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The r?les @f the hlghly ﬁghégrved aspartlc ac;d

-O. .

resmdugs fouﬁd at positmﬂns 443 and - 498“W1thin ﬁhe Rﬂasa H

o

damaln of Human Immunodeflclency vixus typeal reverse e |
-tﬁanscrmptase (RT) were invesﬁi@atad by the daflned ;;j __.«f

ysubstitug:ion c:E these resz.duee-‘ us::.ng 5J.te—d1rectad 0

'mutagenesis Two mutant Rm énzymes were created usmng ﬁhis
Ltéﬁhgléﬁé' an Aapé43 togﬁla443 {D443A) mutant and a double

fmutant Asp443 to A1a443 and Asp499 ta—Asn4§B (ﬁ443AJn4saN)

1Anthentlc HI?hl Rm was obta;ned by co:;xpreas;aﬂ of“the mutant
 enzymes with HIV-l protease followed by purificatxgn.._ L
fSubsequant characterisation of the’ enzymes revealed that th&é'?
D&&SARRT mutant lacked a Rﬂasa H ﬂthVltY:but retalned normalaﬂ
 RNAwdependent DNA polymaxaae actlvlty relatlve tn that of thefﬁ
7Wle~type nnzyme when using a ﬁgmnpolymer Rma DNA' substrata
“An assasamenb'of the thermal stability of”the D443& RT. enzyme:;
ishowed Lhat ﬁhe enzyme was as stable as wmld-type HIV-i RT.

 mhe D443A!D: 8N mutant'was naﬁ rpcovarable from the ceu': ;ﬂ:f

'expreSSlon,systﬁi, an indicatlon that the substltutlons made

jln this mutant resulted 1n a foldlng defect and hence an

ﬂunstaple euzyma 'ﬁi; - ~j7__ 5-fQ{-'-1" fg”f]xé% ;*“ “'

' R "f . L ] i . o

\“\.
_ The radult% show thﬁt Asp443 lS vltal for the RNase H \““
'activ;ty of Hmv]ﬁ RT and that the Asp498 re31due plays un*

_important r#le directﬁng the*cornegt fpldmng of the ;_ :?_ﬁ
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:  }my-own unalded wuxk and that 1t

['hﬁs not heen subm:tted for a degrae

at any othar unlvaxsity,xﬁJ“h%ﬁf;
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-i_-_'_warlcl a.nd unprac;adented attentlon has been focuaed on. HIV--1 bY

S 1em=l::.v:.;cu crr " slow'* vz.rus, a sub-\family af the retroviruses, on

The Hmﬁan Imunodefz_ciency ’Vj_rug Type—lﬂ (HIV—-J. } :.s thea- TR

| ',_,"c:ausat.we agant Gf the Acquxred Immunod'aflciancy Syndxome (AIBS)

i " _AIDS currantly presents a ma.jcr health threat thxoughout the

: '_ths sc:.ent:..f;.c '-.comrp.tfmty :Ln a:ecent yea.::s. S '_ :_; e SR

. i.‘. T

R HIV-—l is cl.ass:.f:.ed as a membe:: m‘:‘ t.he ret.rovirus fam:l.ly
i 4‘"’-- T u
e "_.wguch are: defn.nq’d as RgA-contaJ.m.ng w.ruséa that xepl;.c:ate Lr
ﬁthrough a DNJ,L Lnterzrrcfdlate by means c-f a v:.rally ennode, Rmt-

' dependent DN& po&.’ymerase, alsp cxallea reveme tranacr:. 'é'xsa (RT)
"_".(Welss et a.z,, -1982). fThe yirus. is- ﬁurthe:: eiefirfed. as A

' ".'thé b?S.J..:s um‘.’ genetn.:::, pathological and morpholog:.cal c:rj.ter:.as.
{FL

'Ths.s grc:mp includea the equ:.ne J.nfectmus anaam:.a viz::uq! the

. v:.sna;—:%eda. v,].rus and t.he :menodefim_ency va_ruses.

.. "._&‘,12, . \_‘)}-.‘ .. “.J e e 0 :. .. ._: ; . .:.:.. N
S e % Lo oL . ”’ S .Ib:

':Ehe f:.rst: retrow.rus to be a.dentifled ;Ln mammafls, the murmé\.“

leukaamla v:.z:ua, _waa isolated hy Gross .m 1951 from an :Lnbred

: mouse stfﬁ)am (Gross, 1951) Suhﬁequently 1argeonumbera of_ canaer

r"‘_ T e

'caus:.ng{ retrw:.rusas were ident:n.fa.ed J.n syac:.ea rangmg fro‘m; wo

'_'chi cken\s to non——human primates,- Howeyer J.t was not unt:.l 198&
-that tha f;urst human retrov:.rus wa.s 1so1ated, tha.s hes.ng 'l:he ’

"'human T-aell leukaemia V‘:Lrus type—l (H‘JJIN-I) :_sola.ted by Pcu.esz _
in tha laboratory of Galm and assoc:_ates (’Poa.ész et al ,' 1&80) T o

R



o fil’fh:r,s dlsc;wery *was closaly follawed f»by ﬁh@ disbmrery qpf"’a aanand

-human rat::ow.rus :Lsolated ﬁrom a’ patient Wl't‘.h qa T-cell var:.ant
e

o '-_"_:_gf hamry cell 1@11](&311’13.35 (:{al:%anaraman e-t aI e 982) !Eha.s v:.rus |

le

was subsegmntly named H‘I‘LV-II el T

N . .. .' .. :.. 4 ! - ) N : '..':‘ . : . {? . B L ._:.'-. : .

_1"'

The isoiatlon oﬁ:?HIV-l the thz.:r:d human retrovirus, Was tha RR

; ds,rec;b result oﬁ f:he .search for the causatiVe agent af AIDS AIDS
"‘.:"-was f::.z:st ,tde:gtlfled a.n 1981 aJ:'ter. an outbreak of a ranga of
."\.ondltz Qns assam.ated i}n.th immunod%f;_ciency was foun o among a _
\ group Aof homosexua.l mem ::.11 San Franc!:.sca (Centers fcr D_Laease )

com;.rcl 1981) . -{Ehe Byndrome soqn sp,read to cther ris,!'s:_l__ g:::oups ’

Um.ted Stﬁfes du.'cing' '*'he early; 1980’ s._ 'I‘he et:.olcgy of tha

e syndrgma Jﬁtrongly suggesi:edfr the :m‘volvamant of 8 _,‘transmissible
| agent 8p

ad throug‘h gen.ital sec:retions zuﬂi ialocxac" ! ‘_ff' . ;.;.--:si

L._

; The etld:l_ogu.cal agent” c;ﬁ AH’JS was a,rentnally idem;* .fJ.ed by'

Gallc: at al ,:.n 1984 by Jmng—-term propagatmn o:E va.r%sas frcam_‘,

i &5

several AIDS patiants usa.ng permanent CD4+ '33,.3311 13_;155 (ngo-q%_c: _': .

" at al., : 1984, Gallc: et: al.," 1984) The ava:!.lab:l.llf}" of_.:'.'_
contlnuaus, h:.gh-t:.tre prcduaer call l:l.nes lEd. to tha devalopment"" o
of highly purifiad v:l,ral reagents which provided ‘tﬁe Lhet‘»‘esaary'_. . )

mater:,al for the chdracterisation' of the w.rus | arid '?"the___..._ o
serological J.dentz_:ficat:r on of expased :mdividuals A Sarngac;haran:’_ﬁ .
s ei: a.I.,, 1984 Schupbach et al., 1984) 'I'he v:.::us ‘was. origs,nallyi o

;ej“r:.bed as HTI.V-III by GJ,{'L],Q bec.'ause of the trop:.sm ‘of the--__-{-"'::”“
_ ?. f

= S:.m::.lar v:l.fuses howeve.r were lSOla'ﬁ‘ad by’f *:eVY and:i_i_.,: I

-




designatad as mbs-re; J r‘i:uses-___ (ARV) {Lewy et al. i 11984},?--

)

Eve rually{, BTLV-III and ARV were found ta he var:.anté of the Qémé

- T

A:ED *Er:l.rua' aind, in 1985 ari. :LnteéxnatJ.Onal ccma,t'tee If}adz‘onmended *i:h@'

s

i
1
b
L
.
-
;

form oﬁ ja r:.bon;.zclec)prctez.n qnmple with *f:he rm.ral R‘J.' (p&SipSl} v

\1

prote:n.n (p?) The rgy::ista.lated (Erﬁa’gm _'ifotem (pi'z) fgrms the onte:r: ;ﬁ

s’hell oﬁ the Vl]‘.‘lon W.‘Lth J.ts a:ni.noaﬂermﬂa.{. rega.on J.nserted iﬁta

e

L )
- n,velope wh:.eh 1.5 dexived f:com the pell 0 2

-

? 1{'- :ﬁ. aell. The extracellular and

the 1191(1 membrane
membrane of “the’ - £

tranamembrane glycoprotems gplzo and gp41 exJ.st wm the fo::m af

a non-ccwalent complex on the cuter su:rface c:f the envalope. o
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Figure 1; The Structure of HIV-l. (Adapted from Vaishnav ~
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the vwal genesf and finally, reaaaamblg and buddmg af 'the . :'

) .w.rus. '_ .

'ff; In most abll types, enﬁry oﬂ ﬂIV»i 15 iiftmated by an ”;“j
lﬁtflnteractmonﬁbetWEen'the'v1ra1,envelope glycoprate:n gpl?o and,thé 4

7- cD4 reaaptnr molacgle,preaent on the Surfaca b£; _e target cell,
"____.Although CD4 appears to ba. the pr;x,maryn reﬁeptor amo.lecule :Ec:r: HIV- B
{ ]1, espec;ally in rel&tion ta thé’infection of helper Tﬁcalla, | _ e
J'*is thought “that: adﬂitzomal faanor& may be requlred for thé3.¥5f~3 A
ifﬁlnltlﬂl binding of the vmrus to other ﬁbll tjpes whefe CD4 haéf;”i'f

7 .
-heen shawn tn be abseuh fram the cell surzace (ﬁlapham et ab L L

1989) Followﬂng bmding of the vi}:us t:o the cell aurface, fusion :' "
ﬁ”:of the vxral envelope to the hnst cell membrane 1§ med;ated by .Lf%i' '1”
. the ﬁranémembrane envelcpe glyc*oprotain gpdl (xowalsk:.a«éi: ) o
.al.,1987 7 Gallaher, 1987) ,in a pH-mdependent manne:r: (Stein ete-}
~aleg 1987) posslbly by :.nternalz.sat:.on of tha CD4 ret,\..gtor after B -
N ..b:l.nda.ng with HIV-—IL g‘p120. _fj _'Q - - | g * Q - , _.: J

e } .. L o

® o
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gure 2. ‘I‘hta Life-cycle of HIV&II.
Karn, 1989)

Flegulatory proteins Smmlural prozems Maauratfan prdlems
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Revgxse transcr:_ption cf the d:Lplo:Ld viral RNA gennme into R

. 8 d{éuble s‘dra.nded °z:am mcxiecnle occmr&f aaon after the v:.ra.]h cor:e

part‘.ic:‘-‘la ‘;l(zaﬁ entared tha cytbplaam o:E the host cell 'I.'his procaas o ._ T
:_;.s desarlhéd J.n greater detail :.n sec:t:.bn 1 4 3 'I'ha intﬂgmatidn _' :f’ _'
" of the prOVir.al dpuble-stranded DNA 1.nto the host genome :.s C ’

_ 'medz.a.ted.by the viral integrase proten.n, a 31—kD pfgduct of the -
pol gefne. Mast a.spects of" integr%f:l.on cf HIV—I DyA ara similar
__..-tcr other retrow.ral systemé’ J,n that the :Ln*.:.s\iec,:)‘::a:i:eci5 DNA ccmta:l.z‘ls -

..'highly mnéerved d:.-nucleatide sequences (5’ TG---CA 3' ) r and:

"_-"the:r:e :I.s dupl.r,c:atmn of a éhort stretch of &ellular DNA at the
e (
-'-s:r.te cf J.ntegrat:.cgni. In add:.tmn HIVﬁ-l term:.m. contaa.n. Shurt
_ nvarted xepeats whz,ch may ba :_mpmrtant fm: sPec,:.fJ.cJ.ty of ;

. a)j .
J.ntagratzl.ve rewombination Wii.h xesp?ct tq the v:.ral DNA (Va‘ishnav

. and Wong-Staal, 1991) T k ) q

"c

The gene exprass:.on r:f I*IIV—:L is cont:r:olled by an ~=.1.nterp1ay
'betwean %:rans—acting czellular transcm.g\*iqn factors, a@s—actz.ng
--fragulatory sequeﬂﬁes preSent in the . ral 1ong terminal repaat
i (LTR) and tha viral trans-—actmvato'i‘:a Talg. }md Rav. '.L‘he regula.tory
sequences Wa.tha.n the L'I'R of EiIv—l, upstream of the RN& im_tiatmn S

.'_'site, c:an ba broadly dmv:.ded :.nto th::ee ragians- *t:he prcmoter,_ |
_ enhancer and%egatwe regulatory regmns These are all sequenc:es ‘f
- 'typically J.nvolved in- transc.r:.ptmn by c:ellula:r: RNA polymerase R
P

II and anlude thé TATA box promoter and recogn:.tion aequances _




‘i . : . S 'g'_f'-' .

tor the T-cell $peca.fm transcmpt cn factor: Nﬂ‘kﬁ (Nabe:l, and

 ”Ba1blm°ﬁef_1937) and the Ublqﬂitoua transcriptlon fgctar ﬁpl

_;(Jonea et al g_lHBS) In addltion togthese upatream regulatory ﬁ‘f;

;vhl pramcter contalﬂs several protain b;ndlng

_ﬁ'fequences tH@

”;jsmtes downstream of tha Rﬁﬁ start SLte as w?ll as a %a&entzal ]

'-_1ntragen1c enhance;asequence 1n ‘the gaghpol regian of the %1xal o

_hganome.:_ff.

“*

The exact ﬁole of these sequences A

The HIVkl genome con51ats of the typleal ratrovmral genes -

- gag, pal, and env as well as the regulatory genaa tak; rev and*ﬂffﬁ
- Ty
ﬁtnef\and thé“accessory genes v:f‘ qpr, vpu, ypt and tevftnv (saef

2 . . ) ) e W

Figure 3) _. - .. . - ce .. R . " 1 =q

EE S S i
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Uo 'f*ﬁ e I RIS PO

g'balr correapondlng_:f.~

R

The gag~gpne of HIV=-1 18" 1n1t1ally'translated from thé full;‘ff'

”3-length vmral maasengar RNA (mgagg ag a polynrotéin precursor,j:;f'

?ﬂrssgag with a domaln structure of NH&-QIT(MA)wp24(CA)HPE(NC)~97~ _;f:

- “COOH.- The precursor 15 processed by tge v1ral proteaas (MErvisi J'

'et al " 1988) in order to glVE riae to lnd;VLdual pxota;ns sdmaf'{

'of Whlch play impartant ro]es in tha assembly and raleasa oﬂ theﬁ__ f

- matura virus particle (see SECtlon 1.3. 4 and 1. 3 5)

- The pol gene encodes for the'catalytis proteina of HIV-L < .

T

L



rfa\\pg j h < Q >

'- gge 3 zl‘h‘e(“__arganiscitz,on BE *bhe HIV—-J. genome and protem '

. _...:_.pﬁaﬁeas:.ng pathways. (adapted f:r:om Rosen, 1991) TN

- e o B -
R ] .
- : n
o

namely t.ha pro'hease, J.ntegrasa and the RT. ’ Aa with ather,'_:"_f'f'--'-

: _retrow.ruses i*‘ is tranalated from the genomic lengl,;h vz.ral mRI'm.'

to produce the polyprotez.n Precursnr Brlﬁﬂﬂ“’”?"l whic:h has a;. __
_doma:.fn structure af NHz—pl’?(MA)-—p24(CA)—pQ(NC)-p7(Nv,)_aplo[pa)_l-:-'
'.pGG(REE)J-sz(INT)—(‘OOHQ 'I‘ha gag and pol genea r:varlap by 241.;73}
:'nucleot.l.tias w:.'h'h t‘.he pol gene be:.ng ;.n a. '_1 reading fra:me" :
| relat:we +o the gag reading frameo ’I’ransla.tion of tne pal gene._“ "

 is brought about by a rihosomal frame shlft WhJ..Ch cecurs. at a low_.___

_.:Ez:equend’y of approximai.ely 5% and a.s d:.rected by a shorl:.

| _homopolymem.c seguencze at. thef gag»pol overlap :r:eqion whic:h iss

followad by a haz.rp:.n 1QOP structure' (Coffin, 199{1) ' Tnis.

strateqy OF gema expreasion ensures that the structural pmteins s

L derwed frcm the gag gene are produced in 1a1:ger quant:.tms than -

B
= .

-

2




the enz ynfatm ‘iu:a dtxcts _. {bf the;; _polge ne o
o for the wg gena product:s t‘ne pol, precugsor 3}5 clem;ed' o
by the vi::&l pﬁa“:ease o produua the n32 al.ntegrase, tha 910
proteasa and the 1366;’1;51 R‘l‘u pi:oteins._ ':Ehe ﬁmduction Qf tha&_ﬂ "

pﬁB/pSl he‘t:erod.unar and the rol@ cf the subunlts i.n R‘.I' acitivity

:':

=

: R da.scussed z.n greater deta:n_l in sectmn 1 4, 1.: L g

-

i frhé envelapef gjf}egpmtelm Qf HIV-f a:ca im.tx.ally

» synthesz.zed a,a a-

93"‘]‘:9& Pmtemn olnsertad :.nté.» the rough

-3

endoplaamic retm' lﬁm, where the add:.t:.on of h:.gh-mannose N~ _;r'
1irﬂ<:ed car}i‘: draté cha:.ns Eib well as folda.ng J,nto an a_;:pmpmate ;; R
'bertiary sts:u.t:.t,ure takas place (Fennle and Las:ky, 1989) The* L
carbahydrate chains alive’ ife:cnir;nally moda.fied in the golg;[. cc:mplex.i J
The result:dhg gplGO pﬂécurs.;;f is c:iaavad in a nonlyfsosomal acm,:.c ,
: compaa:tment by a }allular protease, and the ma,ture envelopa R
prc\te:_ns (gplzt} an,.d, gp&l) are transported to the cell surface and

msexted J.nto the c:ell memﬁrane prmr 'I:m vz.ral assembly. 59

. Lo _- P . - B . .. . B l\ . -
T g e e

i' - ’u

i"hé regulatbry pmteins 'ﬂat, Rev and Nef and the accessary_'

prntein Tev/!t’nv are al:l. tranél@ted i:ram singly or rmlltiply" i
spliced small m’RNAs that are prsﬁuced shortly aftar J.n*i:agratmn )
of the provirus into tha host genome and henceoare known as tha ._ -“:': L
early mRNA% '.I.‘he rema:.nder nf the accessory protems vif, qu 2

th and Vpr ave tra.nslate& f:com intemed:.ate length. transcr:.pts _' e

prbduced at a J.ater stage along w:.t.h the full leng'th mRJ.\m of tha

Iy

g%:t; and gag—pol genes. _ L o .' - Coee

IR S

i




_ assembly Of thé'"m&"bura v:.ms Particla, c.Ls i:i‘ltiated hl” Phe Z.'

-]'_'-_'aggragatmn of the “polyprctem predtirsdés ErSSLS“E and Prl«ﬁoﬂ"g@l __q_i
_'under ‘t:}:ne plasma membrane, a process med:.ated ,by the g&g dera.vad

hyﬁrophoblc 1nteraetmn of t-ha precursprs with Lﬁfmeg

" groten.n, pl?. 'J.‘he p::ectmsor_ molecules o:E HIv—ln in cr:man wi';:h B
' other ret::aw.:fzuses, are’ posttransl&tmnally modif;.gd at the am:.no S

] .3-tem1.nus by the adds,.tion of myrist:.c acz.d wh:t_ch faﬁfrﬁ:gtea '&he

..membrane ;Merv:r.s eii a.,l. 5 1989 Vemnese at aLf iBES) ; Abo;j_;,_tion

B E:3 a’bmplete dis‘ruptz.on af the assmﬂbly' prgcga (Gottlinger at al”

- r:educta.on J.n eff:.clency The pQ nﬁclemapsid p;:bté:.n, :m comnoﬁ

w = .
. -.sl‘:

T

plasma o

| :'_'of myrztstylat:.an by s.l.te--directed mutagénesxs of the aminc:.-_,"’ o

--'teminal lecme *"e*‘i‘i“e °f the Gag pretursor was sz?tcﬁm ta cauae

BRI R

L 5.. “i. L /f P [P

P

R _'_;. Tha= vmra.l genomic RNA :.8 braught to the aite of assembly

. '."J'

o by the ps nuclencapsn.d domam o..’: the Gag and Gag/Pol precuréqrs.- i
'J:*he :Lnteracet:wn of pQ wj 1:}10 the genomic RNA :Ls dete:cmlned by

| features of both the RNA anci the protez.n. HIV-J. genamic Rm has

&

'-been shown to contam a major p'ac:kagmg s:.gnal sequence lcscated |
'between the U5 LTR and the gag. ixiit;.-..at: on codpz,é which ia ] '_ _
-'-essential :ﬁar eff;cient v:.ral RNA packaging (Lever et al.., 1989} 9

B

| ..Removal cf th:.s sequence has been shown 0 resu}.‘b .m a 98%

R

J.s

.'..w:z.th cher re‘trovn.ral nucleoaapsid p,rat#:.ns} coﬁtains dopz.es O:E \

"thq sequje_{me Cysm}m»(:ys-Xé-His—X&-Cys which is s.u‘n:.lar to the \

(]

o z:l.nc fmga;c"' | motlf assocu.ated w:.th many DNA—-bJ.nda.ng prate:.ns

TS . -
e - A BT

L



" "__"_:._(Berg, 1985{5 Mutation Grodalet:.on a,f thie-. sef&uenca}'“ n:'hna resud.ts o

RS

ey,

' .jm a maﬂced. dacreaée: :l.h the genamic m czmtent af_ matum;e

. virmns

'.Q(j

. _protes.n 924 Gag whit:h fm:mq a protein _ aheil Wgr&und the

" f'proteins.\ :Dhn.s prnpasa J.B J:esponslble fo:c the marphcslagical

- _maturata.cm af the vz.rion in" whs.ch the cnre con.denses ﬁo form an

v:.ral prota%ye dur.mg oz: a;fter budd:.ng to produce the at,nd”w%dual

'-;-91‘*‘3*53303 deﬂSE cylindricad. structure (G’otthnger et aJ."-" i

i
P

L Hrf-

'i:z_.

Th&ﬁa,g__and Gag/Pol p::acursors of HIV—-l are cleaved by the

f o e

'I‘ha f&t:t t.hat p&oceéaa'.‘ng o:E 'Ehtg precuraors occu:r:s at a la,g:.e sﬁage |

of maturation éugggsta that the viral prot,aase :.a only waakly

_-l ,actiare .‘J..l'h the p<ecurso,r form and reqm,ras a h:.gh ‘Loczal

concenftratmn of precﬁrsor for sufflcs.ent act:.vity Qo eccujr
o \ﬁn

j'-ﬁlterna*:,vely th% pratease may be a,ctive only as_ a dime:r: antl

. . B
" the enz;ms can fom d:x.mers with the act:we a:n.te be:.ng fcarmad by
'-_.":..the dmnr linkage regiqrﬁ (Skalka, 1939) ' o “
.ﬁ ’

- _cor;:ac*t‘ly al:.gne

'jf,'hancé proteabs{g aci::.yity may only occur ofﬁﬁe the precursorg have

_themselves-»;.n the l.at;er atages o:E budding. "

.

»

:'i_I-_:'Investigations of the struqture af HIV-:L protease have shom ﬁhat «

H'rv...i R‘J.‘ :Ls" tha anyma solely rasgona:.ble i‘or the 1‘5"

_'f*onversmn cﬁ the s:mglewstranded RNA genoma of HIV—.%. intc:

'dbublewsta:anded p:r:ov:.ral Dm p:r:ior to integra’ta.on of the provir&l

DNA :Lnto the host call genome. ) he enzyme therefore plays an “

.

___.‘I'ha genomiu Rna is encapsulated by tb,e, m&]pxz ca:rfé ,,"" :




__ essa.nta.al :n:'crle m tl}e &lfe cycle ot‘ HIV—}. qmd henca “has f:ecame"

8 ma"“r tﬂrge‘t E’ﬁ rﬁsﬂﬂmh in an attempt to- :Eind, effeci:.tve f' 2

| -..hax'apeutic &uﬁénts a.ga;,nst AIDS.. _ u B } .

‘the S
'Mo_a‘.i_.],’ l.ng “Lt

. enzyma.tic actn.vitieﬁ aSBQClated w:.th v:.ra‘_‘i reverse trancr;ptases £

. (Balti? o I_. ﬁ-. c The Purlflcation to hﬁmgenelty Of the RT from .‘ , . -

'ahlastnsa.s v:.rus by Kacian et al._ (1971) and RS

(1971} led t;a the :.de:qtn.f:.cation of threé:j' S
W . ;

8 RNA-dependent DNA Pﬂlymerage activity, a DNA-dependent mm" R

IIPOIYmeras actf*rity and a. ribonuclease H (RNase R) aﬁtl\rity_,y"'_'3'-*-‘-37"-'

(Gof£, dwsng which removes th.e RNA moiet}g from a mm ‘imm hybf?m,

- _target m.th the ons%t* uf the HIV—l ep:.demic in the early 1980,3_1 o

- carho;y-teminal segmant is removed from the pﬁﬁ prote:-.n 'to g:we-';\_,. |

-:"_-_'Howeve:m although a, 'awge namber of R'I's were J.denta.fied dumng S

g

o _'tha Couzzse of the. 1% U'}s, thé‘ enayme ley *became a mawr reaeamh A

\'.1'_

T

Ve

As d:.scussed J_n sect:l.on 1, 3 7 HIV-:I. ‘R‘:[' ‘i ind, t:.ally clea'ved"-”
by the vin:*al p:r:otease from the gag«-po.l precurac'c to g:.ve risé to.

a 66-kDa Prptem cbnsist:.ng of 590 amino ac:.ds. In vir:.ons the_‘_._\-_

_' enzyme ex:.sté as a p66/p§1 heterodz.mer (Da. Ma,xzo Veronese et a.z. ,'

/3

_ 1986) wh:wh J.s f.ormed by a saconcl cleavage event whe;:aby a 15-—14:13&}-.}'_

- mise to a Sl-kna t::uncated version of p66 Whe\ther cleavage of"

| 966 occurs m v.wo when the p;r:otein .'.LS found as a monomer a:: as

- . } %



a. homodz.mer: (psﬁf'pﬁrﬁ} la{'n‘icl‘t-zar at presmtq *H&wever the:e lS
: ev:t_dence to suggest that d‘leavaga OGCﬁ;Cs :Ln the fhomodmer fm:m

___-thh the fi:r:st cleavaaa event ac:azn:zsing a ataz:j.c c:hange 1:11.5::1:n

.__preVents cleavage Qf the xemaminq pss subv.mlt (Dav:.as et alvs r jg- o
. 1991- Kcahlstaadt et al., 1‘9«] ﬂ}hi;s w:s,ll be discmssecl further_.'_f
e sectmn 1. 4 2 aﬂd 3. :‘rﬁe' resu!ztmq hemﬁodlmer therefore..:_“
| cons:-,sts crf twa subum.ts £ the pss and 951 subun:.ts 7. w:.th
) 1dent3_cal am:.no-temn.ma COmparatwe mappmg atud:.es af HI?—-J. RT-'__“
_':m.th other retrov:.xal R'.I's have shoWn, 't:hat the polym.er:.aat.mn .
__-'._act;x.v:.ty maps tc‘r thez amino—terminal portion of the pG 6. chain\ and'._:'
'-that the RNasa H activ:u.ty com:esponds *l:c: the carboxy term:r.nal 015,_-
.' -_'..kDa sagment tha‘c; .'I..B remc:ved dur;ng pxt:’ceolybic proc:easmg"
-:_"(Johnsan et al. v 1986] The 951 subum.t therefare lacki?tha RNasE;t-_:_':__:__ff.
'-'._H domain wm.lst st:.ll posseasmg 'the ent.:.re polyme:casa domaa.n.'-_-
RTs “of c:ther retrom,ruses ha\re been cha::actgc:.sed as beth'-'
- '-monomers and dimers " The RT of mur:.ne 1eukaam:.a w.rus (mnl'f:V) 1.5-_:
_' found as-an So-kba m%cmomer eind is. typical of R‘I’S found in t.ha._f;...'_
.__mur:.n,e and fel:.ne leukaem:.a w.rus fam:.l:.es (Gcsz and Lohel,
| 1987) MN RT however is a haterddmer w:.th oe. and 13 subun:r.ts o.f;f:ﬂ-'_
95~ and 53—kDa respact:.vely w:.th both subuni‘rs show:..ng PO(’!.‘YmB"“ase:? |
/and RNase H act:w:.ty (Goff * 1990) 'I'ha fact that t.ha pﬁﬁ subum.t '_
of HIle RT appears to Cﬂl’ltﬂln all of. thef sequenc:e informatmn_'. |
' raquired :Eo;r: RT agt.wity has .'Led tr.: an ex‘t:ensive imrest:.gatmn_
".of the rola played by the pSl subun:u.t L HIV-l RT. Reports ha.ve'___.'-,_:l“
shown that tha pur::.f:.ed recombinéng I:Lcamodn.mer, 951/ 951 was either .
' _mact:_ve car only parﬁ;LalI‘y act:.va relat:.ve to the p66/p§l' _
| heterodlmer (Hansen et al., 1988, lea. et al.} 1938, Staxnes et
"{a_l.,l 198_'?) Le G:r:;Lce at al. (19@1) ahowed that Wa.ld type 1351_:_._?_"'

..6




| :'?fa:.leci to a;geszﬁ’re polymax%se actz.v:r_ty to a heterodq.mer whosa pﬁs“_
"_"-subum.t Wa{?__)mtated at the prnposed active' site " whereas the w:.ld i

_' type 956 fQ;:med an: a"": f_five hete;mdimer w:.th an identmally 1ﬂutated‘*ff%-

Bt

= '_951 subum.ta. H°We\~g>er othe% J.ndependbent qroups havp repm.ted'“-'_u
o .appreca.able palyme:;aéé acta.vmty attr:.butaﬁla ta the. pul Buhunit”_
R _' usmg J.) act:.vated geib analys:l.s of the va.ral enzyme {Lo:r::. et al., ,
"_._1988), : ii) aw reacombs.nant p51 ;;J.th a mod::,fa.ed CDQH »teminua
. (Restle et al.,; ,1990) Since tha pSl prota.:.n lacks tha Rl\la.sa H
_.domam, ho Rﬂaae H ar*t.w:-.ty has been attmhui:ed to th:.s subunit.
.-'='1'he° pGS/pB ﬁ homod:.mer produced .in bactem.al mutant:.a lackting'__ '_
- protrases J.S a laasaly assom.ated dmer with a spec:Lf:Lc actz.v:.t.y_'
':":less than half that of the heterodmer, Investlgatmns into the

_'_.ac’c,;.va s::.ta of the polymerage doma:.n by campe tz.tmn stud:.egsqu& gm

__dn.ffarent p:m.me:;—-templaﬁe r.:omplexes have :x.dentified q'\" g a8
bmd:.ng s:u:l:.e in the haterodlmer { Diram.—m.ab et: a.Z. e 1992)’ “C;indf

'_binding of ncn—nucleoalde lnha.bn.torsq tc: HID‘--J. RT resulted u@

. I.aelective b:.nci_mg to the 966 cham .‘Ln the hete*rOd:.mer (Wu ex: a 1. o

'1991)

i _3:

fflie ' feg:.on a.mpcrtant f-:m:;3 heterods.mer formation was shown“
by cherra et al. (1991) to res.u:le in a cent:ral regs.on of the oo
svbun.:.l:, They also 1nfarred that the carquy-termlnal @regs.on
comesgonding to the RNasa I:I doma:.n :.nfluenced effica.ent
format:.c:ln of the heteroqmeb Althcugh :l.t appears a::iLear at j.- o
o 'presemb that the p&ﬁ subum_t is thee*na ,,‘sr catalyti.c component of

CHIV-1 RT and that the p66/p51- hateéédﬁmer ;s'ﬁhe ﬁost active and

- stablp form of the enzYme, the contribution dea by 3951 to RE{‘

a.ct:l.v:l.ty :Ls st:x_ll speculative




- 'idantif:.ed ttxa :Eungtn.onal dnma:.ns of HIV-l R“l’ the twn domaf:ns

- B o

Althaug}f comparat.‘ﬁve mapp,lng studxeas have clea:r:ly ©

_' have" baen shbwn t.o pasgess a 1arge degree af stvmctural

__-':_lnterdepénglence.. For gscmte retroﬁral R‘l‘s, ,\.n parttj.tﬁlan Mu]:-v R']I;;j_: -

--_-it n.s posaihle to physz.ca.lly snpa.rate the palymerase activity

| from t'b.e RRas’e H af"l::wity cf the enzyme W.‘L‘bh ro ’”loss %f cspec:i.flc
-

s

ract.;wa.ty in ert:her czage (Tanese and Goff 3 ._19 88) Howevez: ; in the

: :f"enzyme cr:m rem;\me or abol:.sh the polymerasa ac’%v;.ty, andn;r_._.a.
e l:.kezw:..se, mu‘tgtions Wlthln the polmaxas@ aoma:m c@n d:r.s&a’}tfi"-‘;}_-._
- ':'__Rnase I-I act_wz.ty (m.zrahl et al. v 1990 Schatz*‘wt al‘, ' 1989, H:Lﬂ.:. =

case of KIV—-I R'I' ‘- mutatmna w:.thin the RNaSe H- region of thq,w

'__:___-et a.L, 1990" Prasad and Goff, 1989) Hostomsky ei: al. (1991) Al

‘--:.'_demonstrated that althaugh the 915 RNase I-I domafiﬂ had n&

Tf?'_ S

datect%ble Rﬂasé' H@cmw.ty when expreased in v.itro ony .'Lt';B ovm p“ o
_.‘__Rﬁase I-I act:va.tY Wa.ﬂ reconstltuteﬁa by 'l:he acid::.ts_m; _G.- . i I
__-"._;'pu::ifled p51 aubun:.t f‘o the p:.ctein. e O oD

1:4.1.2) The ‘l‘hree-—-DJ.me _' a:z.ongl S ructure of HW—.‘L RNase H.
-é,. N (b : :”.p_ _r\\: : - : - TN : .
{5 The «f:l.rst three dlmansional stmct.ure of & RNase B enzyme T

| to be pub{!.lshed was that 65. tha E. coli RNase I-II by “Katayar(ra?gi@ et

a monomer palm' qptide of 155 a;nnn.no am.d res:.duas. Al'%.hough the ﬁ‘

R, col.r. anzyme shaws a relat;.vely low homolo'

(1990) The s‘cmuctural gene of E.qola. RNasé. HI ' rnhA; encodeﬂ

at the ama.no acid

- 1avel w:.th tha HIV-‘,} RNase H domain, a nmnber o‘f key' am:.nc acﬂ,cfs:""._ .

