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. 5,!/ The, pum\un,‘hem mture/ﬁu um; stsbllny at 60°

rm and ¢
RE

o of agmatine uré)hydro ase in -cyude éxtracty ol‘ “E. :ol” Straj
" ‘under various growth 3
5.3 Thi effect of agmatine on th mdumon of s ng'mmne ureo dro—
lnée m HT328 and HT328 trapsformed ithypKA!
scific sctivities.of ODC] ADC an
i m M PS’ glucose mediuny '
8.2 The. éffects pf ne, ornithine,’ lrgmme and- p\lt
vactivitics“ﬁf ‘0DC,. and AUH in 18340, LS853 and LSSSM
6.3 The effects of sf ombinations of a; anne, ornithiné, arginine i
and pntrescme on thwactivity of AUH in 340 Ls853.and MA17




- 8.4 The gﬂuu g(,ngm ine, armthme 'urgmme a.nd putlesclne on the
: 3C, ADCa »’/m-l MA135, MA163 and

1 in . coli polyan)me auxo
i, in the presence:and:

ivit]
trophs'culwred‘ln MOPS glucwse - my
absence of argini:

b 8.7.The gmwth ratennd the achivitis of ODG;:
E.coli ams miutant in; GSor in the GS. adenylating system

L R ADC.AndAUH m ET8000 and .
v %o f7 38,9 Thé effect of arginine on the mm ies_of ODE, ADG"and AUH +
L EC145oud ECI46 Wi

The effect of AMP on 50 activities. ot ODC, ADC and AUH.
7, MA135 MA163 and MA255 ... it o

Lengths f the festriction rragments oi' p]as ds pKAS, pKAlO,
PAUL AUG .

of agmatine ureohydro]a.se and BamHI fragment (
RF forms isolated from remmbmant Mlsmp'l wh

73 The BamHI frsgment sizes of plasmids; and the aetivities of A‘\/ r
)DC, ADC and AUH in ampicillin resistant tlones of HT328 - _
transformed with the’ ‘ligated mixture ) 225 %
".9.1 Effects of AMP. ;md olgnnmne on the mcorpqrxtmn of [“S]
* mhethionine into pr jinicells carrying pBR3!
+10:1 Specific sctlvmes of: alaczosldase ﬂ-lu:hamue snd galactok- 3
nase in strains carrying fu g 277
10,2 The effects of CAMP’ amino acids and pclymmes n the expres-
-sion of located lacZ
10.3, The effeét of agmatine and titration of cAMP y.the sfeB -
promoter in LS34@ and LS863 on the expression of chromosnmzlly CERy
.| ;located lacZ.and speB genes i e 200
11,1 Effects of cAMP, sgmatine snd pitiescineon la:ém B .
NA: I - colt zya and erp strains . i
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counts per” ‘mihut 3
eceptor prot in;
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morphohnu)-pmpo.nh sulfonic aci :
morpholmo] ethane sulfonic acid;

= N-tris (hydroxy nmhyl) methyl gly !
E tris (Ilydmymebhy]f‘nmmn ‘methan;







Lo g ort Stepe of the rev|ew' _' Yoo T o E .

Polynmms , spermidi spermme ete.) hn'vé Ibng & " b

iositi The last 30 years of researth an

mmunc of work om polyam-

the pmsonous chemlcnls\:eleased upen bnctenul mlechon ‘were either cndwenc
{

;llulmds or plom.nlnes, both of whwh were thought to arise from the pmtemaa

Bxelg:r, who umced £ numbe: of leebly mm pwmsmes (revlewed in Heyn- v

mgen nnd Seal 1082) Smce thelr onglm ‘were from elther p\mel‘ymg meat or-

humnn cadavers they were lermed . tresci "nd' daveri s ively.- ’
. 3 By .
The vtomnl e doctxhn h;d pawel'ful ldherent!, such 8s Robert Koch who

tsted that ,

“"We csh explain the action of Cholera bacili only by xupyos' g




" (Leenw‘snhu‘ek 1675- u“iiéwen:‘m Gohen, 1971). Hence polyamines have been.
: reterr:d to s !nul smelling’ mdnuton of male reproduehve tlmcuon as pmso— ) %

7 ous materiai derived. from bacterial. sction on plltmfymg meat'se on” |
cadavers, a5 pmmolen ind regilators of el growth (Daves, 1678) s & gmwth 40 :

mduxtry, as putenl.nlly uul’ul markers of hnmu\ health and dmue (Cohen,*- d

a ,1082) and is moleculeu in semh of & fanction mopkms, 1982). The xe]ul.lvely #F

slow d ,:' of the area o(, ines changed followmg'lbe £ ncter

. sahon md elugidation of the strucuue of spermme phosphnte aboul’80 years L

1 funchon shll temains unmawered Polynmm&! hnve dll'l:c eﬂecl.s on’

RNA DNA and yrotem metsbohsm, membrnne uﬂ.egnty,_‘and mtermedu.ry

| b metabolwm The scope of his review B‘not tor Tocus ‘on,_ the l‘unehonx of

inidme and spemune are

“are found in




=3e
- - . Table L o
Smatm of llmple polymlnel . ’
Nmie:

3 5 Structure

[N,
| BB,

NGB NE,

i,&Dimihopropm‘e

lﬁ-Dlmmobutme ;
(Putres .e) x

&Dxmmopemme
(Cldnverlne)

¥ -Bur(ﬂ-Ammnpropyl) ami




i el

Cohen, 1071). In general, the putrescme content of prokaryohc cells is severnl

. fold h\gher than that of spemudme, whexeus, e\lka.ryohc cells have hlgh con-"

of.s d Tittle putresci iine bas only been. Sound

¥

P

in eukaryotic cells: of polyami (Vl&, tylatéd

and oxidised, derivitives) siay regulite, in part, the eellular concentrations of

polyumnes, an hence cell phymln;y (Pegg and Wllllnms-Ashmln, 1979) ’







' Gl’ufulnufe"' 3 v AN INCAN ‘/ ) S
- ! 3. Ha : . o TR . a - 3 v %5 . -
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"o

Morru et al,’ 1070) by

‘. R represents the only pathway lor urea blosynthesxs in Ewh (Moms and

Koﬂmn, 1067) No urease ls present in E.. cal-, and the urea accumulnt- in.the
medium (Morns nud Kpﬂ\‘on, 1967) In some bnctena nud planls ugmmne is

+ converted to cnblmyl-putrac}ne (cohen, 1971; Tabor and “Tabor, ‘19 ),'

which uthen n to-p cine. . The, bi hetic enzymes,

g s
’ afe found'i in cells wmg in-minimal medmm at low subStrate concentratlons,' B

Pulrescme is hesised :by the

5L and the enzymu dre

denrboxylntmn of ermthme in Bnclllua mbhlu, Netrospora . craun, Snuhara-' s
- ‘myces cerevmae Mld in lmtna.l cells.” These orgamsms lack the’ nbxhty to syn-"
thwxse putracme lrom lrgu'une (Ta.bor and Tnhor, 1084)

In certn.m strnns of E cnll blodegndnnve forms of urmth' e decn.rbo

llse a.nd arginine decarhoxylne are induced by\low pH o!, the growth medmm

. and hlgh substnu concentntlons (G-la, 1946; Morris and Fllhngame, 1974)

:The bios) and bi [orms of ithine' decarboxyl:

heti degrad and

urgmme decnrboxylu; have been p\mﬂed to near homogenmzy and possess
méxy chnrnt«mhca in c&ii'mon (Wu %nd Moms, 1973a; b Applebaum el al,

-/ g 1975 1971) The function of bxode;radmve enzymes mny be homeostanc bya

Lk N
b

i ot pmtan li inati m n the wdny of the SIIn‘OIlIldI_g.

medlf (Morns -and Flllmgame, 19741 Sepanle genes. Ibr the bladeg‘ndauve <







l.!hneﬂnndpolylnhu. 28 M
A Humapbﬂu plrlmlhunt grew oply when- plllns:me. spermldme or

- spermine.was added to the symeuc medium (Herbst and Snell 1648). Mareh -

et Bnyle 1982) reported that ghis tesin of Haemophiles is umable o syt

6am pntrelc\ne due to - ‘the " ;bsence o( pulreucm synthmsmg enzyma

rgmme decﬂ-hoxylnsm Na ully occumng nm<

ormtlune decnhoxylue nd

gal mu‘tanu have an

lolulc requument for pul.mcme (Sne;th 1055 Detem i

‘et al, 11074) Ahhon;h “thi

'po]y.mma,_ms was sﬁoWn ‘sigk to be speci c, beenvse or M'KC! and NlCI or

i of poly smi
the pmvu: of unn.l Gnm poimvz organlsn(x ud xhue bactem were .ho_ ]

‘. sucrose had thenme ellecl lnlublCed A

. shm to'] mon suscepuble tha.n grum negnuva butennt}Ma;u, NSS 1959;

X _Mu'tm d al. 1062) Thue effects avpear 16 be. due‘ m tEe ml’:r:dnon of
 polyamines 'llh lhe but:rul membrane. A strain. enfym; mutations in sped,.
{ ma mc .nd #péD (encoding respectivel ngulme decarporyl .gﬂzne L

ydrolase, prpl{hme and Sldenmyl methxomne decarboxy- .

but pew itely, in_the ubsenée of

P GE . mtetonhe

rying ‘mutati m eaa (biodegradative npeA speB,

s :pec md #peD, mn grew mdeﬁmulrﬂ 8 :vdueed ;rowxh rate, and addition

However -a-strain cars , "




ani the studles o’ mnlanl.s of :pzA L B upo’ nnd speD Morris- and..

Jolsud (mm) lﬂd Tnhor [1678] cluded that ine- can substi for‘

E; 7, ) thé growth prumolmg eﬁ'ect of, spnrm ne and vice yersa. Using a hoxﬁolagous.

“Series of spenmdme nnn!oguw, where the dxstnnce between the amino-groups . L

R .ofa tnamme.‘

olecnle was varied 1 (NH, - (cx-x,)x NH - (CHy)s - NH;\.whe:eX

was vaned), Jarstnd et al(msn) conclllded ‘that only when X =3ord (sperml—
A .dine‘,:is 4) the n.xm'log\le supported growth of 8 polyamme defiéient”
“ 0 mitant: The nature of this sm.cuﬁu Gonstiaint' remains ' unkiown. /Usmg

: lrrevers)ble mh)bltors of tln enzymes involved in pumzscme s,nd spenmdlne

o synl:hesls an absoluf,e reqmrement !or these mo]ecules conld not.be shown 4




ed to i Qhe‘ lular localisatic "or',_" amines have been 2

plagued by redlsmlmuon of thss charged molecules n’mong Lhe neganvely

ﬁl‘n‘ling by Ames"an‘

s.f' of: the subcell _‘ framons l‘ollowmg cel] dnsruptlon The

ubin- (1960)_that. nearly 40% of the cations associated

ves are polyamin&, and tl;&t bac-

with the T, DNA in rnanlre p)\age pas

tenopluges are. |mpelmeable to po\ynmmes, led to thé idea -of polyammes

intemcuns wnh DbfA and condensing \t In bactemjturved of pulyamms *

several’ bactsnophngu replicate and mature phnge partlcles are" produced




1979:Dion -and

en, 1972). The process' appears to be due=to somg other
0 L £ o R T

eation s.’xbsmuzing for poljamines (Hafner o ol 1079; Tahor, 1981; Taby

" and.Tabor, 1934) Excision of bacteriophage fosabidn, vivo.and .mgmuon in.

'(r*" I

vitro had o nbsolute irement for

1075; Nash 1975). The work ol }\alser ol al, (1963) and th& and Peéttijohn " -

< 1975) snggests that spermldme influences the stability and the temury strue-

O.ure of DNA, asit prevents shearing anq thermal dtnatumhon ol‘ the DNA

1073 De Wyngnert ll'ld Hm

Lcl\nn et al

lbrt 1983; Smlbh etal; 1978 Rlchmdson, 1075




sites. Cohen of ul (1V7B) showed that one mo]ecuie of spermldme was lsolmd

» . to che major groove nen the mucodon Toop .md the other nearthe vanahle

d lrmsls}lun. Boﬂ;' :

approach “suffers from the'.




w81, . S b

Polj'amineﬁ stimulate DNA synthais-RNA,"!ynthesis and protein syn- s

and all these effects appeu to have one common basis - replacement of -

. T thel

magmmm (Abraham et al, 1979; Atkins, 1075; ‘Chakraburrity e al, ‘1975;

Cohen, 1971; Chiw- and Snng, 1072; Bach, 1964; Fychs et al,, 1967;" Gumport

s and ‘wem, 1969; Gumport,-1970; Geider and Kornherg, 1974; O'Brien” et-al,,
&

1066; Tgarashi et al,"1972;-1974; Koneckl et al, 1975" Takeds and lg;mhﬁ

1969; Tabor snd Tabor, 19 084; Termko and Tauak) 1973. b; Tomizawa :‘ G

ds ¢t al 1974 Treadwell el al, X07§. Santi wd Webs T, 1675; Schwimuer, 1088; By

S Watanabe e al. 1081; maa) y o F EH ey @ .

Itis memung to note um sperm]dme appearq to decrease the activity of

EF-Tu (elongation factor)- speclﬁcllly d\mng prom synlhesls (Temko and

“ Tanaka, 1973s; b) and that EF-Tu facior is slso aisbciated with: the rephcntv R

e " mg enzyme, system of RNA lnctenophnges The vir

RNA- ks s Tolded -

due:toi Fhyd

rogen bondgg(anson, 197&) nndﬁ’ s T

. o I




@ £ “-15-’,

by folding of the RNA molecule. It is therefore possible to spec,ulate ‘that t,he

folding of RNA by spermidine might reduce the actiyity of EF-Tu factor by,

smbllsmg ;he secondary shncture of the RNA moleculR The bnctennphage

" RNA gefiome i believed to be n a linear form during {rimstation snd replica-

“. "< tionyand in a folded form which Would facilitate storage and trausport.

Numerqus; studies have shown that an increase in the accumulation of

«polyamines and the activities of ‘enzymes thiat synthesise thém parallel or pre-

BMhnch 1073;

ohet,'1071; Tabor and Tabor, 1976). E.coli clls have been

T starved. of polyﬁ-mmes ailtor by s aritants blocked in the blasynthenc

-7 pe pnthw-ys Ieadmg w putrescme or by the: use ol ln itifors “of enzymes that'

- <c.myse lhe ion of preci nto

hat following addition of polysmine to polysmine depléted ceus,/q( i

d synthess, g

* . ‘thesis is stimulateéd pmr’ [’ chmm in nucleic 2

the effects on rep[lcauon and tnnxcnptmn ‘are-cither mdu-ebt or merely s

ernl mvonse to resumptxon o! xchve protein synthosns

L4 Regulation of putres mes in Basolli ¢

~ Most studies have defermined biological activities of the efaymes involved *

“in the synthesis of putrescine in vitro, and it is often difficult to evaluate the

. 1 true roles of various effector molecules;in vivo.

7 code increasisin the ratés of DNA; RNA and:proteinisyntheses (reviewed in°

These - stndleﬁ revea.led '

- X




* and 1lmM' magpesium 50% of the nctmty ol’ punﬁed ugm\ne decarboxyhse

ngmme dechboxyllse also deoremd followmg the nddmnn,

it : i peri

decm‘baxyla.se and’ nrgmme decnboxylass in crude nnd pnnﬁed preparauons

/ Polyamines i

t the activity of omnhme decnrboxylue cnmpehhvcly

(Morris et al., 1970; 1977): Ak f 7.4 mM ornithine

(K = 2.0 M), 20 mM putfescine or SmM idine 50% inhibiti of the.
) - e e

uhvn.y of p\lnﬂed ornithine decarboxylase was observed (Appleb 1977).

At s:tumtin; concentrntions-ol nig’ini\ie (7‘2'}nM‘ ‘arginine, K,

was inhibited By 15 mM putrucme o 1 mM spermiditie

10738 'b]. : Sing tions' of inagn ‘a co-factar, of argining”

petition between i

regulnm xrg'unne deca‘thyln‘e

Morris, 1D733, b). Feedback i mmb.zm in vivo h been demon!tnted by Tn-bor

and Tabor. (wm), who observed ;

‘irom L-IU—“G} arginine pd

mes to cult\lre medmm The spee e acuvmes ol ormthme decirboxyln;e nnd

° Aperm)dll(e to th; grow;h mediim ol‘ Ecnll streins. Using munnu :mymg

" partial ‘blsck in ' arginine deeqhoxylue, putrescme deﬁc.my was ,mdnced by

" the addition of arginine to the growlh medium. Arginine represses the arginine

inliibit orbithine. -

03mM)

Wi nnd Morris;’

Y folrowmg nddiuon al‘ polyam- :

putres¢ine’or "




b)os ‘mhmc pslhway (Sercarz and Gonm, 1964;: Mm, 19861; Mm, mu)

lhe same system ] Morns et al. (1970) showed thnt omnhme decarboxylase and

“gest’” that polyunmes reguhxtu the syn!llms of. ornithire decnboxylue and

argunne d Putresclhe d spermidine have'no eﬁect on either uua B L

synthesls or-the nchvnty of agmum 1 eohydrohse in Ecoh (Morns et al, L

: m Klebsielld R

" ehice ot < pmduced t ol ’ inl b.mr of orsithiné d }

'V,Tlxe A |

can be vdlssoci-'




forms of arginine decarboxylase and ornithine

. Cn.ne.llnh: (1084) reponed mr_ntly, that lie two bnw nmzyne proteins wers
> g . in fact du rtbo.oml proteins sm and L34. The mlnbnory m;vny of* these
Annzymu can bf reversed hy a pmum ‘which has a mlecnlnrewexght qf about
"70.78,000 (Heller et al., 1083). Nudeic acids have also been shown ta Fevirse
the inhibitory activity of the antizyme (}(y‘rinl‘(idi- ot dl, 1978). It is speculated

that the activity of ornithine d 41 /h’ rmi ’5;-“' ple.competi

»hon between ormmne decnbuxylne md tlm-lnuryme for- the mhzym

rmlmule It is difficult to dumn hw nr why the nguhhon of or ‘me dm(
e - boxplase is so vn-nmarmt to the cell. It-is pmblbl: that onmhme deca.rboxy-
’ " lase interacts with ribosomes which mighi .nm mumm. espesially -since

polyamines lppﬂx topliy & mole i protei synlhesu (rpaL; mutation aad EF-

Tuin Sechnn 13 3) Tt is also po-lble to speeuhle !.hu. the nbmom d.u;me

gation by very high ,eonmtnnohs of polyuninu observed in vitro (Zitomer.

e and Flaks, 1679) might lésd to the reease of ribosomal protéins which in turn

decrr.ua the u:tmty of ornlthme decnbvxyl& and perhnpa a.rgnnne decar- 7
boxyhu by !onmnx complexes, wnth thse enzymu, llthou@ .the wncentn- )
tions (pnuunmz =30 mM) nqlured to dumpt ribosome pnhcl= age far too

lugh compnud to the ;wnons [hlgher uhmue.w/ol“jo mM’ putuscme)
(Morm ot ol mo)/nﬁﬁ These reported et ivels afe of wm

. : pulrucmc concentration” ‘and. mnme none is. complexcd wnl.h ellular sltes in 1




Anhou;h the anti-gatizyme described by Heller et al. (msa.j hes no

"n

sﬂ'mlty for pyndoxnl phosphube and has a hlgher affinity for the sn_t yrne is .

pare d t ormthme decarboxylase, it elutes.on gel exchls(chromatog‘r& .

decnr h is therefore posslbLe that

1.4.3 Pathway'selections,” + © L
e < o

- Eicoli ath hat

by'.the boxylation of ornithii

duca pmrmme by the srgmme

wuy, w:thout any n:hug€ o the net p‘mducﬁan uf putrescme 1Moms et nl

#

1070). Maas (1981) showed that arginine s through the nrgmme repressor

e e produst) to r:prxs the mnscnpuon of geney um ‘ncode the

-+, enzymes . ot the. nrglnlne blosynthetlc psthw: also lhhlblts the -

ivity fof the first mymmr the pathway, séetylghitamate synthetase, allosi-

erie;lly' Thus, a8 rulllt‘ of ”exogenously’ suppi}ed arginine; th

pool o! ornithine is diminished, Whlch would exphm the marked decreue in

uynthu\s from

oo% of the exogenonsly supplied arginine wis converted to putmcme and Im
_than :40% w.

Iellowmg e tati Alc.hough oyer .

lncurpnnteﬁ into protems, the speqlﬂc activity  of lrglmne '

#
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g Ta

ecarboxylase did not ‘undergo marked increase (Tabor ‘and Tabor, 1969a;

" Morris._et. ol,, 1970). From studies with radiolabelled arginine and its biosyn-

*r thetic. precursor; citralline, Tabor and Tabor (iﬂﬁsb) suggested that arginine '

Buch and Boyle (1685) haveshown

‘tnight be

is indeed nnd resides in the

that ngmlne

ininer periplasmic space. These observations snpport the contention thit exo-

hanneled into polyamines and accounts

genous -.rgmmc can be ]

for the mcreued utilisation of arginine decarboxylase - agmatine nreohy olase |
pathwny ) - . R 3 ; % £

1.4/ Nucleotide effecta'and the -tﬂngent response:

The activity of omlthlne is

d by certain
tnAhosphnes (Applebaum et al, 1977; Holm o al., 1972). At subsaturating

-concegtrations of ormithine, the mono, di"and ‘triphosphates. of adencsine,

. gunnosme nnd their deoxy denvu.wes shmnlned the utwn.y ol‘ a partully

or ormithine d

= pnrlﬁed

3 stnnulnled bhe uzyme uuvlty, and ndnced the K, fol' ormthme from 2 ‘mM

w 0.2 mM (Appleblum 3 al 1977) Since GTP (ll. lmM) overcame the inhibi-
tory eﬂeet uI hlgh ionic uungth on ormthme decnrboxylue mbml.y, Holtta et

al (1972] !nnher Auggated !.hnt GTP m:ght ‘be.involved in subunlt interac-

Eosk of actiystion by

remain unknown

nons Hovyevu, the

cAMP and its receptor pmmn weré slxown " nentively regulnle the

borylase (Holta et L, mn) ImMGTP




mnsmpmn nf mc [encudm nrmthme deuﬂwxylue) (anm and Boyle,

1982)." Usmg various mutants blockad enher in"the synthe:ls of cAMP or with

a lunon in the cAMP. recep'.uf procem (CRP) anht and Boy]e (WSZ) showed

“ that 4 cAMP nemwex ngulaces ihe trgnscrlp n of .pzc They also’ ‘showed

Pllsmnd i wlncl: the promoter seqnenw of- ap:C wss fused to the stmcmra)

gene fo tetru:yclme mmme !.hey mnﬁm‘ he o

hy ‘cAMP. Using o ;

ssion ot Apzcwrsn-




-s N i
ppGpp lnhxblu the lumcnphon of sevzrsl genes. fnbosornxl RNA geng lnr
rlbmdnul protuns genes | for RNA polymense proteins etc.), while lt stimu-
lates the tnmtnpuon of genet mvolved in the Clll-boht polhwavs Uace,: mal

k'l etc) and ol .genes. involved-in’ xmlno cid blotyn(hcsls (lrp, K

(Vnnols‘ky, lﬂSI Cuhel md Gnllant 1960 Keller, 1970 thch 1078;

Mnloe, mv)

ty. Ph nlogfc ! toneentuhms of ppGpp |bohshed he acnvn.hon of

omlthlne decuboxyhu by GTP and the K, Tor ormthme was. mcrused

[Hnln.a et al., 1974). Thue chnn;e! in the acti

Ap'pw to p-n.uél changes- in l])!l'l‘mdln!‘ wnoenlnuons in a relA¥ strain

v. shrved for smino acids. The results sn;gat thet lhe regulmon of polyamine

synthcsls is' eonlmlled by chnga in lhe}ﬁmty of ornithine decnrboxylnse for

'Mmhslnu. lnd tlnl these ch_vgs are. m turn, medmd by tbe rdl!lve

i \. mmenulu conmu-uo.u ol GTP and ppGpp. Studm of Cohen (1067) and

Slhl lhd-Cohem{lWﬂ) llmw thlt there was no consistent correlation between

 the ratio xppcp} s3d GTP, o the ml.mty.of omithine dccnhoxyl:se in

lumed tha role gt ppGpp on tha srndmu of. ornlthme decnboxylnse :nd
k:rgmme dy nrbcxylm in Eeah cells during-. uponenlul nowth nnd hutrl~

tional slul&-up Chnges in the ntmlx and tho uu of lynt.hnls of ormthmu

peiu wnh GTP Ql.ld decreases the enzymlc nctlvny of ormthme decﬂboxyhse

ity of ornithine decarboxylase

vwo, 8s memmd by puhu@m concentm\ons chle md Adlcln (105'2), '




cellular polysmine concentrations -and, in the activities ‘of the Enzymes thal .

. putrescine synthesis. i

«3 3w

[

decarhoxylsse direely corcelated with changes in PpGpp. concentrations,

whereas the activity and hte o synthesis of ‘arginine decarboxylase were

inversely mmd to ppGpp The ‘autkors ', luded that ppGpp

is probnbly not dxrectly mvolved it -megative transcnpuenal or ' post-_ -

tr;nslahonalxegnlahan ofnrmthmedemrboxylase ) e

1.4.5 Osmorégulation: T E -

Munro et al. (1072;1975) ‘that cellular, ’

between osmolarity of the growth medium and the putrescine’content of £.cali

and various marine bagteria. Following transfer of thes¢ bictetia into low ionic

'
strength growth medium there was a rapid aiid transient increase in the intra-

synthiesise-them. This inmué reached & misimum vithin 30-40 minutes, and

by 60 minutes a new Iower rate way mmnmned The uthors suggest that

pc]yumna might stabilise membranes md mﬂuence phoapbol\pxd synthesis,

and the decrease in the rate of synthesis of polyamines followmg an initial
spun of synthesis was" nurlbuted to’ feed-back inhibition and repression’ of
ornithine decarboxylase and arginine decu—boxylue by polyumlngs. The obser-
valit;ns-of Munro 'and Sauerbier (1073) support the sbove conte.;uon,.wnne
thosa of Gunther ‘and Peter (1070] suggest that poly-mma are not'involved in

long term nteady sme asmoregulmon in Ecol-. Using cells deple!ed of

may influence

coli. Peter et, al (1978) found sn‘inverse relation
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nhxbmng ihe ncuvlty of omlthme decaxboxyln.sa, they “showed .

polyami

= thet theintrae catratio of _“ i sﬁd spermldme did /nof

B proves thnt vhang& m csmul f

- . that transient. increases in “pol v

osmotic. balance. The.

. “and the

2 Th-:' u

ok - v““"(1065)The

E coli .overcomes dnﬂere
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" E.coli strains deleted for éya(gene em:odmg adenylate cyclase)'exhibit catabol-

iption: s usually_ identified with_catJbilite
Tlus is evrdenl from the recent studies of Cossart nd? Snnzcy

pm'hctory Qn the g!neral belief '.hal ¢AMP overcomes glucose eﬂept The com-

plexlty o( ghnco;e effect’ (rewewed in’ Ullmann and Damchm ms:s) ‘and.its. .

relmon m cAMP is not at thé molecular level. 'I:wo dition

lmes of evxdence appear. to- suggag that cAMP m|ghl not’ he the excluslve

medmor of cslnbolne repmsmn 1) There is no detectable cAMP in, Bactllru

meyﬂ:num, a.lthcngh it exhibits cataboliterepression. {Ullmann, 1974). 2)

ite repression of some genes (Dessein ef al,, 1978)., Kline cf al.(1979; 1980 ;) _

showed that imidazole, imidazole derivatives and indole derivatives can -cir-

cumvent the necessity for cAMP in the mdueunn of the bnnbmose operon ' in

cya strnms Kline €t ol (1984) dzmonstnwd thnt several benzyl derlvnuvs

and mdolg denvmv«s stimulated the mm*{on of trmscnptmn at the arp nnd
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lac promoters, and can also reverse catabolite repression:, This effect has been

referred to as ‘metabolite gene regulation’s (Kline: et al: 1979; 10827 T084).
Tmposing an amino aéid restriction in the, presence.of cAMP decreased the rate
of synthesis of Bgalactosidase in E.cali strains carrying a w‘d type lac pro-~

moter, and in nmse ‘which -carried the” cnmmlite insensitivu lacP5,{lacUV3)

promotes (Waner et al., 1078). The suthss conclude tiat permaneat catsbal, -

. |te nprasnon is set by cntnbohtu in the growth. medium and mly not be

related to an i Y between ism and anabolism as ‘. d by

Magasanik "(1961) and Neidhardt snd Magasanik (1956). All that can be

" inferred in’ pme’m is that cAMP:CRP' contributes only pa.tl'la]ly (either

dlreclly or mdlrectly) to c-tabolne I‘Epr&lﬂn The" qusunn remains 0pen

whether all ofher tonm of this sbnencommnn h

Since cAMP. dou not appear to be fha il reguhtor of catabolite repres:

,sion two qnuuons arise: ) what olher tegu]ators of catabolite | repmsmn "are

there' 2) is cAMP mvolved in othef regnlutoryL phenumena in bacteria? There

are-no- snn:{utory auswers for the first’ qnmmn 'Smce some Bspects of the

se:oud q\n!uon -are more relennt Lo'the: work repon.ed ‘here, the mvolvement




- (
From studies on the lac, mal, gal and ara operons the cnrrently accepted

model for stimulation of gene activity by ¢AMP was put forth by Pasign and _

Perlman (1970) and Buettner et al, (1973) and later refined (reviewed in Pas-

tan and Adbys, 1976; Adhys and Gngu 1982; Botsford, mu aeCmm-f

Mogghe et ol 1984; Rickenberg, 1674;-Ullmann and Danchin,’ ‘1983). The *

detailed understanding of the mechanism’ by which cAMP stimnlnlq the syn-

thesis of inducible enzyme systéms has been deduced from a variety of genefic,

and T

A. studies.

For; eﬂ'meht tnnscnpuon of the la: operon, CAMP and CRP'must bind
‘tt tlle pmmoter Tegion: The CRP isa dlmer of two 1den1|c:.|l subumts (Ellen
lnd Knkow, 1977),  each contunmg 210 smmo lcld! (Anderson el al.,, 1971'

A:bn et al,) 1932) Ethbrmm dialysis with cAMP mdlcane that two molecula

of CAMP can bmd pzr CRP dxmer (Takabashi et nl ., 1880). CRP is compused *

“ofa DNA bmdmg domsin md 3 domain that binds cAMP. Sepante domains

‘were |denhﬁed vby lsmsmg the nctmv.y of prubeolyncally cleaved CRP’

molecules (Kn.kow and Pastan, 1073; Eilen et al., 1978). The two domain

structure was clearly sho\vn by 2.9 A resolution crystal structure of GRP com-

plexed with ¢AMP. ‘A'larger amino terminal dqmnm extendmg from resldue 1 ./

to 135 (McKny and- Steitz, 1981; McKay et al. 1982) is sepanted by a cle(t )

ffom, a sml.ller carboxy zemmd -domain zlnt cxcends ffom residue iag210°

MeKay et al, 1982). A segment of the aming 1ermmll domin of cnp (resi-

duu 30-89) -exhibits nmﬁcmc seings bmalogy” hN"the cAMP lnudmg )

et i




.A4bmain of ¢AMP dependent protein kinases in eukaryotes (Weber et al., 1982}

The smaller’ carboxy terminal domain of each CRP subunit consists of three’

a-helices connected by.short Bsheet In each subunit one of the a--

* ~helices (proximal to the carboxy terminal) cléarly protfudes from The surface of

the CRP dimer. Thag two a-helices are thought to provide the m,njo;' interac-
tion si‘té@wilh the DNA, as their axes run ,npp\;oximntely parallel to each other
‘at a diétance of 34 A (McKay ¢t al., 1982). Two erp mutatmns thal have been -
mlpped are m ihe c—hehx thlt is thoughz w be mvalved in. mterunng wnh

DNA (Ebnght\ etal, 1984), implying that this. segment provides crucial

* interactions with the DNA template. Structurally CRP. appears to -be véry.:

similar to Cro and el protefns of bacteriophage lambda (Anderson et ., 198

1082; Pabo and Lewis, 1982; Steitz et al.; 1983):A study of the sequenceof the

, /m gene in E.coli (essential for ‘anaerobic metabolism) showed~that the FNR

protein shares a high degmz of homnlogy with CRP. A]llmugh thr seqnence for

cAMP binding domain is praenl. in this protein, FNR protein dées not, :ppur

* to bind cAMP. lnumungly. FNR protein has functional properties similar' to

CRP isa pluoimplc lchvllor of a series of g!nas wlnch are transcnbed dur-
ing. t.numbmsxs (Shaw et u.,,mss) The authors sugm um [nr gefie ‘may
have derived by duplication of the crp gene itself or from a con&n ancestor.
Bmdmg of cAMP ta mduca 8 conformluond chw;e in the pmlem
molecule increasing lts affinity for spealﬁc DRA sequettees in the promoter (K

= 10M o 10710M); relatide (o non-specific DNA sequénces (K, = 109M to




 symmetry hm llso with respect o u:a distance from the bmdmg slte to th'

E<I T N

LS g b R
¥ 10°7M) (Aiba and Krakow, 1981; Eilen et al, 1078; Kumar .t al., 1980). A

change in conformation of CRP following cAMP binding has also been demons,
strated by a corresponding change'in sensitivity of u.; protein to pm:gl}tic
enzymes such as subtilisin, pepsin ete; (Aiba and Krakow, 1981) and by using
chemical crosslnking agents (Eﬁe;::_el dl; 1978). The binding of cAMP:CRP to

the promoter of the lac apemn i ,' ion by RNA

Accord\ng to Guiso and Blny (1980) the amount of CRP does’ not. yary

s|guﬁcmtly with generation time lnd carbon source, and they cnnc]uded ﬂm

GRP Wwas in excess (nppmxlmulely, 3, 500 moleculm [eell) m E. col- celh nnd

_that chmga in . cAMP concentrauons were mpanslble o the observcii_ =

i _changes in ‘the rate of trmunphun of- menl genu Although the n:glllnllon Loest g

«" ¢
of the L-nubmm aad D-gnhcws operons are qulte distinct lrom the nguh- e

tion of’ the D-lactose operon, the f\mcuon of cAMP CRP in nmmlmn; tran:

scnpnon al‘ nl] these operons is menunlly the same.
M!ho\lgh the }wlﬁc DNA sequences: that bind CRP .for a nuniber of
genes eg, lac, ars, cal, deo, gal, ils, pBR-PA (review:d in Adbya lnd Garges,

msz deCmmbru;ghu et al, 1984 Ulh'nmn ‘and Dmehm, 1083), and s

aspects. ‘ot lati \uln[ cAMP analogues, -are known

(Scholnhhzn, 1984], it is not ‘clear. how cAMP CRP mmnlm Lrnpscnpt ot

. The CRP binding sites lnve bean found.to vary not only i in DNA sequenc’ nnd

trln.scnpl.xon initiation site. A urxety of Lechmqua hnve been used w







. pairs away hom the unmtmn"slte for

- - DNA. Sslemme's model was based on o the observnugn that CRP i

F =33 - e

helices and the major grodves. It involves the DNA forming & left handed

solencid {supercoi) wkich allows CRP to bind to the snajor grooves in sucees:

sive loops of the coil. Thu would u]luw ORP to bind in a manner similar to
Cro protein; d.though the Cro proteln can bind to successive major grooves of
n\nght hlnded B-DNA CRP can bind only to vudely sepnnted major-grooves

(sccordiig. to the motel of Salemme, 1982),. bmnght to! close proximity by |

. supercoiling. This model might explain the effect of cAMP:,CRP on some pro-
: Y ,

“moters- where the cAMP:CRP binding sité was ’tound to ‘be about ‘100 base

ion ‘u tha\RNA

_ Wtnigite and the transeription initiation sne can be hmugh\ to closepx

‘imity to & CRP binding site 100 base- pairs nwny in a sblgnmdktmcture of ©

z);e absence

“of cAMP cnndensed pmmz ‘molecules” follr fold muumg in the lonr){twn i

long cylindrical rods, problbly umnged 85 llghtly wolmd olenold suparcoﬂs

.(Chang et ol., 1981; Martin etal., 1083; Saxe’ and. Revzm 1979). The‘serlous

- objection w +this model is. that it is based on evndence ;concerning thc\noh\

specl.ﬂc bmdms of CRP to DNA l! CRP buund to wndely sepnnted muo;\

grooves bmught Lo;ether hy supercoiling, cAMPCRP pmtectmn o( wxdely

" separated regions of the DNA iight be. éxpected. But, this is ot the case,

CRP lnndmg to DNA'sppears m involve only s slngle nmuh cl‘ 14 base psns ok

lmdlu wnth cAMP B:RP

(consensus sequence), deduced lrom DNA brolec}
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- o Ebright ‘and Wong (1081) postulated that, the adenyl moiety of cAMP .
irectly intercalates with a thymine residue within the CRP binding site caus-
ing meumg of promoter DNA. In this model CRP. functions to position the

*  adenyl moiety of cAMP in an orientation to'.fofm hydrogen bonds:with the
thymine relidue. Bni‘ 2 class of mutations in Qhe'e-{u gene (crp®)-that have

. GRE activity indépendent of ' cAMP" have been” characterised (Harman snd.

