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ABSTRACT

A study of the {nhibiltory action of ATA on two different
(
steps of proteln synthesls-~the mRNA binding reaction and the phenyl-

alanyl-tRNA psynlhetasa reactlon--was undertaken,

Studten of ATA actlon on the mRNA binding reactlon revealed

ks
that ATA does not dissoclate a preformed wmRNA:ribosome complex. However,
77

whan added priox to the complaen iormnllun, Al'A 1nhlh1t$ mRNA binding
to 907 at A concentratdion of 20 M. It was also m)nl'lrmea:‘vvthut ATA
Inlidbtiidon In due (o dte binding Lo vibosowens, Howevar, L1 was nol
paasible (o daduwcs the exnact site and nature of ATA biinding duwe to Che
complanity of rvibosomal structure and.due Lo Lhe prasepce of proteln

e
Fackurs closoly aspociated with Che ribosomes. An oxaminat Ash ol Lhe

o

InhibAcion from the viewpolnt of ATA structure employing vartous aucin

darivat fves showaed Chat analogs of ATA are not very affective Anhibitors

ok mRNA binding. Hoappaarad thak ATA ke a wilgue Auhlhl&br of  mRNA
bAinddng duwe (o Lhe presancs of hydeosyd and/or cachoxyl groups on Che
La A pheany bina Chana nhélnsnk plruckurs, Buring the voursa of tha above
studlas, AL was nokad Chat (hara aca othaf taact flons pansdk bva ko ATA
hoald s | he WNNA=hXHdXH5 Faagk hon s Anes lnﬁ overall proceps of poky-l

diractad phanylakaning AncorporatAon da Anhidbitod al A lower conaenbka=
Chon of AFA" than the mBNA binding atep, Yhe search for a beaction sen-
, . :

sltdve Lo AYA lad wa Lo dhssovar kthat the phatiy Lakany L~ERNA aynkhek ase
raaaklon As AnhAbAted by AlA. The ALA AnhAbALAon of quy amAnoscyh=tRNA -

aynthetasg had nnt,gﬁmvlﬁuﬁly bagn rapogtad, Thus, this ndval pystem
Hap analyzad, Studias wAth aucin ﬂ?nkyﬂtivnn nhowua that the analogs of
ARA wara all potent AnhAbAtoxs of this reackion, Andicating a dAfferent
.nidn of ALA ackion than I the mana hinding Fhﬂﬂtinn. In spAka of this

e



b

the iphibltory activity as was the case in ATA actlon on the mRNA:
v ™

‘
N

ribosome Interaction. Studles into Lthe site of ATA actdon {n~the syn- -

A

thetase reactdon dndicated that it binds to the e¢nzyme . The stoldhlo-

met 'y of ATA binding to the synthetase was calculated to bae apprunlmalu,ﬁy
O ATA wolucules per enzyme molecule. This binding of ATA (o the synth- oy

i
r

Case was found Lo rasult In non-competet fve inhibition of “Nw binding f

. » \\ . T ‘\\;“‘
of LRNA (o tho cncayme, ) \ t !
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ATP adenosine 5'-trfiphosphate {

*
cre cytidine 5'-triphosphate
GTe ' puanosine 5" -triphosphate
o
poly-U . polyuridylate r
' L\
RNA Cibonuc leata
wkNA messenger clbonucleate
. A
tRNA transfaer ribonue keates
. v, LRNA ' transfer ribonucleate treataed with snake venom

phosphodiestarane as,described tn (2-7)

mﬁ“;mwu phany lalanyl~Cranatar vAbonue laal o

(
Plic: phany lalanine
ATA gRUCAnLEfearbory e actd _

TCA wH‘h!hmrummuu A fd
Trtn (Y (hy&lrutkylmﬂ hipd ) A nomek hane
DRAL dhathy amtnoat iy ) Y
., ol r Epcharichia coll
€ i counka par mhoute
A, abaorcbane ak oo
M e hax
M md kL Amo kar
)
M | ; mAL Koo | ak
fam ke A b kA e o
o g s mAagoma bap .
i Les g f o pAanomo ko s . |
pma fas p,(iﬁ mn«'.) Aas R
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The proteln synthesizing machinery of living systems Is com-

~

posed of a number of proteln and KNA components which interact with

tach other In a speciflc manner. These componetts are: more than 40
o
kindg of tRNA specific to Individual amlnoacids, amdnoacyl-tRNA synthe-

tases which specifically recognlze one of 20 amino aclds, messenger KNAs
L)
whose numbers could be wqual to the entire goene mmlunlu&l’ an organlsm,
proteln tactora which control cach step of the ()ruueMn/MyHllmnlzlnfz,

machinary. (tha three fnktiation factors, three Cranslocation factours ,
.
and one oF two terminatlon tactors), and ribosomes. The vibosowe plays .

n

a central role In the proteln aynthesls by providing Lhe binding sdten

for these reacklon componants ( Maselkorn and Rothman-Denes  1979) ., The

"

. . by
ribosome Atsekl, howevar, As componscd of stwo subuntts, and In Last ®ach

A

subuntt la made of‘ RNA 285 and 9% toxr the dargar subundt and 88 tox

tha small subunit) and more than ftwo dosen proteins, The complenity of

Lhia phbosumal structure and the npmﬁli‘h: racogndkion by protalin F(*—MAMMH

ok a spachfic sibe uf fibosomal RNA Al lhL remaln A mystery aven An Che ‘Tﬁ

bhavtorlal systom (soa Raview by Kur)and A972),J16 fact , Khe mwmhaylﬁm
; v

of Lha ppacAfiie protelniKNA Anlaract Aons tvolved An pRatain syt hea s
" S

=

'

Al

s ot e luweidatead kg data,
b this rapard, the Adaptor Mypotheats by Ok Aak (A958) s

paxhaps Bha ahaarast Allpatration of the quaptions thak muet b anpe K = B
ad Lo ubdaratapd Ehd;pfbeﬂﬁﬁ of pnBééiﬁzéynﬁhahAﬁ, The uﬁAsanlgpﬁnhlnm
Y , ' | i 1
nﬁxﬂbw khe Muelnﬂkld&dpaquaneﬁ‘iﬁ Krapskatad Anto ap ﬁmlnp acld paquapae
W
V“ noy baing mphflefﬁ’ by tha nev quastion of how to couple the amipo

achds to ppecAfic adaptors (tRNAs), After ka, the engymes, aminngylﬁ"
i !

\ o
A



LRNA gynthatases, are a Requenca of amino aclds, and they must recognize
4

Lhe speckfic combinat lon or paguence of nucleotldon of the (KNAs . The gea -
fore, the uluuldnfluu of the mechanism controlldng thuse protatn: RNA
fntaragt fonn s anbremo ly valuable (n vnda kot and Ang proteln ayathgria,
Thie stwdy dmnin wALh an AnhAbicor of such ProtelnKNA Autaract hynm
Anvalvad Ao an warly stage of protein synthesis, ln particewlar, it wan

ouwe Auteontlon Lo study the act hon of awcinkrAcarbony Ke actd (ATA) and

4
fta darvivak Avad on the RNA LK Abosoik Interactton and on 8 Amdoacy ) =

LRMAY aynthat ase rnéukkun(nnn FAg, L for stronture of ATA dyrkVnRAan).
Mowas A A95% that Lhe aukip dyes fArst drow ayme Al Lant Lo

;
A bAomadbeal atudlon whan White R% Al damanatrated that ~ATA mnn/hn

b , \

upnd L Cha Epoatimant af bary bbb polaonlng in miae Thnxx wbuwdlsan (nto
1 i . "‘.
lhﬂ wachandsim of ANA quklnu bimtheatad that ARA dikaly Acmoven ek y kA Lo

i

xxumSYAm alta uk nvlknu by wMMquxMh Lhe dan (hvhuhnyl gl al l?@&
Lindanbawn a8 al 9%, Lindanbawn and Hhite 1954) . ke machianlsm appaakns
Lo analogons Lo the tashnique gt mordank Ang ook bpn Ay dys Laahimriogy

Tha Last using keAphany Amethana GAMPOMM 8 n&hn% khan ATA falded n the
’ n
polaonk kaatment, (Whitednd Sahubert A%, Ldndanbawmn and White L9h4) ,

Latar  atmdlas ol the d}nkﬁlhuk%ou ok ATA AR the tipsug of baryl A {vma
4 . h f P .