__are sha:r:ed 'I.‘he structure Q‘IE the RNase k3 doma.:.n o:E HIV—-l RT waa”.f:"_'. _'

- _publn.shad by Dava.es et al. (1991) T}-a RNase H construct uvsad for'-:-'- '

' ::.\:ltha study was that of Hostomsky et a}.. (199l) and c:cmsis‘!sed of.f

G



' -the RNa.se H dcsmain with an add:.t

LB

- ami.no acids"'“'

__r}‘I'hiq atratch af adr.i::.i.'J f -

“Tyr441 that dafﬂﬁes ﬁha caxboxyqtermlnus'df the~p51 subunQQ;;_*
- (Mizrahi et al., _1939A: I-e Grme 1at aly, 1989* Becer:x:a ot ai.-,-
| -.1990‘- Gra;ves at al. ” 1990) ‘l‘he aﬁdiit:l.on oﬁ tha ahort stretch {L*Jf-.:. - g
3 .-_amino &cz,da qa‘ire :I:'J.BE! to a S;.ruct;.m:ally atabla R‘haaa & do m#ﬂﬁ. .

- wpat ccmld b‘a ¢W5tﬁillﬁedr dasp:.te its lack of eiizymats.c:.f

-- activmy-e.* T T i PR E

COmparisnn of the stru%:tureq o:E .’ci'.f::r:JJ;.}1 Rﬂase HI witzl that
Uf the I%IV-I RNase " domaa.n :r:evea a.ed that the two @mtems show o
"_'atrong sim'[a.mties in the:.r overa 1.1 structure, however there az:e o

o -.'aoma a.mportam: differences (seeﬁﬂigure 4) nath pmtema acfopu_'
N

__.-'_em. cr.-ﬁ ft)rm, the RNaSe 11 doma;t.n ofﬂHIV—-l bej,ng :Eolde*d :Lntc: a f.:.x?e -
' _"strandad 13 sheet flankad by an aﬁgyrrunetrz.c gl:.str:.butz.on of fcu-:t-'-

-e‘r::/\—

'cr. hela_cc,.s._ 'I'he B, croJJ'. RNase. H# J
. §

a surrounded by an as.‘lm“e"'ric dwﬁnt"bé

_ _:.:most J.mgortant feature ﬁhared by ifthf _two s‘tructuras is tha area i

{
l:f da.valent matal ion h’w’amg at H:h

E the anzyme. The preaence of kiii:ﬂrauie: t meteqi :..ons has been shawn‘

 to.be essen‘c::ial for RNasa H act::.\*ltfr (sta-_r“n,as ancI cheng; 19 89)

o ;It is :Ln 'l:h:.s region that HIV«':L mﬂase _H a_nci E’. col,i RNase. HI share .
K ;_L“E greatast degree of hnmology Ll: an a}g:b ac:g,.d sequance 1evel. :
\d afh th:ua sita, Asplo, L

'--_;'Tha 'Fou:: ccnse:mred ac::.did amzl.no cida 3

?-

 cluds, Asp?O and Aspl:m in B, aoli versus !
. and Asp549 1.n HIV—?L RNase Hm a:r:e amc.‘xé{:g seven ami:m acida

o conaérved amcmg all known Letrmrs.ral and’bacteriaL RNahe B

i-s,cm of. f.we ea hel:.cea The'

propdsed catalytzu sn.te of-_"

Tep Ll

°115i5t§ of. :Eive B sheets

,pusjeluua Aspewe' "
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_Figure 4 Amma acid saquenc:a a,nd geometf’ical alifgnmant of

. secondary structural elements in the age H domain ‘of V-1 -w

RT and in  E.coli RNase HI. -Identi residues in the
 stricturses are-indicated. The four. catalytically important

o acidie residues are shown in bold anci und.erlmad. (Bdapted _

'ufrom Bavies et al., 1991) S - "Qi R S
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sequences (DQGlJ-ttle i;)c ﬁl”"'} 1989 ) '.I}hase ves.ndues are :Faund

Lo .. .

: .'with;l-n the f:wa stran‘i;i 13 aheet cm:e of bmth pmtams and, ém. thax
‘c

HIV’»l RNase domam; Were reﬁurtec‘s‘ tc co-—ordinate two d:.valant

: _.'metal itms w ea.s :Ln E’. G'Q-ZJ.; 1-9—03:&:.:131:1::11 af only ‘tma metal .wna-; |
was rap m:'i.ed. El?his apparent Fisz:repancy ﬁtm_;r hava am.sen as a '
a:esu.L‘t Of“ & crvstal Pachng seffect .m the casa af tha E. aol:r.-"T'
. '_enzyme (Da\ries er. al., . 93,991) q}r :ma.y be an a:ctefac:i: taaused .by thef._' o
:.-‘hlgh condentrations cf m’*_;s*blﬁtion uaad :Em: the study of the _' ._
".-__:--:sites of di‘valen‘t metal iom’]:iﬁ.nding J.n the crystal struct.ura af )
the AIV-1 RN&S% H enzyme {ﬁ,atayanaq:t st al., 1992). Aspam,-'_ o
. pw 8 and Glu478 and the coqmaspondmg residues in B aal:r. ‘haye: -
"all baen shown to ba easem: J, for RNase H mtivity in both;:” ”

) enzymes L Iﬂizx&hx et: al’i; 199% Schatz. et a.l., ;1,989 E;anaya et

-_._.al vy 1990) ,'I'he roles tjf theeéa resldue"s .u{; RNase I-f activity Will“:__'_'_a

.rJ. .'

be: ds‘scussed in grea:“tar da‘ba I.l J.n sectu:m 1, 4 4y 2. R
Q"': Lom L . .

@f/r n S ; T @‘;3 <,,.¢ ‘., r ,,
| Anofihe:c natewoa:thy feai uré\%f the struutm:e o\f HIV-J. RNase s
=N " 5_3 the lpcatmn of: -t:he yi]%al proteé.aa cleavage site used ﬁor )

3 th.e farmation nf tha h.%:l:t—m:t.J d:!,ma'r. &3 Etate'd earl,iar (aection

z:l) r the IIIW-:L pmtaase clea.\res thﬁ pes protein between Phe440

- and Tyr44l and in only n:?ng *bf the P68 sﬂbum.ts osf the pSG[pSE CI
_'hctmod;imer. The three d:.:;nemainnal structmre caﬁ H&;V-—l RNase I-I S
_'ré‘ve is. t};a,iz the prote&se t:.l.eséwage s:.ta l.n tife praperly foldad

pratein is loﬁateu ﬁyat posit.!.on tbreie“ and fou:r; qf ‘the’ Iil atrarf& 0
Which lS a 1ong strand fnrm:.ng 't}he aem'::e of Lhe beta ahéiat. In o
" this posit:.on it wou.Id a@pear to ,ba physically J.mpOBSJ.blE! for- t‘ha
".'w,;r:al protease to clea*re lthis site in. the gmperly faldecl

' 'protein.-'ll'his obsezvatmn hqs 't;wc mmrtant nonaequencas fo:r: HIV—? SN Q’i: .



1 RT Dav:.es er: al.. (3.991.1:')' hava progosed that smce tha 956/966
homodimer pussesses m\fase H ac't::wity s.xmila’r: to that of the N

heterod:mer fSchatz et al., 1989) at least one of t:he RNase H

damains must hg cor::eetiy falded wj.-t:hm the homcadime:: structure.

This impl:.ea t;hat the pbé homndmar is asymmetr:.c w:L‘&h the other
Rﬁase H doma;n be.;.ng unfoldad to an e?tent that allo the v:.ral

p:cotvaa.se to ga,in ;mcess tu the cxleavage Qn.te. "I_‘he net onsequen%a

of this 1.3 taha't onl? che of the 't;wo psé prote:.ns Tre claaved -

T

henae gwing rd sa to the fomata.on of *Lha pGS/pBl heté odimar arrd

B

a explamlﬁg the 1 1 rai::.o of 966 to P51 fcund in w.t.:*a and ' in

vftvo. _ Davias et al. (1991) also p;:mposed j@a-b t.,ha RNasa I-I domain

f-' /“wx .

| plagns a st:cuctural :i:c:lg n.n .“Jt&bl.ll ?‘J . “‘Q‘?éiéamer by
interascting with tha palymez:ase damam '

carboxy-;t@rmmal reg:u:m a:E HIV-:L RT 1,1., 5.,1" mér“ﬁatiog !

?ﬁnée of tha
gt:abil;:&{*“f ' . |
' has been conﬁrmad __ \{.bgw )Bece::ra é:. e-J. (1991)‘ Tl;e samnd

¥

consequenca af cleavage a.t Pheuldco-'ryré;lrl is 'hat the carbaxy—s L

e tarﬁ_r_nal 120 residues shat’ are raij(seﬁ after cleavaga are

unl:_kely tc ‘be able to £a§:m a prope

s:mce t:.he f:.rst t‘nree :cesj.dues a:t the cantral B-sheet are 1ost.

formats.on ghowa a. %Ooo-fald lcfwer RNage H activz.ty than the .

intac-t PGG Brecuxsor peptidilk The pos:.tion of the cleavage s:u:a 2

also «explmns tha necessity fo:r: the addit:.on af fourteen ami.i*m

to a, sta.ble and crystallz.sable Rmase " domam (Hostomaky et: a.}‘,. i

1991 ) '.Ehe J.nstah;Llity cf the c:leavage produ.ct would also make o

the polvpapta.de susceptlble to f-q,rther degradat:.on by proteases,

o hence thea lack af succass éxper:l,enced by groups attemptmg to

. [} :

NE folded ac:tivé fragment

Th:.s wouid explain why tha normal claavage product of haterodimer 5. -

acids to the am;.no—-term:.nus of the Rﬂase B domam toJ give rise o



N L R A o 3.?ivfl.-;- L
: -_.detect‘ th:z.s fa:agmen‘t:. d.u:z:mg pmtealytic processing of R’I’. P
’I‘wo featuras csf t.he stmcture of Ei cwl.l RNasa HI stand out
_ _"as be:.ng sa.gm.f:.cantly different f;:om that of the I—IIv~ RNase H
- -doma:..n. The ﬁz.:rrst :Ls the p:caae;-pce t::f an add:.tional a hal:.x (a.c]
-and an axtended loop between or.c and a.n that are absent from HIV—-l

‘RNase H. 'l‘his is é? lysine and tryptophan ra.ch region that has

bes "mplmatéd in the biﬂdmﬁr of the DNA.RNA hybrid piior to o

| digestinn o:E the RNA mciety., The absence of this structuz:’ in tha
. HIV-1 RNase H dmnam ma.y axplai.n the lack of Riase. H act,wa.ty and -
\.-_-wuuld a.mplyo that thp polymeraae dtsma.in is nedesaary :ffor the
) bind;mg and coi:rect alJ.gm}fmt of the DH&‘ RNA substrate. ;Ehe RNase

------

-----

'_may accmmt fc:r its ab:.lity to act as an RNase H Endepandr-\nt of .

the polyme;r:ase domam. e {7

The second fcaa.t'.’ure of E. coli RNasa HI that is markadly
'dlf._a:cent from that m‘:‘ HIV—:L RNase H is th.e 1oop that ccnnects

B5 ho c@ nd passas across *l:he front of the ﬁ-sheet {see F...gure.-

' '4). In tht? RNase H oﬁ HIV—-:L R’r th:.s loop, whic:h cmfresponds to- o

ras;.d.ues 538 'I:c: 542, was dlsordered (Dav:.es et aln 1991) The

loop cqntains the universally conservad res;.due H:LBSBB Mui:atmns

of - this ::es;udue in E.z:'ol.i RNase HI have been shown 1:0 affect

_ ‘catalytlc eff.miency and kﬁbstrate bz.nd:.ng (Kanaya at a.l. 2 1990)

: _wberaas sim;lar mutatﬁ.ans :.n HIV 1 RNase H decrease both

_pc:lymerase and RNasa H a.ctn.w.tz.as (S-c'hatz @ﬁ a.h i 1‘989-) -':fhe

- "-d‘-sarder n:E fhh:x.a lcop :.n the HIv-l RNaSe H structura ma,y account
O B



"Cf

-polymerasa domain may stabilise the structua:a,. ; B

sional Structure of the HIV-1 R®.

IO

_ Attampts to determa.ne tha th::ee dimans:.onai structure of_
-'the HIV»-J. RT hetarodimar at h.‘i.g'h resalutmn have cmly recently;:f N
- met With suecs; s afte:: several years. af fms“tratmg dz.fficulties.'.r o

] IL was or:r.gina.lly suggesteé thai: the inab:.lity Qf HIV-:‘ L R‘E t:d._.':f_"“ o
B __'fcrm sufficiently ordered crystals fox high resolubmn structu:al__ o
_studies may have :r:esulted from the :therent flex:.b:.lity of the,s’.fl':-_j-'ff- o

)

'_-’anzyme.- In order to cs.rcumvent this pmblem a numher gf_: SR

L

) -_-atra.teg@es we::e employed tc: g;.ve »r::.se to a mare :rig:l.d Pm’t‘-ein_

_ structure that would be likely o fo;:m ordered c::r:ystals._ Jacwbg__n e

. 'Molina et al %*\(19912&) cocrystalla.sed the an‘lgigan--bindmg

- fragmenta nf monoclonal antibociies (Fab) wi'th tha RT heterodmer o

and . obta:med c:r:ysta.ls that d:, :E:aacted x-rays to a maeratp e
'resolution a:E 6 fa :Ehe. Fab fragment is thought to anhance"_:_._;-:__- --._._ "
'crystallisation by acting as a molacular : "clamp and -I:hereby;_".__

_..restrz.ctz.ng the confomat:.anal freedom of the RT. '.L'hey Wera ﬁhl - R

........

- to. further anhanca the resolution of these crystals to 3 5 i hy'

 the additmn of a lsnbasa DNA Btrand paired w{,th an. ls-basa S

stx:and to fam a 19/13 double-str‘anded DNA (dsDNA) ol:ugomer with_ o

o a S:anle arq.en:me base o@erhanq at tha 5’ ends ’I'he aequence of the_;. o

lgmbasa atrand corresponded to. tha pra.mar binda.ng s;ute (pbs) of .

HIV-:L The complementary 18—baée strand correSpondad to. the 3’«-;-_ e

term:.nus af the hmnan t*\ansfer RNA‘W-‘s (tRNA"’”) that is uaed as . S

: _:.;}

| '"z:':t»: -



a primer tc J.nit:.ate polymemsation by HIv—i RT (see aact:ion
| i, 4.3. 1) Thé 19/ 18 d;sDNA ml:.gc:mm:%herefcre m::_m:n.cs tha initial
_-"template-prmer. Tha resulting RT{ Fab/dsDNA complax may ::essemble
f __ I-IIV-- R‘I‘ during Dm-dependent msu; polymeris.a!gic;ﬁ"; ° L '
Structural details of this compleax at a resolut:.on af ?—JX
_ fwere pubusmad by Amoliet al. (1992) 'I'h\i.s group found tha.t the
: 'dsDNA bound in. a putative templa.te-pmme::: g'roova J.ccated on the
_ surface of the anz;gme.__ By using a mercurated derivative of T}TP
-"they were able o J.dentn.fy a ﬁotents.al site for the bn.ndinq of
.nucleoside tr:.phosphates mhmh thay suggested corresponded to tha
ac‘l::l.ve s:l.te Of. polym&?.rmata.on. 'I’h:.s sz.te wa.s 1ocated close to the
5 te:rml:nus of the dsmm at t:he pasitmn af the adenine overhang.
_. 'I‘he putatnre act:.ve site af t:he RNase H dcsmain, _idantz.fied as the
_-s;te of Mg‘* b:.nda.ng, was found 1:0 facze %:he dsmm at a. posif:.ion |
approximately :I:5 base paira downstzzeam fa:om tha pol}unera.se s:.t.e

g '-'Howaver the relat,waiy poar resolution obtained in this st‘udy
B prevented. a. detailed dascn::.pta.on cf the polypepti&e backbone of

: the RT hetaroda_mer- _ :- PR

In a.n :Lndependent xeport,- Kohlstaedt e;': aL_ (1999)
- determined the crystal structure at 3 5 i of the HIV-—J. RT

A, L
' heterndmer cOmplexed w:.th an inh,xbn.tor of the enzy;me, nevi,rapj.ne S

- (Merluzz:. ei: ai., (1990)) The structure of ‘the pﬁ& subunit Was

found £o ’be folded into fi\re separata sﬁbdomains Qsee Fj.gu:t:e SA)

_ tha RNa.se H domain; _ whoae coordz.nates matched those af the

-structure reported by Daw.es et al. (1991) r and fau:r: subdomains .

Rt



Kohlstaedt et a.z.,. 1992)
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Figqure 5: The structure of the pEE (B) and psi:{B)
- polymerase’' domains of HIV-1 RT. ‘o helic:al ‘reglons are
- represented as tubes and § sta:ands a.s arrowm (Ada‘pted f:rom

B3 : O R



. B of the polymeraae rem_on. The autho::s lz.kened the stmetura af';: s
| _.the Polymercase z:egmn to that cf a rlght hand and hem:a named tha'f.
o gubdama:.ns the "finge:s ", "5’&1111“ ' an;d "‘thu:mb" E‘ha fourth-- |
- snbdoma:.n 1:.nked thé hand domam of the polymerase :region to. tha B

RNase H. damaz_n and was therefore c:alled tha ' "ccmnectian"'_;:f

L

__._.:.subdomain.- The gross featura cf 't.he pﬁﬁ aubum.t: that is mosti"'c'-__ :
'-!_'net:.cegablef is. ‘I:he laz:ge cleft f{)med b‘.‘l the fingef palm a,n&-;_" 5
thumb aubdomains caf the polymerasn : rag:.oﬁ g:nd bhe Rﬂase B
subdoman.n. The ;Qosmmninq of the f:.nger,_ pa.lm and thumb_'_.

subdoma:.ns is &nalogcus ta tﬁe gronve foxmed by the Klenow-{f.:;_

"'_'7.-.__fragment (KF‘) of E‘ coli DNA pnlymerase I tclli.s et: a_z., 1935 )

o _'However, a.lthough the;t'e are a few gross struc*lmral sa.miflarita.es .

"betwean theae ‘l;ﬂm DNA polymera.ses, partlcularly J.n the palm. ahd

"'._'_:thumb subdnmam@ " there is very li,tt.le homolc;gy aﬁ: a sequence”"""' |

:._'level Th:.s g:r:oova in RT was shmm by the authors :bo ba ahle ta:-'.'-"'

L accommodata an A—-fom RNA DNA hybra.d wi‘l:h approximately 20 bage ’
_ _‘-_-.Pai.rs separatmg the polymerase an RNase H arct.t.ve 15:31;%i T hﬁg"’" |
"_-"'RNa.DNA duplex b:.nd:mg grc:ove J.n Rm reported by Kohlst#’adt et al,

'__:is the same as the temPlate._prmer -gx;oova descra.bed by Arnold a#-_..

| al. (1992)

oy e
. I

e

_ 'I'he conformation or'.t tha pul subunit is xamarkably different" S
| from 96 6 given that the two protems have the game” amino acm_ |

_ sequence (seeum.gure 53} The most notable differenca bet %en the_' o

- two. pratez.ns .-Ls the la.ck of a groove ,in the 951 suhunii;. In psr,:_,

: -..;_the g:f:oove is: abat:urad Ipy ‘the ggnnecta_oﬂ Bubdoma;n. n an d ‘tha ‘hhumb IR
:Ls rotated sa as to ue furthar from the fingers and palm thereby'. .

_'formn_ng‘ a mo:::e elongated structure c:ampared to the p66 gubunit.

e




& & -

the fmge::s amd palm are a.‘i,,so 10eazbed csloser tcgather '.Eha_'_

' __'.'131?09059‘51 polymeraaé actz.va site is effery-ivej.}? huriea ‘Whj_gh wOuld_-_' cl
__.._:expla:.-"n why /s‘g-? 951 subumt 13 v‘irtually devo;.d of pa]sgjmera,s e;
B ﬁthVitY fﬂﬁnsen et al . 1988) Lo S

b : &

LS

'Ufhﬁ 951 subumt inté::acta wth the pé’s subunit in th::ee_.t"" ‘

:_-a.places The t:l.p of the fz.nge:r:s and cnnnecticm subdomams r:f 951'

- mtaract with tha palm and ccnner:t:.on suhdomams of ;965 while the .

._.:extended thumja Qf 951 contam;s tha ﬁNase I-I dnma:.n, Thf\!ae".""' .

. Voo
_-_-__mteracthns nontra.bute to tha farmatx.on uf tha, tem‘plaﬁe-pniﬁ.‘er__j_. oo

o hmding groove The c:ontaot made hy p51 with the Rﬁasa H doméa.n_‘_’-l__-

" of pss stahlllses the, polypeptz.de 1~oop cunta:.mng HisSBQ that waa R

”":.'.'_disordered :x.n tha structura of the RNasa H fra.gment reparted by

'_-;Da\mea Et a.l.. (199“) ‘.Ehis obsarvation suppoz:ts tha proposal that'

)'\. S

lBDla‘th RNase H f:r:agment used hy Dav::.es et ai. and that this-~_ L

o _laap ma.y be stah:.lised e:r.thez: by the pclymeras‘e domain o:E the p66

. subum’gi: o by tha 951 subum.t. J;n add:.tion :.'t: :Ls ev:.dem: frnm the

st:ructure that the sﬁbstrata b.mding s;i,te :.s fc:rmed pradominantly':_-.'_}

: 'by the polymexabe domain Uf pGS and the thumb n:egn.on of 951 and:'_jf S

- &

. ..:;Jthat the RNase p:i dnmain on- J.ts own B! s unlikely to be able to:-hind.'_[-

3 _the subst:ate cor::ectly, Kohlstaedt et al have propased that the.’

" pSl subunit, becfsed on :.ts 1ocat:.on relatz_ve to the A—fbrm le DNA._

'.dunlex, could fom part of tha binding site For: 1:111@.1'5»,13"’:i In |
'..-add:.tmn Barat et al (1989] have shawn that bmdmg af tmmli"’ -
to -bb{;h ‘the pSl and pGE su.bum.ts o(rcurs e |

| THe marked asymmetrical. structure Of  the HIV-l RE

o %
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"-.,ef}: o

_ heterodimer suppna:ta ‘l:he proPosaj_ ﬁf Dav:r.es et aJ. (19901"“ thatﬂ

_ heterodmer fo:v:matmn nccurs as a result o:E only one protease"

:_--cleavaga s;:te be:mg accessable to the v;a.ral. p:mteaqe when the'_.

"enzl’me ls in a PﬁSfPSG homodmer canfmguratlon. In order for the

homodimer to fo:t:m m.th th.e sa:ma poim:s of contact that 9}51.51: J_n : e

=

-__-_the heteradmer, . _cme of the 956 Subum.ta m st aSﬂume the

K structure le the 951 p:r:ote:.n. Tha.s 111 turn would mean tha.t 'l:hg::_'-_'.'

___RNase H domaln,, pxinr "-‘-0 Uleavaga, would have to be J.n a_-_"'

"_-'parts.ally unﬁolded sj:ate :Ln o::der ’to be aacommcdated l{\ t‘he’ L

_homodimevsr. This wonld exposa the claavage site anu rend;‘r .-Lt

651150391:5‘}313 to the act”ltl’ Of HW—J. protease tharaby resultimg o

r,.“Ln -ﬁhe farmaticn of thea p65/p51 heterod.uﬂer. 'I'he Gthar pﬁs

subunit wculd be in a stable conf:x.g‘uratlon w:{.t.h thcv, ﬁ’r“‘?m‘-ease--u“‘__..__ﬂ

cleavage s:l.-t:e bur:.ed, preventz.ng ’:Eurther cleavaga;~

._ m' .- .' X ,\ _ l; . \::‘ . .o . .

o, mV-lRT s a m“\t&‘“ﬁctwnal enzyme and, as stated .
.Pz_-exuously, passesses three ma\i}i enzyma.tfc act.wit:.;a that enable
= 2!

___it o donve“rt the singie—stranded RNA vira;!_ genome J_nto the :..;_"'-

A

. double—stranded DNA proviral fom pr:.or to, integrat:l.on of' the o

prow_ral DHA ;Lnto the host. genome 'I’hé"f are.f’ ﬁgme-dependent DNA' o o _'

polymerase aCthltYr a RNA-dependemfvﬂA‘“‘Qz. . \;ase activity a.nd o
..‘.«-_- ﬁ N

‘a RNase H actw:.t_,r {Goff, 1990) Reqe’ri‘tfilﬂ!{? S\ potential fqurth -

;,r\

. ac:t:.v:r.ty, a rlbanuclease D act:w:.ty (RNase ), __%as alaa found to_-_ﬁ','--
be associated W:L‘l.‘.h HIv-~1. R'I' (Ben—}\rtzs. et al., 1992}&) Howevar'_"z_
-th:r.s has subsequently ,been shown ta: result from r'ontaminata,ng

. E. col,z Rﬂase III that had copuri.f;a,ed w:.th the rgcombinant RT' .



o A‘ IEtrOVlrally .asscm:.ated RNA and qudependant BNA
_:-._-pglyméz:a&e o:: R’J.‘ activ::.‘*y was fa.rst. i\dentlf‘ied by Balti’znore 5
..(1970) in t“he avian myaloblastosa.s v:.,rua. mu:‘ther s
_;'_{I-dharactarisatmn of Rq;ag from ﬁ nmube r of di ffement sys‘t:ems.'_'. -

_’;'prnw.ded iﬁfc}m&tlon ZEE lating 1 “}:0 the enzyme v s sﬁbstrate:’ _. _. B :

.specifici'l:n.es {Baltimore and Smoler, 1971), : ];ingticg aﬂd..-' g

fé

KPmGEBSWl’tY (Fu:!inaga et a.l., 19?0; Watson eﬂ a.Z.__ 1979-“-""
Gregerscn éiz al,, 1983), mteractj.ons with z,ts cogn&l:e fRNA
pr:l.me;r? (Panet ei: al., 1975} anci*ﬁ fldeln.ty o:E Dma zsyzlthesis_'.:.'...'_:-f

(Skinner and Epernn, 1986)

. . . . s e
. . . T
S E T i

Wa.th the .‘t..nl‘b.'tﬁl character:.satian oF H:W—-l RI' by Rho 6t a,; T

(1981) bas:.c properta.es of the enzyme were ciéte::mined, It was
' '_ fou‘nd that tha enzyme required a divalent metal :Lcm fcn: act;.vity, :_
| praferably Mg"‘" T and that the opt:.ma,l aéndit:.ons for: antiw.ty_._
- were a pI-I of 7 5 8. 0 and a aalt cancentration o:E between 5 and,'-_.-‘_

100 mM (). tr.'he Km oﬁ the enzyme for substrates wa.s :Eaund T’“‘ \pe 10:':--"_ '
..uM (Reardon anq, M:Llle:r:, 1990) pﬁmd 'i:he steady sté.te Km_ valuea of‘_ls'. |
-polymehsatz.on on a poly(rA) oligo(cw) pr:.mer template was found_._-_ :

to be 3 50 (Huher et al-.» 193?’) e

)‘.r.- i,

" }} n

| More detailed 1nvestigat;t.ons of HIV—I R‘I‘ in HIV—»J. showed. S

_-that synthesis oﬁ DNA is an ordered}process :.n which templatau

ﬂ.

