﬁtarn' _nfh appargnt

. Mutent 4217-1, Gedts

" ffsuppnrted the vaew*:thatiiﬁ waa a hfperaenaztivaf.J""



ST ami SD mutant.. Fro these results, the choice
"'."'of 4277 1 063 aé the reclpzent, hypersens:.tive

; fg'fstrain was supparted._

4z oLt

”f In ardar to abtaln 01 070 chramasomal BRA, grawth-_

!nfamwnm“
TS BEVRENY
Y433 GLYGENE
: ‘H&ii GL%BIIIB---'

'"w_ﬁéé naﬁessary.;m.i AQg glycine} ﬁ 77’

naeded whare théﬁg mast "'ff;;_




These results were then extrapolated to C1.070.
_ ?hg= 2% glycine brath was detarmlned to be the 
:3 hest-cqnqantrat1qn at whlch_a__“gnod y;ald_of_DNA~.

S cau;{&be obtained. _ |

S, 6 3 | Auxutm?hﬂ

’ uxutrapha wera neceasary as a mutantg o

o transformatio:




Table

15.

Auxotrophs produced and their reversion rates.

| -~ worane

| AUXOTROPH

COLONY FORMING|

-~ UNITS / ml

REVERSION
“RATE

- 4271 .008
o Tdgrr-1.014
hovf 4277-1,088)]

1 4277-1,045 )
427?*1 046

Histidine |
- Cysteine
‘Histidine |
‘Histidine
-Histidide |
Tryptophan}. .
- Higtidine | 2.58
52 | Higtidire | 1.983

| 208

109
108
108 |
108

~L1.29;

1.66 x 1082 |

 ;Q§jf-

CRM

10-2 4
10°9 |

10-8

MMM M

annnentrati@ﬂ_ nfkaminm acida,

"1y&ngan strazn ,&ﬁﬂ?&é‘

It contained the auiclda?fff 

'ff,i¢%121;,g;_*5;=r

waa nﬁt;yrztical,ij ;fx;:

xsffﬁnﬁtxun and 1t wuuld sek f‘ destruat if tha‘Af'  } 

BTS00 SR

ETEC

1Qfﬁ1¢f;



promotér_was_nat inactivated. Inaoti#atinn_would
-'ﬁré}r_ant t_;hﬁ;- _]_E.‘c;RI END géne, which e.ncq-des for
 =-5en&cnuéléa$é, from belng actlvated. | The4AMM294_
"'iiwaa heat sensmtmve,_:as the ‘A prnmoter was
ct::.vated ‘8t 37°a, therafars the culture was

,Test1ng far Gontammnation

nion' gppearance, anﬁ the m;uronrgan*sm s death“

cantaMinantt

From the reaults af 5pat ﬁasts, he unuaua1 ;;ij;jQ

;i',ﬂﬁl was teatad tb deﬁermlne 1f 1t was a;&i : ﬁu

- Tbe testa?:innlu&e& Phage averlay,?ﬂﬁfai;g

and thf:result were'as 1n Tabla 16.{;: L

The ‘matant, 42&-'?%1 083 served aa_a cnntml
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znghe same streptcmycln realatance pattern far ailg-

'f'three mxcrnorganisms- was recurded. The resultsf5f

”f#ﬁf&{nat 1n agreemant w:th _the{e hage'overlayyi

of the rlbmsamalffaw““




- No~ comman identltr ar aimilamty between the two.

‘i’ruhosomal protein spot patﬁerns wera obaervad. Itu

H*f{waa 1nterprete& that 4371 1, 901 must therafare be;:j,;,

S 'a cnntamlnant










: __Fb_r_ the cancentratmn calculat:.ans, 8 graph of

the ca.llbra.tic:nn curve cf DHA malacular we.tght

markar AII wa.s flrst drawn (Fxgure 26)




‘Table 18.

'-a" NA_ of pDﬁ.S? and €¢1.070.