PGAnUﬁid miue dad Lo the aunqlualan“ﬁﬂ;k khe ANAIBe complex boupd Lo
PROkeAn fAbars of thd Kissug aaamipad (LAndenbavw gt ak A954, Salutbage |
and Adndepbaum 1954, LAndapbaum apd Liaegfﬂvﬁd)ﬁ ' ,7 ’

i

AL about the sama (Ams, physleal and shemdcal atudias on b

dya s protain Aulqkuvkxun waka prograssing with amphasis op nguAuVAHh

/
pEobas Anki bnnkuxmqleunk appanka ol the protains (Ostax K954, Brown -

i -
f

,kvax Shﬂmaa AD52, Kuuunvkl 952, Brown gLudiad the ddﬂﬂlﬂﬁgkluu ok .y
/i

qu nuAmkAonn by pﬁnﬁnknnﬂ Aand ppasubated that fhe decoloration of dys

i i Bl
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solutions may be due to complex formation betlween he dye and the added
proteln moleculks, It was also found that the oxldakion“ogf3ﬁ¥groupa
rasults Ao reduced dacoloxation of dye by protetn, Andlcaﬁing‘thu
Involvemant of Hn-groupn;ln thae dye:protein Anteraction. Brown further
podtulated that the slte of Interaction on the dye molecule was (he
cantral varbon atom of the triphanylmathane dye,

boowas almost two dacadas after the work ol Brown ' s BEoup
that the nuxnullﬁkm vakua of AA'was radiscoverad. Grollman and Stewart
(hvon) Faported that ATA AnhibAits the translatfon of baatexiophage £2 KNA
In the B, coll cakl-trae ayatam, Thay demonstratead that ATA actlon is
araklad at the Intthatlon stap of protein synthasis, This was a novel
FAnding alnes Lhare had baan no AibAbAtor spachfie Lo the Akt Lak fon
Akap Ak Lhat thme, Thoe tha koka of AVA An accasling the Feaction at
tha miNA: rAbasome Anteraction Lo of considexable Ankagast An Lha fleld
Wb protaln synthesis,

hmmed faka hy following the rapokt by Grollman and Steward
(A908) , the affaut of ARA on A varlety Jﬁ naalaotAdy b transfarase
kaadklons and on prokedn blosynthasis was emamiped by the membags of
Pe. Agaxashl's Aabopatory—Anchuding mysedf, the apmsymes tepted wepa:
PNA~dapendant RNA polymagase of EA €0l RA7 RNA~depapdent RNA poly-
marase , KRNA J'aEAﬁmAnﬁllnuuAnukldyk transfexasa from K, cail AUQ‘L wahhe,
Ao amAnoacy A~tRNA synkhatasas and synthatic mRNA bAndAng Lo ribosomas
(all vnpubidehed data), AAL of ﬁhq'unzymin reaations testaed wape found
ko be AnhAbAted by ALA, This hroad apectrum of epsymes susceptible, to
ALA suggaptad ko ua that ALA As pok, & specific AnhibAtor, Qonkpary to
the tnAkAak proposal by Groklman and Stewaxt (A968) , Howaver ,all of

the reackions testad appear (o be sepsikAve xathep apeciAfileally to ALA,



Other Lriphegylmathanaa tested require concentrations 10 to 100 times
that of ATA to exért the same level of InhibAtion. We thus directod
oul study toward the elucidation of the mechanism by which ATA unfiquely
Inhiblts the mnzyén reackion An hope of providing some Ansight into
Lhe spuachlic recognition ot KNA by protein, Th; present study was Chana-
fore atlmad apacifACA;;§ At the determination of which componants of. (he
mENA bAinding reackion and of the aminoacyl-tRNA aynthetase Eaacthon,
both of whiah pc;ur Ia the Indtlakl stages of protein aynkhasls, could
uumglmn WALh ATAL An aklempl was also wade (o dalarmine the effact of
AlA on the binding éf othar Mpgands to tha ansyma, |

This study employed the Iincorporation of phenyhalanine An the
ratlamboeyka sabh-frea aystem as dArackad by poly~l, At the outeal, the
woncentratlon of ALA required Lox 0% AnhAbAtion of che mENA blodAng
xnnﬂklun'wﬂﬂ}QHLAHXE;MQJA Furthar studias showad that the site of ATA
actlon As on the kAbosomea, but that Lhe  praformed mKNA: & Abogome cvmp(nﬁ
Ao keplakant Lo ARA ackion, The dekaxmination of the ATA blndlﬁg alle
was pal possible dus to ghe complesity of the FAhosoma BLEMkURE ;nd

A

the prasepce of assoaiated proteins, A nxaminatxou of tha Anhlh%tA'

Tha resultas ﬂhoggd that the prmaé Qe of carboxyl and/erx hydroxyl groups
{122}
\a raquired for AphAbAtory acthom,

‘ j s,
In khis aystem suggasted a different mods of actien from that An the
FREEA | ,
A
mRNA bAndAng Aaguixop, aven though the aaxboxyl And/op hydroxyl groups
are pacapsary Kok the AnhAbAtdon, The pesults aleagly’ show Lthat ATA

binds to the epayme and quantitation of Lhe ATArenzyme Anteraction



Indicated that there As a specific number of ATA molecules bound per

-~
enzyme molecule, at approximately a ratio of 6:1. An examination of

the effett of ATA on the binding os other lgands to the enzyme showad
al

that At Anterfoaras with the binding in a non-competat{ve manner .



CHAFPTER 2

MATER LALS AND METHODS

(2-1) Kadioacklvely Labelled Chamicals ‘ 'jfu

Tha following radlvquklvgky laba Alad ghamicals, with specific

activitles as 51vow\ln paranthasis, wera uwaad An this study, JM*CTP (20.4

QA /pmna k) and }M=phanylaknnlnq (5-~16 C4/mmole) wara purthased from New
~ (]

England Nuclear ., jnapolyurkdylnku (52,8 mCA /moole polynue laak Ada plos-

phorus) wae from MAles Laboratoxies Ang,
i

A L]

b
(2~2) GChempaaks . '

ARP,GIP, and CIP were from Schwacs/Mann, Polyuridylate was

"purchased Krom MAkas Lab, ko, Phosphosnalpyruvake, Trizma baps, haparin,

and phany Ahydrazdna~HGL wara from fgma, ruro%ycln was Krom Nubritionak f@
hAnmhﬁmAunlé. Ali of the triphenylmethana dyaes arcapl ATH (A haker proe
uuctl wage 0hﬁAAnad’ﬁrvm Harleco, Sepharese, Snyﬁndnxp and Agaross ware
purchaped from Pharmacia fing Glgmiaal Co, DEAE~calluboss was from QANA
ﬁﬁuhgﬁlchdn and Sahuall Go, PPO (é,ﬁﬁdjphﬁnylﬂﬁﬂﬁﬂlé) and POPOR () ,4~
bAn(2n(5~phenylonyzoylbansana)) , which wapa used An scAntAliation fluidh

" wepa purchased from New England Nualaar, AAL othep chemicals wers paan

o } A
+ gant grade from Baker, L \ '
3 l ‘ ih
(A~}) BAological Materhsls ‘ ‘ g

| New Zealand white rabbits (2-3 kg) ware used for the prepara~
tiom of reticulocyte cells, Xeask tRNA (unfractiopated) apd phosphon

y 1

k)

dlestepase firom Crotalus adamanthus vepom wege.purchased from Calbion

#a



——

-

chem. The marker proteins ( glucoae wxldase) chymotrypsinogen A, and

lysozyme) used for molecular welghn eﬂflmatlon were obtalned from Sigma.