:J-—
oA
W S
@
PN



_°f the pximer Oﬁtmrring for @nly lﬁ ta 20 nuéleotmdeﬁ befb?;a

_-'_pbly(cm) oligo(dT) was fcmnd to ha dn.strﬂaut.;.ve with éitfauglonr--;

_ zyme was fouﬂd ‘to be« templ‘hf:ewpmmern . ',
__-.-dept%ndeng: {quer et aJ; v 1939) Huber et a.l (1989°) alscn

- :template-pri.mer. : In Ctompam.son,' _mc‘oryoration m% d;m:P J.ntce o

- .dissoca.a’l‘ion of 'l:he enzyme, 'I‘he oﬂdeu: (;Jf template prefe;ence W:I;E‘.h

xeapect to- pmcessa.w.ty was found te;- )be poly( rA) 'y s.mgla-stranded

. haterﬂ?c’ lymel.'ic RNA, smgle-stranded heteropalirmerxc DNA, dcuble- _ Ul__'- ;f'

', _;: stranded DNA and poly(dk) In gen;axeal HIV—-:L P’I‘ appears to be;)

. pmcessive On RNA tbgnplates and .more da.strlbntive J.n nature on { :

| .Dm taml?lates Rl -ﬂ-ﬁ . S / % L
. . . ) s _' o o 4 . . -

; ( The.- h:.gh mutatn.on :r.ate obseyed for theﬁ H.IV-l ganozqe, aml

: o) AN
o -hen,ce thr-.‘i* rapid ratr.f of genome evclutmn obgferﬁred for ~*I-IIV-1, can

{1 .! _n . .:;a__:

'- 'he at.tx;i.r.mted to twn featurea of the R'r Firstiy, unla.ke most -
'celinicar DNA polymerases,_ ‘retrovlral RT 1&' 3’-5'_'-:_".;.{ .
- prm ;freading cagability and therefore any qrmra fmade during 07'_."

m RT copya_ng ‘a RNA template in . ntro is approxn.mately 1

' templata c.opy:l.ng are ndt recti::z.ed Jj Sac:emdly R'I's, and AL
' part:.aular HIV—-l R’.[', a:r:e nutorz.ously errm: Ex:one.' E}tudles?"uslng_' B

-several sys‘tems have shown that the estlmateq, e;rmr rat,e of H;V—l%'= L

Imi,sincorporatlon per 6 900 nﬁcleotldes (J‘:. an“r:”f Loeb y 1992) ThJ,s -

o rate ig- at. least tan, ta.mes greater ‘than 'that of any cher

e @ r“‘xJ’j

: retrov:l.ral R'x' @o far examined. In comparisoh,ﬁunv T has an error

o S R "__ w o }L)
. B S ( ;r L e ) t:a_.g" - o .:.:. . (}&S

S ¥ |



- 'rata on 41 RHA tem;}late c>f apprax:.mabely i in 2a 000 and 'élhat af - :
E. Cf?l-’« DN& Pﬂlymefase 1 is appmximataly 1 ;!."z 37 oob '.I'he':.-'_-' S
j._freqnancy of misinaarpozatibn in Hrv—l e amplifmed by tﬁe Fact" 'P“' o

~ the DNA st::r:ancl is used as a template (J;L a.nd. Laab, 1992, th .‘?mi

that errars alsq m:r;.-ua: at a rate of appmximately 1 in 591:0 w'hen:-;'

g2

- Goodman, ’1992) Andther majar detem:.némt i.n the inf:.delity a;E-.

.°f c—:ex*ending the Dm residues at mismatched 3'-termin:. with h:.ghif.'._' L

| af:’c‘i.ciency (Peln.ska and Ban]ﬁl}vic, 1992) ‘I'hese features of R

fldshl:l,ty are suff;:.ciiem. orr thair own to arcount :Eor the c:baerved"'_} S

utata.on rate of the HIV—-J. genoma .in v:.vo,

thy:rrms dm::.ng attam,pts ‘Lo pu:rify a DNAudependent RNA polymarase'
after a factcm was found that spacif:.cal&y dearaded t“xe RNA.

r!

b\iaty of tha RNA DNA hyb:c:..d fa__ med by ‘the RNA polyme:r:ase (Steiri' o

:anti Hausen, 1969) S:.nca othen .a laxge m:mber of RNaaes H ha.ve'_ E
_been dascr:.bed in many d:.fferant organiams ranging from bacten.ia,

. to large multa.cellular anmals (Wintersberger,. 1990)..

" at present although 3.1;. a.s posa:,ble that the enzyme plays a rola'
. in DNA rex:l;.catmn (mnrersberger, 1990) “ o

o

| -'-’Remviga'l Rﬂéée H was first’ 'idtent‘if‘ied' by’moeliimq ot &l h

RNasa ¥ activity was inltially detected in extracts of cali_'f'- S

- biolo’gical role of RNase. H with::.n the eukaryotic cell :La unclear ‘- _'

1]
o

| (3.971) where ii: was asaoniated with the RY of AMV. The RNase H‘- |

activity plays a vital rale in ratroviral reverse transc::r‘ ption.

30 .

’ - O
3 . R e
| : ) w
4 AR
. B o \ o B
5 I




-fu:-s;-hatz at al. (lQQﬂA) and 'I':.a&ale et al.m.{ws‘i) shawezd &ha:t;
_.I_.‘.nactivaﬁmn af *l:.ha R:Nasa H dmnaz.n of HI’%—:L RT :iesalted,, in- a R
~somplete 1?333 Of viral i 1fec:t:|.vity. 'I'h:.s ind:l.r:atad that not onlg L

'._iﬂ the ratr@vmral RN&SE‘ H. easent.:.al ﬂor repln.cat;l.on but: also t.hat

i

its ﬁctlvity cannot ba replac:ed by aallular counterparts Tha.s

| '_observation makea tha retrow.r&l RNase H activity a pﬁtent:.ally sl

1mPortant targbet fcn: antiretrov:l.ral d:l:‘ug'g, SR _; s e : ‘2: -
as StatEd K:BViDusly; the rale o£ Rmaf% H ia to dlgeét the }f'”_  S
: RNA mm.aty of a

NA.RNA hybrids In raverse tmnscmptwn thn.s L ;
hyd:r:c:lysm saxves\‘\:wq main funct:r.ons._ The f:urst:a is the rennva.l ; _'
g of the w.ral RNA genomra and the. {-.RNA pr:.mer thereby leaving the o (
B m:.nus-sta:and (( )-—strand) DNA :E::ee to acﬂa as’a template‘ffcsr plus h-; R
_:strand ((+)~stranci) DN& sYnthesz.s aﬂd the second, is @:he\fcama,ticn

L

’ of the prlmeﬁ for (+)-strand DNA.synthaalsa Rﬂgse H actxvit?'haﬂ }7f@“'

acLivity occurr:.ng a.t a pH of “.betwean g - 8 5 and at a sa".t w
. _c:om;entration f __50"' (Starnea and Cheng, - 1989) |

'dlstlnguisming feature of RNase H madiated cleavage of RNA isf o

that hydrolvsis of the phcsPhoales %5 bond resﬁlts in ‘the:__1f*sﬁff“
_'Productiqn of ollgorlbonuvleot;des wmth fr&a 3*-0H: and 5=
phosphate groups (Crouoh and Dlrksen; 1985) Th;s is in- contrast

to tha ac'cicm of moat Other nucleasas that lea.ve frae 5'-—01-1 am.d' .
3’~Dhnaphates.-_ B | e -

éﬁaaa B a°tiV1tY Wﬁs Orlglnally thought tc ﬂataiY$e the*,hff 
hydralysxs of the PhOSPhodiestax bnnd of the RNA moiety as an,gn;:
obligatofy 3'~5*!exonuc1eaae (?eller ahd Crouch, 19724 Leis et  |%__0

s J_'aﬁ*---';--_-;.;*gn




. [r R
R 3

oo

al” l973) based cm an abserva‘tz.oﬁ that the retrovlral Rllasa H

v was apgarently unabla tq claave tha RNA. moi,ety o:E caxtam

--c;.rcular RRA DNA hyhrids *I'ha observation that tha (?Fgradam,on o
3 end products of H.tv-l RNase H are pr:imarz.ly mono- dJ.—--and t:r::.- < '

nucleotn.des was also c:nnsa.de:med to Support the proposal ‘that

L=

:Rﬂase H actad‘ iﬁ an onrlals’:lealytlc manner (Starnes azz;f:i Ghengr_'_”.

| 3,989) On tha other he.nd,r some ew.dence suggested” that retrcviral-_:_' _

: ,___Rma.se H cauld also act ag an endoauclease with the f;md:.ng that'_':*-
: both the %:RNA pr:.mer and the (+)—strand pr:t.me:c we:ce rémovad_ |
. intact by, Rase (“mer and’ Fah:asg 1962; Champoux et al- ' 1994) N

: '- Clai'z.fic:ata.on of t.he nucleol‘_gtic mechann.sm by Whlﬁ‘h retrow.::al__

Rﬂase H cleaves RNA Wa.s suppl%,ed by K:rug and Bergar (1989) They" o

T fau-xd that both HIV~1 R'J:' assoc:.ated RNaae H and MN RT aasaaiated S

| 'RNasa I-I wa:r:a capab,le o:ﬁ r-leaip.ng relaxed, ciz:cular, ccavalently
- closeci plaam:.ds __ :.n wh:.ch 'jf'm mésidues oi‘. nne strand were
-ribonuqleota.des 'I'hey also shc;bwed that ’f;he AMV enzyme was capa.ble%
h _nf deadenylat:mg capped glqb,in mRNA With a cavalently attachedﬂ N
- °1ig°(d'f) tﬁil at- the 3’ te‘mnmus Theﬁe resulzts pmved that

_.‘retrov:.rﬂal v:.ral RNase H ac:ti.w.i:y was .m fact endonucleolytic.:_"-__-:' -_
_ -. Tl..ese'- findlngs were la.ter Srlpportad by rQSults thalned by a B L
-'_'number of groups ‘!:hat indicated that ret:r:oviral RNase H ig an j'_%_ |

._andonucleasa (0yama et aJ.. 1989) Schatz et a.l (19903)-,._

| : prasented evidenciy that HIV-:L RNase o H displays hbth'._ | ._
o endonuclaoly’cm andﬁa' 3. exﬂbnucleolytic actw:.tz.es Thesr found.-'
: tha-t, the madda.tion |ﬁof fiIV‘:k{lA I}'.I: to a défined‘- RNA‘DNA“‘ hybzid '*'}__»:' -'
_substmte, S:atiiq-sl‘a ecLlaed» at fhe 3= en&i of ‘the RNA, esu;;ced in \
‘a spectxum o:E RNA frﬁ}gments bea}\;xg praduced ‘bhat: exteﬁded ﬁroxﬁ the -

3¢ labell ‘I'hesa *"{‘agments a:u‘g'ifered £xon each cathqx hy Qaef.ﬁ.ﬁ -

rpmera i

-
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mzc.lactide, a :cesult :.ndicative of a 3' 5" ) endonuelease

actiVLty- Labellinq of the s termlnus of the RNA, however,-*” '

II._resulted in the production Q:ﬁ Only two ma.jor cleaVaga products _

fextendlng fram the 5"end Of the RNA, a result suggestlng that ;"'“'

'_--Rﬂasa H also possesses a. 3'- 5' exonuclease activity after an _' .

_-.im.b:r.al endonuclease cleavage, e -c_f o

‘I'ha prcceaa:wity of the endonuclease act:.v:.ty of HIV-~1 R‘J:'-"

- aﬁaoclatad RNase H wa,a exam.ned hy DeStefano et aL (J.QBJ.A) who'."

_found that tha enzyme exh;n.b:_ted a part:.ally pmcessmé

ndonuclaase activity. This 'statemént was \@ased on] the

i observa,tion tha,t the enayme was not pror-essive enﬂugh to gequamé.

the maxs.mum poss:.ble amount of cleavage duzing a smgle xam}:ld:.ng.-_-_"

o event af tha enz;yme with the hybr:.d RTNA -DNA substr»atm 'I.'hay also :

R _found that the predom:t.nani' meacham.sm of clea.va.qae eraa}f_ -

- e SR
_endonuc,leolyta.c. L R U TS S PR LTt
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’.Ehe quest:_on as 1:.0 Whether or nd’t the site af cledvage hy- K

'RNase H is fe&;uence cle.pendent and enzyme dependent Was addzreased:

. by Mizrah;”(lgﬂga) Using 5"mlSMatched and fﬂlly hase paired-l 
hybrids as substrates axgd three difgerant RNases H ( E. aﬂl.z, ‘duLv o

_a.nd HIV-1), ‘she demonstrat:ed that the ’fkmetics of appearanc(é of"__-

"
B Y

J_._'cleava.ge products and the:.r d:.str:.butlon da.ffered Blgm.ficantiy

betwaen the ankymes. Th,:,s indmated, a d:.fférence :n t:he 5equem /,ﬁ

| "-depencience “’of tlre k:.net:s,cs of Rﬁ’ase H c.leavage betwlgen ﬁlffeﬁent o

enz:{rmes anda saggasted tha pxeferem:e of sypcmal aites fo,r

-~-hydrolya:.s. '.'L'he bas:us of thz.s dz.fferenee is still unclear at

_-prasem: but. ;Lt has been proposed that secondary struqtures w:.t?;in

R
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_;-_polymerase activity c,f (HI‘V—J. R‘r are functmnal]y but not"_":"'

__-sts.ll not ent;.raly elear. |

__atial and 'I!em' oral Relat1 nna p of tha -

" e__ ase. a"ﬁd RNase H Activ' ties

.

',-

ihe stbstzate nay be racognisad by the snuynes (Kizsahd, 19898). - -

- P

Although it is- known that the Rﬂase ,H activity and the-

structurally independent (J‘acabo-ﬁolma and Amold, 1991}3), thef_f-___.__-r

Bl

-'c..

Ea:r:ly estimates of the spat;l.al ae}?aratz.on between the two'vr-.'-_'. -

| relatmqshlp between the actiw.tiea during polymerisatwn a.a

o '“active sa,tes o;E HW~1 RT, basad upon the ﬁize of the cleavage_’.

: _- produc:ts prodﬁced bv Rng'ase H acts.vity, va.r:.ed between '? and 159_

nucleotldas i&oreﬂaccurgte measureman’c.s by Furfn.ne and Reardon

o (1991) J.ndmated that tly separat:.on between the ‘l;wo act;wa sa.tes_-_.j-."- .

" 'polymerase ad*tive a:.te ‘;T.'h 8 cleairage s:.te :zamainad a f;.xed-_

o RN*éae H act.w:u.t& hydrolysed A phosohadieater band af Rm fat a"
fpaa:.twn batween the 151:h and :Lﬁth. r:.bonucleotide upatream af the'
, “_'3*' ‘ferminus mf a DNA primer which def:.ned the 1ocat:|.o:1 cf the:-‘

o

'_“was 15 to 16 nucleot:.des‘ Th:.s was based .on qbserva%ions that. the o

e “-distanae behind the Bf—prmer teminus as tha polymerase ex’uended- o

.--_the ﬁarimér. The Crystallographic distanae data c:f Arnoid et a_?.,'__f-

""--lent 'sﬁppm:t'to th:l.s obé,%rvatmn (Aa':ncl& ot al. . 1992) %he more'-@,h

ré’cent findingqi of Gopaiak.rlshnan et al._ (19 ba,sed on a:
'aingle bmdmg evant of: the anzyme, :.ndx.vatad tu.hat the dz.atance'-

) authars a,tt:cibute t*us &iscrépancy to the fac:.t that the pr:ﬁmary

B

o bu«.hean the two active sites is in fact 18 to 19 nucleotidea. 'I'he_-.'---




o.;_.

"--18!31.9 base cut :Ls observable only at an early atage af the

'react:.on, and tl:hat. fu:::ther ::apid sacondary degradatz_on ar.:curs -I:o - |

'give r:.se to the f:.nal 15-—,16 nucleotide fragmant observed by o

_.Furfina ancl Reardon {1993L) The result appeaz:a 1;9 ba 50 nslatent

w:.th the mre accurate structural data of Kc:hJ staedt et al. who_},:_

) _found that the separatmn of the act_wa sites in. relaticm to an | "_fif

u

Two ma:.n mechanlsms hava been ﬁroposed regal:ding the
-__:temporal ralat:.onsh:.p batween tha polymez?ase and, the-, RNase H B‘f_ -
o HI‘V-l RT. _Tha f:.rst .LB that the twn ac:tiv:l.ties may act in a.

v coorda.nated fashimn durmg DNA synthesz.s) :..e. a ccaupled -

o mec:ham.sm. The %cwnd is that the RNA is ¢ aved mfrequantly,

- _'_'or mot at all, during DNA synthesis a.nd that the same or another

' "R‘Ir must retxmn at a latar st:age ta pe:rform the bulk of RHA_

. degradatwn, 3139 . an uncoupled mecham.sm, | |

\))

As d:.soussed earlie:cg Destefano et aL found that HIvml

) RNase H ma.de a. llmited number cleavagas dur:.ng palymerisation‘- :

- 'whmh was :.nd:.cativa of a pa:,:ta,all‘y lbrocesswe 34,_5: éndonuclease o
» _ ) .

_ activmty (Des efano et al., 1%91A) Th.:LS means J,.I'J. e.,ffecb that__:*_“
: '_ althcmgh polymezs:.sat:.on é’cnd Rﬁaae H“actj.'%'n.dl:y appear to ‘be qoupled '

thé maxs.mum n‘amber of poss*gle cuts is hot. made by the "hNaSe H

In'a secc:nd paper by these authexé ?BeStefano et al. ; 19913) it o

was shown that a numba;: r»f retrova.ral R!Ds cu.t the RNA at* least-'
ornice dura.ng nm ‘sm{kthesm but th:at mpch o:E ‘the pot.ant:.ally"
' d.e_gradabl.e. Iz !;ybr:.c_i 5 wag  still _laf__'l; E _J_.I_I_t&:_‘;h_. 'I'hey c:oncluded,




' 'therefore v that the pelymerase a.nd R:ﬂase H antwities wer:e nm.

Btrmtly coupled d‘liring re"‘eme )’ranscript:ton. In wntrastf a:ﬂ"?\“;'. .I

' number c:f groups h:—me provxdecl ev:.denca thai: suggests tha.t the - '-

_' 'polymemse and. RNase H‘ act:_va.tias cf the enzyme are caupled.f__fn' |

-SCha'tz et al.yf 19903) v th.lst investa.gatmg the mechamsm of RNA

degradatmn by RNase H : obse:r:ved that eleavage by RNase "

__ occurred co*momz.tantly w:.th ths i alongation f the | :; . o

.. ol:.gonuﬁleotide pm.me:r:. Furfme and, Reardon (1991) a:l.so made

,;simllar observabions, flndlng a‘temparal correlation.betWaen the_,f.

extenswn af a DNA oliganucleotlde pm.raer by tha polymarase‘f .

'*_ac;tiva.ty and the degradatz.on of the le mo:.etY bY RNase H. ‘The -

more recent findings of ‘Gopalakishnan et al. (1992). support-:}*

'th.ese obaervations, This grnup found that the time dependant-_. L

g:cowth oF a DNA pmmeg: £rom 25 tca 27 nucleot:.des catalyaed hy tha

palymerase activity of HIV-J. R‘I‘ correlated exactly w:.th the t:.me_;_t R

| -clepe:.“.clent pmductz.on of RNase H ¢lea‘vage products of 33, 32 and'._,

'_'31 nucleota.de.s._ Th:.s information, in conjunction wft:h the'_'_ —

'_structura.l knbwledge tha’l: the RNA. DNA duplex 1:-.es in. grawe

'_ Spann:r.ng the polymerase and RNase H ant.we s:.tea, strougly

R O

__ _supports the p:r:opcmexl of coupled polymerase and R:Nase ﬂ e

' actiw.t:;.ea durlng {'\everse transcrlptn.cm,_-_

Tha process of :r:everse transcra.ptz.on :Ls a ccmplex one f.-md

i

all of the steps requireci are carried out solely by the viral RT.

_ ":Eha most genen:ally accepted model for reverse transcmpticn was e

fl.rst. proposed by G:.leoa at al. - (IQ’TSA) and was based

s

by
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_ _pre&aminantly on resaarch car:::.ed out on the NuLv R'J:'. _. An

:.mportant function of reverse transcription :.s the regenerat:.on
af the LTR's of tﬁe viral g‘enome‘_ Aftez: transcr:.ptmn of tha
'_: a.nt:egrated prcvira.l DNA by RNA polymerasa II, parf:.a of the

_ termm&l sequénces, :x.ncludn.ng the 5’ pramgter ,?:'Eg'lpﬁ; a.r:a abaez‘kt" ’

. from the vlral m genome (Hsu et al., 197& Shank ét ai‘, 19?&_._.: .

_"_Gilboa et al. v 1979ﬁ Hu and ‘I‘ema.n, 1990) 'I'he process of reve:r:se.

t:r:ansariptio:x reqenerates these terminal reg:,ons :Ln the p::ovira].:

1.4.3.1) In'iif;t'iai;;%bﬁ Of Reverse Trapscription. . . UM

¥ O

Reversa transcm,pta_on J.s in:l.f:iated by the hybridisatibn of _. .
the 3' st.em af a spec:ﬁ.ﬁw tRNA molecule to a :r:egion near the 5’
an.d of tha v:.ral RNA genome kncwn as the pr:.mer b:.ndmg site
(pbs} The use of a spec:.f:.c tRNA a.s a prn.mer fo:r: the :.nit:.ats.on
Cof polymern.aatmn :Ls common. to many retrc:va.ral R".Es. For a.nsta,nce

_‘t:he Mum)‘ R‘i‘ uses 'I:RNAE’-“’ fo:r: J.nitiatlon (Ha.ra.d.a et a.i., "1975}

.whereas the., Rous sarc:bma vxrus’ enzyme emplpys tRI.\IAT‘P (Ba%lt:.more, '

1970) Sequence analys:.s of the pbs cf HIVH’.'L J.ndir:ated that the
" --in“'xatmn primer used by HIV-l RT was humr—m tRNALY“‘ (Ra.tner et :

a._l.-, _ .‘!.985- Sanchea-?escador et a.l.,' 1985, Wain-HODSGn et al.,._; L

| '_1985) specifn.c:.ty of HT.V-:L R‘I :Eo;r‘ tRNAI""’ was demonstrated_ T

by tha fact that the heterodiman prefe:.entn.ally bmfnd tnmﬁw—‘*.,_ -

3-&

- e?en in, , the- pres’“ence of a 100 :Eo‘ld exceas of othar spécies of_*'.---.’l-.'

'tRNA (Barat et a}..,ka 9139) Cross-lmks.ng stud}iés have %hown that" |

HIV-l 'RT apec:.f;.cally FAinds . a synthatm : tRNA."”’ via a 12

| 'nuclec:tide pcrtj.on bf tha 3' end- of the tRNA, an area sl

Lo
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| ropet sequence. (Adeptedtirom Huand Temin, 1980). |

.« Integration 3

wo

.

. Hgure&: Overall viewof the process of reverse |
- transcription showing the structure of the terminal regions of . -}
-~ the ANA and DNAforms of the viral genome. R =terminal - | -
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“ ._subum.ts have bean .:.mpl:.cated in the h:.nd:mg- cf tRHAI'?” (Barat et}:_' o

Lo

.encompass:.ng thie anticodon damain (Barat et a_L., . 1989}
) -

addl-tiﬂn Sall&franqueuAndrtea et al . (1989 ) have Bhom that :. o

w

palymeri‘sa.t:.on on aynthetlc substra,tes J..S J.nhihited by *thef'- _
Jpresence mf 1:‘5&111&"37"3 As stated earliar both the 951 and p&ﬁ .

- BTl
g . S 2

Hybrldlsation o:t' the tRNA"V“ prs.mer has been ahown ta be___:_'.':l. E

- aided. by the presence of j:he ‘!L-kD nucleocaps:n,d pratem p?(‘NC) -

'_'-"__'(Prats et al ¥ 1988, chrat et al., 1989)._'1'119 protein contaz_ns.':'-{:-' -"" - 

-_'faca.ln_ta.tes the format:.on cf RNA RNA duplexea as well as

Ta' L z:an fJ.nqer" lika motL:E and has been .-:.mpla.cate& i.n a. num‘ber: |

\l . N

of J.nteractions wmm the vira.l genamic RNA (South at aJ,, . 1989) .
"of part;fcular ::elevance is. the ab:.lity éf p‘?(Nc) o unw’ind TREA
E (Khan and Giedrb‘t:; 1992) and it has been shown that thls_:'-;j

” _:.nc;r:ea,sing 1.1'.-_3..'. Yl.eld f-'. :_ DNA Products Prod,uc.ad after_._._:-_".

'._polymem.sat.mn by RT (Pr&ts et -a.z., 1988; e

oA W

The 18 nuC!l_thlde pbs of E%f—i?-rié”may éilé-d ’"piair'- -"'a"'rcslé dn

. J)(‘

the assembly aflvz.rla.l part:.cles. Nagashunmugam et a.?. (1992)

_ constructed a pravlral DNA. c:o‘ntammg B, mutant pbé) which, aft:er

"transfectmr{ ’:ia.nto a CD4+ cell ime, affeated v:.ral p.mductmn

- giving rise to- non-mfectmua v:.ral particles a,nd abnormal

- amounts of J.n’c.efnal v:Lral structural prote:.ns y in part_j.cular 924,

"T‘{‘. - . .
g‘» ;Lts functmn J.n the :.n;t:.at:.on of reversa transcription. o i_'-'_ R

-.Reverse transcmptmn was a.lsc:« ahol:.shem These results suggeqt

BT

a rojle for the pbs in v:.ral raplicatn.on that :Lé indapendent from



Follmng annea:ling D:E the tRNAL?”’ prs.mer to the pbs of tha

| -Rm“l genome Withln the 5@191a’ce—pmmer bind:.ng graove of Hwe-l L

. RT, s;mthas:.s is :t.n:.tiated__..at the 3 ; end of’ the tRNA‘*""' prmer.

'
. he pbs of HIV-—l J.S locatad at a pos:.*ion cl&ase to the 5' end of T

'-the v'iral RNA, and DNA synthea:.s prcx.aeda from the pr:.mer towards

the 5’ end of the RNA Wlth tha sta.rt of synthesis correspondn.ng_._-_.__.'-.j__:
very c:losaly to tha 3'—termnus of thr U5 sequanc:e (Goff,' 139'0;_: B
. J.lbaa et: al. , 19791&* ?eliska and Benkovic, 199’2) ',I'he end result ':
of this roceas is the s thesis of sho::.":‘-; atretc:h of -strand
-_-'DNA complementary to the U5 and d:.rect repeat sequence& c:f the-’

"'-"_5'~tem1nus of 't:hei viral genome, Th:Ls is kn as ( )-—stra,nd.".__--_

o3

4

strong-sto;_: DNA “’(sea E‘:Lgure '7 {5 ep 1)) 'I.‘he 'RHA temP]_ate.:.-"

Q >

_correapondlng to atb::.s DNA _Ls degraded by the RN&SE H act:w:.ty, : _:'
-In crder for synthasiﬁ of t;he ( )-atrand DNA to be’ completed, the_'._ ' 
( )mstrand strong—stop DNA must then ba tnanglgcated t ﬁ - s:.te,
_near the oppos.xter 3" and of tha same or another w.ral’ RNA
h 'mOleUule’ fa‘ proceas gu:.ded hY the aomplemeni:ary direct repea.t

sequence fou.nd at the ends of both the awceptor RNA molecule aﬁ d

the newly farmed. ( )= atrand strong—stop DNA (Figure 7 (stap 2)

'._’I'his procass J.S known as s-t:rand tran*sfer (Peli ska and Benkovic;

b

- 1992)—«. A mcre detaiied descrlpts.on o:E the pass:.ble mecha.m.sm of o

atrand t:ransfer w:.ll be discussed in’ sect:.on 1 A, 3 4.._

) . PR . L . .',,'."_'J_."':'

o

Transfer of ’c.he ( )—strand‘ strong-atop DNA to the 3' end" =

R
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 denote DNA, thin lineg represent RNA, See text for detmled
- description. (Adapted from Peliska and Benkova.c, 1992)
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.‘: fby RNase H (}?‘igure '{ (stép 3) aﬂpwever t.he synthea:.s of the, ( }-— é" &
s M—‘rand doea not continue unt.il :.t reaches_ _ he 5' end af the r),,Rlxllei »{

.-template, but ihstead aPPEBJ:'S 'L‘.o Et{:ip af 1y SR

| template has baen copj_ed_ (Ome:r: et a l»r 19

a .

EEhe synthes:.s of -L-.ha sec:cmd (+)-—st:r:amd nf DNA requ::.res the \“\J
" formatmn csf a specific RNA pr:umer by the RNasa H aat:.v;.ty fr;om -

'_wh::.ch polymei*q‘ sat:.on can be J.n:.t:r.ated. The RNA prmer n.s :Eormced
. : . e El\ . ac

19 84) The pa[}typurine tract appears to bn rea:.stant to nNarse "
""degradation. %ﬁutational studieq of the pnlypura.ne tract region Lo
| _ suggest that It‘:E Rmase H can recqcvnise a portion of tha polypurine S
_"'tract and theﬁ raach over a speclfic numbez: af_ baaas 'l:.c m&‘ke a' ‘
- ._n:z.ck between the U3 ragwn and polypuzme tract j Rattray and
- champoux, 1987 Rattray and Champoux, 1989). The action of RT

-
. DNA—dependent DNA polvmerase ﬂontinues frcﬂt the 30 end o:E the o

f

polypurine tract, thereby copying ;he Ush dlreﬁt re%eatﬁ(n), o5
- and the. tRNA"Y’S primer sequences pf the .{( )f—stranq %emplata
'_'_(F.Lgure 7. {stap &) )\5 ':L'he czopﬁ/ing of the tRNA’*Y“ primer: (wh:.ch is : o
.fatlll attached o the 5’ end Of the templata) regulta in the :ff’
regeneration of the n18 nucleotn.des cd: 't:he (+)-sequence fpr the
"‘-pbs The ' LRNA‘\*”‘ prmer is then removed hv the RNa.se H activ:.ty. |
‘I'his short st;.:etch of (+)-strand DNA, famed from the polypurme 0
] tract to tha 3" end Of the vm‘qul genbme, .'Ls 0alled the (+}-5Lz:and '.

- Falas - .
u e
It
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| . As for the ( )mstrand, the cqmpletion of syntheaia of the
' (+)-st:::and requires a second terﬂplate s'.’fit.c:hs.ng event whe:r:eby the*’

_(+)wstrand sirangwatup DN& is transferrad to the 3v end af the,}ffrf'**

( )-strand template (Figura 7 (atep

strand” st xonﬁ73t09 PB-:G the.3’ end, of ‘the (= )-Strand bwA is

__brotht apout - a@ a resulh

_'_'"-'“.sequences 'a:h ’tha:i.r 5* and ’i’ .ends respactively, The (+)—strand B

_J) Annealing of- the (+)~f, :

_fﬂ'f | the cnmplementam.ty ot the pbs:-'__

strong-»stop DNAQ J.s fen extended alozig the 1ength of: tha (= )-—-- N

- strand tampla‘te tc:

vy .
- in. the fematmn of the daubla-s anded pmviral BNA is the
-ccampletion cf synthesia of the ( )-»{at::and {Figura ’? (atep 6)“, R

'--%.%L __EF:_ o hf'-‘imt'-.'.'-:aaq' P o 4”-
A _ &

_'-of 2 complete 1:.naar, doﬁblenstranded, prow.ral DNA that aontains_ . o

| the re,genera’ted, I.TR& and promote:r regions of the vifus, . This

plete (-l-)—-strand aynthesis 'Ilhe fina.l step o

*L'hn end result of raver:se tranécript:.on is the n‘:‘omatmn:__'_; ;

.linear prova.ral DﬁA has Baan ﬁound tt:a be complete and l:-luntnended: |

-in wivo (Rath ot al., 1989- Fujiwara ami Craig:l.e, was; and, L
"'although “::,t is thddght Lhat this is bhe last. sﬁage m&retrowus_f_' 1

repllca‘m.bn in whmh the R‘r is réquired i '&he proviral DNA must"

A .

undergo one fu*“tmer modif:n.catn,on befom mtegration ixg.tca the host;

gename‘ This last aar:i b:u raquirea ‘the trinmxing of two nucleot:.des

 from tha blunt 3‘ enda Qf tha (+)-— and (- )—stranda a:)f the DNJ& aml ST

ig mediated by uh.ﬁ viral int@grasa protemn.

il



sihce HI’V-—J. v:.rmns eac:h contaln two copiés of tha virhl

RNA genome, DNA transfe::s durirxg reverse transcriptton c:ou:!,d

theareq;.aalLy cccur | eg.ther intes:~ 'qr_: intramlecularly.