Mowa ] T CONCENTRATION

pBA‘!? 1 60 =

ci a?o f!j¢;;;139 :3,f;;;rFF-

'.:.A‘n apprnximate cnncentrats.on of the chromaanmal. R

D pua: nff c1 um cbuld _be-}-;_deteminea,

@JWWT%LNH@H.aT
: Aﬂmﬂ'ﬁl Mrm

. j_ e aaa yﬁﬁ%?

B) 3[@'2!};5@1 I
Lk s Lilag 5 |
x3 + '180ug; M.#;:I :
tab 7 Sdng = &;11 1
"5_ ¥ Aatng-= 3




-é_ﬁlbnies. The pDA37 needed to be only minimelly
- digested, - t.hus the llga,t:.ons and tranaformahwns _

we:ra perfnrmad varying bcth t.he t:n.me- of

i dlgaatian m‘.’ pma? and ‘bha mtm of. c:t o'rn DHA to -

{-"-:pi)Aﬁ'Z DNA. __The results ware fmmﬁ as in Tab},a 20‘_:_'_'--’".'- S

' f_".ﬁﬂlﬂl ﬁIﬂBﬂﬂl}H 2 HBHES ﬁlﬁkﬂ‘m

T Hn paass eomei
1 Uneat #9497 contral - |
Ablm liga:imn. cunlml

- ﬁvﬁms mumﬂa 3 musmms T Pms P



411

”“;gela,'as'in Figure 27.;*

ampicillin,

Efficiency and size of inserts of C1.070

-Jplasmiﬂ” screens performed _'pn',:the.-M5294&1
transfﬂrmants, adeﬁarhineé' “ﬁhé éfficieﬁﬂy"nf

ﬁ;inaertion, and the avarage siza of the . fragmpnted

” "91asm1ﬂs whlch had an insert of 01 070 DN.w The

-af?icienﬁy ef ,insertinn waa datermlﬁed by using?




”’,:The glasmlés with -an 1naart mlgrated mure slawly_ 

: through Thus B the ‘efficiency af'i_ L

ftransformatzan'

wa deters 1na&_ h?.aalcuiation of  :.>f”



“f;ThaféVeraga aiae af_the'xnﬂarts waa calcul&ted b¥ iEn f”1'

f”f*reading aff tha size of ﬁ&ch fragmemt, from the ff!"'




| "-"--'_'»ca].:.bratmn curve of - the DNA molecular weight

"'_mgrker AIII (lane 1) - aé :m F;gura 26) The

T a"‘?.éfé-éé"ﬁ:zé Cof the' inserts waa fmmd to be'

e 5 '”ﬁbs | but a8 the effmiency af transfarmat.xan' L

N '.f-'=__and ligatmn wa.a anly 75% ' the avarage size qf

'- '_'_',_':"-_}:_'tha '-'i__”"'ert' pezr traﬁsfomant. waa. R .'

veraga :maart alze wa.s determined, tha'._-._.:_.:'.__-i

_ epmsantat.we gﬂnom.t c 11b1‘ar;9« W&a



s T T

 1fIn total 3580 caibniésl'wefe " ecollected from the

| 77”Mﬂ294—1 transformanta._ ”"

fﬁ-nacardlaform transfanmatinn aould proceed,_

ﬂptlmisatlaniaf Nacardlofarm Traasfarmatlan i_ﬁ_rf"

apt jialng tha candmtlons,_ 5   nu1d be passlbié;

’ﬁnlﬁa farm one mﬁngleJ&i

o =-[.!-ome the entlre hbmry ha& heen hu:l.lt the-

gruwth phase uf tha cells used far;s?77'"
.transfnrmabion were cpt1mlaed,. As the efflclengyl;iff'f:

:.gcardiofmrm tranafurmutzan 15 high, by}-*"




R A thousané -
Do SE0DGm) _{colanies/pgEiB) -

e




Sl ' . thousand
i 0 -LOGO.D(SJOnm) L {calcnleaxi-lg 51813

ML LU l_l

samplas were téken :_

____.fram__ bath atrama, ’hei’ore a.nd after the ﬂD



réédings were taken. The samples wers streaked to

: ﬂslngle colanies on TYA aupplemented with Eﬂpg/ml 
."1- ¢f streptomyoln,'f and'_ cnnflrmad that no -
.d?fcontaminants wera_ present.i The opﬁlmal growth' 