“

“Dobrogosz, 1983), end. bave been shown to assume a conformation analogous

PR wchecunrormmonorcmcnru '*'*hy itivity to proteolytic ' :

enzymes and -to certain cbemlul cross. lm]nng lgents. Since CRP' enables -

g expmsmn of lac, mal,‘ara operons m a ey deletian strain of E.coli, rAMP is

not necessnry I‘or activation” of- tnnunpuon Thnse observatums réhite’

. Ebright’s model. . <. o il TR LI .

Since tAMP:CRP. bound tightly to the lac prométet DNA fragments, the * - .

ibility of soler Sidal supercoil fc ion was also refuted (Fried and Croth- . ;

" ers, 1983). Based on the Xeray crystsl.logrq)hlc data of Steitz et al. (lﬂ&'x),«m

ot 5%, 'memmve model was considered (Steita ef al,, '1083): “This' model propeses

_ that the important a-helices at the & nmno terminal mmm ins slmllu hshmn

. asthe mteredmon of Cm and ¢l 'rotems wnh hmbt)l DNA (Pnbu and L.ewls, X

. 1982), but such an mteractmn belwem cAMP CRP nnd the DNA would -Jlow

intetactions for only abauit B to’ 0 base purs i & region ol 1 bue pairs;

shorter ‘than’.the known CRP bmdmg aeqnence lEbnght »maz) vaever, a

bend in the DNA would pruvnde a0 opponumty for‘ldftmlul conluts \vnh




»'m 1081; 1083; Musso- et aI,LlWF) 1
due to: trlnslhon from

N msz), nor-are zhe'y dus q,-; unwinding ar DNA becanh bin

s nnuly ldentlcnl lenglhu, ang only

the DNA bu:kbone. Stmctuu} clnn;es in- the DNA are md-:ed l‘mmd when

'cAMP:CRP interacts

l.h spec;ﬂc DNA' slm. not - u:volvmg chnnges in the

lmhng number A ll complex betwun lac pwmnler DNA~ antl cAMP LRP

was foiind t'display an_amomalous electrophor ty, sgobably cauied "

by strctural changes i !'he DNA ‘that are'inddeed by CRP (Fned and-Croth-

eu lh}c thue mhlnges are nenher ‘

g of cAMP'CRP

o its mcogmlmn site n Lhe lac .pmmater v:oduc

the DNA diples, (Unger o nl., 1983). Howevar, u.e.s.;mﬁmu os the chnn;u

The elegml. vmrk of Wu .mr cmm rs (msn indicates thaz & parnculm- DNA’

sequence (Trypmosome kmelorhst (K) DNA ICAAAAAAT') or when lnt pro-‘

They g¢ ’fmm the re

e : s sznu {: vmmu of lppl‘oxk

- the relmve

ition of .thg bﬂn_ﬂlng

_‘quu nnd to- unlyxe tbe bendmg locus on the DNA- molecule The bendmg

ight } huded o’ hn ‘handed ;BDNA (holl:x and Buc, % )
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and localised bends such as kinks or junction bends (McGhee and Felsenfeld,

: ’
1980). The Bending center appesrs to be-about 5-7 base pairs towards the pro-

S, .77 moter from the center of the protein binding site. It is possible that RNA
- * polymerase recognises thu kinked structure (referred to as the H form) or the
. region of DNA following the H conformtion. 1t is also possible that 'the role of

DNA bending is pnmmly to. create CRP : polymerase interactions which

would ot bs sefially pusslble in a linear plﬁx::&er DNA.

: Mnch oi our nndarshndmg of trsnsmptmn mn.mmu is based.on a’com-

'_parison  of DNA seql\:n::s of wild:type and; mutant. promoters, and various

S mlys dulgned fo n{mm the funcuonnl strength ef pmmmus Thm

pnlymerlse binding sité it chas

‘bycwa '_ nces oné at -10

; " region and mother at :35'region. The distance between the -10 and -35 regions
b .

is imately 17 base pairs (R abbig and Court, 1970; Siebenlist ot a,
: 1980; Hawley aad McClure, 1983; Stefahio and Gralla, 1982), but promoters

with spuin’; as little as 15 or as many as 20 base pairs retain partial funct;un .
Strong pmmotels show a lu;her degne of homology thmﬂo weaker pro-

BE e o moters, and mmr promoter mutations fall.in one of the two consensus

. sequen'ces ( 35 ud +10).. i features outside ﬂm

be:ween RNA polymense nnd pmmuter to Iorm a closed (nmmve) complex :

'(l:socntmn constant Kg). wlnch is followed by m idomerisation to lorm an
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opelxmplex {active). Trausition from & closed to an open complex. would’
include localised unwinding of the DNA over a distance of 12 base pairs near
the ‘trapseription: stact site;and is irreversible (rate constant K) (MecClure,
1980). McClure (1980), using the abortive transcription initiation-assay, quanti-

tated both Kp and K;. Strong promoters have high values ol‘ both Kg and K,

" whereas weak promoters have lower values for both mnmms . Most promoter

mutations could be explained from thiei behaviour in mtm 2 one of the two
conshnts or both were us\lally aﬂ'ected. Muu_mons in the '-35 region affected
K, while thé value of K; depended mainly on the degree of homology of the
10 seq&-em with the consensis sequénce, 4nd on the distance between -35 and
-10 sequences (Stefano and Grlls, 1983). Using this assay, the role of CRF"
has been exarmined with the lac promoter (Howley ef al198% MéClure et'al,
1982). Addition’of cAMP and CRP:to the lac promoter first enhanced thie rate
of open complex formation (Kg) when RNA polymease was added last to the
reaction mixture, while K; was not affected significantly. This was sssoeiated

with a decrease in the nou-specific binding of RNA'g ) to other regions

of the DNA. The increase in K increases. the pmhmmy of forming open com-

ti

A ; \ y
favour the view that cAMP:CRP. and RNA polymerase interact, thus increas-

plexes and correct initiation of transeription. Several indirect arguments

. ing Kp. The basis for these arguments is due to several observations. 1) RNA

polymerase and CRP co-sediment (Bluy et al, 1930) 2) CRP increases com-

plement ﬁxauon response by

it of RNA ; and
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antibodies against a, 8, # subunits elicited no response in the presence of CRP

- (Stender, 1080). 3) Binding of cAMP to lac and gal promoters in the presence
of RNA polymerase is enhanced. Tiedifferences in distance between CRP and
RNA  polymerase binding sites see;I in several CRP stimulated genes, preclude
the possibility of a general interaction between cAMP:CRP and RNA pofym.
erase, but in a terary ‘complex.on 5 supeicoiled DNA or'a kinked DNA, this

might be expected. %

1.5.2 Transcription termination and polarity:
CAMP:CRP has been phiown €0 decrease the degree of naiural polarity of
_some polycistronic operons (Ullmann et al, 1978). The role of polarity in the

modulation of gerle ,S(prmlon appears to be an essential regulatory event con-
Lo <t erminati b

trolled by. & There are a very few
reports -on the role of cAMP in A the control of polarity and its felation to

prokaryotic phys)ology Despm the potential \mpoﬂ.mce of the role in tran-

scription ‘terfnination and polnnty, they. will not be discussed ingetails here

cAMP:CRP may mtujnt with RNA polymerase-in‘an analogous manner as the

N protein_of i lambda_to_
! =
(Campbell, 1079). Ullmann et al. (1979) suggested that cAMP:CRP might be

involved in abolishjsg’ the rho depend Botsford (1081) notes

i p
that the interpretation of Ullmann ef al. (1979) might be ambiguous because
: ht
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the rho-15 (te) mutation that they used has pleiotropic eflects (Adhya and

Gottesman, 1070), and the termination of lac operon requires nusA gene pro-

duct (Greenblan/et al., 1980; Greenblatt, 1984) and not X’hO (Ullmann et al.,

167). Also, it has bees drgued that the observed polarity cai be-accounted

for by differential decay rates of the lac mRNA (Kennel l\:d Reizman, 1077).

1.5.3 Negative control:

Millick and Herrlch (167) reported that cAMP exerts co-ordinate nega]
tive control on various genes CAMP représses as many genes as it regulates

positively. qu, on the observation that the outer membraae protein’ I is

repressed at of ¢cAMP twenty fold below concentra-

tions required for maximal induction of lambda receptor (lamB gene product),

it was snggested that two conformational states may exist for CRP or its DNA

adduct. One conformation saturates with cAMP At low concentrations and

.exerts negative control, and the other sutumtes at lngher concentrations of

CAMP apd miediates positive control. An alternate mechanism was s\lggested in

which ¢AMP:GRP induces the synthesis of a ‘super repressor’ that-co-ordinates

negative regulation of many genes. -

. ¥
In addition to_outer membrane protein III, several other genes have been
identified that aré negatively regulated by eAMP. These include the genes for

A synthase, 3 inase A (Prusiner et dl,

4

i
i
B
i
i
|
i



.N‘egativ.'e control of ompA gene in vitro appears to~be mediated by a similar
i excl\lsmn mechamsm The crp gene is autogenously regula\t'ed by cAMP and _’ .

.” CRP [A.\ba, 1083) A second sjte weakly ‘protected from DNAase d]ge:non was

moter is probably.not the.Mechanism of negative.control for this gene. gx;he

. CRP binding site is'rels

molecule can potentially- inhibit trg.nslatlon,vgxamy}as of such-mRNA molecules _: : \

te o ° ~40-

1072); adenylate cyclase (Aiba ef al/; 1983; Majerfeld et of,, 1981); CRP (Aiba,
1083; Cossarc and Sanzey, 1985); rrnB 1Gllser et al., 1980); galP2 (Musso et
al., 1977); spot 42 RNA (Sahagan and Pa.h]berg, 1979); nmpA (Movvx etal, .

1981} md cpeA lsz 8peC (anht/and ‘Boyle, 1082) Negatwe control by

&

“ cAMP of several genes has been examined in detail, Transcription from the *

galP2 promoter is inhibited by CRP excluding RNA polymerasé from the pro-

moter due, to overlapping recognition sites (Musso &t al,, 1677) (Figure: 1,3).

positioned arolmd -65. S;gmﬁcnndy, cAMP CRP and RNA pobymemse bind to”

. -the ¢rp gene. snmullapequsly, therefore, exclusion o polyinerase from the pro- Y

r.from the initiation start site, it is assumed

thnt CRP prévents elongation‘of tmnscn)mou rather than ni ahon It is'also

‘posslble that there exists a dlvergenl prom("ﬁ,er which_transcribes lha nons: cod-

ing strand of thg crp, gene and that the mlenml ¢AMP:CRP binding site might

be n site for the mducuon of the dlvergent promoter. This promoter can tgen

potentially initiate ‘an’ RNA specles anti-sense to the crp mRNA. Thxs

are’ known 0 be fogmed in Z.cali (Pestia et al;) 1984; Coleman e al., 1984). :

apeA’ (encoding * argininé - decatboxylise) ', speB (encoding _agmatine




.indicate distances in base pairs fmm the pondi

Figure 1.3

-

CRP binding sites n negatively regulated genes #
The figure shows. the sequences specifically recognised by tAMP: GRP in the pro-
moter regions of the_ompA, galP? and erp genes. Numbérs nbove/l.he sequences

stnrt /site of

Bold lines below the resent with - the con-

sensus cAMP:CRP binding seqnenct (Ebnght 1982) Horizontal arrows below the
sequences indicate the regions protected by cAMP:CRP and RNA polymense
from DNAssel digestion. Adlpted from De. Cmmbr}lgghe et al. (1984). .

|




. - . 1 )
ompA 40 -30 .. =20 . =10 *+1 mRNA
5- GCGTGACGOAGTTcACAOTTGTKAGTTTTCAACTAOGTTGTAGACTTTAC -3
avcamc'mccTcAAeTaTGJcATTcAAAAenanacucncmuna 5

t POLYMERASE CRP PROTECTION 2
¥ galp, -40 & 280, L o-20 ¢ -0 - +1 mRNA
Al == ; e
> 5-ATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTC-3
3- TAAATAAGGTACAGTGTGAAAAGCGTAGAAACAATACGATACCAATAAG-S _
: . . Li . +1_mRNA
crp -40 -30 - =20 =10 ’——-—g
= : - B
5-GAGACACCAGGAGACACAAAGCGAAAGCTATGCTAAAACAGT CAGGATGC-3
{_ 3-CTCTGTGGTCCTCTGTGTTTCGCTTTCGATACGATTTTATCAGTCCTAGG-5

+10 +20 © 430 +40 +50 °
" J .
5-TACAGTAATACATTGATGTACTGCATGTATGCAAAGGACGTCACATTAC-3
¢ 3-ATGTCk\TTATGTA‘ACTACATGAQGTACATACG":TTCCIG,OAGTGTAAfO-s .
e B ) L 5
: : + v 85

POLYMERASE PROTECTED crfprotecTED
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)%and speC ing ornithine d ylase) genes have been

shown' to.be negatively regulated by cAMP:CRP (Wright and Boyle, 1982).
5 o -

They also showed"that the specific activity of glucose-6-phosphate debydro-

" genose was decreased when cAMP was added to the growth medium of & ey

strains of Ecoli but not whed added to the growth medium of & erp sirans.
Boyle et al, (1985) further demonstrated that speC was indeed regulated at
the level of transciiptidn, using coned copies of the gene in'a. minicell produc:
ing system and in an in vitro transcription and translation siveni by asiiilie
in vivo mRNA concentrations and by assessing the effect of cAMP and CRP
using  promoter ‘fusion plasmids. Recently, Jovanovich (1985), LAY

fusions, showed that the cya géne in, Salmonella typhimurium is 45 regulated

’ neg_atively by .cAMP:CRP.

There s a striking homology among the DNA sequences that CRP récog-

nises in negatively and positively controlled genes (Figure: 1.3). The consensus’_

' sequence for the CRP binding site in yositivelx:régu)ntmi genes (lac, -ara,

galP1, cat, deoP ) is found on the non-coding strand, . whereas, the consens\}s
sequence in hegatively reg\llaled gens (galP2, ampA erp ) is found on the cod-

ing strand. Preliminary data (yersonal commumcauon‘ SM.Boyle) on the pro-

.. moter sequence of speC agree with the above observation. This correlation'sug-

gests that some relationship between the orientation of CRP binding site rela-

: . v
tive to RNA polymerase bindjng -site and CRP f\{nction may exist (Aiba,
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The junction bending or kinking of the DNA molecule proposed in Section ,

1.5.1 (Wu and Crothers, 1984) as a plnusibl!’mo{l to explain changes in DNA

structure on ¢AMP:CRP binding fits in with the above contention of Aiba .-’

(1983), and is schematically shown in Figure: 1.4. Although binding of -
cAMP:GRP-to the non-coding strand can increase, RNA polymerase atemetiod
rwxlh,promnter DNA, in'a manner ot clearly understood at lhe presenl time,
the binding of cAMP: CORP to the coding strand would kiak the DNA molecule
in a manner shown in Flg\lre: 1.4, probably uusmg a steric hinderance and

thereby decreasing the binding of RNA polymerase to the promoter. Adbya

~'and-Garges (1982) suggested that the negative control by cAMP:CRP can best
“be exp!ainud by a competition model, between RNA polymerase and

cAMP CRP on over,hppmg sites op the DNA theréby preventing transcription

mmamm The resllhs of A!ha (1983), Wu and Crothers (1984) nnd Boyle (per-

sonal communication) do. not-support the contentiof of Adhyn and Garges

an best be explained

(1982), that the negative regulation of a gene by cAM]
as lhe:resuit o‘f a simple competition. ‘The-dual antiona‘l role of cAMP:CRP
is not. an unique pjenomenon, since other examples are known. The draC gene
prodnct acts both as a positive 'and negative regulnor of araEAD operon (Lee
etal,, 1981; Ogden et al.; 1980; Cass et dl, 1020). The araC gene product
-npj)eals to’exist in two Ighctioll_ally.s;tivé conﬁkuu'tions, that of a repressor or
that of an setivator (Englesberg, 1071; Englesberg .Fd' Wileox, 1074). Transi-,

ticn from one state to the other is rﬁedif;ted by the. induder folecile




‘Figure 14
S

diagiam the m ;
po-m'a and negative regulation by c¢AMP:CRP by

kinking or smooth bending of DNA. .

Kinked DNA™

Positive regulation

2
== NA tholecule
[}

N = Non-coding strand
C = Coding strahd

. A'= Smodih bend DNA '

Negative regulation: -
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# bmdmng ‘the'samé DNA sequence in the arav promoter. This is an’ iitérest:

" promoter'to repr lrmlcnphon ¥
5 :
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arabinose, which whea botnd th the ereC gets produc transtorms the protein
into'an Mtivmr of the araBAD opemn."Using vuriﬁe;i araC gene product Wil-
cox and Meuris (1910) and Lee et ul (19&1) concluded from DNA pmtectlon
and compemlon expenments wnth RNA polymerase - and ¢AMP:CRP
(cAMP:CRP is a positive regulator of the araBAD operon), that the araC g;ne
product in its activator or. repmsox form (bued on activation or repression of:
the araBAD opemn), Mu 8s' & _Tepressor for the nrnC promoter, ie. araCis

negatively mltoregu]ated by the araC gene producL in its activator. or ln its

représur state Thns a,ppem to be mediated by Lhe protein (in” enher slnte)

BAD promoler, one that mmam tunscnpuon nnd the other that npresses

: trl.nscnpnon, while in zlther state binds to" the same sequence of. the nraC

1.8 Glutdinine synthetase:

of central i

ohe hand itisa ﬁr}msry intermediate i the assimilation 6f hn’:rrlo'n

'the other;it serves as a source of mtrogen in Lhe blosynthesu of ‘puriné md

pyrimidine  nucleotides, ‘of most ammino nxds, glucmamme-&-phosyhste,

.. ing fndiag, since ihe aaC'gene product binds'totwo separate sites on'the ara-

aminobenzoic acid and of nicotinic acid dérivatives (Stadtman, '1973; Wulff 2t -
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) : 3 x4
' al., 1967). In order to accommodatgjthese diverse functions, E.cali and other
Gram negative bacteria have evolved ‘a multi-eizyme cascade system that is

able to sense simultaneous: chaniges in the conéentrations of many different -

" metabolites and 16 integrate their combined. efects so_that’the catalytic _

activity of lutamine synthetass can be adjusted continiiously to meet the ever - -

" - changing. demand for ghitmine. The cascade.system involves the cyclic adeny-

‘ktmn and deadeny]mun of each of the' twelye snbumts of glutnm synthe_-;

idylation. and: deuri ion of &

“tase (GS); the other éompione involves the

ilates the"activity of the Gs.denymmg enayme (Stadt-

@ . man, 1915) For nn;' metnhohc condmou,’m/steudy state wnll bé eszabhshed in

" which the ratés o the Iorwanl ‘step ml n:genernhun step w.u be equal hs

noted by Stadtmian sad Chock (10788;°; Stadtman. f ;um) and clmek, ¢

md Sndtmm (1918 only shght lunct, ; lacnvauon ofa converter enzyme 5

K by -its poﬂuve sllostmc eﬂector is needed o obtun s;lbstanlnl covalent‘

modlﬁcahon of un mtuconvemble euzyme, nnd hence s cycllc c&'zcidc ‘of thm ;
|
ax’;ppnmue slg‘nd nmphﬂ ation’ potqntml with'respect, ‘t6

. soﬂ. would hlve

d che eﬂem of . pril

: zny one ol’ the: molecules -which denve an amino grouy rrom gluumme The

: blcych cnscade is shuwn in F]gure 1.5, ‘This dynnmlc concept is supporled b

the in mlm nnd in vive n\ld\u (lummnued in Su.dtnun et al., 1979) that

% " show the avenge ﬂ.nte f denylation of E.coli gl ine synthetase varies in

B
of varicus .

in & manner’




latiop 7 ‘synthe tl‘uou‘;h
s bh.-yclle :mlde. =

UR is the undyl removing 1nzyme sad UT is the 'umlyl tnmsfenne, as = glu-
tamine synt/ ATa is the enzyme ‘that adenylates GS in its
‘adenylating mode, and AT i is the same .enzyne in its_deadetiylating miode.’ el
and e2 are effector. eg i (el) and (é2); the

ions of which whicl modulate:th latior of Ahe Pn proltln. which
in turn regulates the GS sdepxht!ng ‘system.,

f s e ]
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predncted from a thmretlannna.lysls of the steady state model 1Chm-k and

,sudzmm “1678). .
. . 5 '
The gedetic studies from the laboratory of Boris Magasanik can be sum-

marised as follows: 1) glutamine synth is autoregul gatively by the

adenylated form of the enzyme, 2) glutamine synthetase stimulates the syn-
thesis (in' its deadenylated form) of enzymes responsible for Lhe'degndntion ot
amino acids to glutamtte. 3) in'its deldenylnted form glutamme synthetase is
& repressor of genes that-use gluhmme and glntamue as an amino group

donor [Maglnmk e al., 1073; 1974; Mngnsanlk‘ﬂud Stadtman, 1980;

Magumlk and Rothmm, 1080) = i —

The reg\nlnory activities of glutamine éynthetase are an elegant example

cascade effect. Starvation for ammonia brings about deadenylation of glu-

* tamine (Ginsburg snd Stad 1973; Woh

1973).
This’sm-fnion also ‘cunvert: glutamine synthetase inw 2 form wh:’ﬁ Enzy-
matically active but can no longer”repress the synthisis of ghtamine synthe
tase. The ineresse in the level of this enz);me brings about repression of the
syStliet ofglaudohy drogeciie, e [AIEHAR ol ittt o6 degrading
enzyme systems (hut; put, sut etc.), snd of trapsaminases thl are capsble of
producing glutamsite (Magassoik, et al, 1973; 1974; Magasaiik and Rothstein,
1980} ' ] .
" The results from the lsboratories of R.C.Valetiné, F.-Ausubel and
- ’ T —




s
W.Brill clearly demonstrate that nitrogen fixing genes (nif), in nitrogen fixing
sirains of Cloatridisim, Rhizobium and Klebsiella are regulated by glutamine .
synthetase (McFarland ef al., 1681; Tuli ¢t al., 1982). Thus it may be that, in

a sensé, glutamine synthetase is ultimatel ible for all nitrogen assimila-

tidti-gince the nitrogen®cycle begins with itrogen fixation.

Ve

v a

17 Objectives:

Glaued copiss:of ‘genes ensoding orfihine )jmrboxy!ase, irginine decar-
boxylas nd sgmatine ureolydrolase were selected. by the ability of the
plasimids thet camy them t6 confer elevated levels of enzymanc activity to the
bost -lls (Boyle et al, 1084 Tabor o at, 1083), Using inicells, they

identified the pioteins ecoded by these plasmi

, including 38,000 dslton
protein, which was deduced to'be  sgmatine nreohy‘drolue Although ornifkine
decarborylase’ (Applebum et nI 1977) and argitine desarboxylase (Wu and
Morris, 1673a;b) have been puried from'E.coli cells and stydied extensively, '
ilmost nothing i'known thout sgmatine ureshydrolase. Therefore, it was pro-
posed, to purify sgmatine ureobydrolase aid to assess some of its phyé'ieal and

+ biochemical properties.

Wright and Boyle {1982)- showed. that the synthesis of omnithine decar-
i

i bu{yl'ase and -afginine decarboxylase are negatively regulated by cAMP, and

suggested that agmatine wreohydrolase synthesis might also be négatively regu-

lsted by cAMP. It.was therefore proposed to assess the role of eAMP in the




d ‘ ” - )
regulation. of agmatine ureohydrolase. It was also proposed to assess the roles /™
of precussors and products of- agfistine metabolism o the régulation “of
. » i

omithine decarboxylase, arginine decarboxylase and agmatine ureohydrolase ‘

synthesis. Prusiner et al. (1972) that glutami h and

other enzymes of gl ine biosynthesis were negatively regulated by cAMP. T

Polyamines contain- amino groups, and agmatine and putrescine haye been T
shovia €0 provide sabstrates for Uis'shzymes of the iitrogsn aasiitlatory pathe "
ways in Klebsiells pnewmoniae snd _Klgba}cua‘ serogenes, (Friedrich and
" Magasanik, 197; 1670). Therefore; it was proposed to exemine the possibliy .
that glutshnine synthetase itself ‘might mediate ‘the negatiVe reguiation: by ;
. CAMP of pol);smine biosynthetic en:yn;e sﬁtlﬁesis. ) . .
Following the demonstration that JAMB:CRP al_)x;eared toactdirécfly st -

the lével of transeription of the genes, various in vitro studies were designed to

N assess the sites of action of agmatine, putrescine and cAMP:CRP. Promoter

.+, location and the direction of transeription were also studied. An in vitro tran- ' -,

seription and translation system and the mifficell system were employed to

assess whether the roles of the regulatary elements were direct or indirect in

S the synthesis of ‘agmatine hydrolase. M RNA co ions in Y ey
. ; -
whole cells, treated appropriately, were analysed to confirm that the regulation .
ws indoed at the levelzof transeription, this was extended further by assessing . - =
' f )

K e
the effects of cAMP:CRP, agmatine and putrescine using fused, genes of speB -

- and gther lacZ or galK. . ’ . G . )




, 2.1 and Table: 2.2, resrggctively‘.

’ Mgler, ) For the ‘, orminati D of argmme

Chapter 2
'. Materials ahd Methods
2.1-Bacterial strains and plasmids used: 5
c., i . o

"The baclérial strains and plasmids used in this study are listed in Table: '

.

2.2 Ba ;rowth and prep. jon of by ial

e

Al cultum were staned‘ [;om a smgle co]ony wlnch had been phenotypx-

' cnlly,charactenzed on nppmpnate media. The ]aner were made as follows: -

al plates (Neldhnrdt el al., 1974] Luna\sgnr plates (Miller, = p

east :xtmct trypwne plates (MlIler, 1972], MacConke) ngar pl:\l&

: {Mﬂler, 1972), M D minimal agsr plages (Miller, 1072). Glucose, ]actoso. mal-

se, galactose or glycero} were added at0.2%: Ammo acids’ we added a! 50‘
ug/ml and mhblohcs at 50 ug/ml L5853 (Acya] and L5854—l (Acyn Anp)

were hmher characterized on MacConkey agar plates contmmng 1mM cAMP

and 0:2% lncwse of naltos
Cull\ués in liquid medin'were grown ‘ivernight at 37°Cin 3 reciprocating

water- bnh usmg either MOPS-mmlmnl medium or Mﬂ-mlmmsl medmm W\lh‘

k3

glucosn a8 the‘ wltﬁcarbon ‘and enérgy source. Thm were used to lnoculate." it
expenmental cultiires (So-loﬂml\ in 250ml ﬂasks)rta an absorhance of 0025 g

* 0.050 at 575 nm. Growth was’ fallowed spec!rophutometncnlly (anrente nnd/

—

3 agmntme

Balt .

uyeohy rolase and ormthme decarboxylue the eulmm ‘were grown to an '
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- ’ Tablei 2.1
. « ' Bacterlal strains used:
Qrgmhm Genotype Relevant Source or
Reference

. Phenotype
A. E:therh:hh coll o

CA84-85 Acrp,tﬁx',zp{b ~_ CRP,Str"
"E“CIIAS“ Aa}gﬂ,A(pré-lnc}, Argrep”,

+ . (drgAcilacZ) N

ET8000 °  rbs,lacZ:IS1hut®;
< nalA

N\
ET8063 5. xbs, lutZ nalA UTase", B

= Imt‘,ylnD Trdg VLowAdGS
ET8348 AglnArb,lacE: LGE
) ISthut® nald. © ¢
ET811 ° ginGrbsocZ, High ;

e \ISI,_Imt < ;nald. dead.GS,_

T BTeesy ¢ vbelecZiIS, - low
. hul‘,nnlA,glnL:-u sc_l.GS. .
ET10843 rbslacZnald,  Vhigh
. hut¢,gil . Ad.GS

* HB101 projleu,thi, Lac-
. 5 rpaL,hadR, hsdM, 2
. ara,galK, zyl,mtl,
lacpupE;recA. -
* HT280 lewthr;Aaped, .’ ODC- -
AapeB, AapeC, ADC"

. Fraser B
and Yamazaki (1980)°

- Smith Kline and
+ French.Laboratories; .