: nbservatmns made by Pangana.ba.n and F:.ore (1988) squest that the

_eventg assocmted with the transfer of the ( )-«strand strong-stop

: Dﬂh p::edc:-mmgﬂtly occur _' nter«-mclecularly w"ha::aaa thoaa

fassnc:.atad with the txanafer cf (+)~stranda strang-stqp DNA are
':mtra-molet}ular. Results abte ;reﬁ by Hu and 'l‘ertfin (1990) c:cmf:..rm -
tha nature of the (+)~stran;i strong—atop DNA tranaﬁer }:,ut suggast
"th&t the ( )-s‘t;r:aﬁd strong—sto& nm transfer c:an occur both |
--"J.nta:c— and :.ntr&--mqlec:ularly o °’ | f o

r"a \5."'. '

‘I'he finding tha.t { +)-st:r:and strong-s1:op DNA transfer is
E
mtranmolecular suggests the formatwn. o:E a qircula.r stfruc:ture

.._(See ‘E‘:.gure '7 (step 5)) Such circula:r: :;.ntermediates haare been :
_‘found a:ﬁbez: lys:.a of the v:.r::.on nsmg detergents (Goff 1990).-‘-:_-

. This J.J'l turn suggests Lha.t R'I} is. able to’ d:.splace the one DNA

)

"'3:_-st1elnd wh:.lst comt:leting ay:uthess.s of the (- ) strand._

The fact. that ( )nstrand atrong—stop DNA t::ansfer is able_'

"l:o ocenE :.nter—-molecm,arly implz.es that the. R'J.' ig a.b:l.e t:of.:

S N L o T T
o . - . . T -
% . L ‘i_. . .
T . R i

| ._':'aacommodate both the acce?‘f-”z:r RNA molecule ancl the newlY ixmed--\-. J

RNA\I)NP; hybm.d. Peliska and Benkovic: (1992), using a 40;21} base_.f._ -
- RNA, ﬂNA su‘bstrate basad on the HIV-:L terminal repeat and a 41 "

__-_'ba.sa RNA accep{or malecule (of «:whj cm 20 basea at the 3' termmus' |

r&-“_.

4s



. _a. o :‘-'_ . -<-: . . R -

a weraﬁdentlcal rta %he E'Qtem:nua of tha primary RNA) .. \"ound that
HIV«]. RY was able to act:omosiate a RN DNA, RNA inteﬁ‘?ediate.
'4\\HOWG‘V'EJ?, transfer cf the ﬂNA to- the ac.*captar RNA ‘molechle was
iéund to ocrt:ur m th‘ree stages. First&.y, bind:.ng cf the i\iﬂitq._al
RNA I)NA substrate to the RT pi'ecluded the b.mdz.ng of - thé.! RNA. |
accept:a:r: mo:!,ecule unt:.l t:he DRA had beem extended to :.ts iull
1eng‘t:h and a8 majm:ity of the BNA mo:.ety remwed foming a 14;?\40
 base pm.:r: A, I)NA J,ntermedn_at@, ‘J.'he RNA ac:aeptor was then abia
to bind to the ‘RT foxming an ’RHA nm RHA complax Sacondly,; _
hybridiaation of the DNIL to tha a.c.ceptor ;;;; moleaule fir?st".
raquired the. removal of t:he small 14 ba.sa RNA moiety from the
| (+)—strand strong-stop nm; by a, ks.neta.cally ﬁlstinct aa-t:mn of
the RHase H that was mt caupled w:.th palymeriaatmn.: This -
demons‘t:.r:ata?i the naceSs::.ty of RNage I-I actmvity for effa.clant

straqd transfe:r: F:Lndlly, o.nce the small RNA, fragment had been

removed 3 strand -Lransfer c:f the acceptor RNA. to the (-—Q-—atran

S‘Lmong~stcp DNA c:cxuld occu:r: after wha.:;:h DNA- synthes:.s usmg the ) _'
| | acceptor RNA as & texﬁ‘platé proceeded pracess:_valyc BRI

_ he findinqs of Pelz.ska and Benkﬂ:vic (1992) alscs s.ndicated__".'__ '.

that RT was, eapable of exitending the IJNA by an add:.tiana.l single
nuclaetide pa.st the 5" 'anci of the p:.imary RNA template. ‘I'his was' |

| fmmd tQ ba indapendenﬁ of- the sequence c:f both the E;E‘J.mary and |
acﬂeptor RN molecules. Tuhm additmnal nuclecotide could be\

mr'm.po;:ated into t:he final» DNA. product anci may J.ndmata a &\

fu:r.ther scurce of errnr dura.ng reverse transcripnon. s

45




| A considerable amount ic;f the J.nfomatian gained raga:cda.ng'
the structure and func:twn of HI%»J. R.T has been obtained by the_f'.._- g
use of techniqués that introduce def:.ned mutata.ons at Sp\aﬂlfi&t:.. _
.conserved sz.tes with:.p the enzyme. ﬂ;'he types af mutatlang

. _._Q.
have vars.ed frnm large insarticns and’.

B :_.employed ;Ln these studi _'

delet.l.ona (HJ.zi e j .

-

,'_po:l.nt mutatn.ons ca:f: :.ndiv:.dual am:.no aa:r.ds (Mmﬁrahz. et al. r 19905;- -

» _.Sr.:hatz et a.L.r 1989 Larder et a.z., 1&987) Comparat.we protein

1988, an&‘ad a.nd Goff; 1989L to sinqla,_.._'-i-

sequence a.nalys:.s of: a. lafge vars.ety c:f retrov:.ral polymerase and o

"_Rﬂaae H sequémces, as well as relatad aequences from othez.ff"'f.
_sourefes, has been car::;x.ed ou’s by a. number o:E graups (Johnson et_ '
-'.-__.:alu- 1986, Bc:qlittle 'et a.l T 3.9893 ‘I'h:.s resulted :Ln the_
identn.fd.vatﬁ.on df a- num.‘ber of h:.ghl; conserved a.mz.no aca.d

rasidues and mot:.fs Jacobo-—ldol::.na and Arnold (1991) orgam.sed

these caztser’ved res:.dues into thm.teenﬂ d:.ffer:ent regmns of whlch‘.-, T

e:.ght wera faund w:.tha.n tha pcaiymerase domai,m (reqlﬂns 1 te 3) .
‘and five within the RNasP )3 doma:l.n of: tha prﬂvtém (regmns\b tu‘ L
' 13) (see ‘I'a‘ble 1) Th'? conserved reg:.ons preaumabgj.y correspanded I

.'c.c- a::eas that played :.mport:ant structural and/o:r fnnctional roles .y

' m the enzyme 'I'he authox:s des:.gnated a region as be:.ng consarved +

-ac:cnrda..ng tca three amterz.a. Firstly, that at leaat half of the =~

am:.no a.cid posit:t.ons with:l.n a region, when alignad, hacl to shara"-- '

- idanta.ty with the cnnsensus res:.due &t that pna.ntmn g(tha-“ |

- consensus saquence was baseci on that of. the IIIV-—I, III;, isclate] 8-

'. secondly, that lngertiona oz\:\L &elet:ions accurred r.m v -rarely_-_

"within & region fo:c: any seque:me axmned- and- finally, mqmns <
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.'sequence. (Adapted from JacnbouMalina andﬁﬁrnold, 1991)
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o that wez:a prevmusly dafmed by othe,.. gmups w‘e::e retained @c 'b.s Qf

u‘n' A
_ to prov:.de a degrea of ccnaistency anci cnntlnumty BRI

'I‘he major:.ty of earl.y mutagenes:_a atud:.es of HIV-—J. RT
_provided information ralating o the structural and :Eunétmn 1
._relationahlp a:E tha two catalytic domairis of the enzyme As

d:l.scussed y:r:evz.ously, :Lt Wa.a found, that although the twu domaz.na r

-appear ta be structurally :.ndependent; tha::e is a large degree
of functmnal iﬁterdependence betwean the twc:\ act:.w.ties sinca_-__
. certam mutat:.onsc w:’r.thln one domam were able to sera.ously affect,'_-;

) t.he aCtiV':LtY o:E the otha:r: doma:n (Schatz et al,, 1989, Mizram.

R

'J.et al.,' 1990) TheaeL mutagenesis studn.es a.lso nrnva.ded:-'-;

"informa‘tn.on relatlng to 't;ha specifz.c role of a conserVed rtagmn'__ =

-

. ox amim: a.crld residue in. the atrﬁctufe ozr funct.::.on of. ‘hhe enzyme. :
In aumnarm:.ng these da.ta aacobo-mohna }and%nold (1991) ware_ "
 abls to ass:.gn potentz.al functions o the var:.ous conserved"-}')'-'-

'_-__'-regions that they had def:.ned based upcn the sequence data Many

< P

“ "'I_-.;w.E these :E:I.nda_ngs we:ce subsequently conf:.rmed wa.th“a.the B

| puhlicata.on of the crystal structure ‘of the HIV—-l R'I.‘ heterodz.mer_:_'_';
(Ko‘mlstaedt ez{; al 1992) a.ncl Lhe I-II’V‘-I RNasa H domaz.n (Dav:.es
et al.; 1991) r espeé;.ally wa.th respact ti:: the strugtuxal role Jf.-w
ce:r:taa.n conserved res:.dues@ ‘I'hi: wa.s J.llustratad particula;x'lyll; _
§ .--well by the aluc;datn.m of the mle played by the universally_:.f
conser’v-ed h:.st:.d:,ne rgsidue at pos;..,ian 539 {HBBS) As d:.saussed' .
pravmusly, :mutagenesz.s studies had previously J.ndmated that" " |
_ th.‘LS r:es:.due was vary lmportant for full RNase H ac:ta.va,ty in thaw-"_ .
| enzyme (Schatz ot ai., 1989 T:._sda}.e et al ' 1990)ma.th mutata.ons
.reducing both substrate bn.ﬁdinl; efficiency and catalytiu rate, :

-
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".'_'however, the exact natm:a cm£ a.tg mla th unclea::. WJ.th the

4

publmation c::E tha crysta:L struatuz:aa a.t was fcaund tha‘t thls

[
W

res:.due plays an’ n.mpox:’qant rcle in. stahid.ising ’the structuramf

‘the Rﬂaae H damain thraugh an i.ntera,ction wz.t.h the P51 su‘bun:.t:

_of the hetarcd:.mer therqby also fom:.ng a Por.'t-:' off; the--

subatra‘t;a b&'lding slte. quever r although the kncm
_detailed sj:.ructure of B.IV-?. RET has largely superseded he uae of

_'mutagenesia a.s a means of investigating L:he structure caf the

enzymE; mutagenic techm,q 1es. are st:.ll applmable to the

.f

' "'inveast;u_gatian o:E the cata.lyt:m act:.w.t:.es associated m ;,th reve:cse

_transcr:.ptn.an._-_ AN & ST

'the ccnaerved ma,. ’ in HIV-:L RT wh:.ch a.s thought(. tc fom

_ the act.wa B;..t,e m’:‘ the pqumerase domain has th% saquenca Tyr183- i )

.:_Met184—1\r:.}_3185—1&5}?196 (YMDD] and is found in :r:eg;Lcm 5 as. def:med

by, @acobo«-ﬁalma a.nd hi'nold (1991) (see i‘able 1) 'I‘he YMDD
sequence :.a hm.ghly -:*onse;r:ved amc:ng many Rmd-dependent DNA

pnlymerases although thﬁa secwnd res:x.due o:E t.ha mot:.f daes shc:w

some va::;.atwn among othe;\@ms and R‘J?—c:ontam::.ng af!@ments (Argos, '

.\-.l . "

| T

_1988 Kamer find Argos, 1984) 'I'ha R’l‘ polymerase mcma.f does show o

sc:me s.mﬁ.lamty to thq Dm—dependent DNA polyme;:;aae s:.gnature

-sequenca, YGD'I'DS, suggestmg a common c:atalytic mecpanism during

30

polymerz.sa’&i'on {Wong eat a.l r l988) A nu:mber of groﬂpa have )

. invest:_gated this motif J.n HIV—l R'.E us:mg‘ mutagenes:.s techniques, _

: I
' and have found that the conservatwa mutat:.on oﬁ emthex Asplaﬁ

(A



or Asplaﬁ completely ﬂhﬂlwhes thé pol ymemse aatw:r.ty Qf tha L

enzyme wh:.le not affacting ‘the RNase I-I activ:.ty (Laxder ez: al, ‘_-_-b.-_

19 BSA; Lﬁrdel‘ Ei‘- al. 2 19‘37) Mut&ticn Qf tha tyrmine res:.due at-."."‘

pas:.tion 183 to a. sem.ne resulted in a marked. ::adu&:'tmn in the R

enm}nnévs polymarase gct:unty (Larder at al. ; 1937} 1 n a I'Ecent_'l

"study Wake:ﬁield ot al. (1992} examnad the role of Met184, the'_'" o

.least conserved af the fc:ur rea:.dues of the motif, and found that )

'this residue could be substitntad with e:i.ther a valine, alam.ne;

or ser:.,ne res;uﬁua w:.t.hcaut deleterioua effects t.o the enzymea :

fancéion. Thi“ fmqu was. 001’13131'—9!1‘: with sequance data from- .

other RTB whicth hﬂso,ﬁhom that theaez zesa.dues are faund a.t this"_'-':__”"-‘ -

positmn. For instance thsﬁ’ R{Ea from Mum? and FJ:.’S&' conta.;n WDD

(Donahue et al £ 1985*’ Sha,nnick @t al.,.“lgsl) whe:r:eas RTB'_"_

asscc:.ated m.th g.‘-.'. %:c}.li &nd .&f.xanthus haxfa the sequence’ Y.ADD at T .

'-J\ -

this- pos:.tmn (I.ampson et al., 1989; J;nouye at al., 1989)»_'

-However, other mutations at Metlaér “for instanca th.% a.:;,sertwn SR

of tyros:.ne (Larder at al.,_ 1989}.1), glygine and prglma'-_'_

'(Wakefield ot al., 1992), We:r:e fotmd to dmstmauy z:educe th%-‘_

] polymez:a.se act:f.w.ty._ In general the | results obta:.ned :Ln.“ SR

: mutagenesi!» studles suggesi‘. tha_t the YMDD met:n.f pla.ys a. uruca.ab
'catalyt:.c x:ole in the polymerase actwity af HIV-*l RE "with: :

Metlg4, t:he second cdnsa::ved resa.dua, possibly being involved in

'stru.ctu:cal interact:n.ona w:.th neighboumﬁg am:.no acz,ds. On the -

.basia 't‘bf. .molecula:r modelia.ng studias this mptif has been:.

'pastulated to ba at cm vary ne&r the . polymeraae a.ct;:.va s:..te a.ndf o

'may be invclved :.n template recngnitmon ,and!c::rf divalent metal ion L



consez:ved aequences w:.thin the polymerase duma:.n and appears to
.form muclv of th:—: active szte i anos!:her conserved residue has bean
- mplma.ted .m the cagalysis c:f polymera.sata.on, namely the

'_'conserved aspartic acid rasa,&un found ai: po‘sa.mon 110 (Aspll())

Althcugh the! Ymn motif J.S the moat. d:{.stxnci: of tha _:

. _within regmn%}(see ':ﬂabla 1.) This resa.due ls algg conse:cved L

among ﬂll polymeraées and .Ls structurally analugaua to the
"'_."aBPartic acid found at pcsn.t.:.on 705 in the Klenow f:s'agment cf
- B ao.IJ. DNA polyme:case 1. The conserv*atwe mutat;mn of th:x.s

' _"‘_residue to glutamic acid (Larder and Kemp, J.SBSB) also results o

coin a savera depletmn or lc:ss of polymerase ac:tiv:..ty whmlst ncﬁ:

....agffectz.ng the Rﬂase H: aﬁtzw,ty. 'I:he sa.mz.larz_t:.es bet /e)en the* -

| : 'gross Euicuctura Of the, HIV-:L RT POlﬂlarase domain and that of. the -

" Klenow fragment m‘:‘ E.col.i DNA pol}-merase I, and, fact that the two

enzymes sh.are some saquance homology at the puta.t:we polynferase '-i e

- active si.te (Asp:},zo, Asplas and Aspl8f in’ BIV-1 BT, Asp?(}fa,--. S

. Asp882 and AspSBB in. the Klenow fragment), sugqests that HIv-l
- RT empl}lbysf the same ca.talyt:_c mechan:.sm as E. coli DNA polymerasa

E dm:;_;/)ig P‘:’l'.‘x’merz.aa't:ion.

B

» In the case c-f the RNase H actiw.ty of HIV-—J. R']:" fc',‘-irt

' 'resz_dues that are conaez;ved amcmg 5-11 known RNase f enzymes, are -

-thought to bP aascciated wa.th the act:.ve alte‘. Theﬂe. a:r:e t:he

 acidic residues Asp443, Glu478’ and Asp498 and Asp549. .Aa
ds.scussed prew.ously, the aryé‘tal structures of both the HIV—-

l.‘.-
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' 'I‘ Bﬂase H cicma:m (Jjavs.es et a_z*, 1991) and g.colj_ RNase HI

(Katayanagl ot al " 1999 1992) shaw these four r&siduas o be. in e

-c.lose prox:.mi.ty to each c:ther and capa.ble of bindmg e:i.the:: cang

or - two da.valent matal ionﬁ. Kanaya eﬁ al. tlggg)’ in. a n initial o

A
“\¥_-

tudy of the catalytwa;l.ly impo:rta.nt am:l.no aca.ds Of RNase H,

carm.ed °“-t Bite“diracted mutagenesi.s of conserveci reaidues in )

: B, coii Rﬁase HI (Aspl{i; (:luﬂ'p and Asp’?O) that correﬂpond tc the

_rasa.dues 23.39443, Glli’4'3'3 and Asp498 of the H:W-—-l RT Rﬂase H

domain. 'l‘hey faund that ’the :.ndividua.l mutatn.on of 'L:he conserv’ed S

. _asgq,rtw ac:Ld residues to a:.the:r asparagz.ne or glutamic ac:.d"' ;

V\

'resulted in a. ma,xked decmaase o:c losa of tha Rﬂase" I-I a.c:t:l.vity of ;Z"

the’ murtant enzyme I.:.kew:.se the muta.t:.on of /Glu48 ta glutamn%""._f

a nd aspartic ac:.d also resulted ;Ln the lcss af the RNase H_ _

o ﬁctwlty* These findlngs identified tﬁese three acidic resj_dueg __Z L

as be:u.ng vital for qatalfls F.col.i RNassa HI. DR

S.Lnne the HIV—J. RNase - domam shows large smilarltws to

. ,the E.coll Rﬂése HI eg-?yme at a structural level (al*-hough a.t a:--- -

" '_sequence 1avel the overa.ll hc;rnology is 1ow) (see Figure 4), a.t* T

is reaaonable to exict that the seven conserved res:_dues that--__:}

"&.‘.\

ara sharecl batwean the twc: proteins play ‘similar roles in

..catalelS by RNase ‘H.-Schatz et al. (1989) usad site-dlrected' S

: mutagenes:.s techm.ques to inveqt;qg e the C‘lu4?8 resa.due of HIV&. '_ _

. By substit.ut,mg the glutam:.c ac‘id at this pcsitmn for a non«-_ |

_J.onisable glutmne residua t.h,:.s group were able to create a\"‘_- .

| mutant enzyme ‘that. exhlblted a defectwa RNase H act:.vity whiis“t:" -

-ma:.ntaining a normal polymerase ;unction.

| 'p&.



IR C . "
cl_ LT

f In e aer:.es of publmations, Ms.zrahi et a.z. ha.ve .

nvest:.gateci, &en detail, tha rola of t.he two censarved aspartic{_-_._'.'.: -
acid res;.duas, Asp443 and Aspéga, in the RNa_sa e actz.v::.ty of. HIV’- __
-1 R Gfs:c.ng s:.ta—directed muta_genagls' I’IlZ!’.;ﬁhi ei‘: gi (1993)

creatad threa indLvidual mutants withn.n the RNase H dc:main. 'l'he_ .

first nnztation was af the ASPMB ras:.due tq B-Bpa:r:agz_ne (D 4,43 N). L

Thlﬁ was A cdnservativa mutata..on wharéhy an aaid:.c:; J.onisabla

= carboxylate rea:l.due was effec'tively changecl to a. ;non-ionisable‘ .

:.soater:.c aarboxyamide grou};. : this mutation Waa therefore '

-

pacted to cause no stmctural alteratmn in ﬁ:.he enzyme Upon '_ -

exp::esaion and charactam.sation of this D443N mut.ant :.‘1: was .Eound

rbgat tha enzyme re't:a:med no::mal W.‘le type pc:lymewﬁe actz.va.ty but

: lacked‘ any RNase H actiw.ty. '.t'h:l.s find:mg was c:onsistent wii:h

Lhose of Kanaya et &1.: (1990) Who carried c)ut Lhe equwalent
muﬁatlon (DJ.ON) on’ tha .E' col.z enZyme w.uth s:.mlar results ThJ.S
result suggestad a vita.l role ﬁc:sx the. c:arhoxylate groum of Asp443
Cin RNas:e H catalysm. '.L‘he anawgcms mutation of Asp498 (D498N)

wag than generated This. muta.tmn qave .rz.se to an unatable enzyme

that c:auld not be pum.fipd or r:ha.r:eau:ﬂ:eriEsoac‘l,r a result suggestwe '

of an :.mpcrtant stmctural as well as a catalyt:.a rola fo:r:

Asp498 ‘I!he third mutant enzyme created b:.r M:Lzrahi et al. was a

| doﬁ[ble mutant conaisting of the substitution of bath aspartic |
: ac:ads by asparagine (D443N/ i‘)498N) Surpr:.singly the d:.stal D443N

mutatmn was Iound to stabila.se the D498N mutation gj ving rise

to a stru&turally stahle mutant enZyma that 1ackec1 ‘RNasé H-

act:.va.ty but retained % wiid-—type polmuexase activ:.ty. | 'I‘wo models o

hava been proposed to expla.;t.n th:.s ﬁmding .i.n the douhl.e mutant. :

" Firstly ::.t waa auggested that in. tshe case u:F the s:.ngle D443N

o . n
,l e .
B o




_,»mutant, dlffa::ences batvareen the hydmgen bmnding pmpertles o f
. the ca.rboxylaﬁe group of aspart:.c a c:. 4 an d tha caz:boxyamide ofc.
_. aspa.raqine may* cause sllght alteratj.ons wmthln i:he local hydroge n. _. L
-bondz.ng or elactrostatw netwo:k of the prbtem. These c‘hanges
_'.'_'_'howewer are not severe em:mgh to c&us«a any gross dis:.upt.mn of'._.'::'
';_“the protein struc:ture but mayf in +ﬁe case of the donhle mtita.nt, e

-~ be suffwient to accomodai,}e the fold:mg dafacts observed in the
| G e

_smgle D498N mutant gSecondly tha :.nc::eased stfps.la.ty of the:_i.__;'“ -

%, double mutant rela’t;we 1:,0 the D498N mutant .._s probably the J:esult .

: '°f an. art:.fimal hydrogen hondzng J.nterac: Qn be;:ween “the t.wo

_Ju"taPC’Sed adParagine xea;.dues :Ln the dcuhle mutant an.d therefoxa'-" R

not neceasarily a"l:.z:ue reflect:.on of any structural :celationghi P, S

'auch as a Mg’*’ br:,dgef between}\Asp%B and A513493 :Ln the wﬁ.ld-type

A 9
- A

-.-Enzyme. T

=

Further lnvast:.gatien cf the twc RNase H‘ 'mutants c eated'l o

_in the f:_rst stutiy was carried ou‘lf hy Dudd;.ng et al. (1991)

_' -_In:..t:.al :Lmrest;.gat:.ons of the\ polymerasa a.ct:.v.tty of tha mutant_ R

_,enzymes suggested t"lat they possassed 1evels of activ:.t.y similar _ -

to that of, the mld-type emz;gme (Mlzra}u_ et al., 1990) v Hmﬁzeveri"":' -

a mc:re de‘r’amled exa.minatmn of the RNA«— ancl Dm—dependent DNB

polymerase act:.w.t oY o:E the two mutants on homﬁpclymar and; =

1

': heteropolymer substxat.es revealed some dlfferenceg be:l:ween the-'_:
: Wild-type and RNase B anzymes Dudding et a.l (-1991) *.Eaund-—- -that o
the steadyu-state klneta.cs and processiv:.ty of the. w:.ld—type and'-
- mutant - enzymes were the sa.me wn.th respect to theiz.r a.ha.lity to
'cogy a homopolymer poly(rh) oligo(dmj templa.te-primar._, Ir_;

add:.tion, iwhan a, DNA hete*apolymar template de{f.hrad from the g'ag B _

S TR

R v . RN e . .
T . . . . .'_J,-'-'{"‘-
N L. . P ’ - T e 'f Lo

<



reg‘;l.on af H.W—l was usad aa a substra.ta, hoth ‘t‘.I‘fé pausa sites and w0

the px:oduct dlatrihuthon c{gf m{a s;ynthe&ia were fm,;nd to ba
essential.ly identmal chevgr g %w\hen an RN& temr:.';ate Q:E the same .
leot:.de saquen e as the DNA templatta was uséd as & substkate

_for the anzymes i it was c«bs.grved that although -,.he mutant and.

i..‘i.d-type enz;maa shared thé same pause s:.tes dur:.ng D:}TA '

synthesis, '_-th_e__._ } raspactlve - prcduct dlstrlbutions wera ’
| ss.gn:.fmantly dif.fex:ent._ Th:.s ;;esul_t ind:n.cated that the RNase
-mutants wera unabla to e_ff:.c:.ently‘;‘extend prematurely temnatZzI -

_nasceﬂ‘q px:imer Iimg chams, and suggested that the Rl.\lase H

\ﬂ.

actlv:.ﬁ _j'g::f :HIIV-l RT. was a.mportamt for the re-—-im.tmat.wn Of DNA -

| Bt f :

synthe]s% on an RHA templater after t.he enzgme (}uad stop;i\:\

-synthesls at seq_uence d!iatemfhed pauae s;tes._r A possa.ble

"__explanationj ﬁor t:h:l.s observq,t:.on is that C>‘c.he-. qantinu:.ty a[f,
L s/.,

__eFf.Lc:.Lent extehslon of DNA cbn a; \RNE template by R‘I‘ is dependgnt
_H a.ctivi:—ty at’

f'Ir' :

-on the cleavage o:E the RNA template pur th@ RN,as*
' \ o
_spec:.f:-.q:"‘sz.tes. Thlé ‘in: turn could 1nﬂa.cﬁm.gf tha],. tha” enzvme c'an
be act:.ng e.l.ther as ax)polymerase or a,s a J{&Tasé H, but not both- -

' s:.multane@usly, H;Qwevea: thisnwould not neces,sar:.ly mea.n tha‘h the

o
?_,x\

-"'_-enzyme must first dissnc:u.a‘t“.a :nom the RNA template and rebind

e =j
'1

| hefore RNA- cleavage can occu:s:. tft is possmhla t.hat the enzy;.}e* mays o
have to undergo a conformatiunal changa v':hilst st::.ll .a*1:1;.za'r::“m=zcr1J t&o -
the RNA template :m o:;dez: to enahle the RNase 1-1 to cleave the

.. RNA., A:Eta;: trlea.vage the endgme wnuld then hewe to :r:Qv'ert 1:0 the

polymerase confamation before DNA synthes:.s aculd continuah.:__

Sa.nce they are una.hle to cleave the RNA tr"iuplafe, the RNase H‘

_ mutants may become s?“uck 111 the RNasé Hﬂ t:cmfﬁ:‘.\:x'm'sd‘.,i.r.:n}> thereby

;\ ) g _‘5(%:‘ ¥

: J.nh;bita.hg f.m:t:hcm extension G:ﬁ tb(-z nasoient DNA p::a,:mer and

.l‘e_l ;

iy

L



o

requiring !:he enzgme tc d:.saom.e/ée from the RNA temglﬁte a.nd
rehmd bef?re a:;,y :Eu:cther Dm synti&asis can occu%: A
R e L e R At _

Todee R

B _fa

W
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The aim c::E thiawxprmgébt is ta use tha ‘technlque of site- _:

_. .-dz.rected mutagenes:l.s ta c:r:ea,te further mutqnts at the cons erv e& = o

_ Asp443 and Asp&ga pos:.ta.ans fhat would prcmide a graatez insight

mto u.he catalyt:.c and. s'l::r:uc:tural rcale of these res:.dues in tha'}";'

__.-__Rﬂase 23 acta.vity of I-IIV-J. R‘I! and lea.d to th " Proposal of a'-"_.

-Possible L.a‘t:alytic machanism for the ﬂ“l"aVage o:’: the RNA mca-ety_'-"t

-'_of. a DN%RNA hybri:d by Rﬂase H._ RS

)

As dlscussPd in the pmv:_ous section, the work m‘:’ Mmrah:.,_{-_ e

- et aJ. (199&) showed ﬁ?nat Mpétla a.nd Asp498 ware Vi‘td.l to hoth

_'_the RNaBe H activity and the structu.cal intagr.:.ty of HIV-J. R‘J!.'_Q_-_-_:

.;"The f:_ndmgs also éuggested that the carboxylatg group qf ‘t:hese

ar-ld,ic ras:_dues was tha factor that: Was impoz:tant for bcath of

i

_ these featurqs. Hawev:ax, the fmci;r.ng that the d:,stal D443N
:-. mutat:..on was able to stab:.l:.se the fold:.ng defect caused by the
D49 BH mutatmn suggesteci the poss;bilz.ty of an important
structuraﬂ. relat:.onah:.p between the t.wo res :Ldues in the mld-type

enzymea T

_ In order to address tbe questions relating to the nature
__-Of the poss::.ble J.nteractmn betwecan theae twp res:.dues, a.ncl to

J

further cla.m.fy the rc&le of the carboxylate groups in catalys:.s o

by RNase Hy two mutant RT enzymes have ibeen created us.mg a‘ii;.e- - o

da.rected mutaqenesis . In the firat mutant 3&5194,43 is substituted

' for an- alam.ne res:.due (D443A) The. side chain of the alanl.ne

'rasa.due consn.ats ‘of h methyl group wh:.ch .15 ste:cically smallmg, B




.. | lf’;{f, -. :. . ._ .: .. \ . _. .. . .. . : _I..:: _o .. e ,
| _than the carhoxYlate Q‘roup qf asparta.c a.c::;.d. . The mﬁthyl group 150:'.'
| _also chem:.cally 1“9’-‘1’- and therefore unahle to be involvsd ::.n'-

[ metal J.ons w:.thm tha_ o

_._._._:regigm-, Expreasimr and characterliaation of the 13443A mutant:"-:_..._
should prmr:.de :.nﬁormat:.on relatg_ng to* 1) 'l‘he xo le o:E i:hei'_ -

:carbcxy;l.ate group of Asp44-3 :.n catalysia by RNase I-I 2) The s:.zeﬁ"'f},'_"' o
] and charge of the alde-chams that c:an ba acconmodated at the 443

R

: pos:.tion . without Béverely di.sraptmg the terta.ary proﬂe:.n.-_';

1\."