'ﬂ?ﬁiyhaaes wara taken tn be at fVQ v.iz forff* ﬂ: |

_2‘2?*1 &63; a.nd at OD 5;33 for 4277-1 ﬂ14.

jThe canceatratlal_ nf the genumic 11brary wasifff_k”;;

-datermined,, fter larg%:smaie Plaami& preparatlanﬂfi;: f;.

.qf BNA gave f ::f;?5

:anl,

(25nsl

;ftranafarmatmon. Hawaver, a maximuM'nf 2091 of DNA':_x-.'”

!?”}-;_;f“;,fﬁ.;.*;f*Vf,;%,* fﬂf!z 5?*f w188



T R TL R L P L L

.. cbu1d be uséd, thus only BOOng cf pﬁA37 cauld be

 used per tranaformatlan.

";;The tranafarmations were perfarmed, plated onta,l
'Tf*fHPEMP and unﬁerl&;d wath arsenlc. After ? days of:;  
j“ff'lncubatiaﬂ!‘_fﬁh resulta ﬁ: Table 21 'wereg_;af

*?abtalnaai :yzﬁfaf?k*fiJ:

: E;iﬂsag:ui=pgﬁﬁ$:{l;

TERTET 111333?
g st

'*i'apraading hhe:'ngcarﬁiafurmi _




Table 22." Screening f

g Ne——

i
R ST cEa MM s “ u:
i

N e *ﬂ*ﬂﬂ“ Wasiui ssr | 2ﬂﬂﬁfni su Hﬂ*e _ .gnaginl _sf_ Eﬂuglai s?

SO RNk e 000 loates] -

:ﬁ’Flaamldfﬁﬁzaening a£ Transfﬁrmhd f?~1‘963

JjjThmrtea tranafarmanta,wgre plasmid Bcreened. The;ﬁ;ff¥ ;

'53Lfresult waa'v1sualiae& 1n Figure 31. ;__.,,_
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6 7 8 9 1 T 12‘&314‘35

'_'_the"--' rema;nder _ d:ui,. _
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! : . . performed, after ovvernight Bgt II digestion of

. the samples thﬁught to .have an insert (Figure

‘the transfornation




4-.:'.15. o Nan—Radioactive Lébelling_ a.nd Detection

’iVP"obea to test ﬁhat””ﬁheir'éaﬁréa 'was'frém-the- _

':7 31 070 ganom». Testxng waa by hybrldisatlnn wzth*_.rr

-*"}gfblats nf digested ot. 070 and MM294—1 nigasted“;_f*'~

; 55fIt waa establiahad ﬁhﬁﬁ ﬁo . have camparable'

fpbA&? was labelled, to act as & nagativa contral.; o

: rﬁjﬂwanﬁentratiana af ¢1.0?0 DNA aﬁd MM234~1 Dﬂﬁ,u[,f ff

'° :thr¢aftlfes as much wﬁ294w1 was neadad (1591} to j7 ff 

'"" 1r;'uiﬁad fnr labe_ }{ ;o

H”¢5? Hvo1uma per insert waa used for labsllzng. Tha 5

"5g19955qu51 bana intewaities aa 5@1 gf 31 o070 nmaj;};gjf




’l‘a.ble 24.._. P

vnlumes were adgusted to mbtaln ng of DNA, ag in

mﬁemmma
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MEMBRANE

e e e


mailto:li@tat.ion

; 'aemanstmted by the labelled pDA3‘T not
-'--hybridiamg m.th c1 afm mm or ms4-1 mm. o

ahnwad hnme Variatinn”

ffThe hybridisatzbn yattarn of the &1fferant prahasf;fif

ZT?hms waa cuﬂszstent w;th f;“5T.