. Philadelphia.

Dr. Douglas MacNeil,
Merck, Sharp and
Dohme,Rahway, NJ.
(Bachman, 1972)" .

Boyer cml
(1960)

‘ /
. Hafner et al.
1979)

. Dr. Thomas Eckhatdt,




LR Agle,had, thi.

HT322 thileuthrihya,
hsd,AspeA,AspeB,
Alpcp‘,Aylc
HT328 " thrleu,hed,
= recA,strd,Asped,
AspeB,AspeC,Agle.
; 4 a
_ IMios Alac-pro,thijstri,,
vr - endA,sbeB15hadRY,
supE, F'traD36,
PproAB,laclgZAM1S5.
LS340 trpA, his-85,metE,
. | RO
- LS8B3, - trpd,hie-85Acyq;
Lo < iR
LS864-1 - trpA,his-85,Acya,
S erR,Acrp,rpaL
MAYT L thi thr,lew his,serA,
rpsL,mal
MAL3S  thi,argEbis,trp, pro,
rpsL,speB,mal
MAIL83 % thi thr i, rpsl, -
% apeA,mal :
MAZ266 lhl',lhr,leu,agec,
speB,mal
MRE800 ~+ glu,rna’.
N100 prorecA

AgalK

PO7T854 " thel, leuB6,mind,

\
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AUH
0DC-ADC",
AUH-

0DC-,ADC-,”
AUH- RecA”

Lac™Pro* *

CYA-

CYA
CRP-

- AUR:

ADC~

ODC-AUH-

RNAase™

‘Gal” i

.

Minicell

P.L.
Biochemicals |

Brinkman ef al. (1973).

This work

Maas (1972) .

%4

Pratt-etal. (1981),

Dr. M Rosenberg,
Smith Kline and French
Philadelphia.

. Adler et al.




T

#hl',niﬂ,hcy,pnl, . producer *

alA,zyl, mtl,minB

rpalytond,azi | .
UW44 : Biodegradative
v ODC and ADC
K;u' Reference strain from ce

» (1967)

Applebaum- et ;:L‘ o
(1075). ¢

lter -Dr, D. Bre;m_er‘, ' .
for Disease.Control,” 2 . Center for Disease Control,
Atlanta, Georgia. * \ “Atlanta, Georgia. * *

&

' by 0 53 \\
/ B. Baclllus subtilis " This laboratory .. " L
. o sborete® o
v
Ia %
1 R \_\
. o .
. K
A\
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‘Table: 2.2
g - " Plasmids and viruses used ’
Plasmid/virus Genotype i Source ‘or Reference ”
pBR322 . amp,tet * P Biochemicals . !
pEC1402 : kan,argR Dr. Eckhardt, Smith '
2t Kline and.  French
" £y = . Laboratoties, Philadel-
. mrit . . phis.
4 7. pKAB’ . tet,amp,speA,speBmetK - Boyle tl.t;i. (1984).
i e gemn 8 e . Tabor et al.(1083).,
pKAl0 . ¥ amp Dr. Douglas Mark-
B e 4 Ea bam, ﬁ"ox\-\ Chase = - ¥
Cancer Center, Phi-
. ladelphia. T
. pKAI12 amp,speBmetk Boyle et al. (1984). e
- 2 Tabor et al. (1983). - X
© . pKoll amp Dr. M Rosenbérg;
n % o, 2 Smith,” Kline and
* French Laboratories, ’
Philadelphia. .
pMCie0s . amp Casadsben ef al]
: T
- puUCS/® amp,lacZM15. ... P.L: Biochemicals,
. (Vieira and Messing;
iy p 1082 A s
U pLC(29-36) . " ColEt,ginA Dr. D MacNeil,
TN e 3 Merck, - Shiarp . and’
! N Rahway, ot H
i ks B . ‘e . A e - arke and Car- . 7 _
Feah ' e b vofflore) . o §
$ o ¢ : ; o : :
fa 00 . - . pKAl4. .. amp, speB . This work
) :




£

tet, apeA

amp,speA::galK

. amp,ap‘)eB::quK !

. amp,speBidacZ -

‘This work

" Buck and B‘oyle,_

‘Memorial Univ.,

St.John's,

Newfoundland
.

4 5

This work .

 This work

laez. "

1082)

This laboratory.

. P Biochemicals, -
(Vieira and Messing,
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. “absorbance of 0 75- 0.80 at 575 am. For the sodium iodide mediated lmmnlnh-

_ rsation nf RNA and DNA lrvm whole ‘cells, and for the delcrmmmon of [J-

> _and- 31 mmuu, the cultires were \ .
s .? 3= = - “grown w an Abwrbmce ol 0:: (5 050 nS'IS nim. Where indicated cAMP (1-10 =

2 mM) and lPTG (0.50 mM) were included ‘in the jl’wth medium. S~

- galunmdm activities rvported in Chxpur 4 and in Sections'10.2:8 and 10.2. 9 & -
were' de!emm\ed fron. lll! er\lde !xtruls pl!D!l’ld tq determme the ncnvu.y of -

agmatma ur hydmluc The' cells were harvested by cenlnl‘ngahon at A C, ¢ . F

-resuspendgd in nbnut 25 ml ol c&(ld MOPS-mnmmnl medmm and :enmmged"

: gam The wuhmx was repened and -the final’ pellel was’ resuspended m i .
\ . AL

: brenknge buffer (0 lM HEPES, pH 7 4 5 mM MgCl,, 5 mM dwhlulhmtol 004
mMpyndoxal phiosphate), whmh was, one fiftieth to one twenty ﬁl‘th ol‘ ongmal
e : cultnn volume. Al further mnmpulanona were carried out-on ice. For the

of 1gmat|ne eohy _ arginine d

and “ornithine -
W dun-lmxyhse cells were broken by " pmmg lhe suspension twice lhmngh .

chilled Amineo pressure cell, at 10,000 pounds per square mch The multmg )

s T snspenslon was somcned wnh a Virsomc Cell Disruptor (Mmiel 1&850) usmg 2’
‘ﬁne tlp probe There  were three somcnlmns ench of 20 seccnds, mtenpel!ed

s _wnh 13 period of one minute cooling ‘on ce, The cell debris und unbroken cells

i i N “ 'were removed by two successwe centnfugnmns at 12, OUOxg for.10 mmutes

3 )  For the o(:" jactokinsge and f-lac




’ udded and’ the suspension. was vortexed vxzomusly for 30—40 seconds The *

e " was used The reacnous were swpped by pl

5 toli_xemsed cells were-incubated for one hour at 37"

‘medlum cont

-6

exiract was returned to an ite bath. For the immobiliation u'r nucleic ‘acids

from’ whole cells mediated by sadlum mdlde, ‘he cells Were ‘grown ‘and then

chllled qukIy by the sd:lmon of an eqn l'

ng 300 pg/mlxof . and 20° mM

“in an [EC cenmfuge at4® C Tlie waslung pmcednres for the pellet were xdent- :

)
3 |cal to that described earher, but the MOPS medmm contained 150 yg/ml of

o .'f 1 30d 10, mM vanadium ribor le ';-m“fplex-. W ’

3 Eilyﬁduillyl: e SRS g -

the ormthm decnhoxyl:ue usay was that of Applebau al. (1977),va§

mmhﬁed by anht ‘and Boyle (1082) [Flgure 2. 1 ) ¥ 5%

“The method ol‘ Moms and Pardee [1965) wnh the follnwmg modlﬂcntlons .

mg the renctlon vessels ina bmlA

X mg wnver-bnh for, lhree mmnces The cuagulnted protems were: remov@. by

and urea was irdated in the ky‘ ion of the

2Th¢ lorimetri; e of: _‘ ureahyrlrnlue' '

a fume food, and lhe N

jshed; rozanMOPS‘f'

! nbomlclmlde comblnx (VRG) The. s\lspenslon was cehtnfuged for 5 mmutu .




" Figure é.x
Tha » : 0 . s . '
L " ornithine dcmbbqlne md nrglnlne decu-boxylue
oy - dendtes the.1C

bel in lhe mnlecule used to momtor the reacmns‘ B ;
roithine decaxhoxylne #
ADC arginine: decarboxylase’ ~
AUH = :gmmn ureohydmlne




i Ae

HNCHNC

: HJ\|'¢ ke
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urea to ammonia catalysed by urease, and determina':iou of the ammonia by

the phenof hypochlorite method (Weatherburn, 1967). More than 96% of the

,énzymic activity of agmatine ureohydrolase was destroyed by this denatumtion‘ o

process. To-check if inactjvation by heating itself caused a significant reaction

before dehaturation was complete, a control reaction mixture was placed in the
. boiling wstél:bgth ‘immediaigly after the tqzyn;e bad ty’ugx]rmd‘ded‘. To clieck it ) vl

LA o urea.was Iost d—-\;\'rii\k ‘heating; known concentrations of urea were added to the©  * .° (\/

was i Np urea ydrolysis was e
: observed ipon heating the tubés u,; io7 miputes (Figure 3.1)- ol men
'z.nne diochemical measureme <'>1 gati by T

*A sensitive mdloacuve assny desmbed by Morris and Koffron' (1867) ) was
modified to determine lgmtme ureohydrolase actmty dlmng pnrlﬁcauun and
._to assess the kinetic parameters of the enzyme, reported in Chapter 3. The
relense of 14C)- CO, h'om [guanldo“Cl agmatme was»mensured by trapping N
“the [C] CO, in ﬁlter pnper wncks saturated with Pmtoso] (New England”-

" Nuclear),’ and carried in the center wells suspended rmmlhe mbber stopper of .

 ‘the reaction flask. . P Cl “

Ko or' l 1d. Nc] ¢ 1
. .

A reaction nnxtme was pre'pm'ed as follows: 5 ml of remnon mixture con- "< - L

s o tained 133’-mM .{{EPES,‘ pH 1.5; 0.053- mM pyridoxal phusphate;, 53 mM




A\

s

i

=G5
MgCl,; 1.33 mM dithiathreiwl- 2.66 mM L-arginine, 125, pci L-[guanida-"(‘]
argmme and 1250 umls of urg'mme decarboxy]ase The mixture was made np'
in an ice-bath, and the reaction was suned b) mcubaung the reaction vessels i
at 37°Cina water-bnlh The mpubnuon' was continued for 4 hours and the
rcacnon was termmated by placmg the reamnn vessels in'a boiling water-bath ‘

_for” 1o mm\lyas Ipﬁ:amed proteins were ‘removed., by ctntnfugauon at

*.12,000xg for lsymes, and the supefnatant was used a5 the source of

* [guanido-HC] agatine. The source of Mgmme decarboxylnse for uus prepara-

tion was  dislysed erude-extract of 0, Ecoli strbin HTazs 1AapaA AspeB,
AuyeQ which-was transformed with plasmxd PK.AIJ which camed only' speA
(the ‘gene for arginine decarboxylase). it nstopied shea Whien giowi

LB with 0.2% glucose exlubned 8 12-15 fold highereactivity ol arginine decar-

boxylase compared Wﬂl other E.coli K-12 strsms carrying a single gene I'or

urginine decnbuxylase. The crude extract prepared according to the method of

o Sechon Z},,Lloly these tuns(ormed cells w? concentrated to 7-10 mg

protein/fnl by filtration through a collodmu bag (thle\cher and Schuell) which

has a cut off limit of 25 kilodaltons. *

In the preparation of [guanido-1C] agmatine nearly 809 of the arginine

s deoarbsRyIated; ThisWas 4 e docamasil

as follows: Arginine:de !

ncuvny was monuored in a similar rencuon mixture (0.2 ml), but. contmn\ng
L{U-Me) nrgmme instead of I,[g\mmd ":C] arginine. After, incubating .the

l\&mount of [C] CO, formed was
a . :

reaction vessels at 37°C for -1 hours, .t




/

,
N . .

determined, and was used: to ealeulate the concentration of dearboxylated

arginine. It was assumed tba! Lh; same  amount of L [g\mmdo—“C] agmatine

 was produced in the parallel readtion.

2.3.3.2 Assay of agmatine ureohydrolase:
N

o 0.2ml of the preparation of [guanido-1C] agmating, 0,01 mi of urease

(2000 nmts/ml) (Sigma, Chemical Company) and'0.01 ml of agmatme sulphue'

(250 mM) were added. The.reactions’ were started by. sddmg up 10 0.08 ml.of
the enzyme prepamhon and p]acmg the reactmn vessels at 37°C. The reac-
tions were stopped by mjeclmg an equal volume of 10% trichloro acetic acid
ATCA) through the stopper into th reaction mistars, The vesels wereinu-
bated for an hour at 37 C, and the cénter wells containing the filter paper
wick ;md the protosol were cut; and placed in scintillation vials contnmmg 10
ml of scmtlllent [4g of PPO (Slgm/ehemlca] Company) ||| 1000 ml of toluene
(British Drug ‘Honse)] ' The r/aéxoacumy e 1 usinig# Beckman
LSBMD hquld scmtillaﬂou ;pestrometer The reaction camlysed by agmnzme
/véohydrolue is shawn in Flg\lre 2.1
\ N A

2.3.4 Preparation of MgCl, depleted reaction mixtllg-e’ls:

In order to assess the effect of various metal ions on aginatine urechydro-

lase activity;. 1 1e Tadioactive assay descnbgd in 2.3.3 was modified by prepar-

ing [guanido-14C] agmatine in an extract lacking added MgCly, This Was possi-
ble because argipina.\decnrbnxylase@ll possessed 30% of jits enzymic activity




* agmatine ureobydrolase act

in the absence of added Mg?*. Therefore fo achieve ‘75% decatboxylaticn
\
arginine the reactior mixtures without MgCly were mcgbazed for 6 hours}at s

kY
37°C. Th\s muxture was deproteinised and used for the delermmanon oI

y as deseribed in Section: 2.3.3.1.

2.3.5 i of i hy activity’in fr

column‘:hrpm-togriphy: i B . .

In order to sereen for agmatine ureohydrolase activity in fmmgns Lo
i Sy i

rbtalasd Hom: golim shromatography, s gua Fhdiochernical method

was used. A reaction mixture contammg 133 mM HEPES i 7.5 0053 M
pyridoxal phosphate; 53 mM MgCly 1.33 mM dithiothreitol; 2(56 M - S
argininé, 5 i L-{gusnido-HC] arginihe and 50 wiits of arginisic dee'ar.bo;ym;e‘g
was incubn.te;i at 37°C [or 15'minutes. To 0.2 ml lots of. so}u&icn, 0.02 ml con-. . .
taining urease (20 units) i ;gmaung‘sjnpmiee (i25 mM) was. added, ‘aid

these: were placed in’an ice-bath.,A sample of chromatographic fraction (0.08 .

i) was added, the repction vesiels were stoppered; The sioppers cnnﬁed papex

wicks soaked in 0.2 mi of Protosol (New-England Nuclear) in a ‘hangig, center
well A sel of reactions were started by placing the"Fessel in 5wt
371G, aind.these were incubated for 60 minutes; sad then the reactions weso
simultaneously terminated' jy pl;’c;ng the, reaction vessels at'100°C for 90
seconds. The reactions were quickly ‘chille‘d by phtch!'g the vessels in an ice-

bath. An’equal volume of 10% TCA was-injected andthe vessels Wwere incu-. :,
-y o



leas\W nnnlms (Flgure 3

1, 30 .mmnu_ mcp:b:uc_m, P







chloumphemeol (Slmu Chemlcll Company) to.

ﬂnnl comentrnlon of 170
‘;r\ug/ml as dacnbed by Clewell (l972) The extncuon a.nd pllnﬁcntmn ol

‘plumld DNA ‘was :clueved by the .xmme extracuon procedm descnbed by

Bn'ubolm and Doly (1079), modllied as descnbtd bWanntlx el nt (1982)

* Further. purlﬂcntlon ol the mpercmled DNA was done by bouynnt dens\t& cel

: 2 i
ion “in- CsCl »gndnenf.u inil ethldmm bromxde (Maniati }/ef al,

N ST
[ " SRR

2.8 Tranpformation: = . * B "y

B.coli c‘.'cl:h;wem prepared for tnnsformnhon by lhe melhod of Cohen et :

b’ (lv‘l‘Z),/umodeed by Dlgsrt and Ehrlwh (1810),

27 Purification of ehrombsomal DNA lnd tatal RNA-'-

tal RNA ‘wag p\mﬂed Imm Ecolr MREBOO (Gopslknshnl et al.

i 1981), whlle chromosoml DNA was pur[ﬁed fmm an E coli: KlE lsol;te and




. strand nuclease) (P. L: Bloehemmnls) was

- from E.l!ﬂfl"l:l by the mei_l‘lod of Mum:ur (1981);

28 Endonueluu d};utlon uud Ilgulom N

Rmnetlon tndomle ase digestion- of- plumld DNA lnd the ligation of

nied' out .ccmm‘ng‘w’iha metho

of Maniatis et al. (1082) o n %5°c wnth_

Gmlts ol enzyme and Sug DNA (e £
Psll . dl;-ted meH) :in a 0.1 mI al reaction mixture, S1. dlguuon of res-

4 ulqled NA-was cn{rled out u_nly Wwhen the restnctgen dlghuon caused a

o i €555 it




- (bacterial alkaline jmmobilised_ on
v

:(wuextrlctedwnhphenol L 3 o = 4 S

-72-?

= i
sin;le stranded end. 7

5 The Klenow Inzment of DNA polymerue I (P L. Blochemncals) was, nlso'

\,{;d? to remov

amgle stnnd‘ed ends by ﬂlhng in ‘1he teessed 3’ ends. A typical

reaction mixture conca,ned 2 units of thﬁ _enzyme, 10 yé of EcaRl restricted

pBR322, 20 mM Tris-HOI (pH 7:8), 0.5 mM EDTA, 10 mM MgCl, 10 oM

dl\{TPs .n'd 1 mM dithiothreitol, an,wu'ineubated 520" C for 30 inutes.

2.12 Dl;uthn‘ol run'leted DNA yllth ;Ihllne pholyhltmx '

The 87 phosplute group was removed from the restncted DNA with either

calf itestinal phosphtase (Bethesda Research Ls ies) or BAP-MATE

bmdg) (Bethesdn

Research Laboratories). Thekuctions were conducted according to the recom:

dation of the manu The dephosphorylated DNA was; heated at

70"C for 20 minutés fo destroy the calf intestinal phosphatase activity ‘qod

was extracted with phenol as descnbed by Maniatis ef al. (1982), ta remove,

pmtems BAP-MATE lrea!ed nmples were cenlnluged und the supernatsnt,

218 A;;rou gel el;elrophoreall.i :

Agarose, gel electrophoresis was carried out in 0.8 or.1.0% (w/v) agarose:

“S6r it Jow melt. agaross (Bio-Rad), in Tris-BorateEDTA buffer (Maniatis ¢t,af,

1982). The gels were run hnri‘zémn/y at room température, stained with ethi-
t . gy . ” T :




%5 R

’ diu;h ‘b‘rom’ide a3 described by Maniatis et al., (1982), nnﬂ photographed with a

ved filter using a polaroid camera with Kodake660 film. The:HindITl restrictiun

bndonucleue dlgutl of lambda (P L. B.achemlcnls) nnd the Haelll dlges!s of °

Mannkieim. Csnndn) were used as fragment’ length stan-

= dlrds The dnsui:m migrated By thet. sesiriction fragments of the bac...

teﬂophge DNA were plotted against the lognmhm o( their slze (base pmrs)

This Vi wsed -4 ine the sizes o the sracterised fragments froim

their distances ol mlzrllmﬂ "The lengths detzrmmed were confirmed by usxng

the:NA2 Nuclelc Aci

=" fion sites Determinédifrom the analysis of the sizes of the lrngments geuernted
by slngle and multiple dlgesuon “of the DNA ere conﬁrmed by usmg the’

MAPC/MAPL restriction mmpmg pmgmms in Fortnn avn]ahle on VMS (m

the ICR sequence program package) coinpiléd nd integrated by: Holly Cél "

and Peter Young of the ch Chase Cancer Center, Phlladelphm

Analyser (Bethadn Resenrch Labomwnes) The restm- ¥

nptad for

e st Memorial Umv!mty of 'Newfoundland by Douna Green of- Cnm‘puler ;

ber\'mes, Faculty of Medicine, Memorial University of T
4

The fractionation of proteins by PAGE in. 10-15% acrylamide was per-

lorm:d according to Ihe method of Ll{mmll (1910) a18°C wnth 0. l% SDSr

‘n‘.u:-L__k gel electroplioresls (PAGE): |

Radiosctively labelled pmzems were detected by nutoﬂnorognphy (Bonner md P

‘Laskey, 1974). PAGE under non-‘denunrmg Gonditions wnvcnmed out:accord:




" the polyatrylamide-gels were sumed with Coumusle Blue nmrdmg to the

5 )
.method o( Llemmh (IWOY The denntunng gels wera n]so stmned wnh s\lvor

n tn!&-l{:eor@lng the method described by Switzer et al. (1019) Rnd)oncuve

proteins for- use as mlge\\lu weight standards were obﬁﬁed ffom. Amersham

; \ : 5,
C ion; and the non-ragioacti dard obtained from Pharmacia
mect-em.cals e \ 5 SRR gy B Fos g g
2;15 Recovery of bNA fr \ from low-melt  agaroser - : 5 :

Restncud DNA was scpuatet{ on low-melt l\glrose (Sigma  Chemical

Corpany}; and’ & ’seition “of the sgarose gel was \stained with ethidium ¥

B \ \ .
- brorgide. The desired fragment wu‘cut\.\from the unstained section of the gel, . °
“* N - X

> and isolated by the .method recommended by the manufacturer. of Etutip-D,
H R

columas’ (Schleichér and Schuell). The DNA was pm{pnmd‘wnh ethanal at

room tepenwre, the supexnunnt was decunted and the pellet was redlssolved

~in’ DNAue fiee water. Ie was. e1ectraphorued on an agarose gel, stained .

. .a.nd the i’ntensity wg\pnred visually with' that given on the same gel by stan-

DS =LY Pnrlﬂelﬂon snd diclabelling of protelns in

The purlﬂcmon ol mlmcellx was done accordm; w the method of.

-Schoamnker -nd Mukovm (msu, u modified bLBoyl et al. (1984). The -

minicélls. ‘wers.

re—mcubnted ,/lorv-ls_ hours - to ajlow the\de\gmdniq;{ .of




5

A x - : 0o o
endogéncﬁs mRNA \nd were Iubelled accordlng to lhe method desmbed by

i

Boyle of al. /(1984) using [**S) methionine as ‘_" a dia in Flgd: )

ure: 0.1.. The mcurpuntmn Was lmeu;ln mmue‘lls ﬂurymg pBRSz" or pKA5

" for'st Ieuz;porlodous minutes, (Figure: \H) o o, _’:» by

2;1ﬁ1 Cal free tnn'erlpﬂnn and trn.nllltlow

The coupled tnnscnpuon and translation system used was that descrlbed
by’ Zu‘hly (1973), as modified by Collins (1970). Pratt el al. [lDﬂl) a.nd Pratt :

- > (1980 Wl!h .’ulg pKAﬁ, apg pKAlO or 2,0 pg pBR(ﬂ!‘u uupermlled plusmlds ’

(Figure 8. l], or ‘with- 5. 0;1; pKAS or 00 Heg pKAlﬂ as hnenr !rngmenu (

nre 8. l), the mwrporatwn was lmear !or a penod of up to 35 mmutes (Flgure

) Ruimnchvely lsbelled p‘mtems were Analysed on 10% PAGB conlunmg o




5 )
DNA probe (Secuon . The hybndlﬂed probe DNA was removed {ollowpng

auwnd\ --phy by plumg lhe ﬂllen m boiling ﬂDleSFE |'0 0015 M NACI'

0000151’4 sadlum cmlte, 1 mM sodmm phosp]}ate buﬁer, pH 70 and 1 mM

-
EDTA) fnr 30 secondx 1G|lleep|e nnd Bruur, 1983) and, dned lor utvrn;a

Thcse ﬂllus Eollld then bu rehybndued\wnh nnother phsmlrl DNA.

210 "P Lnbelllng of plumld DNAE UL oma

Plumld DNA was' nd{oncuvely lnbelled by nlck translnmn, usmg a kn
el Do M purchnszd fom Amersh

lnc The method was" lhll glven by the mnuhc-

!

e solution in the bag W wu plmyd wnth oite’ conmnlng the radmnc—

tie probe DNA (Boyle ‘ef.al., 1085;" ngM And Boyle, mm) Hybndlsmon

was ;nqipd.out at 45°C for 24‘hans. Tl\e filters were .preparéd . for

s i e




C. The precxpnnpe (‘ormed wu‘

..mm ilddluon of thie

%
i 4
I

’I‘he prulpnne was, agun uﬁanted fmm thl supernnum. by centrlfu(l







ing dialysis for '16 Kours against cro four”liter

fits, an&‘wu then appllnd to the Eolumn This

raw 0f.0.8" ml per mmnt The protems

ad‘ nt.of f1:n$Hc| pH 5. The concentratmn




' Wlth 200 mM Tns-HCl,

H -7.5, co'pf i




R

BB f‘washéd with 100:

of either pnly‘l;nh‘er 96, pH 7.
e, %

“icals), and 2.5. mlj were, b!!qcted The:elut;
« . :

Vdeter_'rmned, and Z.’S‘M Tristh

added to }He(l}mvﬁg_ns toa

“formed as' described by -Clausen" {196

5), 0.'M NaCl ind 0.01% Sodiim adlde.

dioactivity.from

" tion Was soaked ovel

“"tine, and the extracts were assayed" for:en;

“method &S described by, Long (107
illation “vials

i




were traced on.d "Cor ing scanning densitometer (Model

: e |0
peaks “were ‘Gt ob!llndﬂn_eighed. The :

ere taken as’s mes-




Chapter's

k3

' - Purification and.Ch tlon of Agmiatlng

3.1 Introduction: -







: 'o =ihu, is- Gh zymic mmty of. ‘mme nmiydmhe dmmd
ueudm[ to the colorimetric Mind described in Section: 2.3.2. Smei
o) ; ,
















“Th
: oh\‘th. activity of agmatine u; hydrolne

fe (A ¥ rnde a:mct of L$853 grown in MOPS minimal medium:

(B)= Crude extracts of L5340 xmwn |n MOPS minimal' medmm ith: (O) and
. without (@ ) agmatine.
rude extract of Lsssa pnvm in LB medmm
* (D)= Purified sgmatine ureohydrolase (stage: 8, “Table: 32). -
Enzymic activities in (A) sid (B) were determhed Lm:ordmg to the o
“method described in Section: 232, and the in((
. the mhochemlcl muhud dw:nlml in, section 2:3.







2 72 and 5 when HEPES-NnOH or Trls-HCl was med Thererore rtutlons

| were muunely yarformed in HEPES—N-OH at’ pH 7.5,

2. 333} _\‘.he nny was perfmmed as deﬁcrlb&d in Sec ion:- 2.3,

o repll Ate reutﬁfy%m ures one or the enzymes (arg iné d nrbnxylaae, agma- i

[gun.mdo—“()] ngmxtme, zhe ¢mde exlruct. (stagr] Table 3.2) nnd urense were ‘ \ .

»‘ndded md [‘.‘C]»Cog relensed tors L—‘gnxmd

“01 drginine’ was s measured, o

the. -urease sysum \lmse wis ommed and Jin the ~enzyme system the par- E

il e u.uy punﬁed crryme (tege-5 Table: ) was omitted. The results are shown

in ,Tnble: 3.1 ATlie reluse of [Hg] CO was. neghgble in thie -mclmn lmxt,\lra.

S s 3 where nny o( the enzymu wu omnud The reslll(.s are: cox\sment with the




The efect bl"pﬂz;inv the ey
y natine. ureo)







U sepirately

AN
:)gnitited\ for each-of :thé:reattion:
. partially pirified one from stage-5, Table













4 Heat treatment'and. Tris HC trea

inaterial from stage-3 Was

and the enzymic ‘activi







“Milliliters "
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matine ureohydrolase dnrlng
3 an Polybuﬂ'er h ar

be ﬂgm shows the | protem yroﬁle (). as’ detexmmed by ;ﬂow through UV
che pH. gradient (---Q a8 determmed from edch fraction, and the enzymic -,

pphed m ehned ‘were:
(b)- st i ybnﬂer 74 (Semon
stage: Tmuten with polybuﬂ‘er 96 (describe m “Secti




00. 280nm. [—] *

.. rof




0.

-that in :h;e-l md lhn p\mﬁcmon was 3300 l’old (Table: 3.2, shgesj

“In s Search lor an -bbmmled method of punﬂmwn. it was noted that .

the chromatography or mnzml from stms (Tablz 3.8) gave-rise lo ngmllme
nreohydmlm with A pl of 55. The su;e 6 !w:tlon wu equllnbnzzd with

0025 M :&hmolnmmrHCl 1pH 9. 4) and nyphgd ‘to the Poly Bnler Exchsnger

mohydmlse was. ehlud in lucnons wnh eluate volums

= Blof55" u-‘.gm 37b)%’n the eomplete

¥
< lmm t.hc lml cllmmnolocunn; (suges) _As reequlhbuted and elnfed .wnh

polybulrzr ‘74 (pH 4.0),- Uluv wis. nbhmhen elution of ngmnne uxeohydmlne

3:2.8 The activation of: ydrolase during pu e







a Sephideryl ‘s
obmne from







3 ts wq;e used, bo calibrate-the ‘column . .
and: to ‘assess thp molecular el ight of nnne unzohydmlase. Molenuhr ‘wejght .
ad -

of ‘the fraction that ‘eluted-with the pro
‘eBzyme’arti ‘(y 8| ‘in, tlze ﬁgurw T
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] den;
ithe’ ﬁg\nre Ahows’l Coomassie- Blue smned gel. The' unsh:,ned ge!l’
was.sliced td de\em\lns‘zhe enzymic uumy “and is shown in h;ure. 3.10s8; |
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SDS PAGBdwmhuftm henrluu np-ol‘ pnrﬂuth- I
 agmatine umhydm netlvlfy‘nd PKAG encoded -

 Figure: (A): (a)=crude alru:t. (b)::-mmnn
‘_(d, e)::Szph ex G-100, v‘(r;

; AUHamznm ureo]
ADCﬂrpmpe dulﬂwxﬂue
uc=ﬂ'
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. )
[ 0GR the piesence or abieice ofgye aﬁm/ongmcme The sitivity a[

'_ ot the various i

.1 M Tns-HC}‘ (pH 7. 5) wnth or wnhout 1'mM ﬂ—mercaploelhnnn]

o Aganul.

24 hmm ona homs The enxyme nchvmes are shown i Table 3l Agmnme

: urmhydmlue was sz-bm,ed by lgmllme, but uuchvsted by }

5 memptoethuwl evenin {he presance of agmltme 2

RN a.a.u.s" _“mm-t-d'v 5 T

= The purified enting obtained at stage-§ was stored either at -0°C orat |

Rephcm pupm' ons conlnned ag‘matme Dialysis wascontinued rm elther ‘




<

{Figure 312

Analysis of the lpacm:lcy of meluerum lga%nst
y O

purmed

. agmatine

(C) .The center wel! (l) cnrned unnsenm raised agnm:t the!
vin (B) and the samples from. various ‘stages were the similat in!
(4):as i, whilethie sample in well (8) was the mn,eml from

heatln:nl)

purified
wells (.

‘?tsge 5

_Pr :vmmnne serum, (1 2) aqd (3) carned
8] =

instead, of the pre-.
he agarage gel . was.

th, Coorrzssie Blue.

7yme-as

,3) and
fter. hiéat .

A.
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IE G O A Stlhlllcy of AUH to utor-;e in the presence ‘or in the shuence & .
42 Y y

gmtlne and/or glycerol. . |

-GlyA:eml E
A

: ;| -20"C < * 4'Weeks 92 “ 03 i
1 e 4 "
5 Weeks,,, \. 9
e

20°C " 10 Waeks.

12 Wateks -~

“
Y % g . e
1=70°C 25 Weeks <. . 40

v EUR SaU L P L AR L

‘units of entyme w 4 in ahq\wts, gnd 3 :mples “Wefes
timgs indicatéd, T00% activity represénts’300 units‘of.
ined hy the methqd g 2.3.3.2;» priorto L




Stahmty or AUB on dhlyuh, l.nd the eﬂ‘el:t of ﬂ-merclptoethu:ol
on'its M:ﬂﬂty 3

v S B, S . Tat
P - : :

il oy Lot B i B
Period of - - Condition - - AUH

dialysis _“:agmatine , activity -

24 hours

48 ho\m .