SZ*éz‘hutfurud Solutlunu

'lﬁ?‘lollowlns buf ferad aulutxunu ware used whermvx\“uulrnhlc
Buffer A (Tris 10 mM, KCL 5 mMy Msﬁlz 022 mM, sucrosae 50 mM,'finﬂl pt
7.6). Buffex B (rta 50 wM, KCL 5 mM, Mg<:12.().£ wM, Final ph 7.8) .
Buffer RM (Tehs K00 mM, KCL 60 mM,'MﬁClz MO mM, fi-mercaptoathanol 4 m,

fAnak pH 7.8). Buffer RN (Tcia 25 TM, KGR 40 mM} Msﬂlz 2, Prmarcaplon

“ )

ﬁzi?)WVrpngﬁaﬁAon;qfrRphplt Mp&ﬂuuluzﬁgéﬁgizgumqp7gnd7Mpuugumgﬂ

athanel 5 mM, final pH '6.5), \

RatAeukoeyka aghfa wapa ohtained from New Zaaland white rab-
LA

bats (2~3 kg) which had been traated with fAive dadly tnjections of 2,57
nnukﬁALAmuq‘phanyihggﬁuzlnq HCL a8t a dosags Qf Q;JJANA par hA10§ﬁﬁm |
body walght pap Anjeation (Bucny and Maxbarx K964), After a kwo-day .
kapking parded, the pabbits were aneathatized by Anjecthion of 2 mh New

' bukak (50 mg/ml) Anto the marglnﬁk vadn of the aax, fmmediakely, hap~ . -,
AR AR (A ml of a 1% nnAuLADH) was Anaaubud Than hlood was co)lacked
Lhruush khe mﬂﬁﬁlnqk vein of the eaxr usipg a vacuum nppara(ua. Tha peag-
é&ntﬂsq of ratheulocytes was nxahined ‘under a mA&xoseopaA When the . \\ﬂ
raticulocytes axqéedad 85%. of th.&cﬁal blood cells, the blood was prO~
qqauedlga foflowa; the calls werg AxfaA‘in A hypotonic saline ﬁoluﬁiﬂﬂl

+ and Apsoluable matepials wepe removed by centrifugation at, 10,000 x G, e

" ‘Rhe paﬁulnkna nupqrnacunﬁ was furpham alanlﬁleq by centpiﬁugacxon an.‘

30, 000 A G, This ﬁnﬂqﬁlon WAA than pubjected to high apacd cuncpihugn =
i

AQLOM At 142,000 x ¢ ﬁon A0 min An ) Preparaclva ulnnaeantnmﬁuga I
I '

. pPEQAPAQAtq Polyﬂom&ﬁn The nenuﬁ&ins aupapnacann was chen AncubAEad aL



N
1

17° for 40 min 1n the presence of added puromycin (1 mM) and GTP (0.1
mM) in order to convert residual polysomes to monosomes. The monosomes

ware precipitated at 142,000 x G for 90 min and suspended in Bulfer A.
r

The moposome concantratien was adjusted to 100 8260 units per mk and

A

stored in a liquild nitrogen refrigerator,

o,

(2-6) Prapaxation of Apninoacy h~kRNA Synkhetase from Retieumhlocyks Calls
. all AQEYLE L

»

A mixture of nminoacylntKNA synthatapas wan p&épgrcd from the
suparnatant of the high speead captrAfugation, post-moposomal suparna-

Pr
sulfate An Buffer A were addkd Lo one veoluma of kha pupaxpatant, and

tank, as dapcxibad in nnet1<: (2~5) .. Two voluuas of saturakted anmonhum
idihe rasuAkAng uuluklon was allowad to skapd An the cold for 60 mAn. rhn
precipitate was then collesked by capkxAfugakion ak 15, 000 » G Ffor AU
-

mA A a Beckmap modeal J21 rqfrksnrﬁkmq aantrifuga, The prnclpl&aknavqﬁ
dissolvad 4n Bulfar A ko ghve a prataln aoncentration of 20 ma/ﬁl, and
was skorad at ~20°C wntdl vaa, This fracthon was dapignated as "tha
ANBGA LR A KAOR, | e .

' paxtial pucAfiaation of FhanrtRNA ﬁ?ﬁkb&&ﬁﬁa was parfoxmed ap’
fokgﬂwn~ a portion of AS66 fraction was diakyznd ovetnight against
nufan B at A4°C An ordap Lo ﬁnqunq the uonuﬁncranion of Lha monOVAlnnl
cation Lo approximataly 20 mi KCA aquivalent, Mhe xeapon for the chotce
of Buffer B As that the higher Yrds copcentration As raquired to maipn~
tain copatant pi dundng the subsaquent column\ehnoﬁatdsraphy,”Tha
dialysed fraction was, fRAqQAvnALnd oR A‘DbAh OQAkulose column us ng a
batchwise method, The ‘column wag ﬁirnk davuAOPad with Buffer p dnd Lhmn

with Buffer B containing 0,4 M ammopium aulfatqh;PhanhRNA-ﬂynshahaue

activity was found’ 4 Ehig”ﬁ.k M pmmop i um sukfake fraation, wﬁilq the

i [

o



major{ty of hemoglobin was eluted {n the Buffer B wash. The fractions
contalning the synthetase activity were pooled and dialyzed a{ 4°C for
L8 hr againat Buffer B cont?1n1n5 paturated ammonium sulfate, The |
precipitate formed in the df;lyaig tubing was collected by centrifuga-
tlon at 15,000 x G. The precipitate” was then dissol@d 1n a minimal
vo Lume of.nuffnr B, This anzyme frﬂcklén was then subjacted to molecul-~
ar selving nhrumgkoaraphy using Skpharose 6B, A 20 mg portion of the
Qang ying fﬁﬁﬁQAOH was loadad onto a Sephaross 68 column of bad volume
50 md and procaspad wiAth Buffar B containing 150 wM ammopium sulfate,
™
Bach fraction was anamipad Kox Pha~tRNA synthatass activity , and
ackive frncfluuu wara poolad and dialysed againsk saturaked asmonivm
sulfake An Buffex B overnAght, Kha precApitats was coklectad by cantxin
fu&at&yn, anxd dianolvmdfih Bulfar B ko gAva a fAnalk uonmnnkfntlon of )

A,

A ma/ml, This fractionation procadura achlevad a 50-~fokd Ancreasa An
; 84

apacilite ackAvity of the synthatasa from tha AS66 Frackion,

ﬁkjllgﬁiﬁ?ﬂﬁﬂﬁlﬂnruﬁ;ﬁHARQ;XﬁﬂvmgﬁhﬁﬁphUdiéﬂﬁqﬁﬁﬁq;wFFAQGQAFRNﬂgﬁﬁ;}JﬁﬁﬂQ)

kn order to provida the sUbatrate fob the tohtiation of tRNA,

yaast LRNA was pubjacted ko a Madted digestion of the 3'n~tegminal and
by spake vapom phopphodiesterasa, Ay Ancubation mAgture contained Ap‘

2 mA, tRNA 50 mg, phosgnOQﬁnﬂtarﬂﬁq 0,045 undts, Lysina Q.4 M (pH 9), ,,
MeCla L, 2 mM, Afrer 30 min reaction ag B?“C,Tﬁha pmaqﬁion mixturarwaé

axtracted three timepg wiﬁh A mh of waterx Bqﬁungtpd phanOAn‘ffoﬂ

the final aqueous layex, RNA was precipitated by the agitn : ¢
, ; : f . A T ’

: ' : | D
methapol pethod of lgarashi and MeCahla (A971). The precipitate was ‘

washed wAth sthep-methanol, dried, apd dissolved An water,The CRNA

kreated with snake vepom phosphodiesterase under the conditions spaeiﬁied‘
' ¥, ! I : | .

i
R 4



lacks the 3'-terminal residue -CA and in small proportions -CCA and {s

designated as a.v.tRNA (lgarashi and McCalla 1971).

(2-8) Radloactivity Measurement

The fAlters that retalned radloactlve materla&ﬁ ware placed
fn vials contadlndng 5 ml of the scintillation flutd composed of PrQ
6 g, POPOP 0.6 &, in toluene L Mter, The radloactivity was measured in
a backman ﬁmlmklllakldn'Syanm LE~2008. A LOT counting afficlengy was

ohlatned for (rhcium, /
d{,

3
(2N Fraparation ot H-~ycast tRNA
lﬂm mothod uaad Lo prepara labelled yeast tRNA AMVUAVﬁdgiﬁk

addition of M CMP e tha ' -tarminal of 8.v.EKNA &ALAlXEM4 by 3'~
ir.