. 'structuré. L BRI

In the Ber:ond, mutant enzyma AspHB and Aspé% ar’vé:f_: '_
) _'.'subst:..tuted fo;:.."- alam.ne 'a::i:cl anpa:r:agine : rasgact:.val?? B <

) '(D443A/D498N) The pnrpnse oﬁ this double mutantais to dete:cminei:_i S

g the nature of tha stabllmi;y pf the D443N/D498N mutant, gwen that

of aaparagina by an alanine resa.due ét positicm 443 in tha doub.‘].e R
' mutant wz.ll prevent any poasa.ble 1nteractlon w:,th the asParag’ine_'_ S
'xea:.due at Posa.tmn 498. Expxessn.cm and charactaxisation of thm

-mutant w:.ll prew.de J.nfcmation ralatz.ng to the stru“tural rqle:

- of Asp498 in I-IIV-»l RT as well as providing furthe:: m;t‘ omation «’x’

_'about the role of the carboxylate groups .m, catalys:.s by RN&SE

[

El:h:.s projact forms part of a larger study J.n wh:x.ch i:ha:

-."roles of tha consewed résn_dues :Asp443 G1u4’?8 Asn494 an:;l Asp498

© dre be:.ng J.nvasta.ga'hed by s:.te-ci:.rected mutagenes:.s (C Nkab:.nde : o

 and V. M:Lzrahx, unpubla.shed data) In the 1onger term it :.5 “hoped‘ o

" _ that the infomatmn gaineﬁ .Eraﬁn tha.s study w:l.ll contribute ‘l:o_'_: L

o L ‘-:b‘

VRS




1ead to 'the deVelopment of ncm‘el ’bharapeutic afgents against HN—J,

_'through the pro::eas of ratn.onal *E:h:ug deszg‘n.




| deoxy:r:,lbosa adﬁnosa.ne trlphosphata (>800 Ci/mmol }, {Qw"P} o
:adanos:me tr:.phosphata (>~3000 C:./mol) 2 and [G—SZP] m:idmﬂ

triphosphatmwere thaa.ned from Ams::sham Internatn.onal Amrsham,
SRy

UR. Restr:l.ctlon enzwea,_m DNA ligase, '1'4 z:sm pcaliy:ne:%’ase, T4

| Igene 32 p:t:m:m.nJr :.sopropyl—oa-D-galactopyranosa.de (IETG) S-bromo-

. —chlora-—Bma.ndnlyl-mun—thlagalactopyranoside (x—-g'a’l) r ,‘tysazyme, |

"pol.yvadenylic acid (poly(r,&) Yy deozqrr:.bomi}leotide tnphosphatq,s 'f
(dNTPs) . r%anucleotide triphosphates [r;\.'s'rps) ' dithmthre:.tol .

'{DTT), _ J:ib:.nuclease A (Rﬂase A), c,hloramphem.col, a:mpic.t.llin,

. Imolecu,lar We:g.ght markErs II, III; | and VI yi alkalin; phosphatase

and J.eupept:.n were obtan.ned frc:m BOEhringer-Mannhelmq Mam?(heim, -

- Germany Et"}' RHA polymarase, E col.i RNase HI and r;.bonuclease R
'inhx.bz.ti:@r (RNas:.n} | were obta:.ned :Etrom Prcmega, _ gadz.scmr
..WiBCOnEJ.n v USA Halz.d:.x:.c ac;u:I, urs,dme, papstatin, eLhid::.um
brom:.da, ambe:::;l u.te; reain beads p ethyiened;.am ne tetra-—a:catic ag:l.d
': {EDTA) . anmonimu sulphate, _triton x-lou, };3] rig a.cn.d, tz:a.zmg basa

('I'::::..s) p urea, phenylmethyisulphcnyl flour:.de (PMS%') and th:.am:.ne

':were cbtaa.ned from Slgma,3 St Louis: MJ-SBQHTM USA ON""

. "—Pq .\-.
et hy l aned J.am:.ne ( ‘I.'EMED) P =acrylamide r ammom.mn ﬂ pel;'S‘L'll pha t.'.e :

L o T

-agarose, and xylane cyanal wer:e cbtaa.ned from B:Lo-Rad, R:.chmond; o

o ’ o ) s wi
ft o . S sy



e-_ - . w

lcallf“ﬁmr ’Ugﬁa | dTu-m' “was obtamed fram Phamacia.« Upsa.la:
. f..sweden Ammcmum icetate, calcium chlor:.da r magnasium cmoﬁ defc R .

n(+) glucose_,_._dlethyl ethe;c; polyethylene glycol 2000 and phenol y .

.....

" werd obta Ined from Merck Darmsta.dt Germany Ethanol, - :

__-hYdfochlnra.a E!.C:Ld; magnes:.um sulphata, : di—sod:.“um hi*drog en |

- crthophosphat&,n Sodlum acetatef 2’mer°aPtOethann1, methanol, ? :Ta :
da.methy&l fm:mamlde; d:.methyl-dz.chloro N s:.lane and

1, 1 1 tra.chloxetha,ne were obtained. from BDH, Poole, UK IE"C’PJWPYJ, -

| _'alcohal and SOdiﬂm C-‘hloride were ohta:.ned fram Lab Chem, A

Boksburg, South Mn‘m‘ Acetlﬁ ac‘ld: socb.um chlarz.de and soda.um ~ £

o_ .

;'_'Oxo:-.d’ Ltd, Ba\slngstoke} UK. Chlorofcrm Was"__ obtas.ned f:r.om

"*355°°iated Chem1¢als; Johannesburg, SOuth.Africa;;ﬂ'ff Qfﬁfo-]?ff; 13

_ ﬁl of the ol;gonucleotides were .syn,thesz.sed using a \ _'
"'Bec]cman System, 1 plns DNA synthes:.ser and wera pur:.fie& by I-IPLC {l
-before usa Theﬁ i‘okiawing ol:.gcanuc,leotidea were usad’.. the _
_mutagem.c olz_gonucleotidea D443A { 5'-TTCTATGTBGCAGGGGGA-3 ) and __
'_.:"D498NS (5'~ATAGTAAACAAAG\TACCAA-3‘), :. _____é primérs s (5‘-"-__'_ i
A‘I"I‘CC‘I‘GAG‘I‘GGG&G-:’: ) a:rxd 5P2 (5'-—TT€TATGTAAM‘GGGGCR—3 ), Wh:l,ch
Were. uaed in conjunctmn w:,th 13443A a:m:l I 198N fnr mm saquencmg P .

-and tha h‘yhrid subatrate Ul:.gonudleota.de fcr RNase H. assays, ,Rpl o

)

.':(5’—GTCACATAGTCTCTABAAHB ) '“_,*nj f,;" ;; “~jj_f“;;_;;ai



S Tﬁé'-la.cali | strain CJ236’ (du “'_ ung ), .'used  foR
: __oligqnuclaotlde—dlrected mutag'eneais, Was k:..ndl;r prﬁv\a.ded #}r Dr
':‘I‘ Ktmkel. Tha E‘ col.w. stra.:.n JMlOi was used e:‘or ma clom.ng

: '__'procedures* ‘I'he E’ ﬂ'ol.l shf:a:.n ARlZﬁ, whl.ch Was uaed. as the chcst

'. " straz.n for the express:.on of ’%ha ra(:c;ﬁrblnant R'.I’ was obtained .

-”ifrom pr Debauck (SmithKllne Be?cham ResearchJand Develﬁpment, f”ifm;
) = USA) E!!he E c:al:. s-hxalﬂ DHSoe. was used fm: the propagatmn of the :
_transcrz.ption vectfor pGEﬁ-bGAG—A.‘. The RT expres'slml pla.sm.d
. pGAL]‘iRI‘E, and the prcstea.sa plasm:n.d, pDi*‘l‘PROlh were asfpmeviously\\

g described (Mizrahz. et al Q 1989A§’ ' The tranacr;ption veatpr pGEMf.“-_-_-:_:-
e AGAG-A, wh::.ch wasv__ used faz: the. preparatz.un of (+}-—GAG3"*5 RNA, was

::Q}t’.‘e‘?{iﬂﬁﬁly desc:c'; bed (Dud ng et: a.l, 3 199{1)

The po;. ;.t mutatmns of; the HIV‘—I R'.E coding raglbn in M13- o
RT,. those ai aspartlc» acud to alamne at pos_xta.on 443 (4D443A) and.
‘the second s:l.te mpation of aspa‘rtic acid to asparag:.ne at |
pt‘as:.m.cm 498 (D443A/D438N),_ were :u.nt.roduced aacord.:.ng to a
:: mod:.i:.ed varsion o:E the methc:d-af I{unkel et a.?.f‘ (1987) ll.éleffy, R
" _ the modificata,on was that MJ.B-REL' contaim.ng t‘he w:.ld.-—tyﬁ\e R’I o
seguenca (MJ.B-»RT"“), er :..n the ca,sa of tha double mu_tant the o

ELN I

D443A backgraundJmuta.tion (MlB—R’l“’"‘m) ' Was passaged twice throughr_ SRR

CJ236 (dut',ung} Th:.s particular E’. colJ. stxain iacka the

r
- Lol =
3 Lo



' "enzymeé\ dH'BPase (du*t:‘) and urac:r.], N-g’lycoﬂylase (ung ) dU',I'Pasa

J_s resggnsa.hle fcr tha catabola.sm of &TJ’.I.‘P and lack of the-. enzy.ma

results 1::1 elevated 1evels of dUTP which cémpetes wmth dm’B :Eo:r

1ncorp¢rat:.on into the ﬁNA template dur::.ng replmat_wn Urac:.l =

. nglyaosylase :.s responalble fer the removal cxf uraca,l that has o

been inccrporuted J.n‘l:c DNA. ‘I'herefore, ,1n tfhe comb:.ned dut',ung ‘.

'dUSL‘P is mcurporatacb :.'nto DNA in plac:e of dTTP wh;.ch resulta :Ln

a urac:.l—m.ch MJ.B—R'I' DNA 'template, It was foﬁ:{l.&“ ‘tha't: the douhle

.f

vl
P

' _mc*.orporatz.on was assessed hy comparmg tha ta.tra of urac:r,l-rich

o "-Hld-R’.t‘ :.n tbe permiss ve host- r CJ236(du1:‘L"ﬁng ), versus a ncm.— .

. _permz.ss_Lve, dut_“,ung strain, : J'tilt}l.-. The t;::.tre r:atm Wa.s |

tee ally f:‘ound 1:0 bé 105410‘ 'I'J.tz:es belcw this v‘alue gave
tYP ¢

" mutagenesis frequencles that | were toalow fo rap:l,d

o -:1dent:.f3.catz.on and ismlat:.on of the mutant

'\)...

L
Doer

I-Iaving obtaa.ned suff:.c:.ent uraml :.nzarparaticn into M13—- i

'R'I."'”“““ s:.ngle-stranded, uracll-containlng DNA was. J.Solated :Erom

20 ml of phage-conta.:cning supernaf:ant acc:ording to a mod:.fied

\

'.'versa.on of the methbd of Samhrook et a.I (19893&) In- order *Lo

L .obta.m hz_gh quality slnglemstranded DNA (ss-DNA) for mutagenesis, "

"t;hls p:::ocedure was mod::_f:.ad tr.: inczluda two rﬁ‘unds of extract,xc:n

- wi.th 1 volume Qf phenol/chlnrofom (1 1) followed by extraction

' W‘:Lth 0 5 volﬁmes of uhloroform and_l volum§ of - d:.ethyl ethe:r:si '.Ehe

ss—DNA was then pret‘::.p:.tated w:.th‘ '.volumes of ica—-ccld 100%

l\.

RN



- '-'-':transtomatl o

gt ;.1”*~=g‘?“f?-ﬂgb;-ﬁ-;-vfﬁg:-ngfﬁ

m inutes in é Haqar microfuge (Hagar, Cape TOwn, South Africa%
'rhe DNA Wa.s resusp”ended ln TE huffar {pH 8) {10 mM 'I'ms Eﬁ‘l

-.0[‘3

(pHB‘}, l mM ED'I‘.?& (pHB})to g:.w- a fs.nal ss—DNA ccnhen%ratio '_
£0.5 ug/ul B R ML A O S

The ;est o;E the mutagenesis procedure wa.s carned out_'

: a"""rding o thﬁ meuhod of Kunkel ‘ot al.-. (1987) with the . .

_ _g_nclus.wr czf one additiona.l step whereby the extent of end:nqenous_'_ L

-_"‘prmmg that QCCurs dur.mg t‘hé .m "1’-“1'0" POl}gmariSation s‘tep was SRR

_'fassessad (th:'.s results in the format:r.on of w:.lcs.-—type 1{13_353

clones) Tha.s was dcme by sett:i.ng up a parallel du.m; Y

pczlymam.sation :r:eaatlon that did not con'tain “the mutagem_c._ f

_Igilgenucleotlda prlmex The degree of andogeneua prxmlng wasff} _j

: On a 1% agarase gel and by the nul“ber Of pla,gues thalned after- el
: '--JL-

of JMlOl ‘with the quenched polymemsatiunf' S

- _' mlxturesr geftlﬁé t§~£ the numbe;r: of plaques obta:.ned fﬁr the i:rimed o

| and non-prmed mi‘i:tures were typlcally 20 1 respecta_vely, ‘I’he |

f) €

"_"'_"'_mod;,,f:l.catlon o£ the mutagenesu' procedure gé se a'mutagenes:.s -

B :_frequency of approxlmately 55% n | o
: hu“ S '{}_ - . ) - . . . ‘ .' .. o .:' ’ . . .- X B} .“ .' }_“ _\\\ i . -
. o Ca

‘2.2, 2) 5»*43291- nd I.abellin of 01iaonucle___..__._0t1des--

: Ollgonucleotides were 5'—91161 1abelled by inaubatmg 2 fpmole o

of 'ﬁhe ol:.gonucleot:.de w:i.t‘.h lO mM IJEL‘T, 3{} uc:. [yuszP]—ATP (1--
| pmol) ty 10 unz.ts (accorda_ng 'to the manufacturer's def:.nlticm) of .
_' 4 polynucleot;:.de k:ma.se and 1 1.11 of 10 x polynucleotlde k;masr-'-

huffer in a final vclmm of 10 1.11 at 3“'?"0 :Eo:c 45 mlnutes followed;-

u_-



"hy heat—:.nactz_vgta.vn at 55°C for 10 mhﬁtes. Ihcorporats..on o:E ﬁP
' 1ahel J,nto oligonuclactlde was _ monitored by thin layer ’
chromatcgraphy (PEI celululc:s&" developed wx.th 0 3 M potass:..um

0

hosphate, pH? 0) ‘l‘he percentage indo:cparatmn of label var:.ed L
w.between 40-—80%. “ P T '.

. . N o T
P R

Follow:.ng allgonucleotlde-dlreuted mutagenem.s, 24 small -

: well-—spaced plagué“a (labelled mxpll to 2,4 o*.r DA/ﬁNpll to 24),

_we,ra selected ‘for - screenmg Cd :.‘Ll‘lg’ the 5’[32P]-end lahalled

_':mutagem.c oligvnucleotide that was used fo;r: the creation of the | _
'- particular mutant, i e the D443A al:.gonucleatz_de was uaed to
 - screen for Lhe B443A mﬁ;t'at;}.an and the 1349 8N Qliganucleo’ca.de w?,s |
| used for th.e D4é3AKD498N mutatiom Each plaque Was placed in a. i

__ 'ster:l_le 15 ml cultu::'e tube (Lasler:, Johannesburg, South Afr:-.caa) a
' conta.lnlng 1 5 ml of Lu:r::l.a brcrth (LB) (see Appendn.x B) :.nocuLated

'with a 1 1OG d:l.lution (15 ul) cf an. rwarnight culture o’f J’MlDl._ |
'l‘he tubes we.re then placad in L* Serles 25 controlled env:_ronment

: shaker/:.ncubator (New Br:unswir:k Sc::.entif:.c c:: ,' Egh.aon,'_ New

.Jersey, USA) and J_ncubated at 37°(. for 5 hours with vigorous o
aeration (400 rpm) E'c.-llcwa.ng 1ncubat:.on, the culfzs were S
"_'placed J.r{ 1. 5. m.‘I. mz.crofuge tubea (Lasec,._ Johanné“ "burg) and |
| _ c'entr:,fuged at 9000 % g for 10 m.nu‘c.es :l.n ardar to obta:l.n tha
phage»-conta.:l.m.ng suparnatant Th:.s superna.tant Was ussed for tha

5\

1solata.on of ss—DNA as deucrn.bed prew.ously. 200 111°of th:.s(,_

'_supernatant was sat as:i.da as a phagahstock for later usa. 'I’he ss-— N

AN
DNA was :cesuspe S‘ded J.n 10 ul of TE buf\fer {pH 8. ) and 5 p.l of *I:h:.a



o e e E e e B
P TR

'_-soluta.en was analysed pn a :L% aga,z;'osa gel (’Sambreok et 51,;
' 1989}3) ¢ us:n.naie TAE El*ecta‘.‘ophoresis buffe&: [Q u4 M T:::::.s acetate _
(pH 8), 1 nfM EDTﬁ (pH B}] and 3 u,l o:E a suc::ose based sample

: 1cading buffer {m 25% bromcrghendl blue, 4’0% __{’w’v) éucms‘é) . 'l'ha _
samples were electrophoresed at GOV for 1-—2 "{'.cmre af.Jnd the ss«-nm ﬁ" .
. 'ohtan.ned. wag checked ﬁor delei*:,ons :{:f 210 d;._."#"-etJ.one were ev:.dent,

__':.then 2 5 p.l of each r.esuspenﬂed DNA as 'wel,L_ as: a negat.We control ".' :

_-_(0 5 Hg of MIB-RT“ sa—BNA) was "_spotted onte a. Bmdyne

- nltracallu" ose

3 mn‘éféﬁ: membrane (P&lL Ultrafine E‘thr&t:um

Corporat*xeﬁ‘?ﬁ*_'g eﬁn"(:ove, New Yq;\:k, USA) and allowed te air dry

"J.‘he membrane wa.s prepa::ed by t:onﬁecutlve 2 m:l.nute washes i.n petri

“gdxshes cantain;ng a 5 u maoaf 1 M NaCl aﬁd 0 5 Tris HCl {pH
'Append;.x B) and a:lr drymg.- '.Elxe air dm.ed," membnane waa then baked
_' at BG""C fo:r: 2 houre prs.or to hybwdisatﬁon. e L

o ‘.Hvbi:i)l a‘t:_on was carried rmt accord:.ng tc standard '
_ U _ ;

'____];H:c!i'sté's:'o].st 'I'he ;membra‘ne was pre-hyhrldz.sed by :mcubatz_o:ﬂ :Ln a
'---solutz.okﬂ centa:.m.ng 1 5 ml &0 X ‘SSC, 1 m 50 3 Denhardtf
':solutlon (see Appendlx B), 2. 5 .ml Hze at 37"(: fo:c ZL hour. 10 ul
of the a.ppraprz.ate labelled mutagen:.c: ollgonucleotxde was ‘l:heﬂ‘\

_ -a.dded and hybr:.disatlon waa carried out at room temperatnre fbr

_ 1 hour A:Eter hybrld;l.sat;.en, tlge probe solutn.en V{as remeved and |
| .'_stored for later uSe.r The membrane was. washed in three changes Y "

s \.

Cof 6 x ssc £or 1, 5 and 5 hlnuteag sealed 1n 2 bag and expose* i

}J

to 31 XDA Trmax xn-ray f:.lm (x-ray Ima.g:mg Servic:es, Rustenburg, :
'._Sc}uth A:Em.ca} fdr g hour at -'?0*’(: and developed. Under theee

[

initial _hyb::n,c_l.r.-s_atmn "ondrtlone ‘ the ol:.genucleeta.de Probe

ot

.
-
Pl
.
4 |



LR

3

hxbnldJ.SEdﬂ tc; bﬁth Wlld-typa and mutamt\\ vprsions U.E Jthé BSuDNA :.
| ;samples present on the membrane._ In ofder tn J.dénséa.fy thoae | L
c]_ones caxry:r.ng ‘the requ;_ ed ’mﬂt&ﬁwn; the membnana was wa,shed .. -
. for 3 :Eurtha:: >1""9 mmutas W:-.th 6 x SSQ at a. temperature

'aPPlemﬁtelY :L“’C hlgher than the est:.m&ted melt:.ng £emperature o
| _('I’) 01'" the' mﬁfaééniﬂ _ ahqonucl’eotmde to .'LtB complexqentﬁry

o LT

Sequeglce. v '}.‘hg T -Was "9-5;3-?: '_:_ted 1:!.:5‘3.11(3J the fomu'i.a T ==r_'

| 4(G+c)+2(A+T3 Whex:e G;ac A and T,, .tl;].e nmber of ‘tlmes guanine,". -
. cy‘tosme, adenine and thymine rESpectJ.ve.i.y occur ixg tne mutagenic: N
.:f_' 01&90nucleot1de. The '13& f.or tha D443}k ol:.gonucleo;'l-dahwas 't:hus_"'..'.. -
Ca.lculg.ted tQ 1?3 aPPrlaxa.matelYD _54 Q and - that. | fc;:::' the D498N - 7

ollgonucleotida h.was 48".{},- Folloffing Washing at t" : -'.'appropriat@if_f'__- :

temperature 3 -the membrane was. aga:.n exposed to Xa-ra.y f_-;,lm fgr J_'

" hour - at —‘?0°C and developecl. 'I‘hose clonas Bta.ll showz.ﬁg_j

‘-e

;:;'hyhr:u.qu.SatJ.on tt‘.' the ”Ql:l.gonmcleotz.de aftar WﬁShing under thaae

thigh strz.ngenc‘y Gon“t“ligtlons. were :;.denta.f:l.f)ﬁd as. posseaamg t.he. _' : _':!_f:
_ i _ _ -_

. requ:.:red muta.ﬁ:.on.a

The preseng;a °f the ¢°rre°t mﬂtatwn m the m*,-R'I.* c:lones..Zh,:_.._.;.-..-;_-'." E
.-_-_.;.denta_ﬁied by screenlng Was c.onf:.z:mec; by DNJ& sequenping us;,ng an .
-Amersham : M:LEI da.deoxynucleotide sequencing 1;3_1_; ( Amersham__

: International zlum':u:shaun,r TI’(J accordlng to the manuf.ac:**urer 85.

aaee

. {:_ )
. !




UsA) at g 2;000 3 g i;or 10 m:.mz

-__carried Qut :Ll]. a :Einal vo.'lumemaf\ LLE 2 ul consz.sting of iﬂ nl of
- DNA conta.:.ning solm:n,on, pL dniﬁé (1-p1y

Boehrmger—mnnh annhein}/

the' zegton.of msmn*;ﬂ;__j hetweigiﬁtfcleotldes 1468 and’ 1935 nf the

!

BamHl/xz:al a.nsert which flank the mnta.ted Aa{a&ﬂ (nucleot:.des
"_-1522*-1524) ancf As;a498 (nncle_otw.dtes 168%1589) coddhs (see Fa.gure
_-_:a;u Onse the mutagam.c sequence had .been e:onfirméd, tha 1-113~\RT

C TN

clone selac:ted was grown up .1.‘n 30 “ml'

;.‘-_I!B Uontalning a 1 100 | ;-
R ____dllution Of JMIQI"‘ f°r 5 hﬁurs %ith‘v&.tmrous ae)}:at::.on ( 400 :L‘}?m):

: The ba‘:terlﬂl Pallet wa.s recoveﬁ:ed hY dent:mﬂhgatl&n :.n a 30 ml 3
_"palymeylena canismfugé ?ube Beﬁmn, Palo Alto, Cala.famm ‘ '_:_i""__'_::_:

: r:l.n a Beckman 32-23. centr:afuge R

'-?:'"using a. JMO :r:otor. Th.va pella ,{'8 “ti':gn used for the :Lsolat:.on .-  .

_'..oﬁ the double-strandad repl:.czat @-”:Eo:cm DNA {RE-DNA) acmords.ng

| to the methad of Sambrook et al.t 9890) for the rapa.d z.scﬂ.ation

_ '_-:of plasm:.d I&NA@ 'I'hea RF-DNA was ir; : .spanﬁed in- 60 u,‘L Diﬁ 'I'E buffer

g

(pE 8). and 10 pl alJ.Quc}ts of this "?'_Dua was digested with the

-"restm.c‘{:lo‘n endormciease Asp’?;tﬁ Aép‘?is d gests Wa.re typ:.call:

l\\}'

ot Asp?ls and 1. z u‘l of, fﬁ"n"'
3 10 x restrici:rmn endonuc:lease ﬂuffer B (as supplied hy

\ﬁollowed by incubatz.an at 37“12 fosr 1 hour. o
'_-'\DigeStz.Qn © MlB—RtL3 RF DNA wa.th Asp'?la exﬁised the ﬂrutagenn.zad

; 'portion O:E t.he BamHlfxbal J.nse:r:t b;( d:.gest:l.on at nucleot:.dﬁ |
pos:.txona }476 and 1804 to g:n.ve r:.se to a' 328-—bp fragment [F:Lgu:t‘a | :f,".
| 8) The reratr:.ct:mn endonuclease digests Were tr:un cm a 1% agardse =3 "
'_ gel at 80 \( er .m-z hcurs 'I'he bands cerrasnarxdmg to the Bhs-bp
-'fragment. wéré .excisad :Erom the gal usz.ng a clean scalpel bladef

a.nd the :fragm*ent wa.s recovered ,from the gel sia.ce by

e
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'F:.g_gre 8 Reshricts.on map of ‘L'he I413-R!E Vector.

. BamHl/Xbal RI coding fragment. is indicated by a /bold line.

The relative poéa.t:l.ons of the Aspd443 and Aspdds rba:l.dues 53:3""'-
J.ndz.cated. A- Asp'? 18 B-—-

The

BamHi and x— Xba:c, SO




. 2.2.4.2) Fidotroelution.

Electroalutmn was carried out usinq a Model UAE

'Unid;.rectmnal Elect;roelutcn (Intarxfatmnal Biotechnologies ' Naw

"Haven, ct:nnertmut ’ USA) Whe p;:ocedure invo.lved a.mmers;ng the g
_'ge.'l. slice J.n 20 ml-i 'I'r:l.s HCl, 5. mM NaCl and D 5 mI-I ED'I'A .=.m.nc1)//;<r
'passmg a- 100 v, 30 WA current through tlre slic:e fo:r: 30 mmntas. E
_. Eluted DNR was callected in a well contaz.nmq a. cush:.an of 100

‘@l c:E '? 5 Lf: CHSCGONHgfhrbmophenal 'blue which was them remavad

- along w:l.th 300 }.LJ. af tha au:rrounding buffer '.L'he bromophénol blue

dye was remuved by extractﬁ.on m.th 1—butanol 'J.‘he DNA :Eragment
- was precz.pi.tated by tha add:.‘bmn af 1 m.'l. of :.ce—cold 100% ethanol
| 'and c:ollected hy aentrlfugatn.on a‘t 9000 x- g‘ for 30 hunut:ea 'I'he

DNA pellet obtaz.ned was washed w:.t.h 70% ice—cnld atham::l and

_'centrifuged for a funther 10 m:!.nutes 'I'Ira1DNA pellet wa,s dr:.ad

_ and z:esuﬁpended :m 20 p.l of EEE bufféz: '\pH 8) : R o
C o .. ) r}i‘%\ﬂn ‘_,..;_:. : ‘ . ':_‘) P .._f!.f.‘ na

('8

The elas:tmeluted, mutagenisegd 328~bp Asp’!lB frﬁgment was |
reclnned J.nto MlB-nRT““ :Ercam which the or:.ginal 328—bp wild—type : |
_Asp?la fragmant had been remmred (M.‘.S AR'I*) 'I'he purpose of thz_a“ “J o
cloning step was to nbv:.ate the need. to sequence ‘the ent:.re RT
o coding reg:.an for non-—specifa.c second—s;te mutations that may |
' '.hava ara.sen dum.ng ‘l:ha mutagenes:;,s prot:‘edu:r:e 'l‘ha vector MlS—-ART
was prapa.rad a.n a smz.la.r mannar to that of tha Asp‘:‘ls fxagment |
Briefly Ml.’i#RT“ Was digested with Aap’?le and tha digest“ run on B
a 1% aga:r:ose gel. _ Aiter electmpharé’sis, the large MlB—RT - B



| vector was then treated with calf m.testimél phosphatase sc: ag

i . S

o prevent selfv-lz.gatmn B P

-

.('0 . Triie N -0___ ..:.-

I;:.gatian c:f M13-ART to the mntagenisgd Asg'?la fragment was s

A

. 'aarra.ed out as descra.bed in Appe&dz.x A. Er.'hn.s 1igatirm g:nz.xture was .

.....

uaed 1.:0 tranﬁfom cnmpetant JMZI.U 1 cells wh:.ch were prepared _
. accarding t@ a }modlf:.ed versmn of tha methad of Sambrook ef: ai._-_ o

® .

] a addit:.onal step Was added to t:his methcd in Whigzh ‘t:he
_ re-. ;.nita.a.lly ctently reauspended;, in 10 ml ‘of :Lce-eold Oal
M Mg(:l; and :.mmed:.ately centrifugeel at 12000 ;f LS to ﬂollect the

cells i ‘;"‘the supernatant was removed and tﬁe aell pellet: We;-.sr° then

: .rasuspended J..D. °2 ml of :.ce-cold Caf:l,_ 1he west of, the p:l:oced.ure

: was then ca.z:ried out as descr:.bed hy Sanﬂarcok et aJc u(wsaus
"rrans fomatmna carx:ied out um.ng thﬂ s modified methad ga,va a
. _transfomatlon frequency of 50-—200 plaque £mrming° units {pfu)fng |

£

of DNA. L e ey

2.2.4.4) Rescreening of Plagues.

' Follow:ing traﬁsfomatmn, 12 small, well-spaced plaqueg

” we:l:e selected and screened by restrictz.ozl enzyme analys:l.a using v _- '

Asp718. and BamHl/ Xbal and by ol:.gonucrleot:.de hybrldisatmn as B
"prevmusly described The purpose of tha.s steh. was Wofold
. Flrstly restmct;mn ana]ys:.s_ ns:..nq Asp?i& and Bamiﬂ‘fm:l

_conf;LLmed that the 328-bp :Eragment wa*s prESent :n.n tha c;Lone

selected amd that 5.t had been insertfad as a sing‘le copy Secbndly



olmgonucleota.d.e hybr;.da-sata.on sc:reena.ng served, to re-écﬁnfiﬁﬁ t.ha

| presence z}f the muta?;.:.on afnd *b)hat the fragment was J,nserted m |

the cc;,rrect an‘l:i clockwise c:z::.entata.on. Ont‘:e a clone waBr__?{'" .