o theﬁent“re gennme ad- ta hava beanﬁ;f&@iﬁ




5.0 mmsﬁ“_,m |
EREINT PO _Unmsmxow oF sow OARBON SOURCES

' *i?Tha atraxn 427?~1 was shown to graw mpderately an-_

 ﬂﬂ ];M1n1ma1 medzum aud d;d naﬂ need additipnal grthhf ='

”*Hfrequraments¢ Glearly DMSQ Waa ut;liaed when

:wsupplemented wlth agar, but nat when in.hrnths.”f€%-j,
LIt would be conaeivahle that tha nrﬁanzsms cnuldfﬁf} ” 

uaeinMSO'(thns 1t Was nut an 1ﬁaa$ salvant), but:ff ” E

naed&d?&am& axgenditure f enerﬁy to utxliae thaff}fffﬁ



in th & t.he Cl ganes could be clcned 1nto 427?-1.
-and ‘the twa were closely related. : It has been.
well documented that the transfer | of genes as'_,'.._
fﬁi;free DN& {trausformatmun} in micraorganisms
' ¥¥ioccursi ;;fbgﬁ;_ tﬁaﬁ j_:thé]' efflclency falla.'i
dramatma.lly wi‘bh increa.smg dwergence nf the

| ";::_::3-._'speq:;e§ invnlvaa {Bibb et a.;L., 1973 }._ 11’ a.nather v

...bﬁa wid was t‘" b" th’e seieﬁti"e &ﬁent; t.hen':.j::___ RN
ot nombma.tion uf rec:.ymnt and dnnorf-_? e

Thaif;fﬁfff

atrains ¥ waul& x;m;bably be mara 3__'su1table._

Théﬁ ®

gy

ruﬁth&ul&uraé we:% 'ahgw:: Lo




”V'Iunder the lnterseatlan of the utlllsation and

' ,_reslabance-curves) hav1ng been ﬁisplaced to the -

'”]-right, where stimulation had not yet occurred,_or f_1 

left,-_; where inhibltzan T'due'_“ﬁd"“

.ﬂﬁfhypersansitiv1tr had oucurred, hut _1t dld nﬂt:j T 3 

';9ecesshrxlx mean that the nocardzofarm dzd nat,f 1tf?

_ba_ahi te& ﬁo_-_..;._: tha rlgh{;‘ bha utiliﬂahlbn of t,ha

inereaaed, before.:f t”f




5' médium}Was*uséd, aé.thé presénce'df the ions in
the brnth reﬂuc od. clumping._ Clumping 1owerad the-

mutatlon &fflclenﬁxﬁﬂ, as cells 1n the centre af

ﬁhe alumps would nnt ha subgacted tn the NTG, an&:- o

”han Platéd out, Elﬁgla cell cnlonxea would not _f‘:'”

be farmed. Ssniﬁatlon was anuther mathqd uaed tﬂﬂ;;ﬂffﬂ

Creﬂuee the clum?ing af':he ﬂells,T The dilutxanif;5;'“

rates when thef“aﬁltuyeaﬁjwere plated were of§ B



'*'ihfjxﬁhﬁ, anrlchment procedure,'- it was very

: fimpartﬁnt that the cells_ WEre at a .very Iow 

:,fjfccnsentratxon when th& ampmclllin was added.uﬁjfffe

?Thms was sa that whan the cella were tranaferred_ :£;,~

J; to the enriahment mﬁdlum, they grew becauge °f fﬁ? L

" _ndl not due'”ta lzvzng qff 1thef




| semsitive, but on fur ther' testing proved to have
'“V_]frévértédm. Thls waa suppﬂrte& by the reverszan_ L
':""i_.'-_"r'a%é“'f-a'f 'l;he aumtmphs | ('I‘ahie o 15),- whmh--f_""'-'-' :

"'fﬂﬂfestabllshed that the ma;orlty nf thﬁ teatedfn':'

'”3Vmutanta did have a ravarsibn rate,q-?7“'"