3 24 hams

€ dctivity show is the (emmmng activify after
od of. time against 0.IM Tris-HCI (pH 7.4), 1mM ( 9
mM Tiis-HCI (pH 74)(3) Agmatine where indicated: (4) wis xnclnded D"
i i ion’ of- ImM. -100% to 830,
mad ‘according to th&n thod ducnbed in Sec Ay




'prepmmn contnmmg 3500 units/ml (600-u}). was mcubsted in the presence or ,

“ind the nbsence af 1 mM ngmnune in stoppered vessels at 30°C, 40 C 50 | o

65°C or 100°C; snd, liquots of 0.1l were removed at mcenfals w12 '
minuges: The sliquots were chilled on ice, and the remmnmg enzymlc acti z, ‘

i _wls determmed The results are, pmemd in F1guxe 3.13. The ehzyme was, S

FR el qulte stable at-30°C and 40’0 hut unstnble nt 50 G, 85" Nnd lOﬂ C AL e s s




@) = in the’ ﬂnence “of agmatine._The enxy.mlc Aetm&y was ﬁmnmned as -
seribed in Sedton: 2332, )




TIME (MIN‘.O:




L : 8 I" Agzs- ‘ 3 V. ; ‘

Table l..

- 3 Thdutofwbu.pobnnh-,nnhouldtnd
e Y el Munmmhqdmlmumhymlw







the_ activity obtaihed from a s;mple ‘dilysed. similarly without Fretreatment
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"The ell‘c:t of chelsting agents

—on the activity of agmatine ureohydrolase.

3

Treatment

A. .. Control-
EDTA treated.
- Magnesjum ; cblonde

PPE
- Zine chloride

% Remaining activity:

Magnésium chlonde
Manganese chlaride’. "
‘Caleium chloride - .
‘Barium _chloride:
* Cépper.chloride
-Zine ;cﬁloride

.

7 < .Control -~ ik
'EDTAnnl.ed&dmlynd,: SR

A. = En:yma was’ henzd

i mented:in_ the: reutnm mi:
_ED’L‘A tre:!ment (350 umu)

Sut EUI’A treatment and dmlysed against” 0 lmM Tris-HCI (pH 7}5)coh- ye

ing: lmM iKm\‘lll! and repment: 342 unlts of enzyme lcllvlty




!‘l;ure 34
Ll.nuvnver Burk ylot uf thn utlvlty of
.;mtlne llreohy lase.

bst 5
r-various—substrate det,

~The setivities of ~the—emzy, e
“mined aceording to the method-described in Section: 2,3.2. T:;::‘?e of the

.- velocitjes aré plotted against the inverse of the substrate’ concentrptions. The
~bars rapmcnl the range of activities: obtained from four sets ‘eadings. The
lines, were fitted for all experimental pomu’ in one set by a weighted least square
- méthod (Wllkmson, 1961). " In,the inset, of the ﬁgure the activity.of the enzyme is
plomd nx:m:t the substrate concznmtmn i od

1.
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. activity was pre’served' during heat treatment or’dialy

=134~ . : .\

a set. of regetionvmi ining i ing ions of agmatine.
The arginine concentrations, were varied from 5 to, 25 mM. Lineweaver-Burk

plots-for each-of a-set of reaction. (constant arginine concentration) are plotted

- in Figure: 3.5."In ‘order to determine the K; of inhibition by arginine, the

appuent K, for ngmatme determmed [crr'each of the arginine concentrations

s p]o&ted agunst the rupechve concentmnons of Lhe mhlbltor (Flgure 3.15

msec) The mhlbmon was of thie cumpetmve type- and thé K; was 8.4 M.

321613 Inhlhlti{:n by nrnithlne. v T

'l‘o assess the nalure of mhxbmon ol agmxtme nreuhydmlase by ornithine

and to: determme ihe kinetic constant,

3 expenment similar to the one
described above ‘except that ornithine (1-1Q, M) was used in place of arginine,

was carriéd out. The results'are shown in Figure: 3.16. Ornithine inhibited

" agmatine ureohydrolase activity.in a mixed mianner.

3.3 Discuesion: #
The results' presented in this chapter describe the purification of agmatine

ureohydro]ase* from an AUH‘ strain of E.coli (HT328); trans!ormed With a

p)ulmd (pK.AS) cnrrymg ApcB Agmmne ureohydrolase. was. associated with * -

the 32-48% ‘satufated aminopium sulplmte fraction (Table: 3.3). The _enzymnc ’

sis (Figure; .13 and

Table: 3.5), when ngmmne sulplute was present. Thls suggests\lhm. agmatine

stabilises the conformation of the enzyme. - &R




! Y Figure 3.15

Mnewnver Burk plot of the activity of -gmltlne '
umhydrolm in the prese: ious
of sfginine ® i ¥

. The inverse of velocities of the enzyme activity for vaTious substrate corcentra-
tions at different concentrations of, the inhibitor is plotted against the inverse of
substrate concentrations. Each result obtained is in tetraplicate, and the bars
represent the extremes of each set of parameters. The lines were fitted for all
experimental points in one set by a weighted least square method (Wilkinson,
1081). The apparent K, for'agmatiné at each of the argigine (ARG) concentra-
tions is_plotted ugumst the ding inhibitor ( .
(inset), and the intercept on the X- axid gives K;. The mM conceiitration of
arginine is shown’ next to the plot of the particular concentration.
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s . Flgalre 3.6 -

Llnewuver Bnrk plotof the activit)
Y

of; ‘agmating:

e p: ario
. qr ornmnne. T e
' N =

The inverse of velocities of the enzyme mmcy for .vario ) .
tions at différent concentrations of- the inhibitor is plotted againit the nverse of*
substrate concentrations. Edch result obtained is in triplicate, ‘and tho_ bars’
represent the extremes of each set of plrametels ‘The Tires Viere fitted for all” 5
cxpenme\ml poiits in oné set by ‘a weighted Jeast squaté ‘methd }Wnlkinson, L B 5% ;
1961). Tl iop of the'inhibitor (ornithine) (M) used to'¢

the " ;
apparent K is: shown next.} o the plot pbtained. for that amculn; cuncéntmuqn
. of ormﬂme 1ORM
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‘The enzymi¢ activity eluted from a DEAE-Sephacel columin at a Tris-HCI.
pH 7.5 concentration of approximately 0.55 M (Figure: 3.5). There was a three
fold increase in the total amount of enzymic activity during DEAE Sephacel

column chromatography, suggesting the removal of an inhibitory substance

(Table: 3.2). In the gel exclusion chromatography on Sephadex G-100 (Figure:

3.6) the enzymic activity was associated with an elution volume that

- corresponds to &, molecular weight of approximately 85,000 (data not shown). -

~  The enzymic uuvm luted lrom the chrom borocusmg column at a pH of

83 (Fxgure 3. 7C} The sep: mon of proteins on-\n chromﬂofwusmg mlumnllsv‘

i not bound to the column And is zluled The pl lllus delmm.ned ls in l;ree

ment wuh ng pl of 8. 5 for the 38 Kdalton protein (pulauve ngnume urmhy-

-drolase deterinined-from the Boelortric rocusm; of the labelled: proteins from
minicells u.rrymg pKAS) (Buch i Boyle, personal communieation).

When the stage-5 material was passed directly through a chromatofocus-

ing colum, bowever, the agmatine ureobydrolase activity cliged at pH 55
(h;m 3.7b). Ahhmgh it has not been demionstrated | um lhe increase in pl *
from 5.5 1083 aéeurs during the purifeation step on DEAE Sephacl (stage o

Table: 3.2), it may be that the increase in activity observed at this .z.;. is

associated with the rgmoul of an inhibitor Whlﬂh.llla decreases its p_l:

The results in Figures: 3.8 and 3.9 “su*(a’l that- the pnr{ﬁed aniygni

%

' [ bmd on the uoelecmc pH of lhe proteins. Al its |soele:mc pH l proteln is ¥




NG

. plasmiid pKAS in muucells 1F|
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(stage-8) has a molecular mass of about 80,000 daltons, but this éstimate
o'

depends on an lation of calibration, and furth even an’error of

one fraction in determining the peak volume would lead to a change.in the
estimated molecular weight of + 10%.

 After SDS-PAGE, the stage8 matérial gave,a single band on staini

with Coomassie Blue (Figure: 3.11). The more sensitive silver staining revealed
small proportions of ‘material with molecular weight 24,000 and 70,000 (Data
By

not shown). The Szph'auyl S-fOO chromatography gave a geak of activilv

. corrapondmg toa moleculu weight of 50 000_but slsa shuwed the presence a[

: mzymahcnl]y mnchve p(nmn (about 50%: of total pmtem] 1anure 38) The

ine it of nbbut 12, ooo'dalmns obsenved on

Sephncryl s*.»oo ratog could be an enzymaticall mnctlvé mcnamer
¥ o! ngmahne reohy ., or’some ‘other usch d promn (an 1mp|!l-
) " : P ‘

The SDS-PAGE (Figure! 3.11) of preparations’ from. various stages of ™

purification shows an enrichment of 38,000 dalton_prof

-and.it co-migrates
with the putative agmatine urebhydro]ase (Boyle et al. ", 1984) encoded by the

re: 3:11). Th: fmctmn containing lhe enzymic-

mmty obtumzd lrom the chmmno{ocusmg of stzg&S material

chich elutes
at a pHeof 5.5, was eleétropboresed on-SDS polyacrylaimide, gels mgm:‘a;u ) *
Twa protein bands of Appmx)muely equal | mtensmu were' ohserved alter

stumng with Coomusle Blue They had  molecular . weights of 380\10 and




35,000 fespectively. This, observation was reproduc:ble"ﬂh different Gistarn

* tions. The 35 Kdalton. protein. mdy well be an mlubltor which binds to agma-

tine. y 38 Kdaltons) to lower n;e pl and to reduce
enzymig activity. : - .
The observation of tions ‘of sgmatine ureohydrolase with pl 5.5

"“and 8.3 probably does not indicate two separate enzymes. DEAE Sephacel

chiomatography vas slopped. shortly. fter- the materia with pf 83 was

Qbtained, md itis posslhle that'a pmtem with pI 5 5'would have been bound

‘more_tightly - and rqumed & bigher, salt’ concenuallcn to dlsplace it o' e

other band; the chromato!ocusmg of stage--‘) material dnd not reveal ai ensyme

© vith'a e 3 (Fxg\lre. 378): Fnrthermore, the aéuvahon observed ‘o cn..om-

lography ‘on DEAE Sephncel is ot cons|st

‘t wnh the separatxon of two

_enzyma ‘Direct .chromnto!ocusmg of* stagvs matem} dnd not lead to che
. marked increase m acuvnly ohserved ‘on: chromatography on DEAE Sephwel

(Table: 3.8}. 1t therefore xee'm?mosl probable that the ianu_e in activity and

ol are due to the removal B an-inhibitor on DEAE Sephacel chromatography: /

“This' erploys. high- concentrations of salt.relative to that ‘used in chromato-. .

focusing, and might promote the dissociation. (and ion) of the inhib
protein:
I d ing PAGE a radioclieini lly labelled protein from ‘minicells

.
carrying pKAS, co-m\gnteg with the enzymic ncuvlty nnd the major Cooma.s-

sie' Biue stainable protein band (Flgure 3.10). These P togeher wigh )
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Table: 3.8 ety "
-~ k . . ol : 3 & we
Activation of AUH during ion-exchange chromatography. E
Stage Step’, Purification ~ Yield | -
% Rl . ty LU G
5. T IM e, 10 100,

Adjustment

DEAE Sephaeel - -
: . Chromatography .

5 material. s omatog
-using. polybuffer74 (pH-4.0) (the agma!
the ¢olumn at a eluant, pH of 5.5).

either- on: poly bufer nger. (PBE) -
ne ureohydrolase ‘activity elutéd from -
n a3 DEAE- Sephacel ion exchanger.
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these o( SDS-PAGE show mc the, 80,000 dalton dlmer sisdad by PKAS in
minicells-i is. mdeed ngmnhne nreohydrolasn i

Annlysls by e meumd o Ouchtetlony of the anﬁbody produced against . L

:gmatme nreqhydm se showed a smgle md eonlmuons preci mn band for all

.u not for stage. § mntenl_ Flgure 412)w This

N prgpsrmons beyond stuga




cwn nnd stalnhsnuon of monomeric Iums of agmx ne nmohydro]ase whlvh are

: mzymancally ms.\:tlve Dlalysls of tbe enzyme agamst 0, M Tns HCMpH 7.5),

P wlthout ﬂ-merc:ptnelhlnol alao rsnlved m the panul lnachvnnon e[ the

enzyme, nlthoud: this' was’ prevented when 1 mM aynaune was mcluded m .

i the dlalysmg mednlm (T;ble 35) Addltioa o[l mM: xgmatmc to the pnrlﬁei




'metﬂopmlein which rﬁﬁm l metﬂ ion for its stmctnul suhili’t”y’(u well BS.

lcnvnty) ntliu thzn an enlepe which reqnua a metal fof its u-tmty alone.

Altemntwely nerhlp:the unxyme requited :nolller metal fon mot mted o

_ The Km rbr ngmnme was 1.3 mM (F:gun 3.14). Argmme nnrl ornithine

were mlnbnom Argmme lppemd to bz competitive inhibitor, with K; 8.4

mM (Fxg\\re, 3. 15) The mhl ion’ by urmthme wls ‘quite dxﬂerent l’rom that

of. lrgm\ne, :nd may be r.onslsvent mth mlxeﬁ mlnblhon (anure 3 16)




4.1 Introduction:

Different carbon sources permit different growth rates.and intracellular
i concentrations of cAMP (Buéttner et al., lW;’i; Epstein el al., 1975; Pastan and
Adbys, 1076) and polyamines (Boyle et al, 1977) vary with these. An inverse

correlation was shown .to exist between ¢AMP and polyamine concentrations in

. .
E coli cells, Wright and Boylz (1982) showed thlt ornithine decarboxylase_ and

; arginine de nboxylue ‘were negauvely rggul:ted by cAMP and suggested thn

" fore the mle of :cAMP in the regnhlmn ol lynlllna ureohydroluq was exam-

5 lned further usmg ;tnml be
.1), qa and in both ‘cya and-the gene for cAMP receptor prq—
tein (CRP), erp. The cells were mvln in the presence or absence of cAMP, snd

enzymic_ activities were méasured in crude extracts. The activities of ornithine

arginine and f-galactosi were measured in -

the same strain as controls.

42 Results: e SO
4 i ~ s

'4\.2.1 The effect of carbon sources 6n thé growth rate of LS340, and

"‘,ﬁé tivitles of g hyd i ithine decarboxylase and

»’u_;‘lpha deenhuxylue’x

i E ngmn.me ureobydrolue mlghl also be negnhvely ugulned hy cAMP There ‘.

'3 mntauons m thz gene encodmg adenyhl,e
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Lactose and glycerol were used as carbon sources for the growth of L8340,
which has functional cya and crp genes. The results are shows in. Table: 4.2,
and the specific activities of. the enzymes in LS340 are shown in Table: 4.1.
7 St of s sy il g i adbonyfiss sl oveithiue
decarboxylase were decreased in L5340, when grown in lactose or glycerol, as

compared to cells grown in glucose.
—f
4.2.2 The yowth r-oe of LSBES and the activities of -gmatme

decarb nghﬂne decnbmylm and

}[llltmldll&:‘ o

\ Two ’stmins of E. coli, LS340 and L5853, were . exm:nined L5853 xs a ryu'
deletion mutant denveg from LS340. Cultures ‘were. grown with glucose as a
Solé catbon souree and reglicyte sillined waig supjlementad with different con-
centrations of €AMP. The resuits of the growth rate and the enzymic activities
are shown in, Tables: 4.3 and 4.4 and in Figure: 4.1, The specific activities of
the enzymes are shown in Table: 4.1. With increasibg concentrations of cAMP
‘the activities of agmatine ureohydrolase, arginine decarboxylase and ornithine

decarboxylase were decressed, and that of A-galactosidase increased.
)

4.2.3 The growth rate of LS854-1 and the activities of agmatine _

ydrolase, decarboxylase, arginine decarboiylase, and

F-galactosidase;
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»
’ 3 Table 4.1
, - . S -
Al Specific activities of AUH, ODC and ADC in LS340,
) et LS863 and LS854-1.
'
Strain Phenotype AUH ODC  ADC.
= g . |Ls3o Wild type LI 113 10
LS853 L. CYA 20 19.1 18
% LS8+l CYA"CRP: 18 . 167 15
. ’
‘ ODC = onithine décarboxylase
" ADC = arginine decarboxylase
atme ureohydrolase. -
Cells ‘were' grown .in mm\mnl medmm containing glucose (0. 2%) as the wle
u® source -of carbon - and energy. Speclﬁc sctivities are expressed.as umoles ol pro-
N duct formed per: mmute per uulhgmn protein 1Sec(wn 2:32)." o
. T &Y
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Table 4.2

Effect .{r carbon sources on the growth rate and activities of _
ODC, ADC and AUH in LS340.

source rte
Glucose 071 Lo

Lactose 050 0.7

Glycerol \ 048 07

Carbon - Growth ODC

ADC AUH

1.0 1.0
0.7 0.5«
06 . 05

ODC = ornithine decarboxylase
' ADC = argini e decarboxylase

o AUH:

ngmaune ureohydro}ase N

All carbon sources were added at’ DZ% in’ MOPS mmnmal medmm . Growth
Tate is expressed as ions per Hour. viti
Activities relative to the specific activity in “glicose. grown ce!ls The- speclﬁc
activities arecgiven in Table: 4.

L

Acti

d s specific
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i B ' Table43 )
¢ o
- The eflct of eAMP on the activity«of f-galactosidase |
in LS340, LS853 and LS864-1.. 0
; - ] o )
cAMP(mM)__ 18340 _LS853 LS8sé1] ° .
e 00 530 270 . 260 g By
. i . 10 5500 5600 270 g, *
25 8400 8100 270
. 50 13,600 13,000 270 i E

galzctos)dase nctmty was memued in crnde extracts of the. smins gmwn in
Mitfifnal:glucose T edium in the’ presence of 0.5mM IPTG. Thé speeific activity
is preseited as uits of setivity per milligtam protein {Section: 2.3.
galactosidase acnvxty ‘was detected whenIPTG- was-not included in the'growth  ~

- medmm even in the, pruence of ImM cAMP. Y o




t o .
- et ; i . % 'ﬂl ¥ %
: g REL Lo
! ¥ ; S [ 259
% B % i 3 e .
J s . B v  Table 4.4 - aEm A AT
o ' . 5 z -
oy The effect of cAMP on the activities of ODC ahd ADC
B ... nL aao, L5863 and Lsss4 1. :
w00 E R A o
cAMP . LS340 ' LS340 ;,sssa . 'LS853 Lsssa-l o Lssw: :
s mM) ~ ODC, ADC .ODC ___ADC ()DC S ADC
E 00 .+ L0 -
10 ¢ 07
. .2 04, 05 04 . 04 09 .
. : ;
5 & 50 /04 04 04 04 " 09 -,
g ' N 3 "t
§ o - 5 Y
B *ODC = ornithine decarbosylase % oo .
wt - ADC = ar;inine dvecarngylase 5 o
SN S N F B
Tk Aeuvmas are expressed as !pEClﬁc activities relatwe to'the speuﬁc.ncnvny in %
T glneose grown cells wnhout added cAMP (Tuklg 43). .
[ B . = .
‘ 5 o "y
ol 3 Ve ]
¢ : ‘
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F{;ure 4.1

5 The !l‘eet of. eAMP on thé growth rates and the
®o Nt ) : | activity of agmatine ureohydrolase in
4 » 3 LSMO, L5863 and LSBH—I.

the pecific-activity of i hydrolase without
The bm represent 95% conﬁdence values for_ each
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o Effe(;wf cAMPon AUH and growth rate
. LS 340(cya’, crp) LS 853(Acyu o) LS 854-1 (acya, acrp)
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growth rate and the activities of the enzymes. '~ ..,
. ¢ e
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4

. E.coli LS854-1 jp a crp dele;;i‘on‘ strain o_f 15853 (Section 2.4). Cultures of
LS854-1 and LS340 were grown with glucose as carbon source, and replicate
cultures were .supplemel;led with different concentrations of cAMP. The results

of the growth rate and of the e‘nzym} activities are given in Tables: 43 and

“44 and in Figure'tﬂ.l. The specific activities of the enzymes are ﬁven in Table:

4L Increasing concentrations of cAMP neithier decreased' nor. increased. the

7(.2.4‘ Does :.A“MP:lndnce an Tahibi vof i s hydrol:
" d B .

To determine if the représsion of agmati hydrolase observed in cul!

tures grown in the presence of cAMP was”a direct effect or- due to the induc-

tion of an inhibitor, L5853 was grown with and without sdded ‘¢AMP (5 mM),

and enzyme wcnvnhes were m

of t\zese (Table: 4.5) i

The possnblhty of ‘a direct eﬁ‘ect of cAMP on the enzymic activity was’

examlﬁed in twu way§ Extracts ‘of LS853 gmwn on glucose with and' without

cAMP,. were - dialysed, and the enzyme sctivities in individual and mixed

extracts of cultures measured. The activity of agmatine ureohydrolase was also

exnmmed in non-dialysed extncts of LS853 grown wnho\n added cAMP To

these rencuons different concentrauons of cAMP were aadeé _The results are.

in Table: 4.5 and in Figure: 4.2. Cyclic AMP did not appear to induce an iphi-

* ‘bitor of the enzyme, and did not affect the enzymic activity by acting’directly

d in the i ""_‘ tracts-and in mixtures

.
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Table 4.5 )
i _ Effect of mlxln; of extracts of cAMP treated and untreated cells -
. on a;mztlne nreohydmlue activity in Lsssa :
N
Ratioof  Beforé ' Predicted After Predicted
mixing dialysis * value - dialysis - .value 0
. ‘R units/ml. units/ml " - units/ml _ units/ml | - T e W e
; o on e ST s S
. o g ; - '
1 1:9 4. 72 51 52 §
) ozt Tl ~ oy
37 AR ) B (1) 7 71
. . o
11 124 126 90 ~- 91
- 1 » ;s .
73 147 140 uz  nol Tt
e o1 . 16 172 ND. N.D. *
o ;189 . N U} - o L
3 )

AUH ='agmatine ureohydrolase
C = Control 2
R .= Reptessed (with cAMP)
N.D. = Not determined””

Predicted values were obtained by averaging the values obtained of individual
“extracts diluted in various proportions with breakage buffer-containing 1mg/ml".*
of bovine serum n]bumm 3 ml of extracts were dmlysed for.18 hours against .
‘1L ol‘ bteakage buffer.” . .




Saaby 'rumu IO T B
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4
' on'agmatine ureohydrolase.’

425 Ten oral repression of : llowing ‘the

: Flglne .3. Agmsf_ e Ilveuhydrq])me activity was’ repressed by cA.MP and a

e L T nmew stmdy state level was reached 2.8 generatxons after the addmon of cAMP v . a

: _1975), whlch have xt best a ﬁny percent standard devmuon (anakol’f 1981)‘

' R was agsumad that xf ndded cAMP resiored the growth rate ofa cnllure ofa”

3 A:ya mutant, the mtrmell\llar concentration ‘had been res!ored fo. its niormal @ ', s B

i phxslo]og\cnl vnlu

: The growth rne of LSSSB (Anyn} wiis restored to ‘that” of | N

the: ya* strain. (LSMO) by a concentrmon of l mM cAMP hut a concentra- ,




Figure 4.3+ , 5 )

of
utlvlty I‘ollowhx the addition of cAMP to i .
po\\dn; enlturu of LSBBB. . 3

Enzyme activity was; menured in cmde extrscts ol‘hquols withdrawn at various
i tlme intervals indicated. 1009 repres‘enu the specific agtivity of the enzyme prior
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tion of 2 mM or higher decreased it. The growth rate of LS340 decreased pro-

gressively as cAMP was added. On the other hand, cAMP had no-effect on the

;‘towth rate of the Acrp mutant LS854-1, presumably because cAMP nunuaily

functions together with the cAMP receptor protein to regulate transcription

positively (Pastan and Adbya, 1976) or negatively (Aiba, 1983), depending on

"

the genes concerned (Figure: 4.1). . P .
In accord with ;Kis interpretation it was observed that f-galactosidase was
i}zriucea in E.coli LS340 and LS'853_ when these strains were grown on glucose

’ih the presence of added cAMP: In contrast, the specific adtivities of agmatine

y H ithine d and warginine decarboxylase. decreased

progressively as the concentration of added .cAMP-was increased %n cultures of
S

> -~
. e same_strains. In cultures of LS854-1 (Acya,Acrp), cAMP did not increase

the activity of, B-galactosidase and did. not decrease the activities of agmatine
ureohydrolase ornithine d&uMwlue and arginine decarboxylase !Figure: 4.1,
Tables 4.3 and 4.4). ' ‘-

It was possible that the :ﬂ'ec;. of cAMP ‘was.either to induce the produc-

. %
tion of an. inhibitor of ngnmine ureohydrolase or to inhibit the enzyme

directly. To test the ﬁra_t‘pos;ibili!) mixing experiments with extracts of

VILSSS:L Acya, grown with (5 mﬁ) ¢AMP and without cAMP, were carried out

(’i‘ahle: 4.5). .The results sh;m.' activities expected from the proportions of

" extracts mixed, and-do fiot ‘indicate the presence o!‘ an -excess of inhibitor. in

the extract from the culture gro‘:m with 5 mM cAMP. A direct effect of cAMP

-
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was sought by adding the compound to the reaction mixtures used to measure
ag‘fnat’ine urgohydrolnse (Table: 4.2). With 10 mM ¢AMP the enzyme was inhi-*
Bited, but this concentration of ¢AMP is greater than that required to repress
. the aétivities in vivo (Figure: 4.1). The preparation of the extract and s even-

thal use in_the reaction mixtres resulted in a thousand fold- dilution, and

therefore carry over of}AMP would' be insignificant unless lt was nght])

.bound to agmatine ureohydrolase‘ The addition of up to 5 m\i of cAMP to
agmatine ureohydrolase did not decrease_activity,rand it is therefore most

unlikely that repression in viva is in fact due to a carry/over of cAMP into the
reaction mi‘xtures for measuring agmatine ureohyd‘?o‘]/ase.

The effects of cAMP on f-galactosidase activity are those expected from
the knq;n mechanism of regulation of lac operon. Mpreover, 1 mM cAMP
increased ‘the growth mt‘wf LS853 but decreased the activities of agmaune s
ureohydrolase, ornithine decarboxy.!ase and arginine decarhoxylase Therefore

-t was concluded that this effect of cAMP might be at‘the level of the regula-
tion of these enzymes and not.merely a general lowering of activity associated

with decreased growth rates observed with higher concentrations of cAMP.

The observations reported in this chapter confirm the ‘sugges'%iop made by
Wright and Boyle (1982) that agmatine ureqhydmlé'se might be regulated simi-
larly to ornithine decnboxylsse\nnd arginine decarboxylase. From the obser-
vations made in this chapter, it can also be concluded that the negative tran-
scriptional e jon of _ngr’r‘mtine hydrol is either”tue to a direct
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interaction between sptB (gene for agfatine ureohydrolase) and 'the cAMP :
cAMP recepwr proteln (CRP), or. ah mdxreet one by sumulatmg transmptmn
of an uncharactemed nanscnpnonal repressor o{ agmatine lireohydmlue
Alternauvely, an- inhibitor of agmatine ureohydmlase actmty might be pro-
duced in llmmng amounts whlch assocme with che enzyme in‘an mevemb]e
manner. -Hence it would not be detected in the mlxmg expenments or by
dmlysm E \ » ‘ i
Antizymm“ of ornithine decari’oxyl?se and arginine decarhoxylas‘e are‘
brrinduced ve{f rapicily [Kyrialfiﬁis et al., 1978). The observation made here tlya';
5 mM cAMP causgs maximal re‘press?on only after as lqn'g a period as 2.5 éen-

erations (Figure: 4.{;) suggests that' cAMP is not inducing an antizyme of

agmatine ureohydrolase, and is consistent withya dilution after repression.
. ~ 2




& Chapeer 5 . y

B Agtngonlstic Trlnscnphonnl Regnlahon of Agmatine Ureohydrolue by, :AMP
i and Agmatine S

5.1 Introduction: - . e !

> _"‘ The speaiﬁMg{nat‘ine ureohydrolase -and arginine’ dec_ar_bév y-

lase in ¢rude extracts of E.wh' cells grown on glucosé are very similar ands are

about one Lenth the specific. activity of arnlthlne decarboxylase \(Table 4 l)

Wheu Ecalu is grown on a n‘umma] médmm WIlh glucose as the sole carbon

source the pnmary reacuon l'or the, pmduchon of putrescme is the dmrboxy- ‘I P
. lation of ormthlne (Boyle et al., 1977; Morris and" Pardee, 1968). Ornfthiné is

also an lptexmedlale in the bms,ynlhesxs or nréiﬂin‘e. 2 T

v

The tmnscnpnoxr of enzymes for the blusynth%ls of argmme is. repressed
[

hy the arginine repressor (argR gene product) when E.coli, cells- are! grcwn

exther in‘a rich medium, or in a minimal medium supplemented: with' argmme,‘ s B
w7 - S\ s A

" ‘and glucose 4 the sole carbon séumé (Mp'as ot al, 1064) Trims"cripﬁoﬁal . C
represslon of :these enzymes, coupled w1tlr the allostenc mhlbmon by argmme
of the first enzyme o{ the xrgmme blosyntheuc pathway, N-\acetyl glutamate q
synthetme (EC 2.3, l 1), depletes the cell of metabvlrc |ntermed|ates involved ,
in nrgimue blosynthes:s (Moms et al.™1970; Sercarz and Gorini, 1064; Vogel" et
al.,, 1963] Therefore argnmne decarboxylue and agmabme ureohydrolsse wonld
P become the pnrnary enzymes for putrescine bnosynthesns in B.coli growmg -in

the presence of argmme v R - . -

Tabor et al. (1969), ‘Showed that argiuine“when‘ supplied exogenously is" -

v . i 4 R o E o . A







Specific-activities of AUH in Fico
‘ains grown in MOPS glucose m

SGvARCRE L 1]

“ODC-ADC- AR

A‘etivitiu are exp!
‘protein (Section:




nl- on the| pthh rates nd tll
&ﬁvlv of agmatine ureohydrolase In’ -
l.sm. LS853'and LS!E(—I. -

1009 acivity vopresents the specific aciiviy \ ydmx‘
| added agmatine (Table: 5. 1): The bm npnnnl 05% eonlduma v
et | hv@ five separate experlmon

e uthont

for cuh'
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wreohydrolase o' LS340, LS853 and LS854-1:

; was v

enzyime in m Acys; Acrp mutant (L'S854-1).

ureohydrohu in Lsuo, LS853 and LS864-1: .

RS (-1 Pl

5’.2.2 -Tht; effect of‘ ’ sing

ence of a fixed concentration of cAMP on the activities of agmatine

The induction of agmatine urcohydralase by agmatine and- the greater

induction observed in the Acyd and Acya, Acrp strains suggested that agma-

tine  itself might be .an -inducer. To determmz whether agmatine cuuld
derepress agmatine ‘ureohydrolme schvlty afler reprmmn wnh cAMP, LS:MD,

Ls8sa (A cya) and LS854-1 (Acya, trp) were grown in the presence or in the

absence of 1 mM-cAMP. The concentration of added agmatine (up t6 5 mM]

d in each case. The rsqlts are. shown in Fl;un.- 5. 2 Agmatine nt.

higher concentmnons nheved{he decreue in activity ‘of sgmume ureohydro-

lase n\lsed by cAMP, in LS340° And 15853 And lncrensed the activity of the

2
6 2-3 The effect of Inerenlng concentrations of,cAMP. in the preunee

of a“fixed concentration’ of Ine "on the ofa

1) S

Extenments snmxlnr to those descnbed in sectmn 5 2.2 were per[ormed to.

. determine the effect of AMP on agmatie ureohydrolass in cultures groying

in the presenca of a ﬂxed concentrahon of ‘added n@maune Ecnl' shmns

LS:MO. LSssa (Acya) and LS854-1 (Acyn Acrp) were grawn with” s s

" the sole source of éarboi in the presence or absence of 1M agmatine, and

of Ine in the pres-’

o




Figuresa |

‘The elect of iner
on dgmatine uruollydrollu acthvity in oha presence
¢ f LmM cAMP. :
100% uhvnty repmenu the quuﬂe activity of sgmatine ureohydrolm in the
With

absence of cAMP and" sgmatine” (Table; 5.1).
\mhoutcAMP s ) .
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cAMP was ndded in eonn:ntuuom up ‘to 5 mM. (Figyré: 5.3).~ cAMP at

Mgher concenlrmons decvened the: nctmcy of ngmntme ureohydro]ue, even

in the presence of ngmmne in LS340 and L8853, but not m-LSSM-l. .