_';

idanta.éled as pessesaz.ng thase ﬁeafr.ur%e.s, __the st—bp Asp‘?la

fragment ‘gwas sequencad ua:mg all thm:ee prmars a*s previously

: deacrn.bed sc: as to reconf:.m the presenc:e uf the corrac.t nmtata.on

m the r'lone. P

The mutagenmed axpressmn waa constructed by ln.gatmn af

the 2, 43--kb Banﬁleba:l(f R'I! codmg regu,cm from MlS—-RT“ to the w:.ld-

_ type 5. BQ»kb Ba.qﬁlfxbal frhgn\enﬁ of pGALKRTE to c::eate ‘the 8 25--.- |

kb pGALI{RTE exprt.s sion plasmid Restmf:tmn endonuclease d;.gest;’s
- of both MIB-R'I' and pGAI:KRE‘E us:mg BamHl and Xbal ware carm@d ﬂut
Cina fmal vcalume of 13 3 p,l ccms;st:l.ng of 10 nl cof DNA
containing solution, 10 units {1 [41,_,) of @otﬁ BamHl and. .xbal and
1 3 p.l and; 10 x restra.c:tJ.OH endonuclease huffer :M (as ;auppla.ed
by Boehrmger—ﬁarmheim) and :u.ncubated at 3?"8 foz: 1. hou:r:. '.Ehe
FR 43-kb f:r:agment of‘ ma—m“ and the 5.32 Im :Eragment of pG:mKRTE
_ «wm:e cbtan.ned by e] actroeluts.on fx,om /J 1% . agarose grea.s as
prsvimialy descrs.bed. Ln.gatmna ware pen ,med as descrihed n.n

1)

_ Aypendlx A. The completa ln.gata.on reactmn was then fuséd ﬁo

transfom chpeLent AR120 cells whlch a.lraady ccmtaz,ned the L

Plasma.d pDPTPR34 (ARl?D} pDPTPR04) undar chloramphenicnl selectnm - "

pressure to fom 'l:he complete expxresswn Vector for HIV-I R'I'

known as’ ARlZO /Pnpmyao4+pGALKR'.vﬂ“. ’I'ha mebhod for the preparatwn

73

&



;.used durmg‘ “the '-'“:.;xztizal gx:ow*t:h of c;the:" Cc:mpetent
_mlzofpnympao& Were traﬁsfdmd. to ampz.ci.llm resistame w:.th

_me:.KRTE“. ’ Th‘e praceas ef tranefomatmn waa @ as previ%usly
aescra.bed fo:c tﬁe MlSuR'I'“wii:h the follcaw:-.ng mudificata.ons. Afteib
hea.t—shocking af the cqmpatent c:ells in the presence cf the
1:.gation mxturas, __1 ml of LB was » addad to the cells and the
'=mixture :an:ubated aﬁ 37”6: fcm 1 h-:mr. Tha c:ells we:xe then plated
:-out in 400 ;.L;L a“nd 609 uﬂ. ahqnots cmta Imria Agar (LA) plates
(ﬁsee Appendix I‘ ; comga.:n.ning chloramphanicol and ampic;.llin at
Ifmal cnncentz:a;tmnﬁ‘ of 25 ug/ml and 50 ugfml z:eapectively [LA
Amp”/{:m“] EEhs.s is seléct:.ve d’far only thnse ARlZU/pDPTPRU4 cella
that h.ava begen transfarmed m‘th the pGALKRTE“ piasmid The

'Itransformarian pracedm:ea typ:.caily prod,uced between 1&0 and 300

L

=

-colon:.es formn.ng units (cfu)/ng of DNA u:aed,

ST e .-
% . . .

_ E’ollowing donstructa.on of thc-* ARlEO‘/ng?PR04+pGALKRTE‘“ R!I'
expression system, ./rgtccks wefe made c:cEE si:lz of the colungjes
(chosen at randam) and restrictmn ana:!_.ysls wé.s carmed cut 80
:.as to- confirm tzhe p:!:eséhde of ”56'&11 ;i}laqmdsv in tha ulonaa

':aelected._ One claneJ was then selec'ted for usa in subseqﬁxent

steps. o . “ o o L - ’ //



_ Pr:a.o:r: ta the la::ge-scale inducta.on o:E w;ld-—type and mutant:'-'
RT axpression and emzyme nu::ifiuatmn, a. smaller scala versa.an;;"_?_if.5_-"'-

'af the p:r:ocadux'a Was carrz.ed aut. This invc:lved J.ncculatlnb ‘the'.'_".._.: _': ‘

30 ml oof IB A:mp”“[C.m‘w WJ,t:h 300 ul of an &varnight culturs of .

_-ARlZO/pDPTPRO4+pGALKR‘I‘E“ followed. By J.ncuba‘rion at 37°¢ with".-i;
'-vigorous aerat:..on. T;ne grqwth of the cult,ure was mqnltoredf". ,
- _.spectxophatametmcally (usmg ES Ph:n.llips Pye Unicam WBBGO vavm'f.’*-." "

o spectraphatomete&}y periodmal},y measuring its abso&:bance at" AN

a wavelength of 650° ey (Am)._When the Am reached a va.lue af._.,_

_between 0.5 and 0 6 (mid-log) aliquots of l ml a,nd ';r ml Were- B

: fsz.multaneously removed. The 1 ml aﬁ.;q;uat was used to measura the

- Bgsg - prec:l.saly and the 7 m:L a.liquot waa centxifuged to racover the."- o

o uninduced Sampla, .En addi.tiOn tcs th:.s a fnrthar 1 5. ml c:f cells'f Ny

K

| we:re smultaneoualy ramoved for later use. fm: nim axtr&t:";ion and_':

_ conf;t.matz.on of the presence of the tvo plasmidﬁ in the uninduced_

sampla._malidi xic acn.d was then added tc: the rema:.m.ng 20 5 ml_'_"

toa fa.nal conceutration of 60 pg/ml and tha cells Were mcubated

et 37°c far a further 5~ 5 hours w:u.th vigmrous aeratmn. After- S

th:.s per:.od, the Sa.me three aliquots (1 i, '? :ml and 1.5 ml) were.r

. Am determinatmn, protein extractmn ancl DNA extractwng as forj
the uninduced samples. All stepa c:f thia _proc:edm:e were ca,rr:.ed__ o

. out with a parallel culture o:E m120/pnpmpﬁo4+pmmmm“

| '-_"74. B

L simultaneously Withdrawn £rom: the ';mduc:ed Cultlf:ce a:nd. used for -



. _,_ff: E_J;g"gmld/ DNA was :I.so aﬁed fs:am the two :L 5 ml samples (along

__:-ws.th thﬂ qerreayun@mg samp;l.es from tha ws,,:lld-type c:ul‘l:ure)

R

: }?.

_ accoraing to the pﬁeoédura Previoualy d a 3@ J.bed, for thg isdlatmn o

-Of Ml?’*RT RF*DﬂR Tfte presence c:f the two Qla%mlds in both tha o
’*nd“cea a“d “ﬂmd“c‘i‘d" Samples vfas confimed cby’ ?runm.ng 5 ul af'@

.-:-QECh DNA Sample Q“ a. 1% )13«91’5’1'059 GEI fcxr 1-2 hours alc-ngslda the-

_wild-t:ype plasmid DNA In addiﬁmn tc: t:h:r,s, 13 3 p.l af Bamﬁlffmall- -

_'dlgests Qf the plasmid ‘ ware 1’{,1111 D‘."l the a@e gel in arder ‘to DO

vevif.y th"‘_"‘_""'_.pre:sence bf the

__the induced and uninducred clella:. Tha ymeld of the plcj.s mid DNA'_:_ o

_ 3 4&3-kb :Ea:agment BamI—Il/Xbal ,m hoth"i. . :

: obta:.ned at th1§ atage was also aasessed as a means of C.’C-‘nflming'__

'that the mutats.cws had not" altexed the plasmd copy number in 'I:.he :

final cons truct s

a]"_

= -

oAy

In o::dexz: to make a prel:.mi.nary asse.-ssment of the lerw.al of

_. _RT a.ctiv:n.ty produt:ed by the mut:ant enzyme ;;-elatwe ta the %de__ o

_ type enzyme, smal l—scale RT assays we:;re c:armed out on. c:r.ucie : P

lYSﬂteS of th.e 7 le aamPles c:f :u.nduced and u.nmduced cells. RIS

All vqalumes descra.bed 3.11 the pmcadure a,re for '? ml of the

| induced ceJl aamplrea. anume.:l for th.e nrm.nd.uc:ecsl samples were

_,-adjusted pro%nrt;.onally accazdmg tc the :celatfve Aesa ?alues o f o

the z:espactz.ve cu.l.t;;res xec;:rded when the cells were removed ass

_previmusly descrlbed ‘l‘he purpase o:E th:r_s step wa.b tc correct for ‘o

"the(ﬁ.'r act‘l.v:.ty contr:.buted by E.aoli DNA polymerase I.

e _
e



After pel]_.etinq» of the 7 ml“of. calla ”in a: :%, 5ﬂimfmj,crofuge? —
| ._.tube, .theg qel"is we:ré réshspen&éd J.n @, “ml Jof ice-— P 01 d Buf fer A_.',_._.; .

'[50 “‘M TILS HCl (PH ‘B)r lD»% glycetol, 0. 1% Zwmarcaptoethanol]

| 'PI*ISF: 1eupeptm ancl pepstﬁtm wefe added to final concentratz.ons-.:".'.._.?-j'. ' -
__ of 0 18 mgfml, 1 p.gfm], aqd 1 }x,-gfml «&?eapér.t;.vaiy, 'J.‘h:.s was?,_';l{: o
._followe.d by 'l:.he addlt.s.on Qf EB'I‘A a.mi 1},3&3@5 t o ﬁ.nal
. 'ﬁmmmﬂtwﬂs of 5 ‘m’-"? "‘-d 0 3 mqr‘ml resgectivaiy. The- m:.ﬁe:ture

{

_ _was then iﬁcubated cm :.ce for ‘15 mnutes afte:c gentle mversion- o
. of tha tube. NaCL was a.ddé%:l tu a fmal concmntramo%oﬁ 0.2 M ﬁ_.
_-fo],lowed h’.’t’ ”the addition of 10@% 'I.'rittm X-lUG %jag fi_nﬁ_l'... SRE

Sl

-'concent:nation of 1%. {Ehe m:.xture was 1ncubated*im _me for a_,.x:-f__-'."-’

-fu::the?r 30 mnutes wi.th cccasmnal :.nvara:t:on ::f‘”*t:he tube to m:.:a:.

| '.{'he NﬁCl concantratz.on of the m:.xture waa fe;f:.sed to D 5 M and the

e

;contents of the ‘tube wefa Iﬁ:.xed well by J.nve:@s,fon. A ‘pclyathylena. :
_ _glyco'l. (PEG) preca,pitate Was then fome q by 'l.he acfdit;.on,"_'. .

dropwise,_ af 40 p.l p‘f Buffer B {50 mmr,'l‘ms HC.L (pI-IB), 10%’}'."'.'-.- 5

'__."glycerol 0.5 1 Hacl, 13% PEG 2000, 0.1% Z-mercapi;oethanal] ‘J!he:;__-;___ o

'.contents of the tube were mlxed Well by gent:.le :.nversa.on, and'-'

- were J.ncubated ot J.c:e :Eor 15 ntinutes with occas:.onél mix:.ng, *I'he_:-___' '

A

micmfuga tube was then cantra.ﬁuged for 3(1 mmutes and the__ i

SuPernatant obta:a.ned (PEG supernatﬁgt} Was removed ancl saved. R

This “PEG— suparnatant waa used as the c;g:-ude 11rsate :Eor small~scale

.RT activity a.ssa.ys._ o S o

PEG Supernatant d:.lutz.qns o,f. 10, 20 60 aﬂd 100 fold Were._ E o

'made us:_ng 0 5 X Rf.tt assay buffe;r: { see Aypenda.m B) R'I‘ activ;.ty.'z..- P

_aasays were ca.rr:,ed ou't: in a f:.nal voluma of 12 5 ul containing-

2, 5 p.l of the dilui:ad PEG supernatant, 67 mM 'I'r:.s Hcl (pH 7ff 9),1:. |

N



..g&¢!mm KClq:_7 mﬁ& ﬁquz 1
".-_.dpm{pmol)y eu;(é :L 3 gMMsnib

iy @[3'-cﬂ}, zd

_"'The reaat:.on mxtu,res-"'ware, incml‘.‘-ated_ At

'_m (pcrlycrm L

- A " nucleota.de rai:.m B

: ___.Ia?oc for 20 minutes ‘md'we::e qﬁenchad by' the add:,tie E’ka o;E 10 ul
: ._..of U 1 I-i ED% *Th@ f@acta.bm ra.té\:ma f@ﬁnd\ _g;o h@ 11_;1@ r undaa:' - ¢

. : ;.f;hese ,condit?mna Afi:er quenchmg, t.he aample‘i:e reactmn mlztture H
o _.was spotted ontg a, 2 5 em! nggl filter @@g (Wha 1, Ma:!.dawna,, |
_.:__U ) 'l‘he dx.saxr were allowed 1:»0 axr—dry and wa:ce washed vt;wme nin

L]

o w ﬂazHPOsa dpr 5 mrm_, . s':;_} follmwed bsr 55 minute jrash n 0. 3 1&

_'_:__-_-.ﬁ_amon:.um forma.té '-_{ "H_'J&)_;l'anpi r:.r;sg,ng n 100% ethanc:l and dmﬁhyl

:ethex 410 ml par' : 1 Ttex) Thes filtaz: dlECS wa:t*e an.rsudra,ed c:and

o were ccmntad faé.f‘. 1' mintTﬂ:e :m 20 ml Packard polyethylene
o -:-.scini:lllation vialﬁ' {(E‘a&ﬂ ard ftnatrummt c-:x. » Illinois‘“, “’QSA:) T

-]

“"':_':contalm.ng :m ml o:ﬁ<_,-"1=ax:k£rd Insta.a-ﬁel II sc:ﬁnm.llat;.en f‘!!.uidp
' ll:Lno;Ls, IJSA} & Beckman 8 soﬁoxc

. | :"(P&Gk&rq’ Instx‘m t: ._

N ___""scu.mfa.llaticm countgr was t,;ﬂed mr :quu:.d scintillaticn t:duayxz:u.?iit;;ﬂt£=
'The resul’t:s ob-&ain&cﬁ Terer analysed .m two Waya v Eirst.ly the

LR

- ..:_if:n.lte:: bound rat{m' : L;wia.ty obtamad .from th.e a.ssay usmg mduced

B _.'_\-.""_aell lysate was c:'r:ampau:a;L : tq that abta:.ned from ﬁhe uninduced cell ”

;_'lysata of th' _f._'same mutant, and %condly, -*the :E:.lter fwbund 4

radioactw:.ty obtavsmax:r _ﬂram ‘the iniuced and rm‘imduced cegllm- -

: typa ::%sults



| Tha» 2 avge scala ‘inducta.on af wal R'I.'““’B expressma J.I'l.
j' muzo/ [JP‘I.‘PROé*-pGALKRTE mvolqu ’Ithe maculatmn oﬁ 21 of LB
- ] i
. AR:LZG{p PT

w:.th 20 m1. of an. ovérnig‘nt curture of the mpprc:priatp

wli

4+pGALICRTE' clone {w;ld—type or mutant) as descr:.bed
o w
__' :_a‘la J.naucsticn v tha cella were incubatad at 37 "C

: fmc the;u sma.'?iﬁ
"with vj.g;o:r:nus ae 'atmff um:il the A;,so I:eaclw““" Ly »value between 0 5

-and 0 64. ‘J.‘he cells ware J:hen :.nduced 1::; axpress R'.E by addit:.on

.‘.‘. - :

._&of nélll.dl’XlG acid tn d, :E.Lna]i ccncantratlan of 6’0 ug/m], 'ﬂhe f'elxls S

_""were 1ncub£;ed :Eor a furuher 5-6 hou:r:s and collected :.n 250 ;nl
' N S o
'polyethylene *’céntmfuga _tubes (Du Pont Coa r W:leington, USA) by

P o

fg

| -centrifugaticn ata- - 5}&0‘6

) : (apprc:xmately 5 g)

ﬂ""‘c“

""centm_fuge uamg /Scmvall GS.& rcf:or. The pelleted nalls

i g far 10 mmutes J,n a So::valL RGSG__

ol =3 resuspend.ed :.n 20 ml nf Buff,araa (as

prev:.eusly describad} ‘. }m a.la.quat nf 1 5 ml af these cells was

--used t.o prepare thre 2 43-kb Banﬂlfxbal RT codz.ng £ ent which

-was recloned Jnto Mla-mpll to- recreate MlS—R’J:“ ;ﬁ% praw.ouslyr'_’_-: L

descr:.bed, Recombinant phaqes were sequencad throngh_ tha Asp‘? 18 '_ S

_“'fragment rega.on ln urdar ko reconf:,rm, t:he px:esencé of the._

. apprczpm.ate sequence J.I‘l, the z.nduc:ed calls tc: be used for enzyme L

=

"'z.n Buffer A and. Wera si:cred at -70“c untll requ:.:r:ed. s '

"pur:_fmaticm. Thﬁ remaa.ndar of the :.nduced 63115 ware resua?f‘-'nded o



Al.l stepa J.n tha enzyme_ pur:.fs.d‘atlon proééduxa were carried

out &t 4°c.. 'I'ha resus;pemiad fthalzls wax:a thawed a.nd the valuma_

 '51“°reased to. 93 ml by‘the addltlbn.of a further 54 5 ml\af Buffer”"”

A (as previously‘ dascr&b&ﬂ) M:'ter add:.tion c:E leupepta.n (1

gﬁml): Pepstatin (1 ugfmlap MSF (o 18 mgxmi), EDTA «{5 mM)‘and:fr

fz:eahly prepared 1ysozyme [D 3 mg/ml) the mixture was. st::.rred

) "slcwly fc:r 15 minutea in e g‘lass bea,ker Nacl was ‘added . to*'" TR

final concantratmn af 0 2 M followed by th‘é additmn of 106%--__'5_ -

i 'Triton x-loo tc a fm#,l concentratibn c:f 1% The mixture was-’."f L

: -';'stirred fcr a further 1 hcmr with occasmnal m:.xing ua:.fig a ca.aan

§ '_ qlass ,rod :Ln order to camplately da.ssolve the Tr:.‘f:on x—mo NaCl

“’\\ -

was added ta infs:rease the aalt ccncentrat:ion to 0 5 M fallowed-'

B (as prev:.ously descmbed) - The m:.xture was stirredil for af SR

_'_'further 15 minutﬁs before centr:.fugatmn for 25 minutea Lin 4 x

i

30 ml centrmfuge 'tuhea at 12000 X g in a JAZO rotcr at 4 C. The"':.'

a supernatant (+ 120 Iﬁl) wa.s decanted and the volume mada "up to 350:’" C

-u'-"{al with .2 volumes of Buffer A

©'2.2.6.2) Phosphocellulose P11 Columy Chromatography, -

Phosphocellulose Pll (Whatnran v, Ma:_dstone, _UK} ' an anz.onic LF_,

-' _-.exchange medi.um used for tha im.tial enzyme pua::.ficatmn, atep,__‘_' :

| . was’ prepared as fallaws | 25 volumea of ke 5 M NaeH was added to :




30 g af Solid phosy;hocellulosa Pll and 'I:.he mz_xture sta_rrsd far

) 1133-119 8 glaa@ ﬁ‘é 'I’he resﬁltimg Slurry was ailcmed t<o se‘t:tla for -

5 ninutes and d was filtered through 2 125 mn SeS- £iiter piigen T
_.._-(Whatman, ) Ma:.dstone, | UK] usﬁing a nBuchner funnel. ‘I'he ﬁasté.':":;
_ ained was washed th 13. of HZD a;nd' ref:.lte;;ed as bgfor e, Tﬁe -
'-":'IPH of the f:l.ltrate ycras then read us:.ng a pH ind:.camr statlp

B (Merck, Darmstadt, Germany) ThLB c:ycle was repeated untn.l the o

.....

ol of the f:t.ltrate fell bElUW 104 The Phosphocellulose Pll paBte'-:' e
---wa5 respspendea m 25 volumes of 0 5 M HCl and washed with Hzo as:‘.-__._-__

' _'_prev:mualy descra.bed unt:.l the pI-I cf the ;Eilt:cate was greater‘-' ) ":

_'than 3 ’I.‘he ir_:aste was reauspended in 1 1:.tzr:e cf 150 mM 'l'ris HC:L‘_."' C

(pH 8 and 2 M 'I’i'a.s base was addéd until the Q’& was approximatelyﬂ
8. The slurry was then refmlterad and the paste resuspended :Ln

| '--1 1 of Buffer A and allnwed “tﬁo\settle* The pH o:E the f:.lt(pata f
S

determined accurately using a. 'Beckman cr-ser:l.es pH meter.

"phosphaeéllulose Pll resuspended J,n 1.|. of fresh Buffer A Theil

slurry was .=£ll'l.Zl.ciw:r.c.*-.dé to settlg* a,nd any f:me partwles present in

the supernatant were removecl 'J:he egu:.ln_hrated phosp‘nocellulose

s

_'Pll was stored at 4° oo L ST o

.

hromatog::aphy columns of. phasphocallulose Pll fo: enzyme_fj..
: pur:.flr*atz_\)n were prepared by 1oad3.ng : iﬂﬁ'i' : oi ‘the 0
'f'phospocallulose Pll slurry J.ntos a 280 mm x 28 o glass“‘__:'-.--""
__-chromatography column (B:Lt:r-Raé R:e.chmond, Cal:.fornia, ﬁ*sA) an d.ﬁ _
_allagring the phosphocellulnse tc seb\fm overnight Thls gave r:.ae'

to a. f:.nal phosphocellulose column of apprcxlmately 50 ml 'I'he_-'_'-_'_. o

e

: excass flu:!.d Was removeci from the tcp of the column and the kR o

o SR :.-Z
=, _«,..d--lé R
- L . a.

pH was not 8, then the slurry was fs.lterad aga:.n and. t‘ﬁe' __

i L Con . B ) L T o e : . -

SR



mbi' TrJ.E:HCl (pH 8), 10% glchrol, 2% PEG 2000, _G 17 M, l\‘faCl and :
iy

_ 0 1% z-meroaptoothanol] 'I'ha.s was car:cied ou"- hy pass:.ng Buffer L

a

e through the column at a flow raﬁe of approxlmately 1 mlfmmzto. Ry

 The. 36!‘; ml o:E oe].lﬁ 1ysato wao loadecl onto the oolﬁ.mn at a flow"i_*‘_“-fs. o

'_ratee of 0. B-—l 5 ml/m.nute and. théioolmm washg& ﬁa.r.h a fua:the;:'-_'_._"-_-".-.-_._-.."5‘5
_-300 ml o:E Buffar C at a reduced flow :r:ato o:E g} 3 lﬁlfnd.nute,__-'-_'__-'.-'-""f."'
'- Fﬂllowmg waahmg. al linear Balt gradlent° of {J 17—0 '75 ' Na(’.‘.l'

(total vol'ame 160 ml) was, passed thxough the o"dlumn W:L#'I'r’“3 ml-_ “" e

-

' fracta.ons bogsng oo‘l ected J.n plast:.o tubes u’sing a Bio—ﬁ%ad Moddl_- e

@ F oo

e
'2110 fraot::l.on collootor On oompletn.on of - rfhe g::ad:c.er@h, 20 1.&5:

_._almquots of fractn.ons 20-39 wore mlysed by k‘r aota_v:LtY and
- faler*trophoresa_s on a 10% SDS polya,orylamide gel {SDSuI‘AGE) (see
_Appondix C) Tho'_ _.-peak, o&.aanest 1& fraotions for tho 66-}:11 and

W

51-—1:13 ‘RT, polypeptlrﬁ*s wez:e pooled and J.meda.ately placed :Ln a. G i

-"dla‘lyaia .'oag a:nd x:ln.alysed ovwns.ght aga:.‘glst 2 1 of E’xﬁ;mlt{ Tris HC’l Yo

_-(pH BL, 10% glycerol, 0. 0L M glaCl and D 1% Z-mercapt%ethaml The -
'__da.alys:l_s buffe:: was ohanged tho next morn:mg and the pooled_

.fraotn.ons d,:i,al‘ysed for A j:'urthcer 2 u.r:u/

]

| | | e _@.-_ B
Q Sepharose, éﬂfast flow am.oniofaiichanger, Was ob*l:az.ned'_”'-'
from S:Lgma (S;Lgmc‘;ﬁbt Louz.a, M:.ssour;l., USA) :.n, a’ pre-—swolﬁen fom::_- o
': for irmned:.ate use :.n oolumn chromatography ._A 1 -mL. Q—Sepharose .
___.oolunm was pourod :z.n 5a 200 mm 'x 8 mm glaos column (B:.ci-ggggg )
lRlc:hmond, eallfarm.a ‘ USA) an& % c!olumn equillbrated with 200_--"'7.__: -

S mlL bf_ " 5 n\M '.EIS.S HC]. (PH 8) , quce:col, N |

A



T T T g oy

memaptoetha:nol, -0 01M Na(:l whz.ch was passed. through the colu:m B

st a flaw rate pf bl ml/ mmﬁte._ -Th9 t 30 ml of phosphacallulns@ R

_p11 pooled frmtionﬁmam 1oaded onto ‘tHe column undaﬁ? at o flow
_'-rate of approxima’tel%r 1 ml/m:.nute.. h 1: near salt g]fadign-é of_'_l':;' ,
0. 01—-0 25 M‘. Nactl (16() ml) was appl:.ed tc tha column at a, flaw (.

rate - of approw::.mately 1 ml/mmute gand 3 ml fractions were

.c°lLECt9d as, f“” ‘the Ph°59h069llulose 911 column on cgmplet;on,“ ;ff

'of the grad:.ent, 20 ul alz.qunts of fractmns 9-2& were analzrsed-

_'for R'J:' act;w:.ty and by 10% SDS-PAGE, as for the phosphocellulbse i

¥

P11 fract:.cms, and the 10 cleanest fn:actians wea:a pooled. Befara__, '
storage of the QuSeplian:ose peclEd f:.actians at ~20°C, a 5.l

Ialiquot of the pool waa removed and concenﬁﬂated using two'_' L

.\\.

_' Mill:.pcvre Ult:r:a-vMC “ ﬁiltar - units ) (M:t.llipore, Badford;._._.m_.
Massachuaetts r USA) w:.th a molecnlgr wen.ght c:ut-»o:f:f of 30—1:1‘.1' |

' us:.ng a M.illn.pdre Parsona.l Centrifuge unt:.l tha *smlume of ‘!:he :

lal:Lquot 'tkad been red.uced to approx:.mataly 100 |.Ll- T

& .

2.2.6.4) Sephadex G-75 Column Chromatography.

_ The-a final sta.g\., -of(flhte enzyme pum.f:l.czat:.on procedu::a
"mvolved pass:mg the eoncantra.ted al:t.quot o‘r‘ the Q-»Sepharose poo.‘l
through a Sephadex G~?5 exclus:.on column. Sephadax G-?S was._'
tepared accard:..ng to the manufacturaa:s J.nstruct.mns A 20 ml |
: columﬂ Swas poured J.n a 300 mm x 5 mm colwnn (Bm-—Rad) and'_' )
'équilibratéd by passing 200 ml of 50 £ mzzstnc1 (gH 8).. 208

| glycerol 8. 1% ?—mernaptoethanol, 0 1 M Na(ll ‘chrough yl:ha c'olumn'-
at a flow :r:ate csf 0 3 ml/minute. AL excess flu:.d on top of the” |

colu:m was removed ;a.nd the 100 ul Q-—Sepharose poul concentrate :




N - e

_was 1oaded nnto tha column The column waa Elu‘%;’a.inwith” 50 mM |

' _--‘l‘rn.s HCJ. (pI-I 8); ,‘LO% gl@:erol r 0. l% 2—mereaptoethaﬁol and% l M
NaCl at a fla% rate of 0 “’h\ ml!m:.nute /xné 0 7 ml fraci;iona were

fcollected :r.n 1 5 ml micmfuge tabes 2 5 ;.11 al:.quota o:E fractions

5-15 were tested for RT ac:t:.v:.ty as previ@usly descrabad{i The

a f:.rst twcs fract:ions sl}owi.ng RT act:.vity wé:::a collacted 80 as to

m .

v
_a.vm.d tha inc:lusion o:E cqntam:.nating 5‘. col.z RNase I-II. ti_‘hese twu 2

__fracztions were poaled (1 4 ml) and. cgncentrated using Millipore

U.'Ltraf:ree MC filters as praviausly descr:.hed unt:l.l ’t:.he *.rolume was

b

u..

' _reduced. to approxima.tely 50 ;.!.l. Befora str.arage, an equal vclume o

_ _of RT Btorage buffe::: [50 :mM T:c:.s Hcl (pH 8}; 50% glycerol; 0 l%
‘“’riton x-:LOB ’ ;L mM EDTR, 5 mM D‘I‘T and 0 :L M NaCl] was added a.nd
" 1.he pur:.f:z.ad enzyme was stmred at -20°C

The H:Wn:l. R‘.t' anzyme reccwerad by th.Ls procedﬁre waa >95%

=

o ;:mre and wa;s free of contaminatmg E‘ <roli RNase I-I:l:.. :

o

woo®
i

2.2.7.1) 8 -t_heai’.'s.of the (+)-GAGHS 'ng_'.t_raﬁs_qr‘_,__ip-_u;._ .