'” f?fhacauae it waa stared far—tnu lang; or because itfff *§

' -Effmuhant 42??-1 301 was founﬂ ta hava dlsd, embiéfffif;ff




L 5.6 'Pla.am:t& pma'r AND THE GENOI-!IC LIBRARY
: .*:To msxntaln the plasm;d the lysogenxc str&in
ggli, ﬁﬁﬁ294 was used._ gé QQ;L‘AHM294 needed:
' l[fmagnes1um anns or. incubat;nn at laas than 35°G,

sh”f asg’ the EboRI END gene Pas haat induclhle. The~'

:"_magnesium ianl;boun& tc the: nindlng szta uf the:,’ R

_T:EcaRI EHD'Eene anﬁ raprasaed 1t.¢ ha glucose was  _“

and wauld have: muav  ted_raprassion fof tha EcoRIV:

'”gﬁﬁmanker,

.:".":---._-""mﬂ“dﬁd-;m:’ thﬂ g ji?ﬂ!‘m‘-h (LA} ;u: wauld ha.ve’:‘_‘f _' -
 1nhihlted thE,bind1n§ ﬁﬁ fhe maltuse blndlng s;tEi 'L o

hacause lf;;_;p:p_

:th:if;f:ff



i -

he - heen used as a test for contam:.natlon The

-straln- MM294 1 was nonwlyaogenlc, therefare it
7  3did nnt need magnesxum 1ons, and only needed_
:””V:ﬁ°am91c1111n when the plasmld had bsun transformed'

S lnta j‘,t.

'“7mat th& requmraments of 8- good1 3--
Whlﬂh inclﬂded._ lrep1xcan5 _u-

—_— a means offﬁ?:;"



' super«cailed pasit;ons, 'and broke down the cell

: -Wa.ll. . For the plasmid preparat:l.ons, lysozyme was

' H} ﬁﬁé&, whlch deatruyed the- cell 'wall, thch '

' '"ﬁ3anab1ad plasmiﬁ tu be_5 re*eased '”If'

'invibonucleaae ar PrDﬁE1H&39 had. been “sed’ it

.umanxd have reaulted in the slack:ng of the } x

__:-._-.:_.:iguper-—goil, QI’ even 1&35 ﬂf th& Fl&ﬁmid#.

}Ethldlnmlhramida_(EtBr] waafuaﬁd ta;wisualise thaﬂ i;;5i

'f}ﬁséif?f“Q@?é#ﬁ#ﬁﬁéii?ﬁﬁufﬁTha dmfference in the;E :5

: * 7; ;i$§#i”j** Lo



refractlve index was due to the chromoscomal
buuyancy belng much 1OWEr than plasmid DN&. The'
'refractive 1ndax was adJusted so that the bands'

appeared in the correct posiflon relat:ve to each :

T;iOther*f Broad and diffusa bands were due to the_'

B not havlng fully- aaturated the DNA. The

"f]amovnt of EtBr waa then 1ncreasad tn ansure thati ,

tﬂDN&-flaatad ta the tap;~

':i:jrompasitian of the DNA: th& ﬂyplled current and-"

wall pulnta af the DNA were saturated.f In their_lf
(B cacl gradient -_centr;fugatinn thhgug7f[
as. by ahrnctura noﬁ azza._ The lznearfﬁ: :



'thgftemperatﬁre. Super—-coiled structures ran the
;ffurthest-dn”geisfag théy wera small, .cbmpact and
{i_affarsd 1ess reszstance, than open cxrcular nrf

L”?_lmnear Dﬂaa;f Tha larger tha plaam&d. the aoTe it

”51 ffwun1d run clasar ta the llnear\BNA, due tn ita-y”;;

'"5f£1npyier atructnre.