'lhbl“'ty

Lrapd K, offinduced and & 4 ateol in LS8s3;
"Wid type strala, UW44 and In HT828 ind HT289: ' i
Orxithine P eath oecur i (s

' tinct forms in some strsins of Eeali. Either a low pH'or the presence of sub:

!tnte of the enzyme in the growth medjim md\lcu the production of the "

biodegradative form, The bisyath form of each erizyme # prodiced con,

stitutively. (Morris and Koffron; 1069). Agmatine ureohydrolase' was not stu-
5 a

. S
died by earlier workers and so various strains of £.coli were examined to see if :

N
such forms of this enzyme could be found. '

5.4.4.1 The pH optl atabil.

‘ity and K,, of agmatine areohydrolase In L858 grown in minimal

medlumi . .' A

The pH opumum, temperature opnmnm, stability at so“fud K

‘' .agmatine ureohydrolase was determmed i mlde _extracts’ of the” Acyn strain

"LS853, grown on glncosa-minimnl mediurn at pH 7.2 in the p Ppresence or lbnnee

of 5 m;\/[ ngmnhne The ruults are shown in Table: 5.2 and Fl;\lre 54 Two

forms of sgmatine were ot disti




The of cnull; concentr: ﬁmu un:AMP
on un lln. ureohydrolase sctlvif
- -of 1mM agmatine. |

100 uuvuy repnm\ the specific acti ity of agmatine. ureohydralm in tha
absence of. cAMP and nmmne (Txble 8. l) .=‘ wlth sgmatine and Q ="
ithout’ igmmna :







of atine
L8863 and UW-“ -grown undtr
erent conditloi.

grown in MOPS inimal meduun (pH 7.2).cont: Y gmntme,

grown in MOPS: minimal medium (pH 7.2),/C: UW44 grown in LB: glu- *

edium. (pH 5.5) ‘or at pH:7.2 without agmatine, D:'LS853 grown in LB-

*  glucose medium (pH 5.5) containing agmatine andEs LS853 grown in.LB- glucose, .-
miedium (pH 5.5). Activities are expressed a units/ml.” A, B; D Aqu the buffers . . i ok
used to m..n the desired pH. were: (O)= HEPES, (@)=.Tris| (O F

< and- {@)=MES. -

w'c: (o, @) r!yxeseni.s pH 7 2.of the medi

.- of the ‘medium.. , (OQ)-and

EN nd (&--.) and (0«0) = Tri¢

. (. Oﬂieyrueat; pH 65 _
) = HEPES, (e—e) d (0-9)







80°C of agmatine umhyd!-ohu
,utlvlty,

c nchvny Was megsured. fccordlng to the method described in Secﬁom 5
acts  were from: (c3)=L5853 grown in’ MOP‘S minimal medjum,
(0) n'in MOPS minimal, medium conmmng agmatine, iy
grown ln LB glucose medium (pH 5:5) - containin; aginatine, azd " (Q) UWM o
LB-‘ glucose medium - (pH 55) conmnmg arginine, : 4 matine md







; stability at 80°C
and; K f -m.-t‘lna nuohydrolue In érude ...
d uhu- growu: condltion 4







Wl -ael-
5.3.4.4 Does » separats gene encode an induclble, biodegradative ror.;
nf nmltha ureohydrolase in & .tnln deleted for the gene en:ndln;
m btn-y-uuue ensymel:

The praviois ety [Sect

szu 5242 .nd sua) provided o

v clndence (urn:e*umenuof more than one l'orm of -mmne \neohydmlue, 2

- but did not rule a\lt iho' posulblluy tbst dlﬂerent ‘genes lnb]ect to dnﬂ‘erem A

yn Thmrm:ﬁ‘ ats

ronnsnf pmdnce«f iilly ‘identical s

e ,wlth '.ha lyzA p:B lnd p:C genes delﬂed were gmwn on mmnmnl medlum LN

- with glumqe as the sole carbon source m lhe pmen:e or nbsem-e “of agmanne

’ud ll_ae activity of n;m-tu_w urenhydrolmrwas meunred in cell extncls}'or

d with plasmid PKAS which carries the

59




of on th
Y HTIII lld HT33! hmlvmad ‘with pKM




.a Dhéuulonx .

The r@ulh pmemed in’ this chwter dcmunstnte

k: dmhse is mducnd by Agmnhne, and thn l!mll.ln! and cAMP have nnt-gums-

tic. effects, nmm the activities fneasuréd in’ induced and ‘ed cul-

; 'tures had ' similar pH opl.lmn, temperature opumn, stability’ at 60°C. nnd Kn

o g values, it is problble that: thefe was onlf onie forrh of zhe enzyme. ther was~

there evldence thn more '.]lnfl ‘one gene was mvolved in.the production of thu

"+ enzyim Mutants delmd for the -sz gene cuntulnehu detectsble agmatine

i ureohydmlue activity sid the enzyme éould not be mduced T was inducible

in ‘the same strain ,carrymg a plasi

i P A However, the ibility " of
 sctivator “psplide of sginatine mohydmlm cannot be ruled cut. Synthesis-of.

LAy a pephde that inactivates the szme of ornithine decarboxylhse s been .

bearing the peB gene, The induictionof

+ .. sgmatine urechydrolase was blocked. by chiloramphenicol,” thereby  indicating

that; the induction involved translation rather: than activation of the enzyimei’
v 2 Non et ;

.the synl.hesu of ‘an




. Agmati

Figure 5.5

The effect of

on the jue :
of agmatine ureohydrolase in LS340 an 3

d’ Rt
. by sgmatine: K B
aad chloramphesical wers 4dded. to exponentially’ growing Cultures
(zero ‘;k:
. cated in t|

100%), and" samples were removed for snalysis at intervals ‘indi-.
figure. (Q)=without added agmatine, [.)=rith.ngided sgmatine, -
(g)=yim chlanmphllficol and (M )=with chloramphenico} s )

and agmatine. )
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1 Chapter 6 *
s and of Agriatine Met
and Glut ‘in the
of Agmatine Ureohy i ;
i Argink boxylase and Ornithine Decarboxyl <
g 8.1 Introduction: g
e Tabor et dl. (1989, 1076) d ‘that putrescine and spermidi
. both repressed and inhibited" ornithine, and srginine. decarb

e. . They. also. suggested that putressne. aad spermiding might ‘be co-

repressors _of ormlhme y ,Argmme ¥ e and . agm

ureohydrolnse Morris et -al. (wo)‘ using a mnzm cartying a partial block n

‘dexeprmed when' this mutnt yias grown in’thie presence of Lrgmme Addition

; o( putrmme tal the. growth mediuni Fepressed both enzymes. Under both con- -

s b due to the pmu\»blnck in_ arginine decar-

. ‘agmutme umohydmlue in_crude extracts and or the regulmon of sym.hesu of

" agmistine urealiydrolass, arginine decs siid arnithiné decistioxyiase by
) producty ‘and yre;:nrsors of ;Q-mi}ne metabolism, Mutants blocked in various
stops of putrescine! biosyathesis wers grown in inimmal medium plus glllcose,
with' or ‘without the ‘addition of ornithine, arginite, agmatine or putrescine.
me!mer et al (mn), demonatrnled um & number of enxymu lnvolved in the

bi s of glut

Were ng y regulated by cAMP in E.coli. The

. argitine desarbosylase foiind:thai. agrantine. uredhydrolise ‘may: ot be repi-.

- . lated by putresci Arginine 4 and nmithine a were

.dmons .gxmm ureohydrohse activity was unchlnged Interpretation of .

;boxylm, “Therefore, a more extensive'stydy was made of the inhibition of -




|
+ genes encoding the eazymes for the p.nmy- of aitrogen .mmumon and dis-
similation are also regulsiod by sln!lmul( syntheibse (Ecoa 1. 21 st the level

of transeripti and ‘mso) The ion by, glt

.ynumm sppears, to be dependent. on ’the exunt or .denymmn of the

unyme. Since, annmne e could pmvlde subltnta for the enxymu in the nitro-

gen t.mmulnuxry vnhw-yl (Fnednch and Ml;uuuk, ms rcenier et al.,

¢ “aérugi-

i - 1980; Roon and hnker, 1072) in. S /mnlu,

S nosa, xlebmu- pneumonise and Klebnelh \aerogenes, the possibility - exists
ine synthetase, and that the negative regulation of sgmatine ureohydrolase by

‘regulated by cAMP. y 2 O

its states of adenylation and desdenylation, and the activities'of agmatine

- uréohy . omithine ¢ and arginine decarboxylase were meas-

und Mut-nu of E. tal- that either lack ;lnlnmne synthetase (ET8348) or that

PR 9 . e 1 " ' +
< h‘ve fixed states of" ion of ine synthetase {ET10643," ET8080,

ST " ET8A11, snd ET8053) weie grown in minimal medium 'wiib glucose; and the

activities of agmatine g argitine ylase and_ornithine

' decarboxylase were measured,

A N . .,

that the regulation of agmatine ureohydrolssein E.coli is mediated by glutam. -
CAMP might be mediated via glitamine syithetase which itself is negatively )

: 'rq"m{c/hm possibilities E.coli LS853 was grown under different condi- _

" tions that have been shown to induce or repres glutamine synthetase and alter -

i



and ch&erm npmna in“the growth medlum might repr&s‘:n;eﬂmyma of
- arginine biosynthesis, and itsell be the source of puirescine. The hypotl‘osu

wu mude that. nrgmine bound to the ugmine npr&or might be an: indueer of

anzym- for the convemon or "gmme to put

cine and 4 repnssnr B the

the uuvmu of

, arginine

decnbnxylue were meuured mcr\lde exmm o3

8 B P e -
) 4 ) N & v i
6.2.1 R effécts, of arginl in and putres-
“clne -on ins urechy ; thine ‘and

n;lnnu denlr\:oxylue nyl.sun Lsasa, and LS854-1: 58

“'The. three utrnms of “Exzoli Ls.uo Lsass (Am) -nd LS85#1, (Atyu,




* .cosi Replncln culturu Weré !npplemented wnh

mM lrpnma, ommithize, ng'mmne .nd putresste; and sgmatite ureollydrolue




spum:’ ctivl mofobc ADC.
- atraina grown n MGPS




+Put
DC

Put

+Put
“AUH

Arginine decnrhoxyl

doc = ‘ornithiné aemboxy 1




Table 6.3 °

- The effects of some ? -
TS SR puh-dmnhchullvity—of
In LS349,

‘- ¥Agmutine”|

++Omithine

specific activity of AUH is givén, relativ
-strain in MOPS minimal mediuin- wilho £
(amM :







T ‘ ‘arginine and.
he mvmu\r onc ADC and AUH 4 MAI7 m:ss, MA183
and MA?ES

Strain’ “Genotype’

qreohydmlue (entode?l by. Apeﬂ, o3
arginil decnboxylnse (encoded by: s A)
ithirie decarboxylase (encoded by
ti

activities' of ODC, ADC _and AUH:
in MOPS mininjal- mkdium
) ==10)(T|hle 6.1).







‘of sigidine, ornithine snd

maM in. the reaction mixtures for measuring the activity

1 chloridé. - S

2d formof g

20 M ammoniusi chlride;

in B coli

he activities of ,




‘activity. represeits 18 u iu/ml
absence of _any “added.:







and_arginine decarboxylise

, and

, arginine

agmatine ureohydrolase sll incressed dnnn; growth in‘the presence of a high
.mg:mm of NH, under vhich -conditions glutamine synthetase is

 expected to be sdenylated. In’ the presence of a low concentration of NH,*

is gulzura contained low acti

! A the enzymes, To determine if these were direct relationships, enzyme activitiés’

.in strain ET8348 (Agind) was compared with the.same strain transformed

with the plasmid pLC(20-36) which catries ginA, and-with the straias ETS000;

5 . A m H i '0, ine i lnd each has a ﬂxed

St degree of ati whlch is inde er‘ the cor jon of NH;* in

lnd the mym.e utlvihu were. mm\ued in crnde extracts. The results are

ese ‘are- presented in Table; q.a. The

ETIM ET8089 ET8411 and ET&)SS The lnllel are mut[lnt-! ln !he sylteln

i ;Ha growth medmm Cultures were grown on mln\mll medium -plus glucou, i




ane
Table ‘
The effects of varyin ntr ofa in chio
o E s = _»mnmlu.qfonc,wc-_dAunqpsm.

Amm.Ohl. cAMP-_ ODC_ADG |

iment was " carried out in’ a minimal medium_(M9), in  which
E ammonium chloride was omitted. Ad/Dead represeits’ Adeaylsted (Ad) and
e T (Dead) (GS) s

A x mmtmo(ODC ADC and Alﬂlmtxp:ﬂsed as specifi ntw ties.

'nnup




\ 2 R 201 - i e ; -

dmwn in Table: 8.7. Amvmu ol the enzyma were mereued in strains con-- Tt v

tunmg high levels of Adenyhled ;qumma synthetase.

_’t._:‘. 'n.m»or,"“':" ressor In the on of S N
7 blosynthette engyinest e e Ao
| : To. d-}ermlne if the ugmme ; .’f
7 omithine: decarb e and’the f
T “sgramtine eohydroh.ua, Sultyies of E.coli strains ECL4S {AuryR] and: Eéué R
(ECi45 trnul‘orm:d wuh & plnmid pEcunz cll‘rylnl -rgR) were ‘rown in? i ' ‘
-mmmu medium ining glicosé, Replicate cultures ‘contai u(mlne (1 ;
] » 7 a.
~ Y a8




of ODC, A.DC md AUB in E‘cal- .
ehe Gs -dsnyl-ﬂn; sym

Mys/ml of ;Intamme wn supplied’ m ‘the med I
‘of ODG, ADC’ ,and. ‘AUH in the wd




P < P L -203-

3y ® atine on the activites ~ . i .
i N e ropc, . ADG and ATH in ET8000 and ETSa48. :

as= glumm.m synthetlse
W.T: = wild type.

es of ODC, ADC and AUH “E‘l‘sooo aad:.
the abisence of"cAMP gr-agmatine (T.bu 6.1)., The strains’ we
A growu in MOPS- minimal mediu conhmm&’ llS/ 'ml lnt;mm :







»thd'mafu‘hlneon tlle-g
nrODC,ADCMAUH in EC14

5 The speqﬁe uhvmu of ODC ADG
- extracts of strains grown'in O
nh:acaofnpnm!. B




,dnect stndm w;m made thh strains carrying mum-on- for steps in p\ll

: une bwsynthens These. were MAI35 (speB; AUH'), MA163 (ope; A‘nm

"MA2SS (speB, speC; AUH, ODC?, and wm (wild type with respect to sped,

up;B, and. speC). MAl'I gave runltx ndmmnl to ‘those obwlned with 'LS340. .

('r.b 6.4). In the" Jp:A (ADC‘) mutant lgnltlne mhydmlue was mduced

fBas o’ dlrict et on the: xynthu) b










3 S AN IAME oas aided o the growt i 10, represents the. nh'-u
Memtyumu-b—uota\w~ e-poqlemmu- v m'
“Tablei 0.1, :










B o8 reprusxon obwved wnth cAM;P CRP (}nlture: “of the cya mut-nt LSBSS rweré

i .gmwn

i media containing high'or'low. cogentratior orNH.cmhmh rupec« =

tlvely cause d :;i d

uuvlﬁes in ulls with either éadeny

The set ul mutants which, whan gmwn on a smndard medmm, have dxﬁerent

smu of Admyhllon of glutamine synthelue was also ex.mm,d The' ;mwl.h

e uze ur thase strains, nnd their -act

R

and qmmne







e “lnu.l s .ofthrn eB. N g
Gene In & Chromosomal ?n.nnt. clond ina - - £
" Plasmia Ym.‘nd 1té Sub-Cloning; and Direction of Transc R A

which’ :especuvely (penll‘y nrglnine d,c.
d, S.ad ¢ 1




The Festriction ‘maps And the conltruc&lon of pKAlO,
E pKAll and pKAl.ﬁ from pKAS' and the l:omplgmennth
- of AUH, uﬂvlty in.apéB dalman mutante.

Extent of the gene'-‘——b
Origin of replication = O

Tetracycline resistance = T J
Amp‘c).llln resistance = A

Al \activity . (encod by apeB); ADC = irgmme o
decarboxylase’ (gncoded by’ apeA) ind QDG = ornithine. decarboxylase' (encoded .
by, speC).. (). répresents ability. to.confer AUH activity to_ speB deletion mutsnts ~
] md(-)reprmnu inability to’ confer AUH activity to speB de]stmn _mutants. . — o
o (Q)=Sall, (@)= EcoRl, (@)= Hindlll, [O)—Bnl{ ; % : R S
L (Arhpted from Boyle etal, 1984) . I . Ve & g
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i tor M1, A.Ball restriction site'was. contained within this Bamfil segment.

This‘segment. wis also” elcmed into the- Banl sie of PBRI22. Thése recom-

sat plaids divsted sgmadiné nmnydmlm sctviy in the o that cn-
“ained umn, and begge carried apeh.

.

Bnlﬂ and rell(nu} The r“ i

'.ru|!om E.coli HT328', (A e, A:p:ﬁ Amq, telncyclnn fesistant

: ‘;5,
E u.'u the B«mtﬂ}gmem car-
in phnmd pl\AS 2nd i 5

Fels '_ - cloged inito pBR322. at e Xurllsih

“comstruct was Iun used -in the

e Bybr isafion: expmm:nu in order 45 asséss “speB messenger RNA eonc!mn-
. =

imoter. cloning site

fihe plvmoter clomng Veetors pMcms md and pl\OH
These vectors carry genes o, mzq,e .., a

tokinise) respectively.

md gulK(gllu- #




"i.ilkuuh: i

stmhu-d genes in I,he clomlg vecim.

gmemed 5 lngnmu (T.ble. 7: -). These rn;menu were ‘:Im‘n!o the vee-

- tor Ml3mp'l whuh bad been pmm-sry hydrolysed with the same nstnctmn

eisytie. The 5'- énd phosphate -of ke “Veclor w.s.mnov% by digeting the

mm}m with bacterial alkaline phmhaﬁﬁhe tiggted mut re-viss
o o\

introduced into JMI03 by rmation, aid_ the " sformants were, mixed

wnh sol". agar_containing X—;-.I and IPTG and !'plnd on YT lgu phus




Lengths of the restrictio
- pKA10, pKA14,

fragments of plasmids pKAS,"
A15, pAUL and pAUG.
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ents, are in base pairs, e were;d berm-med using the .
. alyser. (BRL), 'l‘hb cambmmon of restrictian- enrymes %
X g 7 used Qo dlgd'. thi plmmd DNA are'shown.-

P

R e




BamHI fragments-of plasmid pKAS Into .
the BamH] site of Mlhmp'l. .

. . s ematic diiigram of shot-gus siontag of the!

PTG ad. x; he orm of the ;
R from m‘fet;ted host, strains, that Imy :lev-zed AUH m-my and the insert Size was
=58 W (O)= origin of lacZ encodes a

. 'éneodu (gmunnz ureohydrelm (AU'H)
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4 Table7.3 . ° ekl
’n.wuvl:nfmm émh-,mdsmm

fragment sizes of the RF forms isolated
i . recombinant Munp'l, vw. .uqu..

3 mm/mamp'l
(Bhle plnqna)

JMIM/M.IBmW /AUHl
(White laq

¢ JMm/Mlappﬂ@Ul!ﬂ, E
(White plague} :

Ul'l = Wme uraohydmhu

- Phages from, white or blue plaques were used (6 infect IMI03,, and agmatias:
ureohydrolase -activity was ‘easuréd in crude extracts. The lwbmlve form

* *(RF), was isolated from the ph@ infected cells according to Section: 2.5 and
wis d;-ud with BamHl. =

ihy




uonol u.emsm thus determined mhown in l"lxure 73

1 mb«h&hd&-.ﬂme.‘

'nlll Blll BlmHl or Pul The ruulls are gven in Tnble' 7Jb The nren(-

. The phnud pl(As was restrictéd ata u\que site Sml (pmnm-! to lhe

nmp ‘ue of Lhe veclm DNA). The'!

_' units or uonldeue Biis1t (Secton :o) Samples were

arised plasmid was digested with 0.5 "

hdnw- 8t |llH'~ ¥




ODC , ADC aiid Mm leulh resistant clones of m’un
un-famel w!th the ll;-ud ml:tnre

. pKAu{l(Tet‘,Amp')

pK.A\u‘z('r'ez-,Am;')' 2

i .i»xq\,xéa('m-'.A_mp?i

328/
. | PKAI&-4(Tet! Amp?)

:ADC = argininé decarboxylase
AUH agmatine ureohydmlna

’l‘l\e l 8k baseé pair fragment of | plmmd pKAS was e;tnv:ted from agarose
;. and cloned into the BamHl site in pBR322.

gels:

‘et” colonies were screened for.

elevated AUH activity in Atu stmn (H'rzzs) pmﬁc sctivities were deler-
mmed in ‘crude extracts










~ nmes were used sepuuely [?

(HT328): The wére n]ected for

- tested for smpicillin resistance. Twenty. oty elketed lglrncyc[me resis- -

“4ant tlones “were' also. analysed for .'gm-ﬁne'umhy'dmx'-se stivi The-per—- ¥

dm‘gum showmg tl!e extent.of dlx!shon ol pKAs with Hul.‘u exonuclme is.

glven in Flg\lre

.8. The ampicillin mmtmt gehe. et the vecmr was eompletely

muuvated l'ollowmg 8: mmulm of dngut\on. wlnle no ngmntme uuohydm-

lwa mwny-wu dezecud in strains mnsrormed v

th the d.;emd ptumxd l‘ul—

lowmg 8 minutes or exomlclelse digastion. - One tnnsfurmlnt itom each time

} dnd. restricted wnth .Ball The,

. bericd wis selected; the, plasmid was éxtra

Boyh u‘ (1934) dediiced from their expérirments it rmnlcellx thatithie ;¢ <

R 3sooo dn\lon protein axprused hy the plumnd pKAs is agmltmq urzohydror -




Balsi digested linear plasmid pKAS wis sed to transform a speB.
- of E.coli and were selected on Mrwyclne eontunmg I..B-um:nu
553 each time point indicated,

“20 nndomly seleetad waycl‘ﬂ‘ r)uutnnt
d (

6. (O)—.l[mnfna nrebhydmlue W’f ¢

ot ot ot b i
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L ¥ " Hindj lrumentofhmﬁd-DNA . :
- T . Bals1 : ~

The Bal31 exonuclease diges. of the lambda Hmdllfdlgested DNA was electro-
3 phoresed on"an agarose gel. Following stainin, ith ethidium | bromide the range
g . \ﬁnm was estimated from the length over whi ‘the: Ing'ment was spread, and
- is 1:indicated by ‘bars in ‘the figure. © :
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Fl;nre 78 -

Therq of chnge of the length of the Ball ~ *
% it of m ‘the.
I F reslitamy clones, derlv:d by transforming
: HT328 (AspeB) with pKAS DNA
l;estedi l‘qr,vulous times by Bal3l. . &

The DNA (pkm) was lineaFided with Smal and exonucleolytically dlgested with

s *".- :Bal81, religated and the ability of.these reconstructed plashnids to confer ampi@il- .~

Tin resistance ‘and AUH amvny 1o zhe host cells |s shown. The size of the Ball

! o .. In the schematic'diagram the dngm.on by, Bam is mumed to be equal ia/both
1 diréctions on- the Same  molecule.’ #(R) and i
¥ () and"ability (+) to oon[ey agmatme ureohydm]a.se activity, she van-

position of the.p ) € L ()
_a.nd (o)4an1 iy . R

d the.length of the Ball frag" .

el

Y
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‘ ’I‘hu is also td’nsutznt wnth the Ball ste being within the apeB gene:

PN

drolase’ was :shown to be approximately asuoo dilioha! Approximately one,
thousand bues of DNA are required-to encode a 38 000 dalton pmtem Agma-
tine ureohydrolase mwny was not ‘expressed in clones o_bmned after 6

minutes. of :digestion with Bal81 (Sectio

2.2); Since the rate of digestion by
Balsi was spproximately 400 bases pet minute (approkimately 200 bases in
one du-ecuun), it can be concluded thav speB is apprmﬂmately 1200 bases from
the Smal site i in plesmid pKAS, ie. P\ or elose o the Hmdl[lsxte Based on the .
aPpmxummom presented above it cm be deduced that speB ¢ exténds one kilo: 5

base {rom the Hmdlll nte townd! the Bnll slte in yllsmxd pKAS and pKAM

= 'A‘.

s The ‘restriction of plasmid pKAS‘wnh mu genernes 3 (mgxlmnu

'('l‘nble 7.1a). The oskb nell Tragmien, whu:h is ,zssocmtzd with the msm

was uohted frisin, ngnou gels and cloried mt‘o the Xordl site of the veclur )

pBR322 The Ilgaud mu(hne was tr.l.nsfqrmed into the - ‘speB, delet\on straln

H'mzs The tunslormnnts were selecled ror letracvc]me resistance und a)np;-
cillin sensmvny T?!y did"aot confer sgmating ureohydrnlaae, atginine dm...
boxylase ‘or nm\thme decn.rboxylue unmy to the host. strain. ,‘rne recom-

binant plmmd thus constructed; pKAIL shown in Figure: 7.3. This recom-

blnlnl plumld was, dlsaud vnth Bul! of Pn I to detcct the Ball and Pall sites

n'the maert in plnmld pKAlS ('r.h 'hb) The rewmbmmt plasmid._con: .




&~ (pH 7.5); 1 mM EDTA buller, was-precipi

v+~ ments Sall-Ball sad BamHF-Ball ‘ware sépirately,clone

-236- 0wl T

77.2.4 Axisiysis of the dx.-.;'m;m' of

n-crlpuon of gpeB:

Sall-Ball (or FeoR. Bill) -and Buml” Ball are DNA segments from either *
- sideof Ball The direétion of trénscription is eithir Sall for EeoRI) towards -

" BalLor' BamHI ww-rd: Ball. (anure 7.1 and 7.3). ‘Plasmid pKAS was digested

with Ball and l'ollawmg extragtion with phesol satutited with 10 mM TruA{CI

(e with éthanol. The prempltated
DNA'was redissolved in 10 mM TrisHCI, 1 mM EDTA buffer (pH 7. 5).. and

\‘h;ated with, Sa" EcoRI or BamHl The ‘desired fngmenls (Sall- Ball EMRI- &

Ball or. BamHI-Ball) were isoiated from agarose gels (Section: 2.19): The frag?

t6 plasmid pKO1L

" The vector wls restncled thh Smal and ellher Sall' (fov clumng Sall-, Bn!l) or-,

: chHl (for’ “clobing BamHL. -Ball). ‘The fragment EeoR Eall was cloned into -

) plmud PMC1403 ramcud thh Srmal ‘ati ‘mmum clonmg EcoRI-Ball).

The'tragment. BamHI-Ball isglated xmm,u;e agarose gel was. "bliint ended” '

“usinig’ the l(lenow Traigment (Section: 2.11); and wis cloned " into plasmid "’
pmcuoa restricted with Smal. The: Sinaf site‘in the vectors lies between the

Sall (Eenﬂl or BamH) ‘and the strictural genes lacZ (in pMC1403) and galk -

(in pKOL1). The Smul sites.were linked by luat and ligation to the w-m

Yot the msem, and'tjle BamHI (or Sal or Ecmn sites into their complemei-

K
" tary site in ihe insort. The'cloning strategy is schematically diagrarhed in Fig-
*"ure: 7.7. The ligation mixtures from pMC1403 were uséd to transform HB101

(lacZ"), and that from pKOLI to transform N100 (AgalK). Lac* clones were




seledted on MazConki hear ¢ lactose and ampicillin, snd gal* clones
iere' u-xmd o salnimal agar plnm containing ..np.c.u.m and galactose as

L T e sl carbon. soufce. Only. the. Ball:Sall and Ball- EcaRl fragments,
- represeuung "the sime mlmn of lhv DNA segment (| proxlm:l to: amp® gene of i .
S~—L X 5

. the vector DNA in pKAs). provided . tlnned pmmnur in lke vectors. pl\Oll\

and pMC1403 respectively: A clone containing PMC1403 (FAUL) and oie ton-
taining pKOL1 (PAUG) were selected for further study. The onenuuon of the
i ihsert DNA s aldo de(ermmed by restricting plasmid pAU'L vith BamHI,

“and pAUG with Pstl or andlll The results’ are’ shown in Tnble lb T,he y &

: mser‘u m,pm.md. PAUG. and. pAUL. were m‘the ‘predi d‘ungnlalgon,‘wnb

'zﬁejy B-u sites pm)_(irh.ll to the slmctur!.l genes of a7 and galK.. - - R

AR 7.2.5 The mmman map of plumid pKAle

Rummon ciaps ot tha plumlds pKAlO pMﬂ and PRAS hav: been_

descnhed (Boyle ‘et 'al,, 1984; Tabor et al, 1983). I ordet to find the sites for
& J = b %

the restriction enzymes that mmcc the plmm.d pr\fm wlthm m near lhe

apeB -regwn, the plumld pKAlO was hydrolysed wrth Bgll Pvul[ .nd Pnl K

“separately -and in combinations. The Testriction fugments were sepnmed

elther o0, 0.8% of 1.0% sgarose gels. The gels weré slamed with ethidfim -

- bromide (Sechon. 2. 13) and photographed (Secunn, ). The size oLt.he res-

triction lngments was determinéd as dmnbed in Sec .14, The reslllt!

~are shown in Table:-7. b. To construct.a map ror these restriction sites.




‘Fumm‘ e

, ST Construction aad restiiition mups of ¢ ( :
: g PAUG and pAUL. P

( / y=Fusion by hgmon of non complementary mmmun ends.( ; )=Adja:
 cent restrietioh sites. of ») ""-"'ol‘the
fragment (dxrvction of cloning).E¢oRI (Sall}-Ball and Bull -BamHI sepresents the-
two sections. of: the’ apeBion either side Ball site which is within. the speB gene. onlt b
ST=stop u:odans in_all three feading’ frimes IN=nitiation codon, (ATG). ® i *
AMP= . resistance gene.’ (57) and’
(3") are the ends of the mRNA molecule.N='Amino. terminal of the polypeptide.
C=Carboxy’ terminal of the polypeptide. AUPuapeB promoter {AUH - pro-
.moter).  N-AUH=Amino-terminal 'of . AUH. AUH=agmnme ureohydrolase:
FBGK ctokinase. AU:B i osids nmon P
- protein. PER=Galactoside permease. - ACE=galactosid cetylase. 1K= i R
~Kilo-base pair {to scale). ( ¢ )=The approximate position of the apeB. promo'.zr_
determined " frof . Bal31 d-guuon experiment (smm 7.2.2). (& )=Sall,
(®)=EeoRl, '(Q)= Ball, {@)=Hincl, .(.a ]=lell ( A J=BamHI,
= P:I (o)=HmdlII-.nd(O) Smal. s

T 5 e ” 7







tricl.mn sites for EcoRl, Sall

? 1984) wcre -used"

and n) ‘This places the npeB getie at about the Hmdlll site (Figure; 781

The dmuu of un amp“ gepe f 1:-,- vector rmm tﬁe Smul’sne of the insert,




pAUL -nd $AUG were tsed T The" Sy y of u;ulauon T an-

es'of ﬁgslntosldnse and gnlncmkmue i’

6t-0.55. and 045 kbp Dn;utmn of the P:ll

‘of 1.0 kbp was urther restricted on dl;uticn with EgoRl into: two lngmentx

|gesled pKAI0 DNA with Ball -







‘Chapter 8. . L

Cell Froa Tnnmlptlnn snd Trmhtlan

3 & 8.1 htrodu:tlom .
5 Cell-rree pm'.eln synthesmng sysi,ems hnve been used to delelmme the

influence of vmons zﬂecv.or molecules on gene e«prmm st um levelrof tran-

seription” and zmslmon (Zubay, 1973)., Thie roles :of protein factors in Eene

- regulmon can be studied by using $-30-extracts prepared_from m' itants fep

crp') (Boyl&' et ., 1985; Golli 2,1879). The 530 extrack can then e regofisti-.