Lnkmlﬂﬂl nuvlnnkldyl transfarasa of L~oalla (ABAFAQMA And Iarrakk A\974)
Tha reaction mhntura (0, % mA) contained Llysine (ph ﬁ.ﬁ) KO0 migy, MaCh,
/

Lo, Mﬂﬁlz homi, KGL 200 @M, pemencaptosthanol 0,5 mM, in addition,
)

MO pid of QMHGNM, A mg of s.ov,tRNA and 00 pg of tRNA J';Emrmkuql we haa -

K

Adyh transfepase were addad, This Reastlon mAxture was Aneubatad af
2176 Lor 60 min, AL 60 min, 0,1 hmokas of CPP par 0L mh of reack don
mAAtuge was addad, tnoubated at 37°Q for AO mip And ﬁAﬂA}Iy blﬁ pne ha s
AP par 0,1 m}. Emgqﬁ$on mlxtunm was added'and {neubated ﬁfﬁa%ditiouqx

{ o K B
20 min AL 370, Mo the reaction mlxﬁuk;a an equal voluma'gf wqunfagcﬁ
m" ]
& -(\« s ' .

upadﬁd pheﬁOL was added, After 5 min of vigorous mixina uaing A Vbrten
;n, i e

mixem, the aqueoua layax was separated. from the phenol layar’by'hgana/bf

-

‘centrifugation at 15,000 A G ﬁon'Q min ag A5°Q, In.oxder RO;QnspEe g}qqp
- paparation, the RoLoR was stopped pykqoaaning. The aqueous, layer was £e~

axCracted wich phepol, Thep two volumes of methano) were added to pran

i
[

i

'
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cipltate tRNA. After onme hour of standing in the cold, the precipitate gdé
was collected by centrifugation at 10;000 % G for 10 min. The pellet was
washed twice wi;h A salt-methanol mixture (1 M KCl : methanol = 3:7, 1n
volume) , once with a methanol-ether mixture (1:1) and finally with

ather. The final pellet was dissolved An distilled water to a RNA

concankration of 10 mg/ml, yellding 17,000 cpm per microliter,

Mathod fox Pol

hanylalanine Syntheasia

n
Frotein aynthesis in the reticulocyte call-free aystam was

measurad by followipg the poly~U diracted incorporation of annphunyl~

alanine into a hok TCA Ansoluable material, Tha reaction miztura (0,1

ml) contained; Trds (pH 7.8) 100 mi, Msclz AO mM, KGL 20 mM, fi-mexrcaplon

akhanol 5 mt, ATP L mM, GFP 5 uM, phosphoepolpyruvate 0,5 mM, In

addition, 2 pCi Of'aﬂﬂphanykAlA01HQ, MO pg poly~lU, k0O pg of poatrgibo-

pomal proteins and 2 A260 undta of ribopomas wers added, The raaat Lo

Kook place ak 37°C for 60 mipn, At Ankexvals, 0,4 mh aliquots ware xinaa

drawn apd placed on fAltar disca, Tha discs were procespead wifh Lhe hogm

TCA wash mathod, and then subjected to radicactivity measuremapt as pgu;

vieusly deparibed (lgarashi ;nd Farnqchych A967) . An shogk, the fAktex disas

wara poaked An qold 107 TCA<And al lowad rto arand Ap the sold for 40 @Aﬁ?

Rodlowed by A7 RCA wash t?laﬂ at room temperatuxe, Discs wexe then

heated Lo 90°Q fox AS m}n in 5% TCA, -and washed twice with 5% TCA, Théy ;

were nxtpaqééd with ather~athapoh (1;1) mAxtuxRe for A5 min and finally

\ )
wAth ethex for A0 min, Aftar being completely drded, the discs were
placed 4in a toluepe saintiAllation ﬁlﬁid,_?hé_pndAansﬁviny ratained; on
each filter was measulad as ‘depcpibed An (2Bt b e SR
\l 1



(2-11) Assay Method for Phe -tRNA Synthests

Amlnoégyl~LRNA aynthetase activity was measured by the
Incoporation ofaaH~phenylalanlne Into a cold TCA Insoluable fraction.
The reaction mi}a‘&turu (0.1 m)) contalned: Tris (pH 7.8) 110() M, Mg(flz
10 wM, K¢ 30'?M,'ﬁ~morc&pkoe(hanul 5 wM, and ATP | wM, 14 add{t fon,

2 uCl of Junp?dnylnlanlnm, lPO Mg ol CKNA And OO ug of the synthet ase
We K nddcdng?’nqgh O 0 ml o raactlon minture, The reaction took place
at A7v¢ luﬁbQU min. AL Antervals, 0.1 ml allquots wore Pamoved and
Procas s wlkh the cold TCA wash (lgarapht and Paranchyah 1967) . 1n
short, Lh&/dln&n wake lmmeread An cold 10%.0CA For 40 min, foklowad by
fouk nuobqunlvn washan with cold 57 TCA Ko L5 min aach Clme . They ware

Ty

fhen e ngnuq%g whth ather-~athangd Che k) for X% min, and Kinally wich

nkhag

[N

Yer 10 mA\\ Al Car hmlus drded, tha disea wape phaced ko toluana
uckntﬁllnLAb&ke)(Ad and uub]nvkmd (4 AndloA&LAVALy maasuremant as das -

ardbad ty (2-8),

{2 AA) Aeopay Mnkhod Kok VOA) U PAnding to BAbopowan

M ~poly -l bludkns ko rlbosoman was measupad mAihqA hy tha

t

wnmhrnpn kAALrg&Auu mathod waing MAkMApore fAdters pA gpore 814m 0,65

(Ahqﬁqﬁh! and Naﬁanvhynh A967) , OR by the sqlﬁklkktﬂti°nf'éCh°d ualng
/e

Agarosa ASOM, i bolh methods , Hﬁpakynn (20 pmolas polynucleogxde
e

phnﬁpho?dh) was mixed with K Abogomes (5 AZOO unike) An 0,5 mh of thq

FQAOLADH mkﬁtuﬁu conkalning: Tris (ph 7, 8) 50 my, M&Ckg D om, KGA 40
e, ﬂud f3- quhﬂpkvﬂkhﬂnnl b mM, The peaction mixtucs wanvAncuhatéd in

the wokd (&“P) fox 5 min, Aud nmﬂmlnqd Lor mRNA bkﬂdlns by one of the

) 0
H

Lwo mq&hvda Aaniumud nbovq

" Hog EhQ<MAA1Aporn qgl&ratxnﬁ mathod, the aamﬁkaa were diluted



»

(

~

with 5 ml of Buffer RM and filtered through thélflltera using a

suckion apparatus. The membrane filters were''further washed with 10 w)
of Buffer KM contalning bovine serum albumin (1 mg/ml). After being
dried, cach filter was examined for radloactivity retalned as described
in (2-8). A control sample, which did not contain ribosomes, wan pro-
censped almilacly. The difference An radloactivities between eaperiment -
al and coptrol samplos keprescotod Chefamount of 3H—pulynu bound tu
ribosomes, It should be mcuklonud‘éﬁnk Chasa membranae (1ltara hqd'tu

bo pretreated An order ko reduce nonspecific ratantion of JMﬁpulggw by
aoaking th& f10ters tn 0,0 N NaOM, riusing with distidled water savaral
Ciman, and then svaking An 0.0 N HCE, Finally, they were washed with
diat Al had water unk Al waplralizad, drled al poom temparakuce, and
Laptad for nonspacAfie rotantion of tha polynue keaka by }qndnm pamp h Ang .,

o
 ed , o4 |
This pratreatmant of £iltars reducad e bachkgrownd of “Hepoly-l ratop-

Chom Lo a naghipibla daval (lass Lhan 200 «pm)
[

For tha gak-~anclusion mathod, an Agarosa ASOM woluwn of bead
v huma A ml was uwsad, Thae raaction miature (0,5 mh) was Avadad onlo
the eolumn, and than deyeloped with Buffar A, In order o detarmine the
& At Aon posikion of kibosvman as wall as of poly=ll, they ware procassad
paparataly on the spame coluay padexr Adantioal alution conditions Lo
those above, Since thy alution positions of thase two wompopanks are
quite far apakt when procgssead maparatgly,, the gadiohetivity wnkuh

aluted at the pamg éoa tdop as tha rAbosomep was attoibmted te polynsl

bindkﬂg Lo pAbogomaék

i i

£2-A3) AdﬁngMﬁﬁhoqf§0P,3Hj§RNA;ﬂ}ndlnﬁiEgith“tRNA SynhhagAﬁq

3HﬁtRNA gindﬂna'ta the synthetase was measured using MALLApore

fAlters DA, The pactially purified synkhetase (50 pg) was mAxad wirh

14

L]
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}H-lRNA (10 pmo}cs) in 0.5 ml ot the react fom o xture contalnlng: Tris
(pH 6.95) 25 mM, Mg(!l2 5 mM, KCL 40 M, and fi-mercaptoethanal 9 oM. The
reactlon mixture was dncubated In the cold for % min, diluted with 5
ml of Bufter RN, and filtered Chrough the wembrane (A lters uslng u/
sucllon apparatus, The fllters were Chen washed with 10 ml of Bulfer

RN contalutng L mg/ml of bovine serum albumin, and exanined for Fadlo-

actAvity as degeribad An (2-4) .