?ha_aNA_mﬂlﬂﬂulﬂr'WeiSht markers gcnuld only haf;h:f”
Wit | The markar used,;;._f,

aroae*:connentratian, as tha { ¢fgj

: fragmants; _fﬁﬁés marefﬁf

I.;;?iS???iﬂ



'Iﬁ.the digestion of pDA3T7 to determine the size

_ of the 1nserts, Figubé ZB,. lanﬁlﬁ, showed two
. _fragments. - This could be expla;ned eather by it.
fbazng two dafferent inserts (aspecially aa they
:f_  fappeare& to. be larga), having heen llgatad 1nto-' |
"jffthe pDAB?,5 nr mare likaiy, that the 1nuculum was'  - ;

I”?not taken fram a singla \cell ﬂ°1°“Y* b“t th&t ..

f:flane 3 rapresented twa diffarent transfcrmants,'f;if;u

. the choice of a suitasle’ ggggsé;ﬁ_ez; the a +0 ramo-

.  'fr;i5g§f_w



of ' the DNA andjthe.récoshition. sequence  of the

enzyme had to be - considered. For nocardioform

' bacteria, - with the G+C i-a;tm of 66%. aﬁd: the Bgl o

;;ﬁi;II recognltlﬂn sequenca balng AGATGT, o cut wvuld_ R

w;;he made aypruxzmately avary 12kb.__ Thua Bal 11

_;.Q;:gonly aut pnaaa (Ezaa) and pEcostl on“as “hlchf;;'F;5
;345 :raau1ted in PD&&? havlnﬁ one ﬁgl II rﬁ*triﬂﬁian~i:;;;j

: ;:?had 106 % '&ctavxty in it‘ The ge“ﬂm;a llbrary. S



L Wes Jbuilt_ug- using only Bgl II digestions, to
",preveﬁi'the 1¢sqé ofﬁrgébgnition' and restriction
L .   ;5ites-i?-ﬁf :m | _ _ | |
'  H;i$Aih*.5TE3TIﬂG camwauxﬂamws

'"ﬁj Tha phage overlay and streptomrﬁxn reslatance__ 

  ¥gould not he taken to- ﬂd&quataly 1dent;fy & ;,_

,wall cunstituants,.

‘acenrate tost.

Cooeteo-

fcantamznant,5 as the rasults cantrad;ete& each- f7:__
:The dlfferancea could have haan dne to--l 3.

uthezmutatzan,{_ Phage lysis depeaﬁed nn tha ne11 ;a7'

on t-he 1nternﬂl




5.10,1 F.:Lbosoma.l Proteins |
_.RleSDMEs are sub-micrascopic pértiéiés éompdééd_
.fcf ribonucle;c acld (RNA] and proteln that have a”
'- fundamenta1 rale in prateln syntheais. They are;_~
.HE# :the sites af pruteln synth331s, as they serve tn -"

;” fj bring tagather 2 alngle mesaeuger Rﬂn {mRN&lﬁiz'*:J

;;ffmoiecule ﬁ? Hf;chaxgad tranafer RN& (tRNA)fffif ff
-33mulecu1es iﬂ the proper pasitian anﬂ oriantationin'
“sa %hat3tha b se aequenﬁe af the mRNA mulacula Ls]ff7""

_cid sequanna., Thef‘are”J"""




cells that are growing more rapidly require

.faster protein gsynthesig, and have more ribosomes

- up to 40 % of the cell tctal dry weight (De
.'fRobertis and De Robertis, 1863 . _
r 5;11. :LIGATIGN AND\EA eoli TRANSFDEHATION

The enzyme T4 DNA llgase Was uaed. s I%. 15,'3 X

' 'sing15 pnlypeptzde (Mr. 68000) whxch cafalysesf' 

._' lffthe formation af a phnaphadiester boné hetweanQi .

5‘*acent 3 OH and 5-P termzni ‘in DNA.- It is “353 .:””

.'HTﬁur:j Joinlng tagether ' EﬁAf  malecules o withf;

"Luf}aptimal &nzymi¢ actzvxty have been determlned L

Hnaptlmal for the usa

lfnompat;hla cuhe31ve terminl._J The canﬂitiana farf §;[fa'

f;hﬁ" it ia unclear whether theae uandltiona areifff o

:'f '1isasa in clonzngg L ?7xj

riments ;E£ng ana Blﬁk35lﬁylliﬂaﬁ},_I_:,:{f.fi*f*r-*f

;:plasmid, 1iga£ed wzth aaah nther, whxch prevented'vux'”'

'“-7fligation wzth"h' plasmid. _ Two aifferentrfl

”ffragments cuuld aiao havs 1lgated to elther endf

Caee



of  the plasmid, whbich prevented circularization

 and thus transformation.