. "tited with the punﬁe&prolem and,u.e pmteln s emz xmmd Molecules of

. low moleclllll’ welsb

Fanscript specialised | '}phlg!s(Mukle,lD‘N)nnd

SV diplasmids (Chm aid zmy, maz) Tiavé been locned using this spproach,

towards Ball, and-the spproxinate lozation of the spell

by exonuclegss dlgasl.mn of the plasinid pms \ising BaldL.. Tn"oider to

mofer as deituced

% oo th.e dlrectinn of g

speB géne, and pKA 14, which carries ihe peB gene were used. These plasnids

W were'linearised using restriction sites within the speB gene. 5-30 extracts . of

O

The Aivactivn of spAB 4Arapscription ,qg _vKAS vias shown: by the gene i

fll:i«‘m's"zudiu"-'xe[:mrted in’ Chapiér 7 to be from the! Hindlll restriction site!

transeripti start *

xuch as cAMP can: be ruddy removed lrum the S 30

point; plasmid pKAlO DNA, which. catries ‘the- promotel el gan: of_the
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! MRE600 and LS854-1 (Acrp, Acya) were prepared, fortified with nucleoside

triphosphates, amino_acids, [S} jonine, and ATP re ing system,

“ and transeription'snd translation were, nitiated by adding the plasmid. After

incubation, profeins ere denatured and electrophoresed on SDS-

polyacrylamide gels. Radioe labelled proteins were detected’ by

4 : * Buorgraphy (Section= 2. i4) The effects of CRP and ¢AMP on the transcrips

..o of sped and opeB, were examined wsing PKAS and PKALA yhich Garry the

2.
;enes for arginine decarboxylase aud and 1gmatme ureohydrolase p——

CUv 7. 82 Resultar 3 ‘ A
t, TR e et s of, conditions’ for - the incorpor of st
S e, ; 5s,in o cellfree transcrip n and:translation
P ' systein: ey o )
o oder 16 determine the pi i’ co fon'of plasmid. DNA. to

direct protein synthesis in an in. vitro transeription and translation system,
o . Teplicate reaction mixturss containing the $-30 extracts of MRESO0 or LS854:i

(Acya, Acr) were prepared ‘and'the concentnlwn "ot plasmnid DNA super-

" “coiled or linearised) was varied. The-linearised plastids were ohl.nmed by dig-

1t esting the plasmids (pKAS, pKAI0, pBR322 or pKAL4) with-Ball-A'sample of,.

« the digmed DNA was checked by agarose gel eleccm{mmsis. The reactions

" were mcnb.nted for 15 l'mnul.es, and terminated by the addition/of 0.35 mlof. |

15% TCA. Rndlou:uvny sssocisted with the proteing was determined, and the
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results afe presented in Figure: 8.1. The incorporatioi into proteins was maj-

/.mm with 3pg pKAS, 4ug PKALS, 4ug PKAL0 or 2ug pBRA22 as supercolled

plasmids or 2ug pBR322 as lmear DA to direct the synthesis of proteins in \
reaction systems containing MREBOO extract. Thie incorporation. was maximum
with Sug pKAS, 44g pBR322 or 65 pKALO as supefcoiled'plasmids in reaction

systems cnntmn\ng L'S854-1 extract. Thc aphmum plasmid DNA concentra-

. tiors-were rouhne]y carned out for 20;

tionis delermmed bire weye: rused i the ronowmg experiments.

ln “order o deterrmne if the incorporition of [”s] methionine was finear

sl ‘I‘he mcorpormon was lmen {or a penod ol Ilp to 35 minutes and Teac~

nutes st LU s

822 The effect of u\MP on the cell-free synthesis of agmatine

a1, argipine decarb

In on;ex to demmme the eﬂect of cAMP on the" synthesis of agmatme
Ilreohydmlue m vitro; 'the reac'non system Using an 5-30 extract denved [rvm
E:ah MREBOD was du'ecled w lranscnbe and translate pKAl4, pKAS or
pBR322 DNA (Sechon 2.17), in the’ presence or absence of 1 x lO“‘M cAMP
The protems were nnalysed on s IWB pblyacrylamlde gels conummg 01"5

SDS ﬂuomgnms were prepared and are prepnted in-Figure: 8.2. The addition




W5 % Figure:

The Effect of sing C: 6 of 8 iled and -
Linear DNA and: Time of Incubation on the Incorporation: i L8 B
of °S}- Methionine into Proteins Synthesised in ¥t :

= 1 Cell-Free Transcription and Translation System:
In. resction mixtures céntaining the, $30_ gxtracts™of MREG00 (B and D) and
LS854-1 (F), the concentration of -linearised (D): and supercoiled (B, F)-DNA
.were varied. The: plasmids were liniearised by dlgeshon with Ball. (O ) =
,pPBR322, (@) = pKAl0, (®) = pKAl4 and (n) = pKA!
* /'In_ reation mmixtutes containing the $-30 “extracts of VlREsoo (A and C)
/ 'LS8541 (E), supercoiled (A and. E) snd linesrised. (C). pBR322 DNA (O)owias  »
\ used fo direct the synthesis of proteins. The plasmid was linearised with Ball. -+
\ (@ = no DNA added to the resttion systern.. 3 e W .
Pr . i s D o, 2T
2 : “ :
B i N g 3
) : '
y - i
YTTRTR
- N % g
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\
'R * " The effct of cAMP on the eynthests of arginine decarboxyisse N

i .and agmatine ureohydrolase:in a cell-free transcription: - . L
lnd translation system’ using an S-30 extract of MRE6S0O dl.reeud by RECA

plumldl PKA lnd pK.AN.

o %
Figure(A): (%‘— pra ) = prs +0.1mM ¢AMP, ©= PBR322; (d) =
pBRsT.‘ %.0,1mM :

T
Flg\lre(B) (a).= No DNA (b) JFKASG(C) = pKAS5, (d) = pKAS +0.imM
o - cAMP, (e) = PKAS, (0= PKAL4, (g) = BKAU + O1nM cAMP, (h)
. pARAE. . ‘
N F)gure(C) (a) = pKA5- 8h exposure, (b = pKAs- 36 hour exposure, (¢) =

* . pKAS5 + 0:1mM cAMP- 3h exposure, (d) = pKA5 + 0.ImM ¢AMP- 6h exposure;
¢ “{e and ) = pKAS + 0.1mM cAMP- 36h exposure, (g) = No DNA- 36k expo-
sure, (b-and 1) = pKAS5 + 0.ImM cAMP- 72h exposure, (j) = No DNA- 72hg
- expogure, (k) = pBR322- 8h exposure, (1) = pBR322 + 0.1mM CAMP- 6h. éxpo- | )
. ‘sure, (m) = pBR322- 36h exposure, (n) pBRazz + OlmM cAMP th expo- T‘\__, ~
“sure, (0) - pBR.’ﬂZ (p)= pBRﬂM + 0.1mM cAMP. - .

' .‘ Figin(D}: (o) -

'

pKA.M (b) = pKAM + 0.1mM cAMP, (¢ n.nd d)—Na DNA‘

w ADC arginihe dec;rboxylue SAM.= S-adenosyl methmmne synthetase, AUH

‘e = ;gmmne ureohydrolue, LA ﬂ-lncumnse
Molecnlar wughts are expressed a3 dalwns X ll)" ) ;g % /
' . v ' 5 : ’ . L
B 7 ot ; v
; ' 2 e K
PR Ly
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! lactamase encoded by the same plasmid appeared unaffected.

. oof argmn\e

=250~

o »
of 10M cAMP to the MRESO0D 5-30 extract completely repressed the syn-

thesis of agmatine ureohydrolase ang arginine decarboxylase, whereas g-

8.2.3. The role of CRP in the negative regulation of lgmnlne urzohy-
droll.u lﬁd lrglnlnz del:lrhnxylue synthesis by cAMP ln a cellJree
tnns:rlptlon and ll'll’llllﬁon ayutem v

In ordel to assess. the role of CRP the $-30_extracts ol‘ MREBOO or’
LS854-1 (Acyn, Acm) were used. pI\A5 DIVA was used to direct the synlhesls :

,agmstme y , S-adenosyl ionif s:n»

thetase and’ ﬂ-lactamue in the S-30 extracls of each stmn Rephcate reaction

mixtures contained various concentrations of cAMP (10'7M tp 10*M) and the. -
proteins syndh_umd were analysed on 10% polyncryluglde sl sining
01% SDS. ;T e ¢

ln an 1denucal expenmenl an S—30 extract, of L8854-1 (Acya, Acrp) was

directed to syntheslse proteins using pKAS’T)NA Rephente reaction mixtures

were supplemented wn.h cAMP (lO"’M to lo"‘M) md/or 1ug CRP. The pro-

. tins were analysed 58 described ‘aboyé and the uspogams prepﬁd When

S-.'M) extrnct of MREG00 was used, cAMP ‘at lO“M abollshed the synthes)s of., ¢

agiatine \lreohydmlut while 10°M ald not uﬂ'eut n.g synthesls, unless CRP '

was added to the s-ao extracts of LS&EH ﬂ-lutnmue ‘was not. nﬂ'ected even

when 10°M cAMP was udded tp/the cell-free transcription and translanon sYs-




o the apcB promoler and the directi
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v AT I'

tem in extracts of MRES0Q and L$854-1 (data not.shown). , -
DR ; A%
_8.2.4 Direction of tra rlpth‘m and localisation of the speB promgter
. pi(AlO which carfies the promoter proximal fegion of the speB gene and
pKA14 which carries the entire speB :ze‘ were used to determine.the location
of lranscnpuun The p]asmld pKAlO
lwu dlgested enher with Ball, Pall or wnh Hmdlll and plasmid pKA14 was
digested with BamHl These dlguts w;re used sepaxately to direct’ the syn-

thesu of proteins in‘an S~30 extract of M'REBOO The pmtsms were analysed

on, 10% polyncrylnmlde gels contn‘J 0.1% SDS and the fluorograms are

" shown,m Figure: 83. After digestfon of pKAl4 with :BIH;IH!, the proteins,

‘which were observed on-the final tam (Fiure: 8.3) cor ded.to B

lutamuse, its precmsor sud agqmme ureohydrolase (monomenc I‘urm) Mter

5 dlgestmn ‘of pKA10 with -Ball or Hxndl[l the f-lactamase and its precursor *

é[fp%ed;\ﬁ\‘thmged, whereas after digestion with Patl both ﬁ-]actamase‘ and
g its' prec‘urso‘r were reduced in size by about 7000 daltons, coilsiste;lt with t;n
‘{mown_ pr;genge of a Pstlsite within the amp gene. In these latter reactions the
agmatine ufeohydrolase monomer ;iisayp‘ea.red, and wasrreplnced ;ith a 35
Kdalton fragment after Ball digestion, s 32 Kdalton fragment after Pst/ diges-

- i >
tion, n_nd nothibg appeared after HindIll digestion, The digestion o}l the DNAs

and the protein ﬁmdqcts are schematically shown:in Figure: 8.4.

-

B v
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Figure: 8.3. "

Synﬂuh of agmatine qmllydrolue ina eeﬂ-ﬂ'ee &lnlerlptlon and

d DNA to of

system using rh
t.nnurlpthn in'an S-30 zxtrmofmm S

“= pBR322, (b) = No QNA (c) ="pKA14' (BamHI); (d) =

FigueA)
KA14, (e)

(P.m, (i) = No DNA:

Figure(B): (s, b and d) = pKA14 (Hindlll), (c) =No DNA

AUH = agmltme ureuhydrolne, LAC ﬂ-lnctmsse y

Moleculn welghts are expreued as dullons X 10' ‘ i i g ot

[ noildy Ry ._-._’\ R

KA10 (Ball), (f and g) = pBR322 (P:ll), (handl) = pKAlO
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of plasmids pKAl4 and pKA10
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8.3 Dhcnulon. s e X o .

¢AMP and .CRP' have heen shown not to repress the synthesis of ﬂ-

v lactaml.se (Auba, 1983 Boyle et ak, 1985) The results in Flgure 8.2 are m

and’ fKAl4 produce’s

2 nnd tn.nshhon systcm (and

oo

nccord wnth this’in thn v:AMP ;epresed y i of ugmazme

‘;" ,regulumhe s loe peB. gee PKAS

imited nnmber of protems in the in v-lro transcnplwn

_minicell systems, Chapter 9}, nnd they can be .

¥ |denuﬁed with known promns An umdentlﬂed pmtem whlch mlght have 3

regulamry lunctmn has not been observed and \he small size of the msen in®

pK.AH s\lggests chere- there would 1iof. be one. Therefore, the effect ol’ cAMP

and -of eAMP CRP observed here suggest a'direct eﬁecl. on truscnptmn On

& longer exposuges, the autoradiograms (Flg\lre 82) showed an, umdennﬁed
*minor prpteimmx.mncgly 35 Kamons in the cAMP et

tion system, uamg pKA5 DNA in MRE$00 extnct Thl! pmtem‘ wa_s not

detected elther the mimcell system {Chapter 9 and' Boyle et al; 1985] orin_

:the reactlon ;ystems conducted in the nbsence of cAMP (Flgure 8, 2) Itis pos~

: mble thut this pmteln “which-cAMP appears to-induce, represses the asz and

vapeA genes, b\l_t repmslpn of ssz was also .observefd in'.a reaction system

- direcied by. pKA14:DNA (Figure: 8.3, in J}hich ihe rert dogs sot hve-the

" (AUH), This protegn i
\ . .

“coding pozenm] for both 235 Kdaltnn’proteln and a 38 Kda]ton pmtemv

not detected hlthoughupeﬂ is repressed rby cAMP m a ;

.

-




- chin, 1983), and thereforé it may be Lt,

T =2s7-

pKA14 directed Teaction system. It-is possible that the 35 Kdalton protein is a

truncated arginine d or agmatine ureoh . cAMP:CRP" bas

been implicated in ipti ipation and polarity (UNmann and Dan-

)

:CRP represses Ac’nA and meb

by i iption, rminati bol".hmvgmu:'

In the expenmenu ducnhzd Sectian' 818 the S—EiO"ex&iAct was

prepared ugmg various melhods of cell. brukagu (Ommmlxer, alumina grmd-

“ing; freeze breakage: or !omcntmn), as s French prusure cell was unatailable. L
: The method: of cell brn.luge were not &s effi clen!. nnd the mcorpmatmn nl:
lllle radiolabel was lower, i’ extracts pnpued in thu manner, as compued o
. extracts obtnned by breaking cells using a P[ench pressure cell: In lhe expen- ,.

lpen@s reported in S_ectwn: 8.2:3 several Other proteins were deueud, which

often masked:the detecton of plasmid encodedl proteins. Arginine decarboxy-.

Jise was almost mever deteezed and ngmune ure&ydrelm, S-adenuyl

<
h And B 1 were seen at’ ume- Despite longer pre-
[

" “extract ‘added to the reaction system (as recommended by Zubay, 1933). the™

ph.lm)d directed protzms were ot deteéted. Therefore, the luforadmgnms

could not be scanngd Tor qnnntltauon and scanned values thus nh

be meln\nglus in a system thnt nppem to ‘be hmmng in some factors for '
EN

and/or translati All.hough, orlheS-.'!Ontru:twu.h

-

bation to degrade end mRNAor‘ si tbenmountols-.’w
cd would

Bt l;ue (10 unlls/-l), for one honr - prior lo dialysis lmpmved the !peclﬁc 4

|

|

i
aad
15

i

i

i
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Iabelling of plasmid directed proteins approximately two fold, the addition of 1
mM zine sulphat; to‘thf,extmcts {required for S1 activity) resulted in L};epr&
cipitat;on of proteins. It appears that all availnbie methods of cell breakage
other than the French pressure cell cause lnlge“l’rngments of DNA to be

pmen! in the extncts Thwe DNA fragments wonld compete thh the plumnd“

DNA fnr nvmlnb]e trnnscnplmnnl and translational - factors. =‘udn n cr
punﬁed RNA polymerase 48 nnn) to the cncnop mmnres did not |mprcve the
synthes\s of p]umld dirécted protems Ammngh qusntitahou of these results

wa.s not posslble, it can be cancluded hom the results presented, in Sechon

1 (F‘lgure sz) that cAMP negmvely regulates “the synthmls of arginine

decxrboxylue and :g-matme ureohydrolase The xutorsdmgmms (Sécuon
82.3) sk,owed mc the fepression of agmatine nreéhyd‘mlue By AMP required

a functional CRP (data not shown);

The resnlts of‘ using restriction dl:gesls"-of pi(AlO ‘to direct prolein syn-

in the in vitro system are consisteit with zhe resulu teported.in Chapter

7. The posmon and onem.xtmn of speB is:as shown m Flg\lre 8.3. The HindIIl

g s\te, is within the promoter or an early section of the structural gene, (the‘ 2

method of -electrophoresis would not detect a ‘pmein with moleculsr weight
less l.lmn 10,000), and the Patl‘n.ud Bdll slies are pmgrwslvely further a]ong

" the stiuctural gete. . N § ™




Chapter 9

Regulation of sped and speB
Genes in Minicells

9.1 Introduction: .

Mlmceljs of E.coli offer an 1deal system to analyse gene expression and
begulation (Tnselburg, 1970; 1671 Fraser and Cutiss, 1975) The expressm..}L
the genes segregnted in minicells on’plasmids can be studied wnhout she pres-
ence’- of chmmnsumnl gans (/ fSing [’5s]-memonm= 1o label. the proteins

encoded by the pla.smlds ted in rhinicells

Figure: w1}, Borle et i, (1984) identified” arginine decirtioryiks
methionine adenosyl transferase amoiig the plasmid. DS eticoded proteins.
The 1dennﬁcstmn of these proteins was based on their mlgrntlon after SDS:
polyacrylamide gel elechophuresls Based on the ablllty of various suhclones of
plasmid pKAS to_confer enzymatic activities to the sped, spe‘B speC deleted
strain of E.coli (HTS?S), lhe 38, 0& dalton’ pmtem was deduced to be zgmahne

ureohydrolase (Boyle ¢t o, 1084),

. " "The mlmcell system was used to discrir _' between y)fe
" ihat either cAMP-CRP represses ,ng du-ectly or cAMP-CRP induces the for-
7 mation ‘of a »vrotem which in turn regulates the expmsmn of speB. Because
: mlmcells lack cl:mmosomn] DNA, cAMP:CRP would not be ‘able lc eﬂ'ect the
\repressmn of speB by inducing replessor farmmon (unless a gene l'or such is

cloned in the plasmid). If cAMP-CRP is involved in th; repression of speB

directly, the synthesis of the 70 kilodalton, 74 kilodalton and 38 kilodalton




.‘scanned using a densntomezm scannel

¥ ~260-

*" proteins would be diminished relatiye to the-4-} “synthesis. The mini-

cells carrying p]umid~.pKA§ ‘were Iabelled in tife presence of cAMP, aud the

minicell proteins were analysed on'poyaciylamide ges. The uorographs were

-encoded proteins to m mmmase syntheslsed by un vector was determmed

D_.lRe‘p\}lf‘.vmv i 5 B : o

0.2.1 The elect of !nmnsm; time of incubation on the incorporltlon :

of [“"’S]—methmnme mto protemu of minicells carrying bpBR322:

In order to ine if l.he orati af [} ionine into mini-

nnd Lhe relative synthesig of Lhe msert »

cells carrying pBR32 was linear with respect to time of. mcubahon, the

purified minicells were incubated at 37°C in#&ke presence of amino acids,

for variolis time intervn.ls The

teoaide tiTshosthats “d[xss]

" TN
. react\ons were termmatd in samples withdrawn at various times by. prectp:-‘

tating the proteins with 5% TCA, dnd the: mdioactivity associated with the

’ precipitates was determined s deseribed in 2.16. xn‘corpcmiou of s}
mezhlomne into pmtems of mlmcells carrying pBR322 was compared with that

o[ ‘minicells wlnch do’ noc carry any plasmid* DNA (Figure: 9.1b)." The incor-/
-

pornhon of ["‘"’S]—methlomne was linear for at lesst 15 mmu,tm The reactions

were routinely carfjed out for 30.‘ minutes/ '




° Schemlﬂc diagram of the llbelllng of mmlcell
.~ proteins. .

The: ﬁg\(re shows the labelling of

.Figure 9. l-

-

ins by Y lahelled amimo ‘acids, In

" the expenmenu described in this chapter the minicells were lnbelled wnh s}
. 'meﬂuomne instead of ["C} amino acids as shown in the ﬁg\lre :
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boxylase. , PP K \

0.2.2 The effect of cAMP oi the synthesls of arginine decarboxylase

and agmatine ure';ﬂytlm'hu in minicélls carrylng plasmid pKAG:,

? The minicells were isolated as desdNbed in Section: 2.16, sad were pre-
incnbmd for 1§ ho\m at 37°C to ;ﬁ;w fo) the degradation of enliogennm
mRNA: The mlmcells were further incubated for 60 minutes at 37 C in the
pruence or absence of added cAMP. The tAMP concentrations uud in the
mcnhmon medium was between I-and- ;mM Nucleoside mphoaphnel and
amino nclds‘were added along with [¥S}-methionine. Thé mixture was further

mc\lhlted for 20 minutes at 37°C , lnd non-labelled methichine (final concen-

« tration 5 mM) was then added nnd the mcnbnuon continued for a further 5

mmntes This allowed the completion of synthesxs of partially synthesised 39S-
Inbelled proteins. The extracts of the minicells were prepared 8 described in

Section:*2.16, and subjected to SDS polyacry/mlde gel electmphorem The -

results are presented in Figure: 9.2, and the relative band intensities are given
in Figure: 9.3, As a function of cAMP concentration, cAMP decreased. the syn-
&

“ythesis o agmatine ureohydrolssé and increased the synthesis of arginine decar-

1 4

0.2.3 The én.gc of agmatine on-the synthesls of arglnine decarboxy-
“lase and ng tine nsnchydrulm in minlcells carrying plasmid pK.AEI

This experiment s similar to the one described in Section: 0.2 but
cAMP was replaced by agmatine. The minicells were labelled, and the proteins




FEIN 0.’. .

. ., y The eﬂ'ut of cAMP and agimatine on ﬁu lyntlluh or
k . ADC and AUB by pKAS in minicells,
AT

-gmstme ureohydmlue , ADC-= arginine decarboxylase , SAM =='S-
+ :adenosy] methionine’ ‘transferase and LAC = - lactamase, {l)‘!mM agmatine,
(b)=2.5mM bgmatine, (c)=bmM -agmatine, (d)=10M agmatine, (e)=control - -
(nane) (N=imM cAMP; .(g)=2.5mM + cAMP,” (h)=5mM ‘ cAMP,())=10mM .
"The molecular weights' determined “from the migration of proteins of

known molecular Weight are shown ‘as daltons X 107, and are shown on the right
‘of the figure. The relative peak srea determined from the autoradiogram, shown
in Figure: 0.3 is the peak area of the scanned band.in an autoradiogram relative
,to.the pelk area of Hmunme bad_in. the same lane, in_the same nuwm
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" Figure IJV

) 'ﬂu -lut nhAMP and agmatine on the lynthull of o
ADC, AUH and SAM, knd on the total ncorporation of *
[*S}-imethionine into minicell proteins.

me A uhm the effect.of :AMP and Figure:
B: siwwa the effect of agmatine. AUH = agmatine ureohydrolase (@) ADC =
arginine ‘decarboxylase (@ ), SAM = S- adenosyl methionine transferase (@)
_and (Q ) = incorporation of (%S)- metkionine into total protein of th minicells
tlm carry the:plasmiid pKAS:. The relative peak area is the peak area of the
ed\band in an ullondmmm relative to the peak area of. flactamase bllld
e sanfe lane, in the same l\mmdwgum\







..

I o ‘
wemrupnnted‘un 10% polyncrylamlde gels hs déscribed in Sectmn 2.14, lnd

the ies\ﬂts are presented m/lall : 9.2, and the densmmelnc scans of the

‘ﬂ\lurogrnns are presented as band mtensll,m relative to the band mt&;@\} of
|

ﬁ-hcumue precursor pmem\m Flgure 9. 3; A;mmne increased the synthesu

of agmatine utedhydrolase And decremed the synthesis of nrgmme decnrbuxy-

]
lase And S-adenosyl methionine transferase. .

J ;
924 Th'p effect of MMP and agmatine on the incorporation of %S

‘mct.hlonln'e,lgw total proteln of mlnlullu cuiyh; pBR322:
The mujor protein expressed by pBR322 in minicells appears to be B

Jactamase, In % to asess whether cAMP or agmatine affected flactamase
* synthesis, the i

h ells cl'rrxing‘pBR.’!‘H, follwing 15 hours of pre-incubation,
were incubated ab 37°C for one hGur in the presence or absence of cither 5

mM ¢AMP or §'

agmatine, The proteins encoded by the plasmid were

labelled by starting the reamon by the addition of mlclwelde triphosphates,
|

amino acids and “[SI-mEthlomne and the incubation was continued for 20

N m:hum at 37°C, Cold methlomne was added, and the mixture was incybated

'
for a further 5 minutes to complete the.protein chains initiated..The extracts

"\ of minicells were prepared, and ’aliquots were treated with an equal volume of
10% TCA. The mixture was kept in a boiling water bath for 10 minutes to
h e
remove any [**S]-methionin 4rom charged t-RNAs, These samples were. then

incubated on ice for one hour, and were filtered through™0.4 micron millipore
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Glters. The Blters wers dried and the radioactivity ‘counted. The results are

o

pmud',. total ncororation of the [*S}-metbionine iato misicell proteins

in T;blr 9.1 Neither cAMP- nor nmmm affected the total meorpomm of
[”Sl-meﬂmnmc into pEu!! encoded proteins. * ViE, @
. ~

u Dbzn-lom 3 !r 1
Cy:hc AMP and l;mn:me do not affect lhn :ynzhuu of pmteuu encoded”

“by pBI22 in mlmcelb 1Tt.blr o, Boyla ol (msh’ showad that cAMP dm

that of lhe }lutlmm precursor :neodethn pKAS
4 The pesults demmr(s: that cAMP repmse(the lynthul of the 38 kil>-
dlllo pmm (agmatine vmbydml.ne) ud the 43 kilodalton pmtem ($
¢ adenosyl methnpm synthetase) while: the proteml 74 hhd:llon lnd 70 kllo-

dnwn (mml decarboxylase - “precursor and producl mpecnuly) were

mductd (Figure: 9.3). The repression of S-adenosyl methwnme synlheﬁue by
ES :AMH has not been reported prcvmsly The mdn:tlo- of the precnrlor md
pmdunb l'omu of arginine deu.rboxyhu is surpnnn( in mw nl Ihe npreuwn

o
of en:ym activities in ‘vivo (Clupm 3 anhl nd Bayle, 1981) It'is not

clear 'w] ar the !ndwcfwn of arginine seen_in. this

is an artifact of the minicell system, o if cAMP induces  repressor which in

“turn represses’ the op‘eA ‘gine (udniln; decuitoxylm) in" .normal culll

i




< - o
= £ Althongh the reason for, tbn’ducrep-ncy is not clear at themumeut mmlcells \ o
may, be Jimited in their llrhty to regulate gene expression (e el al, 1967

Roozen et al., 1971; swkér cial,JﬂM)

Agmatine induted the synthms of agmatine ureohydrulue protem wlule

n repressed th: s?nelmu of S—ldenusyl methlomne synthetue nnd arginine

i decnrboxyhss (Figires: 92 1t can' be concluded that i mediated "o e

reprwlﬁn And n;m:tme medntqd m&nctmn of ngmmne ureohydrolns: do not .\v
\

req re the synthwx of ot er zene prudum ecause uAMP medm,es repres-

sion thmugh CRP (C

!hnt cAMP medum

a;muhne uroohydmlue QO\IH be lt tl\e lgvel or nnscnptmn mRNA stabili
2

(nhllke the respmm prvposed Iur argunn deurhoxy]ase m cAMP)' the !Ilght 3 REY 3

ion of ;rgmmg decnrboxylu: by ngmltme, whlch is smnll compnxed :




.'.:p!A g f /"'-

_yle o dl, wss Stoker e\m,mq() » £% ‘\

ehaptér 88 the mumczlh can Aupport only 1 2 rounds of rephcatmn pl plasmld
contm.ned in them (lnselburg, 1070, /1)171] Bnd thls wouhi be comp]eted dnrmg




% ', nna]yn the role-and mode of. regulmou by various l‘actors mvolved in ihe

: ngmutme, nd the Toles* ot Other putmve regulntory elemenls, expressmn or

4 gene was Exlmlned In ol'der to unlyse the expraslon and regulltlon of the o

i . llegnls}.lon of o0
a o G speB:lacZ, speB:galK and speA: ga]K i
| . Gene Fusions

Tl;e spev.ziﬂ'c nucleotide -sequences thn‘! reside in thé promoter d:termine

the action- of vnﬁous regnlntmy lmtols of trnnscnpuon and the rata of tmn- o

scnpnon Iiy RNA poumernse The promoter ls chanct _‘ by 2 conselved

served sequennes resi 10 and -35 basé pmrs upstream {rum the

hmscnphon stm‘l sm (Rosenhetg @t M 1083 nnd Rosenberg and Court,

1979) Rgcombmmt DNA techmqnu have made it posslhlc to place the trane

smptmn of genm l'or enslly usuynble gene ])roducts %der Lhe\mntml al' RIS
-
ve pmved to be ‘extremely. \lsefu]

dlﬂ‘erent promuters These techi

regul:hon of the’ initiation of tnnscnphon (McKenny o al lOBl] R ne : R

In order"to .analyse the Preclse roles n.nd

tes of ncuon of cAMP und

. the ﬂ-gullcwsldue or glhcwkunse genm fused to the promoter of the lpeB

$ -peA’gene (u’pn '7 e




# . -276- .

o . o
" -the promoter of speA fused to the structural gene for galactokinase was con-

" structed by Buch and Boyle {npublished results).

. in.z Remlte

% 10.2.0 The eﬂ‘u'.t of :AMP, A!matlne, ornithine, ngh\ne and ;mtres-. . -

. ‘ ’ S em 0w ine nn the expresulon al' glln:tokinm encoded by pAUG in N100: -

wn.h mcreumg

7 n;!sune The‘ enzymlc mmty o

cells und the results HE shown in




Table 101
Speelfic activities of f-galactosidase B ;
and galactokinase ™ E

in strains carrying |

‘| N100
‘HB101

. |HTas
“lissio -

Lsasa
& N

LS854-1

SpAULY - oo

PAUL - . 1ss0r E T ND




PSSO G

Flnre 101

‘The effects of ,mlnlehhndpnlyulhﬂo-tle ;
upr-h:dphmkhi-nwdndbyphmldpAUG 53

Relative activity is tht relative |o the uh\my in the absence of any sdded com- - -

pounds (Table: 10.1) (=1.0). Each. result obtained is-the average of-three expery, = -

° _ ments, qLEtle bars represent the extreme values for each set.of parameters. Fig- -~ "
..o ure: (A)S] theeffect of cAMP ‘and Flg'ure (B): show the elocLs of aﬂmtme, -

S ormthlne. and idi vnthe
(@) (A ithi ine, + ‘(A )
[°)=lpnm|dme and (o )seAMP o
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F@ni 102, The specific activity of the enzyme is given il; Table: 10.1.
Cycl’ic AMP repressed, while agmatine, arginir{g and ornithine induced the 4
galactosidase utivﬂty‘. Putrescine-neither induced nor repressed the activity of

Vs

) Fgalactosidase.

’

10.2.3 The el‘ect of -pnltlne, nrnlthlne, lr;lnlne, putrescine, lyeml- ’

dlne lnd cAMP on the expralldn -of. :hromnsomllfy encoded ﬂ-

galactosiduse in LS348, LS85H, LS854-1 and HTszs:

In order to demonstrate the role of CRP in the negative regulation of the
apeB: th gene fusion in plasmid pAUL, it was necessary to analyse the eflect
w in A:yn snd Am sxmns of E\h These strains have a chromo-

.- samal lacZ gene, whose expression might muk the expfession of the gene in

the fusion plasmid PAUL. The strains L5340, LS853 and LS854-1'were grown

in minimal medmm cunmmng glucose Two sets ul cultures ‘were ;mwp, one
with and one without IPTG (0 SmM). The rephcne cultures in -each set were
the{n supplemented with' cAMP. The mulls for the ﬂ-gllulosxdue activity in
toluenised cells are presented in Table; lD 2. Th: :hmmommnl lacZ exprmmn

in negligible m/ghe absence of IPTG.

From the results of Section 10.2.2 it was not clear wrelher the effect of

onithine snd srginine on the expression of the fusion gene

: - . . .
or indirect. In order to clarify this, the effect of these cgmpounds had to be

. i B o3
emni:ed in HT328;  strain deleted for: apeA, speB and dpeC genes and which
TS i e

“‘ - /

PAUL was direct




s

! ,:. o
e ke
1 R 3 .
“ S Pl'm-lﬂ.l
\ " mmum,mmmmmum
\ of f-galactosidase encoded
\ iyphanAl'LhBBlnl. >

lwmvemm nuuuhnvew&eumtymmmofm-ddedmm-

pounds (Table: 10.) (=10). IPTG was not included in the medium. Each result
obtained is the sverage of §-experiments, and. the bars represent the extreme
values for each set of parameters. Figure: (A)l shows the effect of'cAMP and Fn;—
ure: (P) show the effects of agmatine, arginine, ornithine, putrescine snd Spermi-
dine f‘ the expression of }gl.lmuldm .. )- mutme, (v}-ormthme,
(@)-ursie, (7 }=puirecie, (O ind (O F=eAMP. .