L4

The - RNase H act.w:.ty of t‘ha enLymas Was a;ssayed by
denatu::ing gel elactrcphoretw a‘nalyais of the czlea.vage products

 of an RNE. DNA oligonucleotide hybra.d, ‘-I-)-G.&Ga‘s/RPl Unﬁ’amly

r‘:,\

e

B

" 1abe11ed (+) GAG’“‘ RNA was prepared by rnnwnff tramcr:u_ption

- using T7 RNA polymerase. Tha réaction Was carr:.ed out in a- volume

-~ of 40 ;11 con‘t:ain.mg 40 mM Tr:.s.HCl (pH 7. 5}, 12 mM Mgf.lz, 2 o

. spemidme, 10 mM DT‘I‘, :L um.t/}.tl Rﬂasm, 0 35 M ea,c'h of rM‘P,



TR, g e L

_._:&c'riv, g G‘I‘Pr 40 uM [a—“&?l,; rump (44 c:./molj, _ 0.3 ug/ul o;e
Hmdl:_l:il:-digeated pGEI-I—'&GAGQS ami 2 umt.s/pl of m:’ RNA PQlYmErasa. =
 the reaction mixture was ‘iﬁcubated at _39°C £or 2 hours and. the-?_’:
L reax:tz.on wa,s sto?ped by the adda.t:.on cﬁ 40 ;.11 of denad:uring gel.-
electrophoresis Sample load:a,ng buffar [auﬁi (v/v) de:.oniaed"_’_:‘_

__ ._..farmamde; 0. 1% bxomophenok b.’l.ue, 0 1% xy,lane cyanol i 39 mM ‘I'ra.s,,c

'_ 89 )l har:.c ac:id 2 mI{ ED'I'A] SR R

e e
B -

-cThe {+)—GAG“5 RNA gubstrata was pum.:E:.ecl :.n ﬁw-::- ateps..'-

:F:Lrstly, the cémplate r'eacztmn mixtua:e was loaded cmto a. 20 cm
x 30 cm x 8 mm 6% polyacrylamide gql containing 7. M urea in 1 x'--. -
‘E-'.'IJBE buffe:: (see Apppndm B) which was algctmphoresed ats’ 400 v o

fo:: 1 hour. The gel was placeci batween two Shaets Of ‘319&“»' “sed':-‘-""'

o lem and e:rpose.d tm x-r@.y film fc:;r 30 mmutes 'I‘he autoradmgraph’._

e o TS

was overla:.d on the gel and thva baQ&, cartéspcnding to- the full"
length, labelled (-&)-—-GE&«E-:»m RN& was excised usmg’ a clean sca:l.pel__
| '_hlade. The RNA vas extraatasl frem the pplyabrylamide gesl slice

by am.tata.csn in hJ.gh :Lqm.c strength elut:.on buffar [0 5 M

T

ammonium a'catate, 10 mIJI mgne‘éiu‘.’m acetater l £ EDTA: G 1 % %DS]---

'fﬁr 18 hcrurs a.t 3'?°C‘.~ '.'L'his elution method was used in, cfrder to -

=y

:'aVOld gﬁamn&t;on of th,e RNA. bY l:mea:: aa:l:.‘ylamida whmh is'_-_
assocn.atadmmth the cmsh aalut:.on methﬁ.dq 5-"-“""9 linaa.:r a.c::ylamide “ o

- -is an inhibitm: of the HIV—i RT enzyfile 'J’he purlfi\‘""e‘d (+) GA%M :

.-P.NA was prec:.p* tatecl from the alutwn buffe:r: I::y the addition o:E»

2.5 volumr-.s - of 100% - u.ce-cold ethancl ard colleated by__-"_

'Hcentrifugation in a Hagaa: mlcrofmge. ‘?he (+) -GAG’“ Rma pellet wasl -

B

L




IE .
'

. et Y

"'washed w:.th 70% ethanol“ dr:.ed and resuspended ipg 20 p.:l. af TE
.' _-'-j"buffer (pE” B] The c:cmcenrratnen o:r: t.he (+)-GAGN-" 'RNA msi-_';-? "

detarmined. by spotti.ng 1 le o.ﬁ thfa resuapended RNA, on a. DEBII '

':fil tex:, washmq the fn.llter as prev:.c)usly desvrihed and measurmg-'

the - x:admact:.v:.ty c:f t,he filter in a scintn.llat:.on cou%ter.

a\_'-

Tha substrata for RNaae H assays was made by hyb:::.c. sa-Lian

| of th Y f:n.formly laballad | (+)-—GAG5“5 RNA “to. the..- DNA

ligonucleotiﬁe pri;neac r RP:L. : ybn:.’%dg;sa,tmm mxig‘.ures (‘7 p,l)

| '"contain@,ng 40 ‘mM - TEis.HOL (’pH 7.9), & ﬁm v”“q‘/ \;ﬁwiﬁgca;z,
_.unifc:rmly 1ab%1;1.ad ) vGAG“s RNA (30 nl{pd zL

4 95" e N
© REl were pla%gd in a 500. ml water bath at 5':;9 Garf hyb‘f____ iEati 0 i

o Mgc..z, 5 mM D'I“I’, the 3zp~1abellac1 RNA nm hyhrn.d subatrate as-”-

: occur::a,ng over a p;efiod ?u\ff :h: 1 hour by‘ a.’l’.) v;w:.ng the wa‘t:er batb*ﬁ__":'; T

e

to. cc-ol to. raom tmnperature. 5'3 e L g T

o RNﬂBe_ H assays 0f the enzymea wexe r*am:ied out in a :Eihal
o -'_'%rﬂlume of 20 ul cons:.sting of B0 mM Et'ris HCZL (pﬂ R 9),' '? rnM

above and a:L‘thQ;r: HIV~1““"‘“ (i, 5 ma) ox'B.coli RN,,ase HI (0.4 nit)

: and incubated at 37°c Al:.quotal\(fl ul) of the reaction mixtuz:e'

'f"-"ware x;emoved @fte:x: 0, 5, 15 and 30 minutes and the reactwns

| stopped by vigoraus mi}ta.ng with an- equal volume of de_;laturirg gel |

“ 'aample loadn.ng buffer (as described prev:.ouslyL ‘I‘ha .aamplas (8 ’

| nl}. we:ce loaded directly onto a 20 cm x 40 c:m .2 0 4 mm 8% _

dena_tumng polyaGrYlamldQ« sequencmg gel and . electrophoresad :Eo:: - S

2 5 hou::s at 1500 ‘\T. Th.e gel was then c:ovex:ed with clx.ngwrap and'

s T 85 L N



. exposed to X-ray £ilm at!~70°C using ofie intensifier scresn. .

: The mathad. usad "'E"r the SteadY—state kmet.:.c atudies'_
: carried out on the Wlld*-type and mutant anymas was baﬂed on the.';.-'
standard DES:L filiaer assay fo:c RT activ:,ty asing & Poly f rA) 5—‘12,1; o
templata«pmmer as. desarn.bed :Ln section 2. 2 5. 2._ Raajt tom _  - ;'
“uxt“raa (50 “1) °°nta1nlng 67 mM.Trla nc1 (pH 7. 9), 59" mM xc1,r°:L'
2& mM Na(:l, 7 mM Hg(‘.'lz, 0.2 m:«i ED'I‘A, 50 ,m dqpr_pp, 49 Qe [SHj-TTp-'-"'
. (880-2540 Gpm/melE), 2-»200 nﬁM poly(r_-&} dle-m R‘I‘ Eﬂbst::’at,e and-%* . N
0. 5-—2 n.'M R'JE enzym‘b Were mnmiﬁ@ted at 3?0(:&1 Du:::mg incubat:.on 12
- _}tl almquots wexe removecl at (1, 20; 40, _G_.O 90, 120 a.nd :LBU"’
.seconds ami quenched mth 19 ul of 0 1 M. ED‘I‘PL. The quenched_

:reactlon m:.xtpxea were spotted ontc: DEBl ﬁﬁ,lters and ’rhe fitters

o _wa,shed; drieci and counted <-in --a- s-cintillation ccmnter as

' n;ceviously described 'I'he ’reSalta ob'l;a.:l.ned were :.nte::preted nsing_}._ _

Enz-ﬁli 't:er, a software program fo:r: the- interpreta‘?:ion of kinet:.c_"
data (ﬁnz-—ﬂi -t;er (versmn 1 03), ElSeVLer-Biosoft v Cambridgap '
"usmg a Ghos’éach 38681{—-200 IBM compatible computer)

-

£

2 _2 9 '.T.'hemal Inactivat;.on' ‘tud: es of the 94433 a.nd Wild-ty:ge

Thermal maat:.vﬁtmn stud:.es of the muta.nt and wild-type
._'enzymes we:.e mcdelled on: thoae described by Tisdale et al.

AR

'.(1991) Prior {:o the axam:.natz.on of: the thema.l stahility, the




_'_purﬂ—fmd enz’ymaa were dilutad so that the rate af maorporation

“of [*HI-TIP. wa.e.; 1i116ar over an assay geriod of 15 minutes as

measm—”ﬁd bY the standaml DEBl f:.lter assay far RT a:zta‘.v:.ty (s gae g L

- aem:ion 2 2 5 2) Tha a*tandard R'l‘ assay mixt.u:ce wa.s d:wided 1111:.::: N .

two separat@ solutmns Saluta.on 1 c:cnsmted cﬁ 97 8 mM Tr:.a.HCJ.". |
(PH 7.9),. 97“ 3 ™M KC.’L 11 7 mM MgClg and 6.8 mM nf.cm Solutian 2
_____cons:.sted of. 4 8 uM poly(m) dTJ.z«m and 149 uM [sﬂlqdwp ( 3250., .
.:.9750 C:pm/:mnol). sz G‘-Wh enzyma, dupllcate microfuge tubes
'.contm.nmg 1,5-3; Q . diluted enzyme and 51.1 ul of salutmn 1. o
_were p:neheated at 37°C :Emr 5 minutes. 'rhe tubes were place‘d in )
an Eppendarf themocyeler (Eppandbrf, U&A} set 't 45“0 and 9 8 .

'_'pl a.l,:.quots Wa:l'.‘e remuved after 0 5, 10, 20, 30 and 40 minutes.

The ala.quots were wW@dlﬁtEly placed in a mierofuge tube

\‘}

contaminq 2 7 ].I.l of solutmn 2 ani incubated a't: 37"(1. The '_

__._reac:tmn was quenched aftex: 15 ma_nut..es ’.by tha add:.tion 6£ 10 nl
| uof B L I-!. EDTA and “*;pe quanched mxture w&s placed on a DEBl
: filte:c d,::.sc The disc was then mshed, drz.ed and counted as
_ previnusly desaribed :.n sect’.ion 2 2?‘}5 2 and. the results expressed

as a fperczentage of the act;.vity abtamed at the 0 tme po:.nt.

s



'3.) RESULES.
3.1) Constinction of Mutants. = ° ?@ e ,

@ g

= 'I‘he scheme used .fa:c the construct;mn of the expression - '-
._'syatem for- t.he mui:ant en,zymes is sumamsed 1.11 F:Lg.ura 9 'I‘he'

_purpose of the various stepa :a.nvolved in the .panstructmn of tha"l.' o

mutants wa.s th:ceafold.

frd

1) 'rc: J.ntroduce site«-spac:.fia mutations w;n.th:.n th.e RNase H 3

-reg:.on c:E the RT gene which had been cloned J.nto Mlampll. L

2.) "i'o-e'n-sure"i:hét' ﬁhef-dcri'écﬁi mu‘t:ation’wﬁé“-'pi;es'ént’-in ‘the cl’dné-—-‘_;' -

.

_and that no undef:.ned / second—-sa.te mutau.ons had occ;urred dur:.-.ng _

the mutagenes:.s pracedure. R

3. ) To tvansfer the mutated R‘l‘ gene from M13 inta the expresswn -

'vector pGALKRTE so as to allow large scale preductmn of -Lhe'

-mutant enzyme

Figuras 3,0 tc 15 indicate, .1.n more d.eta:.l, the various_'f
.atages of this pruc'ess. E‘igures lOA ancl 103 shows the :cesults_.'__

- obtained a:Eter the ::.nitia.l scmenﬁig of 24 plaquea fs:om the D443A o

~ahd D443A/D498N muta:nts raspectively {I"igure LE step 1) ; directly*._._ -

fc:rllowing Ql:.gonucleotn.de-d:t.rected mutggenesis. Follawing
-screening, a pla.que shnwa.ng poait:.ve hybridisat:.on w:l.th the
appropra.ate mutagenw oligonucleotide was x::hasen in each casa,- | "



e Oﬁgonualeoﬂda—dlrected mutaganesis

B 1 u wmmg nf ms-m- dom e
2 | DNAsaquenc!ng nfposzwe clnnas
3 | Exdslnn Uf&?B—bp ASP'?'IB fragme m '
A e i, .
5 manlngofplaquasfgmﬂgmﬂm '_ '. i] ..
| ._ B " asmmor;analys!aformynum be,- 1
7 Reconﬂrmation ofsequemaby o a I

b ExclsiononAa-kaanﬂ-lHXbal mam
LT anddarﬁmaf&ragment lnto pGA

[e Transformatinn bfAH1201pDPTPH04 oo
10 B B Smal!-saale Induetion and R‘r acth sm'eanlng

LT * Bxclsion of 2434 Baml-lwa:aiﬁ'a menitoms -
. - paALKHTE oloningoffragmentlntc M'!Smpﬂ o .

| 1@ " ConﬂmaﬂonnfDNA sequenca inf‘nal lnducad mhstmcts

Largs-smie lnduetlm and purlﬂcatlon of RT enzyme e

wo® . . . T I
* = . B A

F:.mre 9' Sumnar - c-f the scheme usad for ‘the constructlcmf
: o:E the ARIZO/pDPTPROMp&ALKRTE RT expressmn system. A

@ .
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ﬁgp_:;é_&g_:_'oliédnudléotidé 'séréeni;ﬁgf'o'f éd_,’,éldne.sﬂ 'ob-gainad;_

- immediately after the mutagenesis procadure. 103 shows

auntoradiographs 6f the D443A mutant clones obtained after
-washing of the membrane at room temperature and at §4°C, 108,

- shows autoradiographs of the D443A/D49BN mutant clones

. obthined after washing of the membrane at room temperature.
_ang 48°c.. . . - A ? ature.

90 - . \\



o obtalned frﬁm theshe

fra.gment had been

R S

- confirmed by DNA sequencing (Figure,9, step 2 l v e T e

UL

| F.tgure 11 shows tha 32“8—-bp fragrﬁent obta:f.ned afte::

:'_.da.gestion by ﬁf@‘:\* restr:.at:.on andonuclease .Asp?lB of Rﬁ'ibm

NE
e

: agjues (Fa.gu.re ?, step 3) This fragment was
__..ligated to tha vecﬁox ms«-z}m‘ 50 as to reconstmct Mls-R'.t""

(Figwce 9, stEP 4) F iguras Iaz shows t‘ﬁe results ah‘EaJ.ned after

" a second muﬁd G:E Lolz_gonuc‘leot:.de acneening of 12 plaques

"obtaa.ned a:fter this
. B
(E’:.gure 9, stap 5).4' Posit;ve ?13.@;1138 indicated that': the 328—-bp

teP from the D443A and D44§ND49'&N mu‘c.ants

f fragment had been :.nferted into the I-I13~ART V’éctqr :.n the coi‘:rac.*t

- ntic}.oc]éﬁise o;i_" aﬁinn. : In arder tco tz:hec.'k that the 328—hp

TnSEr‘t;ed as a single copy a.s opposed to a,
-'-mu.]’.‘i::.:'ae):n:sr RF-‘DNA ffﬁ:m the selected pes:.t;we clones was da.gested
w:.th t’ne rest:cict:.o? endonuclgases Bazr:Hl and Xbal sc:u as to obtain

the. 2 43—kb RT fra snt The digest Was analysed on: a 1% agarose

J .' -
gel' ahd the ..sq_ze of Jthe fragment;s exam:r.nad :Eor J.nsertions (F.Lgure '_

"9 step 6 ) Figu 13 illuat:rataa a result obta:.ned fc:r the

D443A mutant af'Ler he rest::ictwn a.nalys:.sa of 4 plaques £or the

| 'presenca of a s:.m_:;le copy of the 328~bp ?fragment._ The plaque S

':-'.-rBPresented by :Lane 4 shows the presem.a of a largar Banﬂ-n/xbal :

fragment than that obtaa.ned f.or the standard used in lana 3. and

'suggested that two copies of the 328-—bp Asp'?lB fragment nad been - .

: la.gated to the M13 AR'I‘ Vector m th:.s case. 'I'he plaque "

: 'represented by the dxgast in- 1ane 7 whwh conta:.ned a BamHl/Xbal

fragment of the c:orrac:t size (2. 43~kb), was used for :Late:c steps o

".in the censtructian of the DMB& mutant enzme. __ Havn.ng _

. reconstrl‘lﬁtﬁ-d ,_the &1 3-RT“ vector and screened fox correc:t

s

.f‘l"
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o

_F;:gure 11- 2& 1% a.garosé gel shbw:u.ng the 328 bp obta:.ned
- after digestion of MI3-RT RF-DNA with Asp7l8 ( lanes 3-—-5)
Lane 1“:MW markar III, Leme 2= und.ngasted RF—DNA _
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'_.F_'-?-.Qll.li‘.e“_ig_ Autoxadiographs obta.:.ned after g&_i;gonucleotide

-screeni Bg of’ 12 plagques  from M13-RrTMWA (]
RP443A/D42

fragmant to the 1~I13 ART vectoz:.

eft) and M13-

@

1r Ty

i

¥

(right) ‘obtained after l:n.gaticm c:f t:he Asp’?la___'.-
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Figg;_e 13: A 1% agarose; gel of a BamHl/Xbal digestz,on of the .- -
RF-DNA obtained from the £bur positive clones of the D443a
; ~mutant {lanes 4-7) as illugtrated in Figure 12. Lane l= DNA

MW marker III, Lane 2= Undigested pGALI{RTE plasmid, La.ne 3-—'
Banﬁﬂfxbal dlgested «pGALKR‘l‘E plasm:u:l Ty '

o
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Figqure 14: 1% agarose gels of Bamfl/Xbal digested RF-DNA
obtained from the final ML3~RT clones, Figure L4A shows
‘digésted D443A RE-DNA {lanes 2- 8), DNA MW markexr III {lane

1) and undigested D443A RF-DNA. J.ane 2), Pigure 148 shoy
 BanHl/Xbal ~digested D443A/D498 RF-DNA (lanek 2-5
undigested D443A/D498N RF~DNA - (lane 1y, Ban¥l/Xbal digeated

PALKRTE plasmid (lane 7) and undigested DGALKRTE plasmid_f

(lane 8)

[ .
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DI

' _or:.entatmn and cc:py number, the presenaaﬁof the ct}:r:ﬁreat mu_tant“:-
'sequence was raconf;.mned by ﬁNA éequenc:a.ng of the Asp'?la raﬁz.ﬁi;f
| (mgtxre 9, s‘t:ep 7) 'rhe ove::all purpose of steps 3 to ER waer to"-j_-
c,bviata the need to sequence tha entire 2. 43-kb ‘R'I' ccd;-.ng
-fxagment to chec*k. for seccndwaite mutaticns that. ma.y "have

" occurred elaewhere in the RT cnd:.ng region during the mutaggnesis

_a proc:adure. A

i;\

. 'J.’he en’cire 2 43~]€b R'I' cod:l.ng region wa's "'then cloned :.nta k
'the RT exprebsmn ve.cto:: pGALKRTE (E‘igun:e 9, até:p 8). Eiguras 14A -
__ and 14B :.lluatratca the . rasults obtained after Banﬁl/Xbal :
) digestion Qf the RF-DHA obta:.nad :Erom the final m13~am"4‘3¢ am:f :
-MlB-eRT”“m”"""‘?‘ clonea prior to alactroelutimn of tha 2 43-kb RT -
fragments and ligatinn oa‘:‘ this frag-meni. tc pGALKRTE. \\ .. o

Fol low:.ng const:r:uctmn Qf 1he pGALKRTE“ éxpréséion plasma.d !
R and nransformation nf ARl“O/pDPTPROtL w::th this plasm:n.d ”sma.ll—« :
scale RE ac:t;wity acreening o:f the mutants wag perfomed (Figure
9, step 10) fﬁ?ahle 2 showa that no RT actiw.ty abova that of the
'hackgraunct aantr:.buted by E.coli DNA polymerase I ct::uld ‘be i;
detec-t.ed. in -'l_:he | crude  cell lysatee 'r:_if" iﬁduced
. Ar-u20fpnm:aoa,+pc;mmfm”“3m’“*’” In . addition to this, Latal
pla.smid DNA was :Lsolated :E::om tha induced cells used :.n this atep
| and digestad with Banﬂ-!i/Xbal so as to check :Eor ﬁhe preaenc:e gﬁ
: ._the 2. 43-—kb RT c:oda.ng fragment in tha f:.nal construct Figu:r:& 15~
:'shows the results obtained at th;s step for the wild-type, D443A
_and D44BA/D498N p&ALI{R'I.‘E plasmds. In the case of both the D443A

_ and 1}498N mui::ants, the ant:.::e 2, 43-kb R,']? fragment isolated. from

r:_
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_Flgu:r:e 15 ‘Iix ‘i% agamse gel of Banﬁilf.&bal Egeeﬁ:s bf pfasmid
"DNA obtained ‘from induced cells immediatelysprior to f*ell
lysis and enzymé pur:f fication. Lane 1= DNA MW marker 'VI,

D= IR X

lane . 2= Bamdl/Xbal ~digested. pGALKR‘I‘EW plasmid, - lane . aw."”'

‘digested WP induced plasmid DNA, lane 4= digested” D443A
inddced plasmid DNA, lane 5= digested DA43A/D49BN induced

plasm:.d DNA and lanes. 5-8= und:.gestad samp:l.es of lanes 3-5. 5

@
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"the :Lndu’c:ed ca

i_'_Asp‘?lS reqion (Fima 9, staﬁ 12). Figu:nas 16 A,B show ‘the
_ appropriate Dm squenceﬁ fqr tha D443A ‘ami'a JJ443A{9498N clonea
respects.vely a.s abtainé, \ht th:_s stage ;.rmnedi«ately pricr to large

. . ﬁ @
scale expreaainn a;yld purificaticm af tha enzymees‘ ’.L‘hsa DMSA

mutan‘b represem:ed bY Fa.gure 152& is indicated by the change mf o

' ther wild-type cadoilz \-G&T ( asga:r:tm acu,d ) to GC’.A (alanine) aﬁ

[.

nucleotn.des 1522 t
: 'rhe D4433‘-L/D498N mui:f nt represented by E‘:Lgure 153 is indicated by

" two mutata.m; :théi-l;.um mutati@n as Pre"*w“ﬁlY des“mmd and Lhe

) -D49 8K mutaatwn By Rt
‘codon GAC (asmztic 'e:id} ta MC {asparagina} at nualentidea 1687

'___to 1689 af the Baﬂfﬂ-; XXbal ﬁmgment“ |

'Q-Sephamsa column ahﬁ}amatogmphy; and mgfﬂh&deﬁ 9“7"‘ “-‘01“&?,.%_

_“' AU !I - o L I CoE , w0 _o e Lo
T S B ST Co T e f{{_ - .
; . : .- - Q.
4] 4

.-_y 1‘324 Oﬁ the BamHlebal RT coding fragment. o

1."11". mdwated by the change cf the wild-type _'.-: N

Fod
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Fiqure 15 gr-r'he DNA sequefnae at t.ha 443 and 498 pos:.tians of
the D443A°(16A) and D44 3a/DAY8BN, (1613) RT enzymes ag obtan.ned
fru?cu the final induced cells. o _ |
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chromatogmphymspmmmly -

._: .purificatmn praaaas is xllustrated s.n F:Lgu;r;e 17..

i Figuré | 1@\ “"éhdﬁ:ré

_the ::esu".[ts of the ﬁirst staqe o:E the':ﬁ : .
_._purif;aatlon af the D443A mutant ‘J:he photog:g:aph shows a 10% SDS"‘,'_._
PAGE ge:l. of 20 j.tl a.liqubts o:E fractions 20 39 which were obtainad'. _
__aftez: the. c:e;l :Lysate haui been pasﬂed ‘i:hrcugn a colu.mn Containz,ng_l_
?'_'phcssphacellulose Pll.g ‘_rhe ten mcsst pu:ca frautums (:Era.c:tibns 25 o
o 34) were colleﬂted, di.alysad and passed through a Q-—Seg.harosef ;'.

' -_"column

E‘igu::e 19 show a photoqraph Q,E a 10% SBS-—PAGE geL of 20';'

ul al: qucﬁ.s of fractmn 9;29 obtained after Q-Sepharose“ c:olumn' _
_‘"._ch:r:amatagraphy Gf _the' ':13443:& mntam: enayme The ten most pure_'--_' o

24) we.ra pacled ancl a 5 ml als.quat qf--

- fract:.ons (fractmns 15 _'
| pqol waa qonf:entrated and appl;.ed to the Sepha:dex G-75
'column The R‘I‘ assay mulm f:rom ._t __e__ analyaq.s of 2 5 ul ala.qﬁeta
. of the fa.:rs.;: 11 fract:.ans ctllected :Erom the Sephadex G~75 column:l_ n
_-:during tha_ pyr:.ficatwn o:ﬁ thas DMBA mutant anzyma are shown in
. Table 3. ‘I'he f:.rst tm fract:.ons shawmg aubatantial RtI' activgity, S
fract:l.ons 7 and 8, w*ere poolad v cencentratad and used for_..:__"_

'. ana«leis of the&ipropez.ta.es of \,he mutant enzyme..--

G o e d

o .
e

.FJ.gure 20 shows. a photogﬁaéh df the fraﬂta.bns collect‘ed' a
from the phosphczcellulosa Pll w;.umﬁ durix'mg the first: step cf f:hg“,,""_.”_
':.Purznfmation Of the D443MD498N mutant.. The result Lllustrated::-_g-_--"'"
that: no protaln cc::c:r:esponding to the 51 and GE—kD subunits of the
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' igure ;g A 10% SDS polyacxylamlda gel of 20u1 samples nf

fractions 20 fo 38 as obtained -after. phosphoce}1u1053 P11

"-column chromatography of the D443A cell lysate. Malecular
_we;ght markers are indicated (M) T e

'~vf 1Q3.\
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Flggre 19 A 1&% SDS polyaarylamlde gal of 20 ul samples of

fractions ~9-28 ~as obtained = after Q-Sepharose column
chrqmatographyﬂcf the - 4434 enzyme. A nwlecular waight
atandard lndlcated (M) S ' -

o,




'- tiie puz: {leation premdima.

BT enzyma waa present ".m the :Eracticma obta:.nad fram tha . -.

_-phosphocellulGSa Pll cclwnn. ‘rhe ltm expz:ession level y lack of
~ RT activ:_tg and apparent :mstahilxty of this enzyme preventad alb

. _-furthez: attempts to purif} th:.s paztﬂ:ulaz: mﬂtam;. . L

.}._... o

Flgure 21 '-:shows a 1"‘?%"593“93@3 gel of the final Pnaduet tﬁf R

atandaxd as indicated , lanes z and 3 a.:r:a the purifs.ed w:i :Ld-tmej}f_.'- :
-.:'.BMYM and th& Pum.fmd DMSA mi‘f;ant apz_yma respactiwly« '.Ehe,'.-
. result illustrates that hoth the w:.ld-type anﬁ DMBA enzym es

: __J.solat.ed as an eqmmola.r 966{951 polypegt:.da mixture ami that no'*f _

_L?ﬁ“ e

| 'distmctz.oﬂ could ha mada betwetan' '1: @

£

16502 -
145754 -
146207

=

_'-Tame 3 CRT. actwlty of 2 5. pl samplgsc ﬁf the fs.rst eleven
- fractions obtained . afte_:_::‘ ) Sephadex G-—?B _ c:olumn
chromatography. S _ L

_f-_\@‘"':"'

_twé enzymea a' '_-_th,is lmeL o

S

_Lane 1 is the molacuiar weight
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-Flgure 20~ A 108 DS’ % lamz,tde gel 20 i samples of
fractions 20 to 3§ as 610 “ned after phasphocellulos& Pl

column chrematography of the D44SA/D498N mutant enzyme A _ ‘

pur:.ﬁleéi ,;RT Qtae,da:rd is :.ndlcated (M} _ T e
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Figure 21: A 10% SDS pnlyaca:ylamn.de gel bf the fJ.na,l product
‘of the purification procedure, Lane 1= molecular welght’.
- staridard, lane 2= puxified mld-—type RT enzyme, lane 3-
: purn.f:,ed D443A R’? enzyme S .
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in’ "Haterials ancl H

Comparata.ve steady»stata kinetic anaaysis oﬂ the° RT acti,vity
qf tha D443A RT mutant ami the' wilﬂ-—type enxyme was carr:.ed out: -

using the homopolyma:?fﬂf substz:a poly(rA) dtcm_m as descmbed

“bds ., 3311 j.nitial rates measuxed. wera'

directly prdportional ﬁll_;othe acncentratmn of the R'.E enzyme over
| the ranga o:ﬁ substraté ccnc:entratians uéied (2- /,a nm) m: each*
substrata cmnc?ratmn ' p:mduct ctmcen-t t:.cms ere measured i’

dupl;.c'ate at oach time point (o, 20, ! 50, 90, 120, 180 J

sedonds) fmm which J.m_tial rates were Lo

" and B show a plot c—ﬁ 't:he substrate cancentration verans ::éactwn

V'alOCltY fc:r the w:.ldmtypes a.nd DMBA anzymea respect:. .ely. :Using

o the. \scftwa.ce program Enzﬁt{:ei:& the 1{,‘l and Km kinetic: garameters m
E were calculated from tha data :.lluatrated m F:Lgures ‘TZA and B.
The comparétive _' valuea obtamed for thase :aonstﬁ,ants are

sumnarised J.n Table 4.- ‘.Ehesa dai,a ind;z.catecl that tha % and Km., |
. values obtazned :Eor pelymerisaticn" by ﬂ"ie ‘D443A mutaﬁt enzyme :

using a homaiaolymer suhstrate wqme ncnt:. @ -gn:.ficantly riifferent '

L from that o:E the wiid—typa énzyme
Thermal c¥hactivation St "d‘-g.es of the D443 and Wild-

Iype RY Engwmes.

}m assessment csf the them&l s‘s.ab:gq..ty cf ﬁha%m*i:m mutant

enzyme rela.t:r.ve 'Ez‘b the wildm typa anz;fzme was mada by axposing the

enzymes to & aonstant tempenatu::a of 45"(3 :Eor 0-40 minut&a.

Gl

B
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| -E‘igure 22 Reactmon velacity Fergus substra,te cancantra.tion -
y For RNA~dependent ~ODONA polymerisation = using® a
' poly( rA). AT, ;s subistrate for t.he w:.ld-type (A) a’.nd the D443A
(B) HIV—:L R':D enzymes. : .
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' mable 4% I{:.neta.c: Uonstants obtamed for Rm-dapéndent nm
 polymerisation by the D443A and wild-type HIV-1 RT emymea -
| :_ua:.ng a paly(m) d’.r.'m_m homopolymer substrat - _ _

: % ;
o o

-Bupla.cate a.liquots we:re :cemo\?ed after 0, 5, 10, 20, _30 and 40_'

minutras and were aasayed for R'E{' activity. The activity at each_’ o

time. pa:ﬁnb was calcmlatad as a percentdge of tha initial RT:”.

_' actiw.ty ::acorded at tha U ti.me pc:.m;. *I'he resultﬂ ahtained ﬁor,-,;._-

~ the rates c;E hhemal inac:tivation c«f the w:r.ld type and D443A pr‘?"'_ :
'enzymes are shown J.n Figure 23 'l‘hesa rasults sugg 115 that. ‘tfha
D4433 mutation has no s:.gnifica.nt effect cm the@\\g:hermal stab:-,lity:

' of tha mutant enzyme ralativ‘g to tha’l: of the w:.ld-type with a 50%

-reducta.on in ac:tivity of both enzymes oacurrmg a:Eterﬁ._

aPProximately 35 mmutes at th:.s temperature

'I'ha ti.me coursas fo:c Rﬂasa e cleavage c:f the (*)—GAG“’/RPI

: RNA DNA hybr:.d catalysed by E. ca.I.:. Rﬂase I—II ¢ the wild-typa RT

enzyme and the D443A mutant R*r enzyme are illustrated in Figu::a' :
-.24 In the case o:ﬁ bcth E. r:olz. Rane HI and the wild-—typao Rr,e

.



- Acttvity %) R S e

Co s “Q @;s 20 .28 80 36 40 45 507
S Time (minutes) EAPTLTRRINIREE S -

A a~—-~t::44a;& . wnd "rvpa

ity versus
Figu 33 'z'he & antage dem:aase of R‘J.' activ
timereaf?t:ar expc:?su:z:.. of the D4&43A and the w:.ld-—type R'r

enzymes to a. temperature of &5"6. :



atidii | iéﬁ :1:1'15 ’ { +.)l

g:l

. /
of smallen??fragmants occwcs mthisn 30 minm‘:es. Tha dz.ffareacg m

-GAG{"‘S RNA to a var:.aty“ .

fragment dn.stributmn pzadﬂc:ed. by E. c.-oflz, Rﬂase HI (panel .&) agxd' .

@\me w.{.ldw-type R‘L‘ enzyma {panel B) Sug‘gestg ‘that the Wlld—type*'.?.--.“'-

enzyme is. free of E‘. c'ol.z. Rﬂase ﬁI cantama_natmn. .'J.'he 1ack of- any‘ -
detectable degracf'aticn seen .w.ﬂ tha aase Qf gm D 4 4BA mutant.' o
enzyme (panel C) ?fggests that@ tlu.s enzyme 1aqks an Rﬁage g



J.Qw_i,::e :zg Mase If media,tad cleava.ge of (-i-)-GAG"‘“ RNA by

E.coli RNase HI (panél AY, wild—typa R‘.l: (panel B) and D443A
RT- (panel C) . w

0113 . .. ‘

b



The :coles C’f t.he hl‘?hly ccmsarvec’a aspaxt:.c a.cid regldues |
ai'. poa:.tions 443 and 498 rasgaatwely* i.n the RNaSe 8 dmmaxn c:f .?z‘“

HIV"‘l RT were invesm.gatgd hy the deflned' suhstmtution of theae

resxdues tzs:mg site«*-d;rectad mutagenesa.s. 3 Twa m'
' nzymes were cz:aate?i ua:mg th::.s ‘I:echnique, a D4&.

and a D443A}’D498ﬂ double mutant. '.I.‘he substituti.en Bf. ;;39443 fgr._:"

alanine was speca.fwally selec:ted because tha mathyl group cf ‘the

'alanine residue, unl:a.ke_ ,‘a carbaxylate group of. aspartie: ac::.d,

is. un:,om.sable and isvnnable to metal ,wns withmw;he region o:E'.'_.*_ '
the RNase H acmve 55:.. u Henc:e,f,thef a.lan:.ne rea;.due J.s unable to.-.