'”bef: méﬁiﬁum-5€ran§fbrmutibn3-effiﬁieﬁcy”.it was

fneceeaary that'l ﬁhe hacterial cultura was 1& thej_

Liﬂfflogarlthmzc phase {GD af 2}, th& cell den51tr wasl”;ﬁ.*

Inw iat the tlme af aaluinm ahlurlde treatmsnt,:;l]q 3

thaﬁ cells were mazntazna& at gsg far :3 hnur ;5: ”

During thia per;od,

ﬁf; efflalency f_gj.}f;

transf"rmation increasﬁd frnm faurfold to sixfold §j;{f”

#ere more  conducive to' DNA enteriug the cell,

fhaateria remaan in . ¢nmpetent statsffar onl? 1~2 5?7'




‘days (Maniatis et al., 1982).

Only a portion of the transfnrmed culture of
HM294 1 was apread onto a 31ngle plate, sznce tha -
number af transformants obtalned dl& nat increaae E

' “1n 11near proportloh o the Vclume spreaﬁ anta a}_;*;

N plate.«_ Thla was perhaps because af tuxlaj ;;}

:   aubsnzncaq,raleasad by the cells whlch haa heanf' fjﬁ;f

af diffarant sizes, whiuh waa cnnaistent with the fff




5.12

restriction endonuclease recognition saites being

randomly situasted in the C1.070 genome.

ANOCARﬁIOFORM TRANSFORHATIOJ

The plasmmd was malntalne in TE pHS, as in water

;1t wauld ibé : nlcked 1 and 11naar1ned. .Thé

' ;[t1ansfarmation was cnly effective fbr czrcular

'*“:;ngh backgruund céllfgrawth*ﬁgéﬂfaﬁnd' whére'th§' f’

fé§;¢iﬁff;§= abilise. sniand

' L5 ]fundarlay of arsen;c xid nnt diffuse through thefﬂ“”'”
*T;agar and select for' celani&s resistant to 1t.37

"”fThls was due ta uneven sprea&lng, or there having

iwas aelected for.3:f3

bee;'tan lcng au interval before'tha spreadlng af{f-ﬂ;1~"

'nd.was_saleatﬁd fcr, then thgf;:?lﬁ7%




ﬁuﬁ to the polnt mutatiun of the histidine
_auxotroph 427?*1 014, :_itszatzanafqrmatidn' was

'5ﬁfexpeated to be succeasfﬁi}'i‘if”'tha 4277¥i 063

'ftransfarmatlan did nat wark, then it wuuld be - . _ -

”ﬂf[almost certa;n that the fallure was a fuactlon 0f 'ff ;i7

L ;t5 bile' aﬂld utlllaatlun gene(s} ua« hEV1ng;*ﬁh o

-,_1cnmplemented 427?—1 083, rather than thera havxnﬁfif ]f}f

"”Lbeen a prablem w;th the uranafarmatian procedure,f; f5 j;

TThe bmlah_acid metaballsm gane(s)

'The genes ;-anuld;-baf'alust"red

cnuld be marefu" f'

*'camplement anf?,[ifi?




fthé j. transformatlon. o Thﬁs: not - enoﬁgh )
transfnrmants were B pro&ude&' to glve _:a:
representatlve numner of colonlea 'of the Gl 070 .

genome‘” The slight differencaa in the number af   

.ﬂﬁlanieg Drndueed per stramn._ could be explaineﬁlﬁ
hy th& diffﬁreaces
_' Bﬁsaﬂpﬁibii;w, PR

' '_j’i.