" toluenised cells as described in Sectwn

ecta. :AMP, llnlno acids nnd polynmlnu on the -~
npr-llon of ehrommomll!y Ioenud lch i

2 +5mM Putrestine
. |HT328 -’ Y +5mM Spermidine. -+ 4
HT328° " 4+5mM Agmatine" X o
*45mM Argmme . <1
+5mM Ormthme <1
#; <1
fis +lmMaAMP S e
+5mMCAMP . -. " 90
o Ty PTG n e 1200
“ e BERIE
b +1mM cAMP . | <1
) +5mM cAMP 90
: +IPTG: | (N
. <t [
. FimM My Q]
W % +5mM cAMP— ", <1 i

+IPTG .70

' N.D'= Not Determmed

. ngmmn 2mM

Gty g ' ¢AMP =1 m\A :
IPTG = 0.5mM 3

Pgal = ﬂ-g&lnctoﬂdm )

The strains were [rawn in minimal media and the cumpounds were ndded into
the medium at the concentrations mdmud The activities were determmed in




“ carries an intaet 14eZ getie on Lbe: chromosoms. Jh orde 8 determine T tie

therefore could not convert tlie‘ compounds to putrescine. Elcali strain HT328

encaded i would *mask lhe .

ession of the '_ |

\ :
exprmmn of the fusion gene in pAUL rephcate cultnm of HT328 were grown

in minimal me\ﬁ@ining gln&ue One set of cultures were snpplemented g

| with 0.5mM- IPTG. The replmle cultures in one set (those wuhmu lPTG) 2

‘were grown with agmatine, putmﬁne, :permndma, ‘arginide or omlthmz -and

" replicate cultutes of thd other n{ were' cultiired in the presence: or in the

5 4 . .
absence of cAMP. The enzymic* iclilvit.y of ﬁ-glluwsidue was determined and

o the muus are pmm“d in Table: lO 2. The expressm of lacZis neglmble in

the Abunce of IPTG or in the pmence of amino mds and polynmma

{
w.u The ‘effect cAMP on the exptulon of ﬂ-;nlutolldne encoded
by pAUL in LSI{O, 158563 and L$854-l.
'E.coli strains LS340, LS853 {A:yu] and 158544 (Acyn,Acrp) clrrymg 1
\

p!unud PAUL (carrying speB:lacZ gene fusion) were grown in the preseice of

-glucose in mn‘ml medium. Rephg-te cultures were “supplemented with
" I

. “increasing concentrations.of cAMP (1-5 mM). The enzyimic activity. of f-
i :

'gduknidl:u,wu determined, and isishown in Fixure: 10.3. The- absolute

nchvmu of zhe enzyme in LS340, L5853 and LSSSH are given in Table: 10.1.
cAMP npmsed P-galactosidase nhvlty in LSM) and LSBS.’! but not in

LS854-1.




- i oxpnldn of f-galactosidase encoded §
o by pluuld pAULln.LSm, LS853 and. LSIB&L,

1. Relnlvx uumy is thiat relstive to the activity i in the nbsenee of any ldded com- *

+. pounds (Tnble' 10.1) (=10). IPTG was not included in.the medium. Each result
- obtained is the average of three experiments,-and the bars represent the extreme
“values for each set.of parameters. The figure shows' the effect of cAMP on'the
expression of B-galactosidase in LS340==(@), LS853=(0) and LS854-1(0).
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' /f o fumon) was. pown mmlmrnnl medmm conta

e

1o.zs'rlu effect of oFnlthint -rslnlney' ine. spermid "’“‘

-gnmlna on the exprmlon of ﬂ-plutosldm enwded by pAUL ln

. Hms (AcygA, AlpeB Amc) can-ymg—AUL (carrying: u,sz locZ gone

g)nwse as the sole carbon

i with mcreasmg

i source; Rep&c}m cn]hna were

Iup to SmM) of ormlhme, nine; ngmmne, pul.rescme or spermldme and the

Y




" Figare 104 e e

The effects df*amino acids and polyamines on the \

— .. expresslon of f-galactosidase encoded A
Vv : . by plllmld pAUL |n HTSRB 4 o o T

pugmds (Tnbl& 10. l) (=10). IPTG Was not included in the medmm Each result
" obtained. is the average of 3 experients, and the bars represent. the extreme .
values for euh set of parameters. The | ﬁgure show tl;e eﬁ'ects of{ @)= agmtme, 4
(A7)

|

- (@) (2 lO,
the expresslo_n ‘of ﬂ-"gg]uctosxda,se. T













; Soeoe2s- L T
10.2.7 "i‘h'e{ele:’c_of eAMP, 4 I ok
-and .l...‘mﬁ,e (préssion of f-lac e en “‘b'y.

" pADG, pAUG and yAUL n m;m, Nm, n'rm, Lsm, Lsess md !

1-5854-1




: ‘_ Fh-mm'l g

‘Themdm,pbmlund-nhouunuth
thld#hdmmdebypAULudMUG e
e tho,mmu ‘HT318, l.suo,l.suaml LS854-1.

1.0 npremh thé activity. in. the ‘abisence of any addéd compounds (Table 10.1).
Each result is an average of 3 experiments and the bars represent the extreme
“values for each set of experiments. The enzymic activity was determined in cul-
tures of HT328 carrying pAUL (A);-N100 carrying. pAUG (B) and HB101-carry-
ing pAUL (C) grown in minimal glucose media contsining agmatine (
ornithine (W ), arginine (O ) cAMP (@ ) and putrescine (M), In Figu
10.6D, the effect of cAMP ‘on the expression of f-lactamase is shown, in. LS340
7(0), 15853 ©) and L8541 (@) carrying pAUL. -, o
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Ca2es-

(entoded by the plnmds] was umﬂected by mcreum; xupplemmmcn ol ,

cAMP ‘amino acids or polynminu in the growlh medmm
B ; i
102, umr.cm: ‘binds to m _ prnmlner: - P
ln order w snbsunmte clm cAMP CR.P mdeed reg\llmd the experess] |{

of the speB ;mt by interacting wnh the speB ymmout, tlu following experr E

ment was perfol:mnd Th: nsumphon was that) cAMP uzd therefore“'

:AMP‘CRP is hm mx in ;Iuoose/glown cultures, lnhollgh CRP hns been L

lhwn to be pr;sent in lnge exceu in-cultures grown nmlhﬂy (Cossut md




Figure 10.7

diagram | ’mueulb' luslve' -
s e M isms of action,
i 41_7 eAMP and agmatine on the speB gene.

Mntu-lly exclusive manner: Agmatine displaces cAMP:CRP from the speB

; ;. "promoters: on the chromosome and the plasmid pKA10 and thus restores the
o~ "o, activity of f-galactosidase encoded by the chromosomal lacZ, to the level of that
$ & " observed'in cells without the apeB pmmour containing plumld (more cAMP:

'wotild be svailable for the in¢reased traniscription of lac2). 2 ¥

Mutaally non-tul\uhu manner: Agmatine.and ¢cAMP:CRP act at sepnlte
sites. and therefore tAMP:CRP is not dislodged-from the speB promoters onthe
cliromosome and on the plasmid that-carries the gpeB promoter; and-therefore -

“Bhat carry plasmids bearing the npeB pronmter (pKA10) when agmatine is
-added in thegrowth medium.
. The activities'of BGL 1ﬂ-plncws|dne) md of AUH' {sgmatine nreuhydmlne)

in Table: 10.3.

+"(EG) =E.colichromosome; (AUP).= AUH pmmnur, snd the laeZ and ipeB

n the:Z, coli chromosome are shown as. {azait) 8nd () reapecuvely
—_—

lactosidase numy would' not be; incréased beyond the activity, observed in’

.are examples of what ‘might be expécted, and are given_relative to the abtivity ‘i in-* }
“strains not carrying plmmd PKA10 (P). T 'he mnlu of the expenment are glven .
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wuuld also be limiting) v’iould be expected to relieve the repression of chromo- -

somally encoded genes-that are repressed by cAMP and convemly to rnpvi(
\ the genes that are: mduced by cAMP:CRP.

: An E.coil strain LSM whi
g JpeB llld lacZ genes was employed. Thu su-nln was tnmlormed either with

K A,p]umld pKAlO of with the plmmd pBR822 sz tmnsformed nnd the

F ',untrmsrarmed strains wete grown sep_;tely in Mv-mlmmﬂ mediu conlau» .
: . ing glncose as-the sole carbon source. Repllcate culﬁuru wew suppleménted”n

. w;th 05 mM IPTG: The anymlc utmues of the chromosomxlly encoded - .
=N\ H

and ngmlmu eohydrolase were det mine d i’ crude exnuu

‘/fe ruult: ne presenud in ‘.hble lD 3. In conlrol experiment cAMP (lmM)

Was mcluded in the mvnh medmm of e\nhum gmwmg m.the yresence or in

. lhe nbsence of IPTG: PTG mdnced ﬁgnhcmsldnse lctmly in-18340 ;nd "

A /pBR322 but did | to a lesser extent in ].Sz(o/pKA

. timé Agmmne ureuhydmlwe activity was mcreused in LSMI/pKAwu com-

wn;lstent w1th th: blnd “of cAMP:CRP- to.!he_nq

2B promoter xltu). oy

g e
v ' o
2.9 Dm ngmﬁnz - Anduce. mﬂ npnulnn by ‘excluding

X
. cAMP:CRP blnrllng to the gpeB] promthh
- i
From tha !xpenment dmnbed nhove (10.2,8) it may be cunclnded th:z.

carries chmmuom;ny encoded functional . -

pared to the mhvmes in LS340, and L§340/pBR322. ’nnse obsemc.om are.

3 oLn]\AlO (at thelr

FRETTTTTITT T
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The effects of agmatine and titration of cAMP; CRP hy

“the speB promoter | In LS340 n&d LSB53 onsthe expression of

~299-

" Table:: 10 3

ehrombwm-lly located lacZ: lnd speB genes,

Table 10.3(s)

Condition

. Strain
1340 .
_——}15340/pBR322 -
| LS340/pKAL0 - -
" [LS340 . +IPTG .
: L$340/pBR322 .- . - +IPTG
: LS340/pKA10 HIPTG ¢ g
% . [LS340 T . +IPTG+agmatine. - 7
LS340/pBR322 . " #IPTG-+agmatine :
LS340/pKA10 ~ +IPTG-+agmatine - - 260
L8340 - N0 +c% P
LS340/pBR322- +e i< j
L5340/pKA10 - +cAMP R i
- Ls3do " +IPTG+cAMP~ 5700, 0.7,
iRy LSS!O/pBRS?‘K +IPTG+cAMP "' 5300 ".- 0.6
L5340/pKA10 *  +IPTG+cAMP - 54007 0.7
.+ [Ls34p TO L degmatine - . <1
i L‘sm/pamzz . +agmatine <. 5. < 1
o | Lsa0/pKAL +agmatine L1
Table 1oa(b)
Strain - Condition AUH
15853 i - <1
-| LS853/pBR322 - <121
13853 - <1 21
15853 +IPTG - 200 21
LS853/pBR322 . +IPTG 260 .22
: LsssséFKAm +IPTG 200. 2.1
- [Ls8saY . +IPTG+agmatine. * 230 6.7
1S853/pBR322 . +IPTG+agmatine . 250 - 6.0
! LS853/pKA10. _+IPTG+agmatine 240
it 15853 . 'G+cAMP - 5700 ND
1S853/pBR322 - +IPTG+cAMP. 5400 N.D
5500 N.D

LS853/pKA10

AIPTG+cAMP
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_»mu:u'_';i . 3 !

NdDmmdnmme—!mMMMP:JliP’l‘G—OSmM
Mo dneuemlmdmzdmm Bgal = p-galactosidase AUH = umume

ureohydrolase

The “activities ol tlle enzymes were deunmled in crude utruh and are

. expressed as units of activity. per milligram protein. Theactivities,were deter-

mined in the host strains and in strains transformed with plasmids grown in
Me mmuml-medmm, under eondltlous dsmbed in the'table.
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1
i

"?galmmsidm in a strain carrying pKAL0 was, tested.

3 lgmntme wag mcluded in the gmwth media of tnnsfmmed and. untnnsl'ormed

. straing supplemenwd wnh or wnhonl. 0. SmM IPTG The enzymic mwmes of

:mhemme dugnm of. cAM'P CRP and agmatine, interaction is shown in Figure: -~

07,0t - S . oy g

‘103 Dheuulom

108). It is apparént from the experiments deséribed in this chspter that the

-301-

cAMPCR.P binds to the speB promoter region. Whereas cAMP:CRP repfessed ~
the expression of agmatine ureobydrolase the enzyme is induced by agmatine, .
and sufficiently’ high concentrations of agmatine ean ‘overcome the action ‘of
cAMP:CRP (Chi’p‘tex 5). To determine if cAMP:CRP- and agmatine act at the-

sane or: different sites, the effect of :agmatine on chromosomally encoded” f-

,In an |dent1cal zxpenment to thnt dacnhed in Sectwn }028 26M |

Pgalactosid and ngmmne r se were d and are shown i

mductlon of ﬂ-gductoudue Agmuhne did ot ielieve the decreased mducnon

of plactosduse i’ PTG sipplemstod  cultures of LS30/pKAIO A

In this chnpter, lt is clurly demonstmed that, cAMP r!presses csz as a y

function of CRP by recognising its promoter to regulate its" zranscnpuon (Flg-‘ :

ures: 10.1, 10.2). Cyelic AMP slso regulates spéA promioter exphesion (Figure

N . Y e o




s

. 1082).

" and lacZ are expmud 2 clovated levis when ornith ne, a

s presenl ‘In the delehon strain m‘szx (:pe

for the negative

1 regulation of speA and speBis car-

ried on the promo{erﬁ . s
The chromosomal laeZ expression in' E.coli strains HT328, L3340, 19853
and'L8854-1 is.negligible in the absence of IPTE End therefm(daes not mask

the expmsmn of the fusxon genes, | introduced info these strains (Table* 10. 2)

Fix /{m the ruults presented in Flg\lre 106 it.is c]ear that ﬁ-]aémmsea{

reported in Chwters 4, % inds Ormthme, aghnife & sl spmalietidiond,

cAMP repressed, and putrescme md spemudme dld uot aﬂect the acuvltm ol’ .
ﬂ-gnlumaldue or gn.lxcwkmue when- added o the gmwth mzrh\lm of strams

curymg yAUL nnd PAUG.' When the. apeB galg and ope. eZ pmmoter

fusion. | plnsmlds are present-in & normal hon (ADC* AUH+ and ODC*], galK

ne or agmnhne

ws sp:C), however,‘ e

enzymes encoded by the I‘usm p]ssnuds are’ ot induced hy arginine or -

" omithine. Galactokiase  ind ﬂ-galacfmldue are \mdnced howéver, by, Y




: 'b . : agmap,me (F\g\ue 10 4). (Sonsequently, it'is canclnded that’ ngmum :cts~ 5 5 Tt

d.muy on’ the expression of -sz whemus the induction of lpeB by ormthme j

ohservmons raported nbove are also conslstent wn,h those repartcd in Clmpt ) ' el o

i - k3 Cychc AMP repressed the} activity _of ﬂ-gnlactosldm in both Lsam and -

_Lsas3 (Acya} b\lt not in Lsss4l (A :rp) The lesults are conslstent with thme

- reported ‘in Chapter 4, and it can be cunpluded that ‘o I‘unchonal CRP is

H
i
5
ne, gmlthme ar d agmmne reLu-ess ' ;
.syeA duectly or'upon l.henl cnnverslon w p\mescme os hiad bun shownin . - 3
o A P §
i iy
- ‘ , el
g W ,%
5 ‘ - g
e . WS =3
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he . second clstron of the mulhclstromc mRNA (schemancnlly shown in Figure:

it thatthe' ial ind " uf‘

e (Cohen, ms), 4 possfhle mce?amon between apeE mRNA i ag‘matme

resuihng in ‘an. .mcrel.sed shbxln.y of the Inslon mRNA mlght be posslble

. Ineressd dcuvny of ugmntme ureonydmlm m.gm either be due to increased

Sh e . stnhlllty of the npeB mRNA or dunl\ ngmatme mteracnons with the nbo-
| . i
- somes resulting in & speclﬁc increase m ini atmn.nnd/or elongnhon on. the

» nsz MRNA. ,On the other hmd agmnun mlght nssocxnte with RNA polym-
v

- ersse to speclﬁcnlly lncrease the exprss oy of the fusion gel}es. probably by . -

;secun;mnuo« ‘ of transcri Theresults resented in Table:

*.lo 3a. show Mnt cAMPCRP is mdead mnud away by the plasmid, pKAlD

)
chmmosomnl u;ment c-mea on the phsmld pKAm. The possibility ol pKAlO

achvn.y in the speB:i galK fusion is depend’em upon the ma promoler only It

should also be noted that in the 7 45l ruswnj ‘the agmati i

and st By: pﬁn:m -’n;m;m the eAMP RP binding sité fmust reside in the

first clalron, whlle in '.he ay&B yalK fuswn galzcmkmase is. trmslat.ed (rom 3




ib ‘IorLSMmd'““‘“

acZ and ms ('r.ble 103b) at the

wn.h either
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Until recently the RNA hybndlsauon techmquus on sohd »uppvl‘ts haveé | been’

] hybndmnhon tecbiqo

"in the absence or detergents. Although the preeue mechAn

: uge of bem‘ selecnve, rspld and q\unmmve The bmdtng of mR&A to m(.ro-

_ Chapter 11 .

Rell"ve Concent.rltlmu ur i s e ¢
- " speA, speB and lacZ Messenger RNA in E.coli: R Wl
Sodlum lodlde ‘Medh'.cd Immobllisation of Nuclelc Acids. o

111 Introductions ." L '_, ; ': | Pl 5

Our ‘unde ‘_ tmdmg of getie structure has been: g'reuly enhmced by DNA

In contrut ouf undem n d)ng of gene exm'eumn has (

been Izss, due to lhe lack of % ding RNA

done pnmmly in concentrated solu rgodmm chlande [Thomas, mso]‘

Whlte nnd B roh (1082), showed that when a cytoplasm\c fuetmn I'rom

lhe KNA muld be bound to/ay <.
, e &

¢ _mtmcellulose paper hy ﬁlv.nuon “This method reqmres a cytophsmw extnct

free from DNA becmue o.he loftéi can slso be’ bnund Sich o techmq\ne -wonld

 motbe useful to uulyse exmczs of bsctem bec:use they contain BNA nd

basi¢ pmteun whlch l.lso bind to the mtrocenn ﬁlter Recenlly, Bresset et

al. (1083 1b) and Glllmp:e “and Bresser (ma) lnve shown that !uk;ryonc

mRNA in whole cell Iyutu can he selectlvely bound to nnrocellulose in. the ;

praence ot wdmm iodide {a chaotropic nl ] nnd detergents DNA can n]x be -

selecuvely bound to mtmcellulo:e by ﬁlten g sampla at el vated tempentnrm

of nuc)e:c adid,

: ’w itroceliulo l,lwwgu d dnsmethod s the advs




dou no'. lgpu.r that the secondnry stmcture or G+C coulent are mvolved in

the selectxve bmdmg o! :mRNA over FRNA .and b—RNA (Busser et dl. 1983

ab)

( L
Althou;h séversl euluryohc mRNAsMw mitrocellulose |

< using thls method (u d_tHe qv.uck blot’ ‘method), there are only a few reports

1o sQow ﬂm Kar ':kaAs Jxom whole-¢ “Ju-nAbe selectively xmmoblIA K i

R

; ls_ed on mtruce“_\l ose (Poyle et ul 1985)

¢+ In’ this dupler latZ :peA and ppeB ¢ s are’ malysed E. cnl- strains

'Lsasa (A Y a). and LSBSQ—! (Myn. Acrp), were grown in mlmmnl medmm

"tuning gl\lcou as the: mle zarbon source, nnd to rephcnte cullures rAMP

agm ,ne or. plm-ucmc were addcd Extracl.s were prepued snd the’ n\lclelc .

lcxds were |mmob1]ued on the nltmcellulose filters as descnbed in Sectmn 2-12

ln order to wmpue the concentrations of mRNA in.cells growu in-the: pres-

ence or lbsence of cAMP A;mlhne or; pntresune the ﬁltem were hybndlsed N o

“with, udlohhelled DNA of phsmxd pKAl5 (whlch ‘cafries the Hiriell- Iragment

‘!rom w:thm the tnnscnbed regmn o( the :peB» gene) (Section: 8.2.3), plulmd

h

: ‘-pKAlo (whlch  parries the sped gene) (Buch lnd Boyle, nnpubﬁshed runhs], or

0

, pUCG (wlnch carries (.he luZ gene), and the amiounts of probe;| (p]nn‘ud DNA)
: bound were unnlysed :
Th! qmeksblots were hybﬂdued wn.h phsmld -DNA md co\lld be e’

used uner wnhmg to remove the prevnonsly hyhndued DNA ln order to




i ;nnlyyéd’ to detect :the express nof-these génes.

I'order to detemmine

DNA lnd RNA sumples werg e:

RNA nnd for bmdmg DNA

[ z Follnwmg hyhndmuon, the mtrocellnlnse ﬁlt wex‘e exposed to Xeray:!
\ i films. After developing the auwradwgrn.ms “were “analysed by denslwmgtnc' g
R T smnmg The ratio of lﬁe resultfor immobilised mRNA io’the result for

‘immobilised DNA1 nch lrom agiven: number of cells, yulde relative mRNA

concemntion fo a glvm»gene

11,2 Resultst ..

v "I1.2.1 This effect of IPTG and cAMP on the steady state concsntra-

tons of p-.uumldﬁe mRNA In LS853 and LSg6e-1:

RNA and DNA from  whole cells;of E.coli:strains LS853 and LSSS&I

/grown in the prueﬂce or absence. of 0.5 mM IPTG and 2 mM cAMP, in ;v
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= . - B

rocellulos ﬁner, s b d to- the “P lnbelled pla.!mld

ﬂle sole carbon‘sourcé;‘Were selectively immo-

L




Flgure 111

The effeet M‘ cAMP on the concentration of lacZ.
mRNA from whole cells of E. coli
m.\u LS8563 lnd LSIM—I

(B) grown in the presence of IPTG, IPTG + ¢AMP" or in their absence Were

on the filters* and the filters- were probed with| -

,,'+1PTG (2)= +IPTG+1mMcAMP and (3)= +IPTG+$mM

radiolabelled pUCB plasmid to defect lacZ mRNA and DNA sequences. In (A), |
(1)=control, (3)=. +IPTG and (3)="+PTG+25mM cAMP." In (B) (l)‘—-







! ence ot in the absence of-cAMP, IPTG, agmatine or putrescine.

" Figdre 112

b The effects of cAMP, agmatine and putrescine:on the N
1 """ concentration of speB mRNA in whole cells - 7

: of E.colitralna LS863 and LS854-1;~ /
mRNA (R) and DNA (D) trom whole cells of E.coli strains LS853 A ‘;yu) snd
" - 188541 (Aeya; - Acrp) were immobilised. alongside on_ mtmcellnln;eﬁ ers. and "

hybndued with- radiolabelled pKA15 DNA. The strains were grown it the-pres-

A/B,GF, G.are filters ‘carrying nucleic acids from £S853, and ﬁlvm D, E car-

““bied, ucleic acids -from LS8541, (1) represents control (unfreated), (3)

represents ¢ulture. treated with 1mM cAMP,. (l) represents those treated. with

L +/5mM cAMP, (4) correspoiids to cultures grown in the presence.of IPTG,(6) are :-

those'grown in the presenice of TPTG snd 2.5mM cAMP, (6) snd (7) were from
Itum tmted wuth lmM putrmlne 2

*.cultires' trested with 0.5mM ‘and InM lgmmne mpectlvely, aid (!) is I'mm"
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.. #¥+ = Not Determined ‘
Not Detected

=315-
. . ~
Table 11.1
g ®
Effects of cAMP, lgmnlle and pptmdne onlacZ
and.eptB mRNA levels in E.coli cya ¥
4 . and crpstralns. ’_
15853 LS853 LS854-1 - LS864-1
lacZ spe. lacZ speB_*
_ND 100/ ND ¢ 1.00
/”' 100 . 0.02(2005) | 100 T 0.99(0.04)
1 67 g i i o
-,," +IPTG+éAMP(ImM) .~ 1.85(20.08)  0.37(20,06) (£002) -

: . N :
+IPTGHAMP(25mM) . 3.03£0.22) ' 0.18(20.12)  110(3010) ~ wxe ~
| +IPTG +eAMP(smM) e 000p(009) ¢ L05(2011)  102(006)
None T s m‘ =N : 1.00

e e Y .
+Agmiatine(0.5mM) s 3.15(+1.H) s 198(0.13)
+Agmatine(1mM) w7 2,16(2006) s C_205(+004)

- N s £
\[+Agmatine(2mM) ws . 270(20.18) . s eae
 None 3 < e 1.00 ast 1.00
. +P|:|t!§ing(lmM] ass 090 (:0.01) | sis aas
p T

The strains from’ w]mh DNA and RNA were ‘quick-blotted’ aid. the l'ﬂdlo’lr .
belled genes (pUCS for lacZ and pKAIS for: speB) used to probe these blots are
shown in the table. tpeB mRNA concentrations are eypressed as 9% of control

(without any additions). lacZ mRNA concentrations|are expressed as % of
IPTG induced_ eonpenlnmn: The results are presented as an average of

. three nxpennmm and . the extremes of each:set

parenthesis. .

va!\m are shown in




’
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= 1L2.3 The efect of cAMP, -;m/.@ ind putrescine on the steady.
TN state levels of weA mRNA In m’ssa and LSS541: .

’L‘he blots prepsred in Secubn 11.2.2'were washed and re-used as described
L *in Secuon_: 2.18, or fresh 'quick blots' wete made. The nitrocellulose filters were e
ybridised to ?P-labelled plasmid pKAL6 DNA, which carris,the gene en‘md- '
T g argmme decuboxylxse (Jp!A Buch; and Boyle p\Tunal cqmmlhmanon) B -

iven in Table 11 1

a

The autoradiograms wete analysed and the results ar

F .y {
"-Cyclic AMP, ‘agmatine and putrescine decreased:'thé. conc

- 'mRNAinbomﬁesmimmwuf " B A A T

1124 The ulectlvity of RN)\ nnd DNA Immobllwltmn end. the @ . -~ o

lyedﬂ:lty of hybridmuon J ol 2 2 \

. . 3 o & .
v E.¢olistrain HT328 (Asped; AapeB) docs not share homologous sequeties
s , ;

with sped and ape.B genes. Bacillus subtilis, a Gram positive bacillus, does ot

expréss ngmati;ie

hyd ‘. and arginiﬂ; d vl activitie;, anddoes..
ot shqw any homology to the speC gene (gene encoding omithié decirboxy- ! §
lase) (Boyfa et al., 1085; Wright- and Boyle, 19:845 Therefore,"tmasséss’ .lhe ’
N spmﬁcxty‘ of hybnd:setmn and to _determine if: the haslc proteins co-* .
-+ immobilised on the nltrocellulase filters along Wlﬂl nun]elc acids, bound the
radioactively labelled -plasmid probes, Bsublilia and Etnh' HT328 (Alpe,A ™
’AspeB) were grown in LB medium’ cbnmmng @ncox, the DNA andsINA™
samples were prepared and xmmoblhstd on to mlmcelhllose ﬁlters Thue ﬁlters
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Table 11.é

Eﬂ‘ettu of cAMP, agmatine and putrescine on

i ¥ ,' speA mRNA levels in E.zoli cya

» « and erp strains. o

: Stral . Toes3  LSebel

- Condition sped “speA. |

‘None - ~ S 1.00 1'20;)'
+IPTG 0.07(£0.13) - 1.12(+:0.08)
+IP'£G+¢AMP(1mMT 6.41(10.1;)' Lo9(£0.11) |
+IPTG+cAMP(25mM)  0.20(£0.03) - 1.02(+0.06)
+n>Tc+cAM_P@-_M) - 0.07(20105) - 0:89(20.09)
None o 1.00 100
+Agmaeine_(o.'s.nim' 0.62(;{:0:03}- 0:51(£0.13)

IS +Agmmne(1mM') 031(3:0 os)

Mo u(io 08) .

33(:0.02)

Xk

i None

100,

‘1.60

e +Putr¢scme 1mM)’ % 221;{:0/10

A
J* #xk.= Not E@ermmed J

DNA and RNA were ‘chk blptted' from LS853 and LS854-1 and mllolabelled
pKA18 for apeA) was used-to probe these blots. speA mRNA conceftrations .
are expressed as % of control (wnthout any addmons] \The results are
. presented as an Averagv of two expenmen!s > :




-318- ‘o

£ X

-were hybridised to either aped (pKALD) u(asz tpKALS) genes (Figore: }1.3).

. HT328 transformed with plasmid pKAS which carries the speB and sped genes.

was al;o ann.lxsed similarly. HT328 and Baubhha did not show\ detectable
hybndlsahon to the :peA and speB genea. ’

In urder.,!o assess the selecnvny of immobilisation, the, extract prepared

[rom L5853 wa.s r.reated thh either RNAase-A or DNAasel. These samples

'were then prepared l‘or DI‘«A and RNA quick blol.tmg To furtber demonstraté

! the selectivity o_f' ilisation the purified chromdsomal DNA oH'?cnll}\l‘z
stram was trelled as'a DNA or.as an R‘\(A sample, and then lmmob)hsed on’

. the mtrocelhllose ﬁltex The mtal E. coll RNA l‘rom MREGDO (a strain of E. wh] :
was ibisled:and mmd@ 4 DNA'or s an RNA sample, wd immobilised on
the mtrocellulos! filter. Thse ﬁ!Lels were hyb' ised to elther pl\A15 or i
pKAlG The results are shnwn in an\ﬂre 11. 3 RNAase and DNAase trenment
o! the extracts abolished hyhnd\sauou of the labelied DNA to the RNA and

¥ DNA umplu rapechvely Punﬁed DNA and RI\A dld not hyhridise to the-

¢ plismid probe whei teated a3 RNA or DNA respectively. .

" In order to ns:‘.s the. nature Vql‘“th’e inulation in’ MA135 (upeB AUH‘)

‘1||sed in Chapter 8) the stmn was grown in LB medmm contnmmg glncose

) nnd extrac!.s ‘were prepared for DNA nnd ‘RNA blumng The . filters were
'hybndlsed to 3P labelled pKAlS The results are shown in Fxgure 113 The
AUH m\ltlnl. M.Axss appears to have a normal concentmtmn of apeB mRNA

v . 5 3 N g




.. Figure'11.3
v
and selectivity of hybridisati

The el

' The DNA .and RNA nmple‘ from dﬂerent strnns of E coli and from R subtilis

svere analysed to the': of The ivity of the
technique was determined by treating punﬁed RNA or DNA samples with
RNAsse or.DNAase. respectively. and analyseéd by the ‘quick-blot’- method. . A'
strain of E.coli MA135 (AUH") was ‘also used to immobilise RNA and DNA to
analyse the nature of mutation in this chemically mutagenised strain.

(1)=RNA 'sample (LS853), (2)=RNAase treated -RNA sample (LSB53),
(8)=DNA._ sample .(LS853), (4)=DNAase treated. DNA sample (LS853), (5,

6)=DNA and RNA respectively from MA135, (7, ﬂ)— .sublilis: DNA and RNA

)
" pepect ely, (9, 10)=HT32 DNA and RNA respectively, (11)=HT?289 DNA,
(13, ‘18)=HT:

328 . carrying  pKAS5 plasmid DNA- and RNA respectively, *
purified, DNA immobilised ' as’ aa RNA,, (16)=purified DNA,
=DNAm treated purified DNA, (17) RNAase lreated punﬁed RNA; and *

e
(18)=purifed RNA.

A
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‘1.3 Discussion: *

The selectivity and specificity of this technique is demostrated in Figure:

113. RNAase-A dngmted extract immobilised as.an RNA sample and DNAsse-I

digested gxtract unmoblllsed as DNA did Tot hybndlse to the hhe]led plasmld

DNAs, while the plnmxd DNAs.did hybridise to the I'ormer ‘when’ t‘rexted as a
DNA samiple and to the latter when treated as an RNA sample (Figure: 11.3).