T4 Senliar o \ - .
(L-h4) Hepharose on Colu Chromak ogx aphy

Sapharoaa OB colyum chromatography was uscd tor (wo Lypsn of

anpof hmenks undar Adont Aaml conditdons, The firat of €hase wan daslgncad
k’@ datoct AI'A binding to kudividual Faackbon cumponant s, The sacond

wap ko aallmalo Lha molecular ‘h"ﬂ‘n;hk ol the ansyma, tor both atwdian,

a column of bed voluowme 5 Tl (9w & LM wmn) was used and davalopad with

Whulfar KM, Por khe use of auch a smal) e b, Lhe vokuma of pamplo wan

HAmACad £0 50 ), |

|

For tha blndhug studhas, (he raact fon ALK was ahikaipak o=
sraphod fAgat, ol hewad bk kako hy by cheomatography of And iy Adua )
Kaackhon aomponants, ki ordar o dalarmips §he pank puak;iuuu”uf §ICER
somponsnte , Lha afflvant was mondkorad at suitabla wava lapgthe: 260 pw
For RRNA, 280w for protetns and 208 mn for QT@.

= [
i%nr kha moleemhay watght dakarminat ton, the anayma solut fon

¥
wap [Arak processed op the coluan, then four proteing of Known mohecu] -
| ’ " A 1
aK walght wapg ahkomatographed An vrder o ohlain the aorralation bean
! ;
i i
' . _ - _
"twean the aluthon volume va, molecu)ar walght, Thasa marker prutm&ga
' 4 e

usad warar gluweopa oxtdasa, 2,86 x 10 i hemoglabing 0.8 & A 3 ehymd-

, 4 . f
Lrypatnogen A, 2,5 5 A0 3 apd hysoryma, L4 % M),

[

(]
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CHAPTER )

THE EFFECT OF ATA AND AURIN DER IVATIVES UN thA:HlMJQ?ME BINDING

¢
{

=10 Antroduet Loy

Thq‘lnlklulluu of polypept Ade aynthasta (o blologleal aystamn
XHVb}vmn a saktan of reactAonn laading to the format fon of he num?lmn
dBalgnatad as the "Andttation' complan (Nomura and Lowey 1907) which
tnc hwdas Lhet' v Abosoma, hmmq, aml amlpwacy L=tRNA ap Lha Lhrn{)kny RO =
pongite,  An add it ion, é«uumhhp of proteln Factors control khe dnteag-
ank Aong nm§u5 !hn?hlgbfoq ﬁnauflon copmponant s Khnvml and Groas J%00) |

Althiough the ganardl ﬁngnhré@‘qﬁ thear procass beaddug Lo tha Formak Ao
s : .

Lo Ehke Andckat foncevomplan ara bow wo lh unddeatood, the naturks of the
. L] :

Antaraat fbon batwaan Cha And v idual rmqgllun uomponent s has et yul

hgoii o bueddabad, Ona of the reasons Ko auch a dalay bu underst anddng
the maclianiom may b abbxtbutad Lo the dack of auttable tnbibitors For
Lha AndAvidual ataps dn complag Fokmathon, IFox (ks ksasoi, the fapart

that AKA was a spactfle AnhibAvor of the AnAthatfon of polypapk Ade

Y

aynkhasla (Grollman and Stawart 1908) wag 28l pnd fAaant dhsaovary, fhia

FAnding was mads waing the héﬁkaﬁlﬁl ekl fran syskam and soon was o=
]

ﬁArmed by othar groups using mammqkkﬂu and pkauk cg L \=frae nyﬂkumu

1;:

(Lablaw ak al 1970, Marcus at ad 1970) %<lh khn Anpu th& a datat led
"’ 4l
analyais of ALA Anhibkhknm oﬁhinimAnkAnu aomplax format lon sould shad

' i
n ¢

pomy Ai&hl on the maghaniem of Antaraction betwaan mkNA and rAbogomas ,

fva dacidad o widartaka a study of  Lhe uffnqsﬁpf AFA o Lha Ploding of

d
L

yuly = ko pabbik AQKAMMAUQYRM pAbuunmeﬂ,
LT T
Tha atudias dnnnrlbed An Qpiﬁ_mhaptnﬁ Anvolve tha determingns

Nom



I

Llon of ‘the Inhibltory conuml.ratllon of ATA fn bolypjmnylalanlnu syn-
thests and An tha poly-U: ribosome binding reactlons, he determinat fon
ol the sfte of ATA qctlbn, and the determinat lon of (e slructural
faatures of ATA rasponeible for the obsarved tnhibit fon. Thase studias
©™

led s 1o cone lude that ATA 1s the mostaoffoctAve Inhibitor among e
auchn darkvat bven tostad, and Lhat ATA Borme a stable complan with
KAbosoman, ATA thus Appaars Lo bo a unfqua AnhdbAor of mBNA:F Lhosome
btaract fon, Howavar, as will be dascrAbad An Chaptar Ay AU wan Found
Chat ATA analogs Aohib it react fons vbher Chan Cha mlNA A bosoma ;umpkmn
Format fon, An partAcular Che synthests of the procursor muinmulmﬁé

ankioacy L-ERNAL Thue, ATA L8 nok apacAfle AubikbiCor Loy WRNA & Abopome

Interact hon (Jgarashl and tmaan A974), s

(3-2) Kepulks ’

KA Kok ur;ﬁﬁﬁggufMnkznhﬁnliglnulnn Pymthapie

The xnhxhxtuﬁy Soncantraklon of AlA Au the polysll digavted

palypheny lalanine nynshunAn wad dakermil nead unlnh rahbh it Aq&AuuAupyrd
Ao A AP L emant el hy Eha ASOO Lrack hom:an A Houwkoe wE Phea~tRNA
Hynkhatasa and othor Factoks, Vhe womplata paackAon mAstugs as dagn
SRAbed An the Mathods was weed with the prasanca ol varylng aopcanksan
Choms of AVA, Mhe keack Lon wap carcled ouk at 37°¢ for 40 min and the
samplad wara plosessed as desarpibad An tha Methods, The laval of 3“%
phony hakamtna Anaoxporat lon at A0 mip Uﬁ'puaukAmu was axprassad as P4k A
Rt of the coptrol axperiment whiah did not conkaln ALA, Fig, 2 d%m“
Phskrates that ANA AnhibAts the overal) protein synthasiaing astivity '
ko 50% ak approrAmataly 5 pAM (150 A h M), Thus the AnhiAbAtdon of ratign

Mhosyta protain synthoshs was astabiiahed,

: A
n » '
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FAB. 2 InhAbAtdon of pOAyphqnylAAanlna qynkheaxn by ATA, Poly~U directed
M Khe Apcorporatdon wans Assayad Aawdaﬂcpibeq An Rhe Ma(hedq (2~10), The

Apeorporat fon Qk MﬁphqnylaAAnlnq in the absence of ATA was taken as :
AOOL, ActAvity demopetx v e pre |
! vAK rated An th ese >f '

- d 9 presepce of varying amoupts of ATA
was axprassed as 4 papaept of the control value,



n (

Effect of ATA on the mRNA blnd{gﬁ to Monomeric Riboaomes

At the time this investligation was undertakcn, it was general-
ly belleved that ATA was a speciflc 1nhib1tor of mRNA*Abosome comp lex
formatlon, Therefore, an experiment was dapigned to dotetmine whether
Lhe Toragoing Inhibithon of polyphanylalanine synthesis by ATA 1s
attributable nolaly to an AnhAbAithon of the poly~U:cibosome tnkexact ko,
I order (o do s, the Anterackion belwean monomaric cabbAt rakleuloeyte
rAhosoman  and )Mﬂpuky~u wan axaminod In two ways, The fArsl of thepa
makhods Anvolved the use of the membrana flltration makhod amploying '
MUl pore KAhkars DA (pore slae 0.0ﬁﬁ), Thﬁ'ruanklou mAREMRe conkadmn-

3 _
Ing rAbopowan (5 A undte) and “Hrpoly~l (20 nmoles polynuwe laok fda

\ 2040
phosphorus) was Ancubated tn cokd Buffar KM for 5 min, khen subjected
Lo membrana £Ahtcation, The affeck of various concentrations of ATA on
tha bindhng caact fon was axamined and oxprassed by papcant AnhAbAkAon,
ps Ao An BAg. 4 the laval of ARA raquiread ﬁég INA Anhkhkkxéu (ISU)
of the raackion As 20 pM, AL A8 pokaworthy that this hhg Yalus e
slAght dy higher than the 150 Kok evarall polyphenylalanine synthasis,
This differanca lad us ko the Anvestigation of other ATA sansitive
reackions An protain synthesia as desaribed An Chapter 4,