'partakﬂ d:..ractly xn general aaidquse catﬁlys:.s, or :.ndmectly. |

o

in electmphz.lic catalyais bzy tﬁe péevitionmg of the divalant_'
metal, mn naar the phcﬁphcryl aentx:e. The, c:z:eation of the double" o

Q

muta.nt, D443A/D498H g cam:ied ouf‘i: :Ln o::der o axamins the

q

'poss:.hle structua:ai e.tmnsh:.p of the asp‘artic amid residues--
at thesa gms;n.tmm}q aé ;-ral,l as t;.o clarz.fy the—v fmdinga of Ma.zrahi_;{'_'_:' ‘
et al (19903 w:.th ragardm tb the;; st&bn.l.f,sing effect af the dis*tal - \
D4431\I mutation on. the 15498!1 substmtuticm a.s had been nﬁbserved :Ln”'- o

o H SR -

atudies oﬁ the 11443N/D498N mutant e . 5}

-_"’" 'I'he. t:c:r?strucmon-?‘anda purification of the DMBA andw
D443A/D4978N mutants :Ls descxibed 3.n the “Reaults" sect:.on. In tha
'c:asa cf Lha D443A mutant, tha f:.nal protein prcdwct cf thia
process W&’Q shown to be in‘ﬂiatmgus.shabla fxom T;he m.ld-type HIV

1 R'I' enzyme as show:n bY Preliminary RT actz.w:tY agﬁlfslﬁ and SDS"" '-

PAGE geJ electrophoresis (Figure 21) ‘I?h:.s f:.ndmg showed that

B .. é-,_,.. .

“




o
*

5"’”‘1“1’“”&1 J.ntegm.ty C’f "»T Sz.n 5 substituta.on of thi.s residue fov

the. a,lam.ne rasldueo ‘iid n°t- aPEQa:c to advexsely affeat the.-'_. 5

_ .expressx.on er the grcas $trﬂt:‘tura Of the enz In additign the_

. mute.;:ion would appear, to shaw that any interactmn that may occ:ur o

o Am, the w.uld«»typa Enzyme bEtW@@n the carboxylaﬁa-hearmg s:t.da

'_ chains af 1;39443 and Kapwa :Ls nc:t vital ‘t‘;p tha mamtenance of :

| the enzyme s structm:e._. tt'he xasult alsa showa t,,hat the 5443.%.""_
mutatwn had nc affect on cleavages by HIV-]. protqase at the:
} nearby Phe&d-ﬂ!'l'yr“l cleavage s:Lte whiah results in tha fomation

of the pS}. subun:.t of the pﬁﬁfpSl haterodmer._ Thls finding J.S“‘:..":.

_ gonsi:atent w:u.th tl'ta observatiun that. ’che 13443N muLant d:.d n m
3 -affect cleavage by H‘Iv-l protaase at the 991/91& bbundaa:y’
: (Mlzrah:. etf\al., 1990) e f_'_}f._- : :

&
27 B P R . . A

.'.r-‘:‘ :

| ’J‘.‘he n443A/mgan mu'l:ant e@zyme sl‘lowed no detec:t:able m y

TR

o 'acttw.ty .-_-md was mt:-t pux“j fiabla although restrict;i:on analys;:.s nf
the ‘£inal ARlZO/pDI’TPR04+pGALKRTr. ‘constwuct  showed that the
.' D44BA/D498N mutant ﬁas mdmtmguz.ahable from the wild-type and _
D443A mutant atﬁ the Dﬁa 3.eve1 (Figure 1&) . Th,a reason for the.f:__.
" lack of any. detectabla axpressmrr c:i ﬁhe D443ND498N mutant R'I‘lﬂ.
> enzyme is most. 1a.kely due ta the high stringency of’ the co_;_..-:.
axprassmn ’systein The. high 3»*"3‘?'91 of HW":L P’:‘:’tea‘se axp;ceasion-._
-'duxing i.nduct:.cm,v and the ;\:ela,tn.vely F.’r‘:":"-‘-5‘3‘1‘:’.':"13 natura of Hval' | L
: 'protease cleavag‘m results Pmo an mvlronmant '*that is ha ghly--.
- selective agains £ niproperiY faldbd proteins, a factor that ma‘kas: .
_. | th:,s exprass icm system partmulﬂly sensitwﬁa to structurali.-_ .

. f b
o abnc::.:mal:.tles b:r:ought about by tha substitu’{‘@ns made ‘rhe result o

S



la.ck af recoverahz_lity cn‘: athe ."e,nzm -_3‘3. :

consequence of the substi,tutwna made m thiaf pammu]_ar ﬂmutantfl. |
.and more spaé:ifwally lm;l:.tjul:@s that Asp498 playa an egsentia;_'..._...__ :
J:Ole in the f:ﬁmaticm of the ccr:cect terta,axy struct.ure :Eoz: tha'. o :
e.ntire HIV-:L RT pzzotein.____ In a.cida.tmn, this f:mding, when_""“f:
cons:.dered m xelation tr:: the abeerved atabillty of the
D443N/D4981\T R’.t‘ mutant of Mizr:ah;. ed; a,z,.__ (1990) -and the':“:-.
_inatabil:.ty of thls group s mgam mutant ;- implies that an

mteract;,on between _tha_ twca asgaragine residnes ’ pcss:.bly thrgughf-f_ R

'the famatmn*af twe 'Cﬁwﬂuﬂwﬁ‘*hydrogen bcmda,, :.s: resj.)xsa.ble for o " |
ght of the'_' e
_obse::veé:l stab:.lity o:ﬁ the DMBA mutant, :u.t would therefo;r:e apgear;'

_the stabil:l.sation of “l:.ha.s particular mutant.

o

_tha;. the residues Aapd-ilz and Aspll-% of the w;t.ld-type enzyme ara
'not rc-:quired to da.reatil.y ::.m:era.ct with one anot.hez: in order to

mainta:.n the structural stabihty of t.ha enzyme and that the e

stability of the D&é:%N/DéBBN mutant ,is not a tme reﬁlectmn of

a dixect structura.,relatmnshlp betwem Asp443 and Asp498 :LI'l the K

Wild-typa structq:.e ’ but .‘.LS rathar a fc:rt.u:.tous aurrogate

stabn.li.s:.ng :Lnterac:tion facilitated hy their spacml proxa.mity.

i

The "abil:.ty oE the D4432& enzyme to car::y out Rmﬂdependant L

_'DNA polymerz_sat:lon wa.s assessad i’x;'__' more datail .by the

determ:.nat;.on Gf tha Kﬁ and Km valuas :Eo:z: polymera.satmn usmg

a poly(rA) dTiz—lﬂ homopalymer substrate ‘I'he values ohta.ined fur

'these parameters showed that there WAS Nno- sn.gmfic:ant d:.:fferenc:e .

YR

; ,_aused by a. fplding_ |
defect which rende::‘a tha pclypagt;da unstabla unden: the m vivo o
CO"E"P“S“"“ E‘Ys“'ém*_ Thiﬁ fvlda-ng defect must be- a dizecs

R



'-:'bet:ween tha w:.ld-tyg—:e '_:m,-mgg R‘i"
the 334431& mutaticm wi.th_

__ fuz:ther conf:.med the f‘nm'tsa.ml iﬁdapendenee o ﬁ tha Polymeraaa -,

35 S ﬁﬁa‘s@ H reqiun'af«mvul RT had no
-mfluance m the pﬁlymémﬁ“?aﬁtiviﬁy E::E 'the' enzyme amd henﬁe': o

- and RNase H activa.tiea Gf HIV‘-’& m' '.‘Ehis ﬁbserva;lion a.grees with

- the observamana of' mudda.ng e’t a_z {1991) whc f outi d i:hat the"g .

-----

mutai:ions DMéN and IJHBHIMQS)H had. no affecf: arx thezse kinetic"j_'_- R

parametars of pcl}gmefukabmn when us;mgl the sama substra.ta._

- However, it Bhoulé ba mtad that: further: investigatmn o:E RHA—-‘ -

_d%pendeﬁt DNA polymemaa'&mn by these mutants xevealed that 'l:hera"

:were_ signifwazxt dn.ffe:cen;ms in polymemsation when ag_;i

- heteropc}lymer RNA‘ENA Erybrn.d was usedn as a aubstrate { Dudding and _'

'3___'Miz:¢:ah3., 1993) In thia ease,

"enzymes appgared ta sha&_;'g_._

-'polymerisation, the' pxeﬁuat distributmn o:E palymevisation was -

"z'lfoﬁnd to be sigm.f /éntly dﬂfﬁetrent when aamgared tn thau of the:"'-'_ '

',cmg’h /*/éle mutant &nd. w:.ld-tYPe

--"sama pauaa sitea dumng

__ 'wn.ld—type éh.z" e Further invastigatmn af the m—dépendent nm_'_

5 | .
- 'I'he a.nve n.gation of “E}{e the:;hnal stabi.l:.ty of the ﬂ%BA RT__- _

.- mutant reveala' that the mutatmn ﬂhr:tcl no sa.gnificant efféct on‘

: the mutantfs th_ ::mal gtabilj.‘ty when compa::ed to that c:af the wiall a-

 type enzyn‘le. '.I'hs.s flnd;mg can be expanded ta conclude that. t‘he'-

.aubsntutmn. Gﬁ a.‘;l.am-ne f 01:" agp&rtic acid at pcaa:.tmn 443 results_,,._

Tt



ina terta.ary RE% pmﬁein struatu:r:e that .:.s ae stable aa that af o

..-the wx.ld-type enzyme. ' Th@« D443A mutat;.nm therefore ’has nou o

apparent actverse affect Whatsc:ever cm the struc:tur:e of tha o

: enzyme,' unlz.]ce the D4432&/D€:§8N mutat:.on whmh diarupted the:-f" B

. tartlﬁry struct;ur@ ta Buch an extent tliat redovery ‘5 f th.ts mutant" T

- ﬁrom t.he co_.exprassian Syst:em wgm not pass:u.ble, ‘l‘he l stahu;.ty': R

_atud:.es carmed aut on t.‘rre mutant RT enzy:mes 1344311 and'_'..

_"'D443H/D43;éb¥ revealed that thesa enzymes wera a:.gnifmantly 1955

- stable than 't:ha wlld~typa anzyma, a remxlt th. at indic:atas a

B

'__'di.ﬁrupt:.ve mfluence bf tilese substl.tutwns oit thez structural :

: _'mtegrz.ty cf the RT enzyme { c Nkabinde and V M:.zrah:,.- unpuhl:.shed o

data).. Howsvez, the gmam‘" “f“"t“”al msmhllltr of the’ n4431~r1

and D443Nfﬁ4981»‘r mutanta, aa pbserved ::.n tms case, -was mt_':._' EOREE

; 5Uffiﬂient to preduce fald.mg defects that pravented Prota in‘? R

.':recwery and pu:t:il‘.wat:z.on as was found fo:: the D498N (M:Lza:ahi et: o

: al., 1990) and nM‘i;x/msem mui:antm ;_'__. o

B PO

Exammats.on o:E 'thn Rﬂase H activmty of the D443A mutant'

revealed that tha en’zyme lacked any datectable RNasa H activity, ST

K even when a. 10 :EoJf‘ higher concentration c:ﬁ the enzyme was used
REYS

. m the assay. 'I"hé résult ﬁs probably a: consaquence of ‘t:he:.:ﬂ_f_

inabil:,ty of’ the alanine resj.due :Ln the 94435 m“tant“ tQ bind a -
. dwalent metal ion a’t; tha 443 Pﬂﬁltionr A 1’019 a.pparentlg- K

; asaoc:.ated wa.th aapa:rt:.c acid in the wa.ld--typa Rmaae g1 enzyme'__” -

(Davz.es af: élﬁ ‘. 1991“} D:Lvalent metal ions have been shcawn to be .

'=.essen1:< al fur RNase H aﬁthltY fOYama Et a.l., 1989) Th& msultﬁ'

.' _conflms 1;119 finding that} Asp443 is vital to RNasa " actiw ty and"
E it is suggested tha.t :.1:5 ::ole in this \acta.xri.ty 1.5 to pos:.ta.on the__ _

.' o 1118




o i fmutant enzyme.

RNase H S BT
aativity. o

: ammvity Do

_Dadsi -
_ D443A
pa43Et
-'-_.--'_D493N*
-1:14983"""
D443N/ﬂ498ﬂ’
‘D443A/DE98N b
b4433/n49aﬂ‘= >

1
) % -

o able § The mutatians: of Asp&% and Asp498 of I-IIV-—l "RT
‘carried out to date and. éhe affects of these: mutations ‘on
. the polymerase. and ‘Riase M activities of the, mutant RT
enzymes, (&) Migzahl “et als; 1990,:, {b) (:Nk&binde and

L V'Mizrahl, unpubl;shéﬁ data~g;wg;__

"':[I £ '. llg _ _ . ) ) )

R



thlﬂ with fagard Lﬁ the méqhanlaﬁ'of'dleavage of” the,RNA.mmie'Lffﬁé
of an A DNA.hyb&id,K% ﬁiv»i BT is discassed at“the end of th§s =

se°t19ﬂ~ o f3,1*..}:;{*a\

2

. H.[V-l RT z:equn.re a more dataz.led. exqgnma'i.mn of the mutagenic

(1991)

Tha £3.gura shmws that

(:r'

- N %
' G:Lu478. It slmuld also ngw"n:_h_ _

K

Ea .' 1. .

A sumar} oﬂ the r.iata. m mabﬁg 5' alxo_wa threa hasz.q ;tﬂ 3]
re R R SR T — R ﬁ PR o u ,‘:. R

¢

+
.f
i

1) ‘l’hat the Substl@.utxon of, Aap443 foit: a raa:.due ﬁh;

| isosteric gas in the ‘case of aeparaga.ne] or S‘C%rlﬂﬂily 51!{?33:193-
" (as m the gase Qf alanme) resul’és :x.n eomplete ldss of the,lmase

B H actz.v:.ty, although palymerase ac:ti's?:t,ty :Ls unimpaa.;ced *::' | |
k hcmcpalymer template ana a—he x:esultant protsain is purifiab e

Cm
"[!

: 2) : hThat tﬁb sl%bstit‘tztz.on ;:ff 33443‘ :Eor a r@s:.due thc

ater:ically 1angar but péssesses a carbé‘xylate grgpp (aa in

Tk Lo _
. E ’} B . . et
g Qﬁ?& Do e h
] b ’ 7 . o ’
A i A . .

W s T
VLA




Wy

"F:Lgure 253 The: Mgz* h:.ndin%;} sa_t.e o,f the*: RNqse E doffiain of
HIV~1 RT.  The posimons of the catalytically’ important
acidic residues  Asp4d3d; &lud78, - Asp498 and 559549 are
-indicated as well as thoae of the two bound Mg? ions. The
dotted. line represean the loop region canta:ming His438
that was disordered in the crystal strucigure raported.
- (Adapted f:r:om Davies et al., 1991 } R :

oy



that s iinr}ﬁr’iﬁiéb_ie;;;_ RO

3)_ - That arxy subamtutian Qf Asp498 results in an enzyme that-__-_-__

.

: ;,s unstable anﬁ hance uﬁpﬂxifiablé exnept in the casa ag the-"-
_.34431\:/134981@ douhle mu:tant. This,n as discussed prev:.ously, may be

_.__the reaul& cf tlua ata.hilim.ng influenca, through hi(dragan._

] bondmg, af the distal Asn443 msidua cm the otherwisa unstable

:-.hsn498 atructum‘ Sl :

e

The ﬁubsmtutitms m&de at the AapMa pbaition L“E‘Veal that%

-_;.h.e Qross 4 structﬂra around thia rasa.due is flex:.ble enough ta""' '

- allow Lhe inaartwn pf a:l:,her mlatwaly amall s:.da ahams at th:ua:f

Posl‘biﬂn witliout anjr é‘reat disfliptxbn of st:abn.lity ; a feature_‘ o
'that may be due te tha flexibz.l.a:ty of tha J’i«sheat in wh:.c.h the

443 pos.xt.:z.on i aituated. Hrcwever spac:ial cozfstra:.nts a’t , this o

: "location a:ce suﬁfi.ca:ent 1:0 bring about d:.aruptmn when a 1a:r:g$r:

:'_sa.de chan.n ' as :m the czase af qlutamie acid y iﬁ :.naeri.ed q:h:.s- .

_is pi.obably due to a staria clash ‘with’ the s:.cie chain: of tha

35'9549 rés:_due, :Lts narm&l pa::'l:ner :I.n Mgz" bind::.ng._ In addition o

.the :.esults ebtﬁined ﬁor 't;he t.hermal stabil:.tfé.as o:E tha 34433 and_.____l-

D443N mutant:s would anpga:c to mdmate that tha small ala.m.ne- _

"'residue is easily acccmodata& at th:n.s Pc’ﬂlti‘m and has a .

negfhgibla effect on atab:.l:.ty, whereas ‘the 1argar aap«"ara.g:z.ne o

'resa.due has some déstab:.ln.aing affect, possibly by causmg an__--..

; a" terati_cn ;:,n the 1ocal el%atmstatm netw:ark of the prc:te:.n. :L‘he_

A,

| loss cf RNaae 3 acrt.:_vit,y seen in these Aap443 mutant:s .1.5 pmbably_._.' '

due ta the 1055 rJ:E tha d:walent metal n.on bindinq “apab‘kuty at_"



- th!' 5 pasit:t.on "

In the Caﬁé Of MMB&"_:_“thJ.s'ras:.due Lmuld seem 1:0 Plalr; A
| q@::y J.mportant mla :m; mamtaimnq the strncture of. the R'.E enzymE”"

_al,though .‘L‘I‘.. may also ha z.nvolved :.n eata].ysia Any substitutmn

of this ree;idue c:arra.ed Qut; 111 t:ha 0°~exp:esamn syst Qﬁ ;r:eaults ._ S

"

exact natnre of th:.s phmame:non is xemaiﬁs un¢1gaxr howaxre - two".'-- _

features af the 498 pc:ax.tian, cr:c & chbi,natiun thereaf r may be" '

of miluence J.n th:.a aase. F&rstly 'l:ha Asp498 :gssidue j_s 1oc:ated.'.
| 'withm a. relat;;wely :r:igm a—hehx motmf, a strubtua:e that impcmes_i_:"-..'_"f”j'
'_moree savara spacial cgmstfaimts upo;; the ras:r.due found at t'.he 499
- -.posa.tz.on. Second1y, J..'t .'L‘S possible.r tha.t the s;aco"x& metai :.on that : _'

_ _appeara to be com:dixxa.ted by Mp&QS a.nd, Gludc?ﬁ is important to

ina Pmte‘in thet a ‘mﬁﬁﬁbl& under the inductian’ conditions: The

the structure of tme pratein an& :l:-oss c:f. the metal j,tm ba.ndmg e

capac:a.ty of the rea:.duea at posia:mn @98 may :rasult :.n a

| _dEStab:.llsation o‘f tha enzyme. TThe p@asible :,;ole of the Asptl«se--"f

' :ces:.due :Ln catalyais i‘ia st:.ca.l not knawn sa.nce nqﬁsmgle mgfatick

at. this pqsitg,on has réaulted int-_ puriflabla enzyme and the

“.944»31?/0498& mutant was not :.nt'o::mative :n.n th:.s respect béaause |

“of tha backg xound Rﬂase }g phencntype uf t.he D443N muta.tian.

'Phosphodmster bond of RNA by retxomral RNase H ::esult-s An i:he _
:Praductn.on of oligombonualeotides beara.ng 37 *-OH aﬂ¢ 5 ! -PhGBPhata ;
tgrm;_nj_ This ;E:Lnding} g,{lgqeata ua c&t&lﬁic n;gchanism that is

. ' 3123 '

A

i

a4,

d;séussed | sec‘t;.ion 1 4 2, hydr@lysa.s c:f the |

s
T



'mecha a.sm tc: {:ha.‘l: of the E aali RNasa HI act:w:.ty, as wouid be : ‘
_expected gs.ven the stxmm;-ural Slmllarity of thega twa proteinsb |
However, Katayanagi fet al. (1990 1992) ar,,d’ Bavies Jet a .Z. (199“
presented conflwting data with :ragax:d to the nn.mher s:f divalent o
'metal ions baund a’i: tlsm Rl\raaéf H act,we su;e. ag dlscuSSed. -

S

prev:.ously, Katayanag:. et‘: al.. ‘(1999 1992) showed tl;étt only cmaa_._'_'---ﬁ

__metal J.on wa.s co-—mrdmaﬂ:edr at 'thz.s pusitian :m .E'. col.z RNase HI,
whereaa the data on’:‘ Daviea et a.l (1991) suggeated that two mt-:-‘t‘.al_
mns weﬁ:e ﬁo—ord:.natead a;t t:;ne H&V‘—l RNaae H act.we si,te.- Bath*

e

_grqupa have cffe:r:ad e;@lanatidng fm: thz.s d:.s & repancy, howave:;'_'_;"”'_"_;f”
_.the probie.mlhasﬁll not been ﬂ:f:qszsw::lv'ach{ =y

L

i

B'J.gura 26 shows a achemaﬁj-c d,iagram Of '3 prcpased mechanlsm-" L
.fcr the am.n.on of the HIV-I. R'.T.' RNaSe Hr ss.milar to that proposed':;__'j
by uakamu::a st al (1992) fnr B, c:al:. RNase BI, that requlres Only..-".:-”--_.-”
M s:.ngle 1‘}92* mn ta be co-ordina’ﬁési bY the 35?443 resfidﬁe.- The

_dl&gram shows three ac:.d:Lc residues Aspédp?:» Asp498 and Glu478

e

surroundmg the phosphod;.eater bend of the RNA backbone« c,;Leavage .

.' of the B«-cr-,3“ “bond is braught ahout by nuf::leophillt‘: attack :by a _' )
hydroxyl gxoup afte:: e:.the:: 1159498 or Glu&?ﬂ nas acted as. d.3
proton - accepto:r ;E:rt:m a wa.te;r nplecule (residue B) Wz.th the ;";_;,_
.presant body of knowledge, ‘this . role canngt he specz.fa.cally |
__'attmbuted tt’.‘r e:msher cne af thesa réé:.dues. *l‘he f;ucleophs.lic
:attack on the Pao-B - bond :i.s aided hy the electropha,lm nature

Tar

_Qf the Mgz# ion' Wh.‘,l.ﬁh is ggordinated by .?A.Sp443 and the rémaining
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E‘J‘L‘—TE_Z,E__ Sc:hemata,c d:.agram fox' the proposed meghanis:m Qf
.. the . HIV-RT assocs:.ated RNase; H ‘activity., Sea tiext for
details. AP | ST oL
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If 't:he fmdings of Davies et ali (1991) a:z:a corrgct, then

'-_'_a meehaniam o:E cleavage "by HLvul ;RNase ﬂ that invc:lves m-ro_' o o

divu,lent metal ;Lcns must be ccznmderea. The coﬂoi:dlné?ta.on cf the N

a =

e

_,-._—satond metal J.c:n by Bsp-&% and Gluwa wmuld meafx tha;t th.a o
' carbOxYlagte groups cf these rasldues wcmld nat he able ta )

. 'Partwipﬁﬁe in Rl‘m cleavage in th,e same ‘mannar as thqt pro;:osed _

:ﬁor the single meta.l :mn. mérha.niam Catalytic mechaniams R

_ /af thz_s macham.sm ta tha,t of HIV-:J. RNa.se Ii may :.mply that the 1;;
| metal :.ons that may be co-—ordma.ted by Asp443 Glu478 AsP498

£y

relevame is. the mechanism of phosphoxyltransfer cai:alysed by the”

S

b

- '?f.acula.ta.tes the fcmatian o:E tha attaﬂck:.zig’ nucleoph;.lic hydrbz*ida .. ._
;__._'f_“_:.cm, and, the aecond metal ion serves to faca_la.tate ‘the leav;.ng;_'
af___f:.he 3'-4)}1 grOup as well as stabllising the arrangement p:E the -
p Ispﬁate gx:oup to allow attack by the hydroxyl .’LGII Applz.cat

WO

Asp549 are act:mg ina s:.m:.lar ritannez:.

& - . ) coe . - . . . M v
. N v . . '. -
=

: ‘3*-—5' exonuc:lease ac&.ivxty af E. ao.li DNA pqlvmerasé I as propcsed

by Beeae “smd se e:.ti} (1991) They propr.aaed th,at the one metal lcm"i'

- irwol'tring two d::.va lent metal ions have been B Opbsed for a nu.mber

: _'of enzymeﬁ ﬁ.ncludlng ‘f_:he z:a.n.c métall@enzymés O;E part:.cula.r o

AR

R

Further :an@sta.gation of AS]_3443 an(l Aspd:SB is stﬂ,;,a '

requi.red, espec:.a.lly with a:‘espect to the clar:.ficai.ion of the __ o

apparent structu.ral and pasalblei «.at:aly-tic roles of the Mp&gaf'_ o

-0

residue. Sﬁb Ehia %nd, a number of suhstitutions of tha &98_'

position are cur:r:ently be:.ng :.nvastxgated wz.th the hope that a L



;y B e
th.us wllL provi s:ie snme

oA
= N

B activiﬁy]”f'q;v.l Rm,;_;;°‘




.‘..:..“

'-s d ]',.Ll alectrcaluted 348—-]09 Asp’?lB fz:agmeﬁt or electraaluted RX
Banmfx.bal :Eragment. N S u B e

gy ﬂc‘F .o .

. . al . e D
“,~1 07#1 10 x ligat10$ bufjfr (aa suppllad hy manufaeﬁurer{f e

_-'_1 0 n"_. 10 mM A‘I‘P (pI-I 7.“

 7551 ﬂ P“ T4 DHA.l*qase (E'uﬁlt as.defzﬁéa bY manuﬁacturer)

o -_'_.“_reac:t*:.on mixtuxe wa.é nhen Uﬁe‘ﬁ t" %Ransef"m ‘mmi‘,..;"_::aﬂ-




8 g ’I‘ryptaﬁe g
5 g ‘g‘ea.st axbazaat
5 g Nac:L

Make up ‘l'it) ane iit,:c:e with (@120 and autoclave"’:"._.:"'-*" e

Toﬂ i’*nake Lu::ia aqar {IA) ac

f_"--
e

20 X SSC  uffer : :  ff fffFf(?fﬂflfo >$7

1':539;31&::1 S
8. az § Sodium citra‘t:é. R
Add 80 ml of gzo and da.éﬁsolve. B

Acljust pH ‘tQ '7 with 10 l\i NaOH and makag\up volume to 100 ml. -

Autocla,ve to sterilise .

l ig‘ F:.Lc.'o.fl BN !

__."'f“'g PolyvlnYlPYrola.dine S
1 g bov::.ne sez:ﬁm album.n
”Mske up to 100 ml w.:,t.h Hgﬂ
i} 714 p.l 1 M '.I'ris H(’il (pH ’? 9)
714 p.l 1 b KCl
{ss ? i 1M Mgclz
486. 3 |-tl HzO

._D.-.




54 g '.I?ra.s _
'2? 5. g hax:ic:_._ a,c:i.d' '
. “20 ml a 5 ¥ ED'I‘A (pH a t&)

'130::._'?"';“_ o



: '_,._s_ﬂ_:g.r_k_.domtm L
29 2 g\ﬁc:ylamlde '

=

'2\

:,0 8 g éldu@crylamide &
ffHﬁG added to flnal volume cf 1GD ml -

10 x Reservolr;Buffer 5 ﬂck L

30 3 g Tris o
;]_44 0 g glyc:.ne T
10 0 d SDS

_%5;-;;'_:

fﬁ”,_'u.'"' R R T S

A BlG"Rad BRL vert;aaL V15‘2 EleCtrﬂPhDreﬁlﬂ dpﬂaratus.;f {7

(B.Lo~Raq,, mchm.ond, Cél:.forﬁia USA) mth[ieo x 30 cm glass glataa

and 0 8 ¢m spacers was uﬁed for ail SDS—PAGE gels-;;ﬂ: fgf' =
S . ] .



Z?ml IrI2

{;} ml 30% acrylamide stock R . .
2 25 ml 8&% resolvmg gel buffar e .

.

e 18 W 19 % sns 5gz;f_,nl;- ?;;5 S e

0.9l erSh 1% anmonium persulphate -~ . e

......

anlmn _ﬁmfff ﬁ .ﬂfﬂ¥  }iﬁ¥  ﬁ  w“ 

10 ul TEMEﬁ L

ne_ L3

[

'."it.:'.

.Lha m:.xture vas mxad Wel __ and :Lmeda.ately poured between glass_

O X _J_’?"" .

plates unt:al z.t remhed ﬂr. 2 cm bea;\ow the ti:?p of t.ha sma;Lllerz'_. o

plate Wat:er wa.s gently 1ayered mrar the top o:ﬁ the mixtura and
the; gel allowed to polymaj ise fm: approx:.matg].y 15 mnutes, 'l’ha:_“'_; .

wé‘ter was then remmred and the .-apac;@ between the pla.tes ciriedc\ .

G ‘?5 ml 36%0 aarylam;.de stdck

" 1 25 ml 4 % ata.ck:.ng gel buffer ; R

10305 mi 108 08 wjf_.f;;*alA-,L'L?if;ff';gl”$;  S

ot

0 25 ;111 1% a.mmon:l.um parsulphate DR -' N N ': 3y b

o '_j.‘ﬂf_

10 ul TEMED Qf°77ffii-f' ” T7f?5f?f~ .f.ff!';;;;.a-ff;; ﬁ'

: mha m.xture was mixed well and amed:.ately p&ﬁred on top of tha
polyme:::.sed resalv'z.ng gel to the top Qf the glass ylate. A sample
spacer comb Was :.mmedz.ately insertad betwsen the platea a:nd the
gel alqued to polyaner:ﬁe. - ‘l‘he comb was then remowi*‘f and the

gla,as platgzs cantaihing the gel was' at_tached the

electrephoresm apparatus and 1 X :r:aservo:.:c Iﬂw t.er W‘as poured :Ln ':__; 3

ey
. G



o -I.gel ‘was. destai’

T LTI A

t the gel surfdce . ,

p :.__f;,. ..
bt e

Y :fs ml 0. 51& T:;’.‘J.S *ﬂc:t. '( R R D e

o6 g sns

1. ml z-mcaptoethanol .

R 3 fi ml glycerol»
_ 0 24 cnﬂ. 0' 25% brgmophen e 5
_1 5 ml Hzo

;___'_..pratem samplas, and the samples heated at 95"(.‘. icm 3 minutes ‘to

- s Y I q R
'-dénatura ‘p:cotein Thé S{m__ gs 'ware then 1oaded on to the gel amd

F Fi S
A A come s T

initn.ally electmphnresed g}j 90 v “for SD minutes f;pllowed ﬂ?y mn

‘?f until completion or ovérnight a,t 50 v. . e - °

W

Follom.ng electruphoresa.s the gel was reanoved f:r:om .betwefgn
" ___:the o glass pla:tes and sta;.ned at rcom temperature ::oz.; 30
' mlnuteg uainq a soluticm of 0. 5% Ccacamasse B:‘illiant Blue, 41 6%

. (V/V) methanol, ando 16" 7% (ij glacra.al aaetm ac:. q. m H;O ‘I‘he
w:.th 30% (v/v) methanol and 10% (v/v) gla.c:ial '

aceu.c acid an ';B_ored in 5% glycez:ol. R e 3 -'
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