The DNA ‘and RNA sarmples of Bacillus subtilis HT289 (AspeB,’ Asped,

AepeC) and HT328 (Asped, . AspeB) did ‘not, and HT328 transformed-with

"pKAS dld llybndlse to the labelled plasmxd DNAs (Flgu.re 11.3). Purified DNA
‘and punﬁed RNA from E. coli hybndxsed to the ldbelled pmbe DNA only’ when

"in‘\mobilised ls 4 DNA and as .an RNA sam’ple respectively.‘ These results indi-

cate that the techmquz employed fo assess relative concentrations/of mRNA is '

£ - aw ¥R
selectwe ‘and speclﬁc

- “The results pruenled in Flguu 111 and Tnble 111, demnnszrate that,

~IPTG mcreued la:Z mRNA concentr-uons in both LS853 and. LS&H‘I mnd *,

cAMP mcxeuéd the lch mRNA conccnuatmhs I'urther in LSBSS but pot m

. LSS 1. This parlllels the increase in enzyme scuvny detected o th} strain

grown in the presence of 0.5 mM lP’FG vuth or wnhout added cAMP (1 mM) -

in munmll medium cantnnmg gjucose (Ch:pter 1) (Wright amcyle. 1082; -

Boyle ét al,. 1085) The specificity of hybndlsnmn is also endent from the
results pruented in anure 111 where 1o B-gnhcl.osxdue mRNA was. delecled

when extracts were pupued rmm cells ;rcrwn in. the absence of lPTG and

f




" mRNAs in LSESLI “The resiilts indi
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cAMP The inability of cAMP to increase the lacZ mRM concentrations in

5 e Aerp stran (LS854-1) further dem the specificity of hy
and the involvement of CRF.in the action of cAMP. 1
The. results presented in'Figure: (11.2 and Tables 11.1 and 11.2 demon-
slrate th:t ¢AMP decreases speB and speA mRNA concenlmhons il the Acyl i

s!uln (Ls853), bnt not in the Aap, A:yn strain (LSBM—]) 1 mM and 2.5 mM

cAMP decremed the concentnhon of ayzE mRNA by 70 snd 85% respec:zly

and the’ ap:A mRNA coneentrahon by 60:8nd 80% rapecnvely in’ L

*‘while 'cAMP dt § mM did ot décrease_the con enmuon of - speB & nd: sped

eB lnd upzA mRNA concentrahons req\ure s Iunctmnl] CRP ud lherelore i
it m:y be ton luded tlnt cAMP and CRP wgether regulate the transcription
Cof lpeA and apeB (there e no repurh on the mvulvemenl ol CAMP:CRP in

trmslluonal control; of i m control of mbuny of mRNA] .These cbserva-

" tious are conmtem with thou reponed in Chtpters 4 8,9 304 107

Agmlhne lncre‘sed paE mRNA concentntmns (2-3 fold} in L5853 and
’.ALSSM-J yvhgn l'mM.lgmltrme was mcl\ldeq in the growth medlum. Agmatine
“at I'mM maximally mcrmfd ‘the speB mRNA ;onc;nnr.zidns,.u 2 mM‘ sgma-
tine did not .in;:ruse 2peB mRNA éoncenlnﬁonx f\lﬂh‘ﬂ in both strnfns;’ .wlien 3

lgmmne wu :upphed m the powth medium (Figure: 11.2). Agmnune at 25

"mM in the gmwth mednlm decuued the apeA mRNA concentuhuns by .hom
"’70% in both stmnl (stle

te thur the cAMP medmted Qecraue inc.




: 112 and Tables: ll.,l. nnd 11 z) These

observahons -.re cun t with those- reportéd in Chapters s, 6, [ nnd 10.

The! decreue in‘dped mRNA éoncentration by N;macme s consistent with the

observmons mxde m strs wlld type, with respect to I}ICB (Chapler 6)

reponed m Clupur [ Appean to contmn csz mRNA xt conpeplrnuons simi

<lar’to those in LssSs lnd Lsssq-x (ane ) The mure or the lmltanon

LY
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poafea T g "' Chapter1z .
4 di and 3 ’ D o ol
1 Putification of aga v

" ‘Agmatine, urcohydroldse was purified 3300 Told by steps_ involving .

sulphate fsctionation, heat t, fon, exch b
: kionat -

f phy on DEAE Sephm:el, gel mmzmn on_Sephiad G-100, and b

ing (Chnpte\' 3) The mnten&l obtalned wu substantldly but not completely
pure Its muhcular wmgln by gel filtration wns npproxlmlte[y 80000 (Sechon

3.2.8), and SDSPAGE g;ve a. majaor’ component with a' moleculnr wenght of. .

b M{Sectxon': .10). The punﬁed enzyme liad a- pl of 813 (Seet
Ty ut! m crude extrncu was .ussucmed wxl,h a pmtem whlch reduce ¢

“and umnmed by, ﬂ-mercapwethnnol (Sestion: 3212 z), EbTA'.nd'-EGTA-

(Secuon 3 2. 14) “Antibodies prepared in' rabbit’ wgamst lhe p\mﬁed enzyme d\d

not react thh the m!tmnl w:th pl o{ 5.5 (Secuq 3. llj The l\ lor lgms-

*_.‘tine was 1.3 mM: Argmme wu 3 compe tive inhibitor with ‘a K; of 84 mM. ¢

Ormthme clnsed mued mhlbmon (Secuon 32 15) ‘S

13 2 An'.hymu of ornlthlne decnrhoxylm, n.lnlne deenbnxylue n

bmdlgmltlnanmhydrolue: : '7 £ g i

W ; Anhzymu (prol,e‘

arginine

by 3 )




o
" 'decarboxylase and afginine decarboxylase virtually block the enzymic activity,

“the inhibition of agmiatine

=325~

rich medium in the pmence‘ﬁ large quantities of putrescine (Kyriakidis ef al.,
1078).. A protein inhibitor of agmatine ureohydrolase was detected during

- purification'(Chapter: 3). The occurrence of such aa inhibitor is analogous to
the océutrence of- & boxyl

s for arginine | aid ormtlnne deur«

‘boxyxue (Kyriakidis et of, 1978), and m co-purification of this inhibitor

(Chnpter 3) is analogous to the pmpeny of the ornithine decubcxylase

antizymes (Kyriakidis et o, 19.78),7«Whereas, the. anmyms for ornithine

e by its co-purified inhibitor ot as

dramatic. Experiments with purified inbibitor snd . agmatine ureohydrolsse

hlve not been carried out, but in crude extracts: the inhibitor appears to be in "

excess becluu only enzyme bound to the inhibitor is deumd - The u:tnnty of

tlus form of the enzyme is probubly lower lhan that-of “purified enzyme, and 5

its K,y is lngher (11 M for purified enzyme; 3.0 mM lor crude extmcts) The

“inhibitor bas only been characterised mdmuy, asa protem with.a molecular *

we.gh: orssooon purif wnh agmatine ureohydrol uuvny obtained

by chmm;!olocnmg of a pmn.lly purified,| prepnrmon (stnge'

md 38, Fl[l"’e’ 3. u), but is Abunl in the punﬁed prepnutmn obumed by

after cb graphy on DEAE Sephacel.

ymes of-arginine d

If the inhibitor is | to- the i

and ormtlmn deurboxylue, its presence m cmde extuc'.s may have been due

o .gm.une whiéh was dded to induce n;mnlme ureohydmlue, e

“Tables: 32,




: b\lt the Kn lor arginine is mcrmed 2.3 fold,
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putrescine is knows to induce antizymes for arginine decarboxylase and
‘omnithine decarboxylase (Kyriakidis ef al, 1978). I the protein infibitor of

ngm:tme ureohydrolnse is to be viewed as an anmyme, although it is not as

eﬂ'v,we as axe the antizy of ornithine 4 and arginine decar- ©

K

boxylase lt is not cle:r why an antizyme for_agpfatine ‘urechydrolase should

be pre.qent

vihen agmatine ureobydrolsse msy ot be a-rate limit

mg enzym: in the pathwny of p\mescme synthmxs from arginine (Motris et al.,

1970 Tabor and Tabor, 1960). A comparison of- E.coli and Bacillus sublilis

nrglnme and putrescine b\osynthetlc patliways’ (Fxgnre 12, l) suggests that an

annzyme for agmmne ureohydrols.qe might be an evolutionary relic. In

Blu“l 2. -there "is’ only one pathway to puzrescme, the decnrbnxylntmn of |

onnthme Argmme mdm:cs urgmase which cnlx]yses the cunvemon of - nrgmmé" .

m or thme Axgmaxe bmds to ormthlne transcarbnmylue to block the resyn-

thesis of i

e from ormthme. lhus nvoldmg a futile ¢ycle.(Paulus, 1983)

The sl:ginkte : -ornithine- tnnscarbnmyhse cumplex retams arginase acuvaty,

ln Ecah thele is & chemxcnlly anahgous reaeuon l‘,o- thnt catalysed by

arguuse in Bm“vlu, i

. N
The enzymes for. the rem:hons share ‘the pmpeny of bemg induced hy sub<

strnte, bmd a prolem that lnnmvlts it pamnlly nnd have’ nlmost similar

weight ( iné ureoliydrolase uppelrs to be dimer .

vnth a monomeric mnlecll]lr welght o! 38,000 md a.rgmnse in. me‘xlu is

Il

th .rezctlon catalysed by agmaune ufeuhydm]ase "




-1
H
i
i
H
{
{
i
i

..ﬁ)}

Figure 12.1

and

ODC, ithine
e mvinae

In E.coli and B.sublilis.
decatboxyhse,  (ADC)=arginine
ydrolase, - (OTC)=ornithia

decarboxylase,
and

(ARG)=arginase.

()

and (azgzam) represents inhibiti
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Arginine dnd putrescine biosynthetic palh:vuysiin E.cali
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Arginine and putrescine biosynthetic pathways in Bsublilis R 8
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trimer with a monomeric molecular weight of 37,000). Could the genes for
agmatine ureohydrolase and arginase have cvolved from a common ancestral _
gene! Could this inhibitor/of agmatine ureohydmlase in Ecoli be also

ithi myl Ornitkine bamylase in E.coli has a

monomeric molecular weight of 35,000 (Gigo_t et al., 1977; Issaly and Issaly,
1974; Legrain et al,, 1976; 1977; Legrain and Stalon, 1076; Rosenbusch and
P

Weber, 1971), similar to that observed for the probable inihibitor in the SDS-

PAGE of the inhibited agmatine uréoh

from ing (Figure:
3.11). This possibility has riot. been tested directly.

"+ CAMP-CRP mediated npmss\\u and’ agmagine miediated iniduction of
agmatine ureohydrolase are prcbab‘y\not due to the modulation in the syn-
thesis of this inhibitor protein, as the effect of cAMP T —
observed even in the in gitro transeription and trandlation systém (Chapter: 8)

and in the gene fusion studies (Chapter: 10). Besides, cAMP decreased and

agmatine increased the speBmRNA concentration (Chapter: 11).
12.3 Evolution of two forms of argininé decarboxylase and ornithine
. -
declrboxylue,
A few Ecoli strains: contain both biosynthetic and blodegmdahve

ornithine decatboxylases (Applebaum et al., 1977; Gale, 1946) and. argirine

decarboxylases (Wu and Morris, 1973). Of those which do not, some may con-

tain & second gene' Which is not expressed (Wright: and Boyle, 1984). The




. mental acid, its regulation by p ine would be d

12.4 Effect of cAMP on '.;mmne ureohydrpls"u

=330~

biosynthetic enzymes are repressed by putrescine, whereas the biodégradative

~ form is induced by acid conditjons (Morris and fil!ingame, 1974; Tabor and

Tabor, 1684). If {Lﬁe role of the biodegradative enzyme is to neutralise environ-

and there:

N 4 W
fobe the evolution of a.second enzyme with a separate regulatory mechanism

would be advantageous. This proposition does not appear to be true for agma-

tine ureohydrolase since speB is. induced by agmatiné (Section: 5.2.1), and not

. répreséed by putrescine (Secuim- 6.2.1); independently of “whether it has a

hlosynthmc or bmdegradanve role. Therefore two IQrms of agmntme ureohy-

drolase in E.coli mlght not be expected and in fact are not found

of agmatine

was compared with that of A-galactosidase, onithive decarboxylase and
arginine decarbotylase. In a strain wild “type with respect to. erp and i
(LS340), cAMP pmgressxvely rediiced growth rate mcreued activity -of" -
gshctosndase and decrensed the acnvmes of agmamne ureohydm]ase, argiiine
detarboxylase and’ ornithine. deq‘rhoxyluse (Section: 4.2.1). This répression
depended on a rnncuonal crp gene, as the mhlbmon was abol-sheii in LS854-1

(Acya, Acrp) (Section:

/eﬂ'eét—a.(' i L5340, except that the lowest added concentration (1 mM) caliscc! g

a0 increase in growth rate (Sestion” 4.2.2). It, was concluded that agmatine

3

<

activity by cAMP in related strains

.2.3). In/q A;yn mutant (LS853) cAM?...had the same



crrmthme decarboxylnse (Wi gh/and Boyle‘rlﬁsﬂ being rfpre&wd by

CAMP.CRP. o e

. .but there was an increase in the speclﬁc n;ﬁ(y or agmatine ureohydrolase

(Sechon 5 2 1). This eﬂect af npmtme pmbnb]) reqw:red de novo s)nthms of
o

agmxtme u;eohydm m it did not acllvnle a-preformed agmntme ureoh)-

—
used in this wmk snd ﬂme was no ev|dence for v.he induction o! a second .
% :

form of agmatine ureohydrolue by ot Seenion: sz 4. The abili

The growth rate of E.coli was hot altered in'the presence of agmaliqe\

gmnme to mdnce agmatmq ureohydmlase s counwncced by the' zbnht) of

cAMPtorepres:lls‘ iption; L., antagonisti iptional regulai

(Sechnnx 5.2.2. md 523) In Acrp nnd Acya mulam.s ngmlune mduced

highér activities of agmahne ureohydrohse (Secnon 5.2.1). These results sug- '

P 5

gest. that ngmmne aff ts lgmstme iureol dmla.!e ncllvlty at the level of l.nn :

scription. Huwevtr th ,rufulu did not determine whethe! the same a'? dlﬂ‘erent

sites of mmmmn aw involved: Thesé :onclnslons wefe y\mued hmhur in Lhe o

studies reported i in »Cha.ptel: 10. -
F
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12.8 The effect af amino lcldn And polyamines on the activities of
and £/ i

1this 1

)y uglnlne i 24
ureohydrolase, and the modulation of the en:}mic activities by glu-
tlmlne synthetue and the Fepressor of the nr;lnine regulon:

A:gmme, omuhme, agmatine and pulrescme are linked by _metabolie
pathways. (Figures: 1.1 and *12.1), and the effects of oné of these ok_hp/
activity of enzymes in these mlenlin pathw}yj/n;ighl be due to its. conver-
i to another. This was studied (Chapter!8) using various mutantsof E.col

Reprmmn of ugmme decarboxylase and omn.hme decs.rlmx)lnse by axglmne

wis not ol;served in lpeA and speB mmauts reprasxan by agmatine,was not

observed in :peB mntmts nnd represslan of a.rgmme decnrhoxyhse by

ormthme Was not pbserved in 3 lptE mitant (Smmn 6.2.3). Cvnsequently.

these repmsmns hy ornil me, arginine and agmatine are dne to thexr ronver
siop to pnuesupe “This concluslon isin nccord with {He observation that con- -

.‘ dmon: tlut Jimit pntramne pmd\n.‘hon increase utnv es of ornithice decar-

. boxyl;se and ugmne_decnboxyllse. In speA and speB mutants added arginine

is'not converted {0 -putrescine, and Tesults in dectessed putrescine synthesis

 trom onithine by feedback inbibition. of the enzymes of ornithine synthesis

(Sechon 623). In the same miitants, the |ddmon of pntmcme 03 cultue

decnued ormthm decnhoxylue to its normnl mmty (:nd nrgmme decxr-

boxylase %o its normal utmty in the :peﬂ mntanl) (Sechon 6.2.3). lnductmn )

of agmatine  ureohydrolase by otnithine and. arginine_ Was blocked by 'a -




. tine ureohydmlnse in F\:oh was also exumng B

mumi;)iz in apeA (Section: 6.2.3). Therefore, induction" of lgmz;ine llreth'dro-
lase was due to sgmatine itsell. ¥

Because glutamine s:(n;helue is inown to h;dnce agn;ﬁtine m‘-eohydx;olnse
(sgmatinase) in Klebsiella pnewmoniae (Friedrith snd Magasanik, .1978),
;uginine ulilisntion in Pseudomonas aeruginosa (Mercenier ef al, 1980) and
agmatine (ermentauon in Streptococcus /nccnlw (Roon and Barker, 1972). its

possble ol vith oraihine tecarborylase, ugmme decarboxylase and .

n mutants lacking g!ulamine

or, havin, it

d glutamine synthetase, the activities of all
e \
three’enzymes- wére at n‘:)eir lowest, and transformation“cf the AghnA strain

wnh 4 pldsmid carrying glnA mtoyed the nctwltm of ornithine decnboxylm

arginine'/ xylase ‘and sgmltmg ase_ (Sections: 6.2.5.1 ad *

6252).1n & AginA mutant the unmh repression by cAMP was observed, and

so the effect of thls compound i 15 not medmled by glutamine syn!hetnse (Seo—

' tion: 6.2.5.3). Although the arglnme repr:sor.@\so represses the symhesls af

enzymes for orn;thme-synthesls, the regulnhon of agmatine ureohydrolase,

A G s s S
arginine d Y .and omthme y in an arginine repressor

mutant was normal (Secuon 6.2.6). Arginine repressed arginine decarboxylase

and brnithioe decuhoxylue and induced ngmntme ureohydrolase md.p.n-'

dsntly\l the presence or absence of the arginine repressor [Secuun 6.2, 6)
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lf.7 Snb—elon'ln" and localisation of mﬂ;

V The molecular basis for induction of ngmuine'ulxeohydmlase by agmatine
and its repression by cAMP was examined using cl(_med getes in different
experimental systems. Minicells (Chapter: 9) and.in an in wilro transcription
and translation system (Chapter: 8) were used to examine the modulation of*
agmatine ureohydrolase synthesis by cAMP and np;mine. and to demonstrate
that thesé campouads bave direct effects at the level of transeription that do
ot involve the induction of other pvroleil.:s. The' in 'titro lrmscrip‘l}ﬁ and

trapslation system was also used to-determine the direction: of transeription

(Chapter 8) and the approximate location of the promoter iChap\er 8). The E
: . > BrAS ;

modulation of promoter activity by cAMP, arginine, orsithine and polyamines
was  examined by . measuwilg concentrations of  mRNAs (by
hybrijhll{on)tchnpur: 11), and by oi}scrvin; lhe expression of other genes
{licZ and galK) fused to the apeB promter (Chapter: 10).

' p’K‘A'u {bearing apeB) was prepared by subr]on‘in? from pKAS ‘(bearil;g
sped, .p"eB n’xd‘mcllﬂ (Section: 7.2.1). pKAI5 was prepared ik pKAS, and

contained a fragment from within the speB gene (Section: 7.2.3).

12.8 Effect of cAMP ‘and ‘a ine on nath -;n-
thesis n minicells:

3 { . L

The syn!!;ui.; of agmatine ureohydrolase directed by pKAS in mibicells

was compared with the syp‘thuﬁ of Plactamase encoded by the Vector.
. 2 N
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Synthesis of agmatine nreohy;lrollse‘wss.rep‘rmed by cAMP. However, a cqn-
. s

" centration of 5 mM was required to obtain the s‘{w effect as observed with 1

mM in normal ‘cells (Section:

but only 20-25% of the effect of the same concentration in. normal cells was

obs‘erved (§e:tnon:
pre-incubated for 15 hours (Boyle et al., 1985), - period longer than'is usua]ly
reported (Inselburg, 1970; 1871; Pratt, um) in order 15 reduce the synthesis
of proteins due to endogenous mRNA segremed from the parent cells. If CRP
were preferentially degraded in this period, the requirement for a hlghe_r cAMP,

concentration might be expained. If agmatine induced .gimcing ureobydrolase

: mdlre:lly ﬂm\lgh a protein whxch uses. agmahne asa hgand (either positively

o negmv:ly). 'and if this protein was prelerenml]y degraded in lhe penod of
3
; i for higher ion of agma-

15 bours of pre-incubation, the

tine'and lower lévels of induction might also be.explained. The longer time of

incubation to degrade the endogenous messenger RNA might reflect an -

inherent stability of mRNA in minicells, and. if 'lg‘naline increased agmatine

‘ureohydrolase ‘synthesis by increasing the stabilty of 4peB MRNA specifically,

-8 lower level“of induction of agmutme nreohydralase by n;matme rmghl be -

explnnzd . J

1.9 The roles of cAMP and CRP In m ne;‘tlva ugulmon of agma-

tine hydrolase by ull-free r "

 Agmatine induced ugmlline ureohydrolase,

2). The mmlcells used m these expenmenu had been -




'

s o

. cAMP receptor protein to an $-30 extract oj' 158541 |Azrp)‘synlhaumg pro- \ ’

o & :
teins directed: by, piKAS, cAMP (167*M) répressed the synthesis of a

) cAMP ongmnune were uplntely lmmoblhsed on mtroce]lulose ﬁkers m (he

-336- .

The syathesis of sgmtine uréohydrolae was compared with the synthesis

A Blact in a celkfree i : translation system directed by pRAS
DNA. The synthesis or ngmlun: nreobydrolnse was decreased (>90%) in an = i
S-30 extract (prepared from normal cells), when 10*M cAMP ‘was mdut?ed in

the reaction mixture (Section: 8,2.2). The synt}‘mis of a‘gnaiine‘uveohyd‘mlase ..

was not ;epv&ed when an s-;;a extract prep;re;i from a Acrp str‘;in of E.coli

[LS&'M-H was uség-to direct the synthesis -of proteins encoded by plasmid .*’

pKAS in the pruence of lO*WcAMP (Secuon 823). On .ddmen of. punfted

atine -+
ureobydrolase {Section: 8.2.3)."This demonstrates that cAMP:CRP " difstly
repm‘u the expressionof q?zB géng.md does not act by the i\;d@ipn of a »

receptor protein:
- 0

12.10 Effect of cAMP on the gpch mRNA concentration in vios

- In order to uuhluh the molecular-effects-of cAMP nud ugmune K mw

mRNA concentrations were determined in a Atya sthm (LS&SG) and.

Acya, Kerp, stmn {LS&M-I], pown in-the pmence ol‘ tAMP or lg‘malmz

Messenger RNA 1nd DNA from whole eeli, o inihe presence of Absenre of i

presence of sodium lorhde Fol]nwmg hyhr uahon of the ﬁlter bound nuelur

acids with ndlollbelled pKAI1S (which carries a DNA fngmcnt klrnm _wnh)n




b C oL gl e

i . the speB gene), the filters. were subjected to-autoradiography. The signal

. 7o intemitis oblained for pKAIS hybridsed to mRNA Wers compared (o those ‘

(7 bbidised to DNAn the same nitm‘cellu]ose ier, from the sume oumber of »

cells. Gyclm AMP demued the qzeB mRNA conuntruhon; in _the Acya
m\mnt (Semon 1!22), hut not in the Acvp mllmnl (Section; ll 2.2), while
agmitine mcrtu&d}h! lsz-mRNA wncenmtmn in both the'strains (Section '
112 Thee revultsdenonsise thil cAMP.CRP ity dpersss (ransrip
Y on oi‘ speBor stabiliss the speB mRNA. i aspecific anne{- No co‘nn’lusions s

"can be dnwn as to whether Agm;tme ncts dnect]y, or md:recﬂy, eg, lhrough

.3 pmtun t!m uses lgmmne asa hgmd

Do & umzmmump, i “"md'L on the

mnamz and MB.-IAIK fusion genes:

i lhae ‘} into polyami Agmhne,
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by’ the fusion plasmid {(Section: I

mmued the activity of }gallchsxdue (Section: 10.2. 5) In the strains LS853

[Aeya) d L8541 (A er) caming PAUL (speBilacZ fuslan P

cAMP repressed the synthesu of ﬁ-gulacwsldase in the Acya, mutam but not
- interacts difectly with the speB promoter to'altef ts expression. The nature of

withi the promoter or with the 5' end‘of the mRNA, thus stabilisiag it.

- lase, have been referred to as consmnme entymes (Morns and Koffron, 1969).

5 Constitutie"eacyins ars doinei s those which are sikegulatd (i, they

ire either nducible nor ni:rs’uible) The genes Tor, these enzymes are trar-
sribed 53  tunction of growih rate (avaiabiity of RNA polymerss, avilabik
lty of- pre:\lmrs of RNA nnd protem synthesu), and promoler strength

(uﬂ'nmy of RNA polymeme for the ymmoter) (Clarke, 1979; Mnalot, 1979).

But the activities of omlthme boxyl Xnd arginine’ have’

been shown to be modul:ted mdependently cf growth rate. For exumple,

5) Putrescine -neither decrened nor ..

Ch n;e irp mutant {Section: 10.2.4). These resilts demonstrate that AMP:CRP -

" the effect of aginatine could not be established " Agmatine might anteract either :*

1212 Constit of ornithine :decarboxylase, arginine
boxylase and . : hydrol
Ornithine decarboxyl nrginin: decarboxylase and sg'maune hyd

puhescm lepmm nrgmme decxrhoxylnse and - ornithine decnboxyhse at .

‘vmuus growth rates (Tabor and Tabor, 1969), as was d‘emonstra!.ed by \lsmg
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‘. " ; . . “ . /

% E "

culiures g'm}n in 4 chemostat. Wright'and Boyle (182) showed that ornithine

= deeatboxylase e decnrb;:i(ylase are repressed by cAMP:GRP iy
mdependently of groyth nte To the present swdltN.L hu been confirmed that .
i T ithine d arboxylase and arginine dec; are mdetd reguhted by the.

]‘)‘utvr,escip'e‘concentniio‘n (Chi})tem_i, S‘u'l:ld 8). Furikiermore, agmatine mducs‘ :
5 = and eAMP repr:sm ngmatine ureol:ydrulue'.
\.“ Tlle modnlntlun of these ‘thee enzymes is ot .as marked. s is-often

observed with exubol)c enzymes Under dlﬂerem condllmns ormthme detar-

boxylase, ngmme "}'. and |gmntme Awer sub]eq to

an e|ght rold chl.ngls in expruswn However. deaplte I.he smtller magmtude

of the reg\llnmh l,hm genes may not be consrdered be constitutive:

. 12.13 The ell'ec& ‘of rAMP

Boyle ol'dl. (lﬂ’ﬂ) shuwed that the lcuvl ies of argmme decarboxylue

:md omlthme d:clrhoxylue lt “arious growth rnu correl:te wel] wnh.

pondi ,ehmgum Alular putrescii ion. Cycic AMP

. ) . L wes shown w repms apeCierght And Boyle, 1982] aped (anht nnd Boyle,
3 j'A 1082 Chlptet 10; Chnpler 1) nnd speB (Chxpter -10, Chapter: 11) Hence
the high uchvlt:u of " ormthme decnrboxyhse arginine décarboxylase and
ngmwmmuhlgh growth tate, when the conesntration of cAMP
is low.. Cyclic AMP concentrations have been shown to vary in. inverse propor-

tion to growth rate (Pastan and Adhy;, 1976). i"herelore, the apparent growth

1
{
}
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rate dependence of the activities of the 'three’ enzymes 'lmy be due to. changes
in the intracellular concentrations of cAMP. Although sped, speB and speC do
m;l form an operon (Chapter: 7), the expression of these three genes appear to
be co-ordinately regulated by CAMP, for (he chasgss in activity are applosi-
matdly proportionsl and eorineidet in time., This mode of regulation of
sepuue genetic units is reminiscent of a ugulo;

The ﬁndmg that cAMP:CRP reduces the tmunplmn of Ihe speA, speB

and npeC:ena as'ol gal F,(Muso et al., 1079), spot 42 RNA (Sahagan and

Dakilberg, 1919), nmpA (MWVI et al 198]], trp (Aiba, 1983), l:ya (Majerfeld et

o, 1081], and’ pembly of ylnA [Pmsmer zl al Wﬂ) I'Ilrllnr extends the role

of :AMPCRP in prokaryotes as s negltlve reguhwr The ‘mechanism by

which cA.MJ’ CRP exerts positive or negnm regulation is not well understood.

1214 Thuledoflmha. Y 2 &

Agmatine induces agmatine y , independently of a functional

. CRP (Section: 5.21). It is not clear whetber the induction by agmatine is a

o an indirect effet, but it s independent of the et of AMP:CRP
(Seetion: 11.2.9). Cyclic AMPCR.P snd agmatine m;m act st separate sites in
4 mutually non-exchusive manner (Section: 11.29). There are four possible
modes of sction of agmatine in the induction ‘of sgmatine ureuhydrolm: i)
Agmatine might interact directly with the DNA md pmmau initiation of

mmcnptwn ii) Agmatine mlght interact wnh s regulatory protein (nol
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encoded. by the cloned DNA, unless agmatine ureobydrolase iy itself an, autc-

genous regulator). iii) Agmatine might interact with RNA polymerase and

increase the rate of initiation or the rate_of slongation of transcripts of apeB.
B

iv) Agmatine rmight'stabilise the speB mRNA

12.16 Effect of putrescine:

putrescine is also ot understood, but might occur by one of the following

- mechanismms, i[Putrescine in vitro bidd to t-NA in a specific manner (Cohen,

1971; 1978),‘and_polyamines have been heported to biid ta alternating G and

C residues in the DNA cnusing a trassitio under/physiological conditions in

h. et al, L

wvitro of the B fqrm of DNA to the Z Torm (Russel el al., 1083,

interactions. ii) Pitrescine might b\ind toa bmein, and repress lr:nscriptinﬁ\’
2

of speA and apec' genea i) Putmcme rmghmmexm with RNA polymerase .

and thus decrelse !hl selectively of RNA. polymexue for speA and apeC pvro-

moters nﬂ‘ecling initistion. iv) The-regulation of sped and speC r_nigt{l.be medi- %
) N \ - ‘

and omithiine decarbokyl \' in a0

ated by arginine

manner, putrescine act g asa v) Putrgscme hu been

shown to bind to nul.-lelc mds, and h; nlso been ‘shown to mlvate the DNA

~
;decreues tran-" "

" supercoiling topoisomerase (pretz elal, lﬂ§0). 1f ‘supercoil
\ ot N




lower with relaxed DNA

, tionately with, growth rate’(Chapter: '; Wright' and Boyl
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# sckion of speA and speC, this would account for the effects of/ putrescine.

This is i\fact observed in the in vitro transeription and translation of cloned

, genes. Transeription was greater with relaxed DNA [Mehzel
. However, observations in Chapter-8 and those of Boyle et

al. (1985) are just tbe opposite. Transcription and translation in vitro was

12.18 General y cAMP; gl i h and guano-
.

sine tetra-phosphate:

"The ‘activities of ornithise

agmatine hydrolasé, and. the & ious”of polyamines. vary propor- v

1682; Boyle and

R < ;
Adachi, 1982). The growth rate in polyahinedéhcient cells,is Proportional to

the concentration of poljamine sdded (Taborand Tabar, 196%; Morris, 681).

_The synthesis of arginine decarboxylase, ornithine decarboxylase and agmatine

ureobydrolase, besides being fegulated by specific regulatory molecules, viz.

ngnaiine and putrescine (Chapters: 5 and 6), is also regulated by general

efectors (regulitors) AP, glutainine synthelase (Chapters: 4 and s) and
ppGpp (Boyle xnd Adnc}n. 1982)). Nulnhonal changes lead to chmges in the

mwth nte o{ E:coli, whiekl are sccompanied1 bym increase or decrease in the

ooncen(runons of general regulntor_y ‘molecules (Bo\yle and Adachi) 1982; Pa's-

tan and ‘{ya, 1976; Gallant, 1979; Yanofsky, 1981‘), Amino. acid deficiency

.\‘

ecarboxylast, argitine. desarboxylase and \
it )

e

e

\

N

’



-33-

hm:hnmd t-RNA) induces the synthesis of ppGpp (Gallsad, 1679; Ymo[sky,‘
- 1981; Primakoff, 1081). A deficiency of a readily utilisablé carbon source causes
a0 incresse .in the cAMP concentration (Pastan and dhya, 1976; Calcott,

‘1082], both ‘of which nemively\r{guhte speA,.speB and speC. A deficiency in

the avail

o fun ions leads to de-adenylation of glutamine synthe-
tase (Magasanik and Stsdtman, 1080), ;vhich would then puvex;&/\he indystion

- of speA, speB and speC. i :

\*lt therefore appears that ugmme dnub&ylgée, omithine decuboxyh‘se
5 . n
. and ggml‘line;urqohydmlue have a particular role in metabolism not oi)st_n% %

in any other. gr_m.ip pi enzymes. ;l'hererore, ‘polyfupina may play a critical role

- H B - o
- in medisting the effects of the environmient and levels of general regulators on

the growth rate.
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