The sacond mathod uwsed ko atudy the effact of ALA on the
bAnding of miNA to ribosomas was the gal axcluslon mathod using Agaxose
ADM, Fhe reaction copditions had to be slightly mOJAEiéa EROQ khose
wiad above due ho the limited sepsitivity of this method, The ratio of

ATA to ribopomas was set at o (no ATA, b Aéao unita of pkboﬁomﬁﬁ)a,x50'

(RO M ATA, 5 A 260

260 units of pxhofomaa}ﬂ and 150 (A0 1 ATA, 5 A
unite of pibosomes), Ao excass of poly~U was used to apsure max Amuny
binding of poly-~ll to rAbosomes Ap the ﬂyﬁﬁem.‘ﬂlkhoush the colump

&
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FAg. 3 ALA AnhdbAtion of Bhﬂp(zlyﬁll binding to mopomeric KAbodomes,
Aspays wepe parformed as'glven in tha Methods waing MALAMpora LAktration,
The raagkion mizture uontqk%&d §‘A260\unAﬁq of pih;unmqua 20 pmoles
poly~Ul phosphorus, and 'various concantrations of AVA, Khe level of gﬂ”
Poxyﬁuvpaunq.gu mopomexrds rdbosomes An the absence of ALA was takep as
1007, Aqt%vlgyn Bnﬂpgxyﬁu ﬁkndins in the presence of varying amounts

of ARA was exaniped, and the results were axpresped as a perqent 05'

the coptrod lavel, K007 coxresponds to 18,000 apm,

20
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chromatography method glves rise to qualitive rather than quantitative
' »

data, Flg. 4 shows the expected inhibition valueg, and can be consider-

ed as a reconfirmation of the data obtained by the membrane filtration

method,

Silta of Actdon in the mRNA:Ribosome BindAing Reacklion

The next step An thip atudy was to acertaln which reaction
Ly]
eomponent Ankeracta with AVA. 18 ATA Anhibition is medlatod by comples-

Ang with ona of the reaction componants, then lncruasing the concantra~

1

tlon of that particeular compopant An the presapnce of a fixed concentra~
L}

kion of the dye should rqhheve Aks AnhibAtory action, The first com-
ponent to ba axamined in Fhla repard, therafora, was poly-~U. AL was
addaed An Anereading amounts Lo a reaction mAxture conkaimning  conskank
amounts of ALA and pibosomes, FAg, D ﬂhOQﬁ that for all poly~l concap-
krakﬂonn\% stad, the inhibAitdon due to ARA was malntained at a laval

of about QC%. The qffﬁuk of varying the ribosome copcentration An this
pystem was axamiped paxt, and the rapults are shown An Fig, 6, It may

ba sean thet—as the ribopome copcentrakion was Anexeased, there was a dan
arease An the tphibAtion of paly~U bAndAng. Yhe,foragolng twe sxpapin
man; thus suggest that thﬁ RibOﬂvma mos k probﬂlly 1s the component
which Anteracts with ATA, Howevex, the xesults An Fig, 6 could akeo be
interprated An ﬁarma(éf ARA hindina,to impurAties An the rAbogome | .

[

solutdon, , oy

4

) o ‘
To exalude the laﬁtaﬁ)poaaibility,:a study was caxpied out
whereby the Asolation of A KAbosome;ATA complex was achieved by gel:

axdlusdion chromatography, Fixst, poly~U and riboaoeéavwara individually

proqessad through A Sephadex G25 column of 10 mLfgéd volume . using

v o ¢y
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KFAg. A4  ARA AnbAbition of Hrpolyni binding to mopomeria ribosotes as .
dakagtad by 'the gel axaluston mathod, Aspays were paxformed as given

i

A the Methads. using Agarose ASOM cofump chromatography. Ribosomes

20 6260 undts) were mimed with'excess AHnPOAyﬂU (200 pmoles pnosphorua)

An the prasence of po ATA (O ), 80 M ATA ( (1) and 160 pM APA (AA )

The mixtures wena 1nqubqtad in u01d Buffer kM for 5 min, diAuLed wAtn

+
i

the same buﬁkqp and ghromatognaphed 260 nm absorption (f“ﬁ) and radio~

actAvity for aach fraation were Jeasured, L

[}

N
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Hal
Fig, 5 Effect of ALA om poly~Uinibosome bAnding ak yvarious copcentran

RAone of poly~VU, The reactich mixtuxe (see Materiale and Methods) copn
, ‘
: #

{ - 3 ‘
tained 20 pM ATA, B Ajgo unita of rAbosomes, and Fﬂnpplyﬂu as indicated

on the abscissa. The mRNA:xibosome complex retained om®MALLlApore filt&ra
was aﬁcimanad by measurdng Rhe padioaanVACy derived from 5ﬂﬂPOLynU
bound, Percent pOAyHU bound (ordinate) AndAQAnea the qaleulation based on

dn gadioaqnivmny 1n the enpeximannal pet over the value in Lha contrOX
sat (pno ATA 'presént) at a certaln concentration of polyHUn
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RAB. 6 BEffect ofF ANA on p@lyﬁuﬁﬁkbaauma bApdipg At vagious conaantran

i

ea, The reackion mAxLuru conkatned 20 Wy APA, 20 pmolas "

tiona of Fihﬂﬂ!
MapalyﬂU ph‘aphorua, And ribosomes as Ahdicated on the abalssa, Reacn
tdon Qéndgriona‘ﬂnq Aaspay proceducres are the same as those An Fig, 5,

Percent okynU bound (ordinace) indAQAﬁﬂﬁ the naleulntion baaed on the
radloagkhdvity 4n the axpanA@anhal ﬁGLéOVGF the value ‘in che Q;ntﬁol

BQL (,0 ATA pnqsenn) at a given concannraniom of niboaomea
f L _
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Buffer As expected, these two components were excluded from the
column(ﬁue, o thelr large molecular welght. ATA, on the other hand,

was included {n the column and thus was eluted withiéhe {ncluded vol-
ume. Secondly, poly-U and ATA were mixed and sub jected to column chrom-
atograpﬁy. The elutdion profile cofrusponded Lo that obtained when theae
componduts were chromdtosraphad individually: that s, poly~U appearead
in the void ;olumq and ATA appeared in the Ancludad volume, However,
whan the mlnturu\bf ribosomes and ATA was chromatographed, there was
only one ATA peak in the vold volume and none An the included volume,
Th}u was taken to mean that the AXA ha§ formed a complex with the
Mboao'mq .

M attempt was made Lo dlesociake rabbit ratfculoeyka poly~
pomag by ANA treatment ipko mopomerle ribosomas and frnnlmﬂNA. Ad though
binding of ATA to Fha polysomap did beeur  as dekeoctad by a ppactron
photometr A Maasurengnt, thare was assantially no diuﬁﬂclakl§ﬁ of the
polysomes nvmﬁ ak ATA copcentratlons as high as 200 B, Thils tesult

Andicated that g praeformed wmRNA: ribosomy complen As protactead from

i

AYA AnhAbitory aation,
‘ Alghﬂush Ghe ghova‘pixulnq Andicared that the ribosome s
tha Bike of Intepaction wALh ARA, further studdes wich this Ayatem
wape complieated by the fact that the xibosome fractdon mwsed An thess
péudAnn cantﬂinaq pespangern RNA binding factors atrongly associated
wAkh x Abosomes (Igarashd and Dufrespe A274) . Kt was thegpefore possible
thagrATAAbAnda Lo the protein which mediates mRNA binding to the
ribosome , ox that At bipds ﬁOMHﬂPQQAﬁAEally to onq'op moxe of the
BLRuatucal compopents pf the riboaomq 1&6615 The emach aite of ATA

aation Loukd thus only be danaxmined py purlﬁyﬂng the faanora and

A

25
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ribosomal proteins, and examining the interaction of ATA with each of
them individually. Howeve;, at the time this study was un?ﬁétaken, the
{dentiflcation of these factors and the individual ribosomal proteins
had not yet beén completed. Thus no further study on the site of ATA

binding within the ribosomal atructure or with factors was possible.