gtraln transfbrmatIQn;,lv{}q~




process, whiﬁh' was reflected in the slower growth
| of 4277-1.063.
6,13 ﬁdNRAI;I()ACTIvE DNA mmLLime__ AND DETECTION -
" The results verified thet the cloned DNA had
L' {or1g1nated frnm tha c1. 070 gencme, and that +th
3:1 _3§1 II 31te 1n pDA37 was conserved, The: plasmia__:;f;[i

:Ff ?B&37 Was cans;dered tu have proveu 1ts.Warth as_ 

shuttle vector.,_ -ﬁ-fu-:_-if

"”lefThéﬁ;ﬁﬁéﬁﬁﬁqfﬁf newlv BYﬂth&31zed lahellad HN&  j*“

E\’EI’Y

afﬁmem?ﬁi’ mbell.mg t:ouid“ i_-" be cha ked, the':-'--: ; |




-roncentratron cf labeilsd BNA or the 1ncubatlon

'7”time of hybr;dlsatiun increased,: and - the colaur_'

"develnpment 1ncraased up to 3 &ays. If there had.;s' 

f_q+been tcn much baakgrnund aolaur, the amauut afnJ

hybrxdlsaﬁzou cawld befﬂif;: f




 :quy1ﬁ} bé. gﬁtrgpoia;éd::ﬁd"thg _othqug':?ﬁrther
. nmolecular  studies of the gene itself could alse

.7 be abtempted, tb_@hﬁ-&atzﬁeﬁiﬁé tha gene,




 ' ;Mutant atrains nf tha donar and rec1pient stra;ua'f
| were ‘oreated in the form of c1 o‘m and 4277-1 053'

tf r5Spect1ve1y-  The mutanﬁ Gl 070 Waa selectaﬂ far 5_

its ability tc utzllse high conaentratlona off}lf}_-;

,sadium ﬂeaxyahnlate nd aodium taurqcholate, {:;.? ;

’fwherena 42??-1 063 was faund ta be h??ersenaltlveff f“.-7

?_ftha inhPrconvaraion of hile aaids and aternlds,_  _:;
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'-snlutmna wera stnmd at rnnm tempemt.ure.




_ 1 1itra.with;33
A as’ adfusted to"_
_ he ./ sniution waa ﬁni autuclaved,;? L

,;.__:lﬂmlfl af ahlarnfarm ‘was. ad&aﬂ;;fffff f

"J T4§The sqlutlmn waa atored at 4°c.




{HUPWQﬁd Eﬁ El H y 19HE)




a_@_&_a_ R | L
"'3335A11f'913tes'fwsrs incuhateﬁ at 37*& avernight

te drr and ch&ak for ? fiEf

The agarw “ . &uttﬁ Ql ave &, ‘the n Bﬁa I‘ ﬂﬂ &‘b&ﬂ G R




_ water. The pH was edjusted and then Lhe solution




'5§5 ;ﬁ§dé;f§p ta a final_ valume | nf Soﬁml,f-_ﬁ;."

autoc‘aved and stored at rbou temperature.




* thiakdl R L.

:mara iona yrﬂsent 1nzthe_buffer, t§§ 16§$§iﬁwﬁtiﬁEﬂ

be tha”t1m 'af reauspeﬁsianm : f"'




_.;__._-;.In 300 ml nf’ 5ter3.1e wa;tar, a. 2% biearbnnate qf S




111)

1 5 &garose o

2 4g’ HGT Agarase _
zaam1”1 x TEE{&pyeﬁdix E 1}

*-fThe agarese was first autaclaved, and then atared

_v]thgt the gel waa amply covered* Tha aamplas wers”i _i;jij;.

L ___Ethan all _.mlxed With‘. Zml Qf gel loa&ing buffer,' -.: _.: ._ . -

eaizng tape ware remnved," and the gel tray waa ”’

{planed 1nﬁo the electruphareszs chambsr,'fTh&;_”_

u;unning:buffer was paure& aver the gel, enguringigi_;:i

 -189-



| _:__.Gzlscn plpette. - ’The elec,tricml connectivns ware-
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