Comparative Study on the Inhibitory Ackion of Aurin Derivatives

An Amportmpk aspect of ATA action in thle system, yet Lo be
axplored, was khe structural feature ﬁi/ﬁﬂﬂ repponsibla for: the
obsarved inhibdtion, A perles of apcdl derdvatives were ahosen on the
basis of sallant dlﬁﬁerencajﬁ}n’khulr pide chain conatitution, and
kasted for thelr é:;:Zf§7§:; inhibAt the mRNA:xibosome bipding raaction
using thae MAAlApore filtrxation mathod (see F1§, L for struckuras), It
Aa obvlous from FAg. 7 Ethat these compounds AphibAt pRNA:xAbosowe
binding ko aom{\%xknnk, but the lgg values ape af laast 50 times higher

*Lhan thak of AT&A Howavar, At As nokeworthy that the ordar of fnhibit-
ory powsr Ami ARA (lsg m 20 M) Aucdn (Lsg A 500 pM), Asuke Blue B

(A§Oﬁ AD00 M) . The foregoing resultp sugpask Lhat both carboxyl and

hydroryd groups are required for affactive AnhAbAtion,



Lt

KAg. 1 KEffect of vaxlous aucdn dexivatdves on poly-U:xAbosoma bAnding .
3M~p01y~u (20 pmolas phosphorus aquivalent) was mAxad with rlbonvmuu.
(b Ao MOALS) An khe prasence of variows aucdn dexivatives, aﬁd the
rasulking complex wnﬂ_méﬁﬂurnd by the MAlipore fiktratlon mathod as
daperibgd An the Methods, For each concenkration of the individual dyas,
a uﬂléuknklun bapad on radioaatdAvity Am the quqximﬁnkak sal oven the
valua in the control sat (no dye  presank) was dope, This value s shown

i the (18 Ene polyel bound (5rd1nqku) whapa AOO7 reprapants

tha nm’mm' E- (@) Aucdn, (A ) pzupa Bhua B, ( @) Fuchain

Aatdie, ( Af; ome, Gyanine, () ) Fuchein bBasia,

§ ol
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The results reported In this chapter indicate that ATA in-
hibits both polyphenylalanine synthesls and poly-U binding to monosomes
{n the retlculocyte cell-ﬁree,ayatgk. These results are in good agree-

™~
ment with the report of Grollman and Stewart (1968) . However, Lhea
concentratlon required for 507 fnhibition of polyphenylalanine synthesls
wae 5 pM, while that for 507 {nbibitton of poly-U binding to ribosomes
was 20 M. Thus ATA fe fqur Limes as offective In the Ancorporation
reaction than An Cha mkNA: £ 1bosume hinding rcuc(lun.v&hln Indlcatan
(hat Lhere may ba steps in tha overall prokein synthesalzaing ayslem nen-
sltive Lo AVA in addition to the mkNA:ribosome binding raaction, Thie
pradiet Aon can b supperted by tha racent! raports of ﬁlmsg}mnn (Slagal- /,*
man and Apirion AP7h," and Slage lman 1970) that Vﬂflvgﬁ plapp of prukn;n/
synthasta can be inhibitad by AFA. Fur kharx analysin of our pystam, as
dapcribad An Chaptex 4, revealad that among the indAvidual staps of
protain aynthasls, amipoacyk~EKNA uynkhmékn te atrongly AnhAbAtad by
AA, Fhwa tha vary FArst reaction A protain synchepis, f.a. the
formak Aon of precucsor A AuhAbAted by AYA, This fact hap pot bsan
FapokLad A the AMkaratura ho dite and mn; bey the canaa for the hkgher
pana L AvALY of Kha Anauxporat den kaaskion Loward ARA, Batling aside

N :

Lh}n nav fAndAng fox diaauwssion An, tha pask nhgpké§, the prasant dis-

cusalon WALl aoncentrata on the dys affact on mRNAgxAbosgue bipding

Aagdt,
\n order ko probe khe meahanism of ALA action, thres anperin .
X

mapnkal approachas wexa takep, These inaluded the affact of ALA on pre-

formed polysomes, the rellef of ATA inhibftlon by Ancreasing the conr

captrakion of raaetion components, apd dethatdon of phab e complex



~ é s

formation between ATA and a reoactlon component. One experiment, in
whilch the order of nddingkruncklon componeats was manipulated to seo
whathar or not a preformed complar botwean ATA and a glven react fon
compaonant chmmuln the dagrae of ATA Auhibigdon ,showead that whean rl‘hu—
aowan  and p&ﬁynu wara mined prior to adding NY@, the Anhibitlon was
. <

negligibla, This fact tnddeatens Chat ATA Intarfares onky with a proceasn
laading ko the stabla complas formakion batwean niNA and ©lbosowas, In

+
Fant, whan Apolated polysomap Rrom xm&luuknuykmn waka Ancubatad with

ATA, thare was ;lrkugkky e dluuu&quluu uf pulynvmam Lako monvsoman
This reslslanve Wk polysvmans kuwykﬂn ATA acklon agrens with the qhqu
ohsscvation Chat ATA ta lems affantlve on praformod poly=U:rlhnnumn
complaras., Revant studias (Khoads ok al k9773, Hanshaw ot al 1974, ;Md
Fhong Chang al al A1) which support chits cope hus fon, damenskgat ad
fhat tha addition of kow kavale of AIA doas nob affect the stpucturs of
tha polysomad,at kaast Fox the LAma rayuirad Lo uumplniﬁ nasuank poly-
papkida chalis, ,
Thf pacond gat off axparimaints was daplgfed (o dakakming e
phka of AKA action, and copsiatad oF ahangdng the aonaankeation of
AndAvidual reackdon compopents An the pﬁ#néuﬁﬁ,r 3 A fkﬁnd‘mnnéungﬁagxuu
of AKA, Faxly atudies of Browm (1951) and'LAn&@anhm (1956) Andieatad
that ATA would hind ﬁu protaips, Mowever, pno skudlas wake Keaporiad
axamining the bkndinskﬁf AVA ta RNA, Tha rasaulks raportad hara showad
that varyAng QMQ”QOMGQHERAEA?M oF poky~ll At A Lined copegpiration of
ARA does ndL altek the affecthivaness of the dya acthop, but that Ly-
wreaping tha aupcaptration of ﬁAbOHqugjéhvwed a definite dadroasa Ap .
the ATA AnhAbAthon of poaky~t bhinding Lo xxhnaomqﬁA ll ia wORAI ment Ao

Ak )
Ang that the protain syntheshaAng reackion chuiﬁnﬁ Mg as a cofactor,



Therefore, the posalbility that the ATA Inhiblttlon ts the result of
1+ _ At

chalating Mg should be conslderad caralully., The Mg concentrat fon

In the reaction miature was | wM or hilgher dnp«ndln5 on the rnqctlon,

whorean Che effoctive concsntrat lon of ATA 1w bekwenn 3720 uM, Thus,

Co plgntflcantly raduca Lhe Mg** concankratlon to produce the obaarvad

IobdAb At Aon of the reacllon, each ATA wokaeule ‘would have (o chalala at <:

4-¢ ! [
haast 20 Mg Lons, Such an ocourapee ke chemically tmprobable and 1t
was thorelora cone kuded that the ribosomas arae Che stte of ALA Anter~

aclthon A producing tha tnhibAtion of Lhea mRNA bAndAng,

The Chdrd apl ol angariments providad further pupport for Cha

abova G Aunadon, Gl anc ks Ao chromatography of mAxtukas of AVA and

poly-U we AVA and khbasomes showad | hat AA binds Lo the xthosomas Lo
L

Form a skable comphan whieh withetands e Bk axchuslon procass, A

Ahmdkar. atabha complas batwaan ATA and pohy =l was pot datecked, Othar

haboraturlas have raportad atmllar rasull s (Brallman and Stawact A970,

ad Hadbars ok al 19700, %t da thus whaar kthat ATA bAnding Lo EAbosomas

HAMBGA Al AMMAhXLAwuwnﬁ Cha poky=U bAndAng keaack hon, This ohsagvat Lop
BAVan Klpw Lo kwalquaskions i (A} what As khe natuge of ALA hAnding tao
the xibosomest (2) how many AMA moheculas WALL hind par khbosomal AL

thin puXulﬁhquva, AALEAemhAen wage nnvouuknrud I our studias due

Lo Lha womplanity of the ﬁkbﬂpvmﬂtﬁkﬁuﬁtuﬁu. Further dakineation of the

bAnding sites musk diffarantAate bakwaen rﬂbonvmqk RNAa ribosomal prokeain,

and khe pRUL@AH kﬂcLORn agpoaiatad with th RAbosomes, Sepacation and

i
i

puxAkAsALAon of these struatupal evmponann of the pAbosomes wéuld bg
I
Mquuﬁnary Lo complate the asaignmepnt nﬁ the binding site of ATA whieh

i

Ao dhraatly keapomatble for AnhAbAkAon of the RRNA bAnding reagtion,

N ¢ = =
Al aktempt wag fArat mady Ko ppepqqupg%Auuﬂpeykq mopogomas free of
B [ + . ’
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poly-U binding factor uwsing a method which was later applied Lo the
. -

rabb it Mvyver monosomes aﬁccenafully (Dufrasne and lgarashi 1974),
Howaver, 1L was not effective An the reticulocytle system, slnce the
method gave only about 507 removeal of the poly-U binding factor as
compared Lo 997 removal fron Mvyar monosomas, Thi reason for thia
lwﬁhﬂlffnrnnmn batwaan Miver and ratleulooyta ribosomes ks an yat unknown,
K
Stnea the poly-U bAndAng fackor of the relloulocyle systamwas very
atrongly assoc fatad with the pibosoma, A0 was nok possible Lo cacky
' }
oul fggihar sludian on the nature ok ATA binding Lo xnkluukuuy(m
ribosomas,

The attempl (o alueidate the nature of the ATA binding slte
wag MmAtad (o the arkant Just degeribad An Cha pracaading pack fon,
Howover, obe more Awportank aspect of Lhe AnhAbitor sbudy must be gon-
phderad, boa, the atevalural elemant of AIA rgaponsible for the obaary-
ad AnhAbAtdon, I this ragard, the affeact of various aucin dexivakAves
o bha miNA Lk Abosoms bipding ‘raaction wvas axaninad, The results showad
that all of the ceompounds testad ara aapabla of ﬁmhlhlkkus Lha raagtion
Loypome axtank, Thay ars,howavar, muah laps affadtiva than ALA~-a
ﬁnnézhgﬁgkxou of at kaast 20 times that of AKA ks required to producs
A womparabla laval of AnhAbAtion, The analysis of these data allows ua
Lo probe the machanism of AVA ackion ope prep funthdﬁl Tha aurin daﬁiiAﬁ

Ehvas with 1§b valuga glopest Lo that of AVA ara  Aurin and Azuge Blug

B A commop feature of thepe two éompoundn As that they are pnegativaly

ahargad at physiological pH, Xt As known that ARA foxms !lakes' by

nump}\u;}qﬂna with mlqug fona (LAF‘JQHKU et MA??A). Therafory the POQQAK)AAARY
' ‘ A ) ;

of ahelakion of the Mg, Aon onee agaipm comes to AAght, However, as |

, . . -t
ptated above, ope AlA molecule must chelate at )least %S‘Mg . dons under



the esperimental conditions used. This is physically impossible and

therefore, the mechanism of ATA action camnot be chelation.

This concluation led us ko a close examination of the struc-
Cure of ATA, Aurin and Azure Blue B, 1t As svident that the Important
functional groups common to these compounds are hydronyl and/ox caxbonyl
groups, Thase groups are not found on the other krAphany imethanes teoat -
ed~—buchain Basle, Fuchsin Ackd  apd Erichrome Cyanine— whieh Arnnluuu
effacthve AnhibAkors of the raaction, with K50 values of graater than
D M, From this obsexvation, wa aan copaluds thal the pragancs of
hydroxyl and/or caxboxy i proups as fanctional groups has a role An the
fnhdbAkory action, The chemieal reason fox this apparent requiremepnt As
as yak waelaag,

Thesa cardy studien on the ARA InhibAtAon Aed us to a sapiss
ok ptudlas on the effack of this compound op various aensymie raackions,
The following chaprer desaribes one of thape studies Anvolving the

effact of ARA on tha phenylalanyA\~tENA synthetasa reaction, ~

A
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CHAPTER 4

THE EFFECT OF ATA AND AURIN DERIVATAVES ON PHENYLALANYL-~tRNA SYNTHETASE
REACT 10N
4-1) Intreduction \

The atudles deacribed 1o Chapter 3 led us Lo speculate that
gbarn musl ba some ATA sensitive reaction othap than the mRNA:rihosome
Intaractlon in the ovarall protain synthaslaing process, This prediction
Ao hased on the obsarvation that ATA Aa more affactive An AnhibAting
tha ovarall Ancoxporation of phanylalanine than An the more apecifia
WRNA: K Abosome binding raackion, Thus the saarch for ak least opna more
Al'A ﬂenéiﬂlvp raaction was conductad, 1n the course of tha Ancorporation
Faacklon, ve always sat aside an aklquwt of the peactdon mArtura for
dekeatAon of aminoacy ~tKNA aynthests Lo ansure he Lormat fon of
pulllalant pracursor molaqulas for the raaekion, Thea Raaudts Andlaakad
Khat, An the prasence of ALA, anipoacy k~tRNA synthesis ié makckedly pe-~
duced, Tha AnhAbAtoxy affact of ATA om the anfpoacy AntRNA syntheatase
Faactlon has not praviomsly been papopted, Tharafora, the study of the
meahagism of ARA AnbAbAtion of t?n phanylalany L~tRNA synthesis,
was updextakan (kganashd apd Zmagn \974) ,

At the hi@a‘nhiﬂ study commepced, the ﬁatung of aminoacylation
reackiops was well natabiished for both bacterial and mammalian systems,
I8N An A Lwo.atap Reaction Anvglving the formation of amlno:qunAMP And
the subspquent transfer of the aminoaqyl mode ty Ko 4 apaqiﬁia Recapton
LRNA, This twoﬁﬂtﬁp reackion As catalyzed by a single nngqu spaaifie
Lo each amino acid (Novekli 1967) , However, the ﬁtruenurq of the

4

@nzyme from mammakiﬂu oRABADA was pot Lully nluqidgtqd ag thac cimaA
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The overall molecular welghts of aminoacyl-tRNA sy nthetase vary exten-
sively (Lankas ef al 1971, Fastolo et al 1970, and Weinstein gt al 1971),
Moxeover, the‘fubunit atructure of the enzymes varies considerably to
glve rise td elther a2 or 202 forms (Le Meur af al 1972, Penneys gk

al 1974, Fastolo et al 1970, and Tacherene et al 1973), The presank
investigation on the action of AFA on the phenylalanyl-tRNA synthetasa
keaction Inclvded: the determination of the iphibAtery concentration

of ALA, the determinakion of the atructural fqnturgﬁ responaible for
the obsarvad inhgbﬂtﬁon, and the n§010h10muknx af the ATA:epsayme inter-
actlon, Alchough the lack of precise Anformation regarding the moiauulﬁ
ar walight ;nd aubundt skruckura of phenylakanyl~tRNA uynthaknac Antron
ducad pome ambfguity Into theas analyses, the studles popethelass lad
us ko conalude that ALA A8 a nen-~specific AnbAbAtox whluh}iuknrnckn nak
ofly wAkh xibosomes buk also with amineacyh~tRNA ﬁynkhqkﬂeh.

(4-2) _Reasulta

ﬂﬁﬁﬂ@Eﬁﬂffﬁmﬂiﬂﬂ;ﬁbﬁﬁﬁmﬂnaﬂﬂZ}jﬁﬂ“ﬂfﬁYﬂEhﬁEﬂﬁﬁiﬂﬂﬁﬁﬁiéﬂ%

I ordar ko study the affect of ATA on the synthetase reaction,

At was pecessary to establish the optimal conditions fox this reaation.
In paxtAeular, the effeat of palt copcentration required spealal aftepn
tion because the crude geticulocyte synthetase fraction was precipitated

by ammopdupn sulfate at 667% saturation and'ﬂuépanded in an equal volume
of Buffer An‘Thua this fraction contaiped ; significant amQunn of \mopon
valent aac%cnq nagegqigAning an adjustment in the standard ﬂﬂﬂAy;'i‘
dapending on the volume of epnzyme solution AQdaa;vFngQB shows thatvéhél
optimal copcentration Of,Kel is 30 mM and pf MgGlz 18 12 mM when the
ATP‘QDﬁcennpatian Aa‘l mM, The addition of Prmercaptosthanol at 1 mM

ia also essential to the reaction, Based on this data, the synthetase

. : I‘ ﬁ N . . i
! ) : Yar .
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reactions 1n the following experiments were carried out as specifled
in the Methods (2-11).

The effect of various concentrations of ATA on the bhenyl—
alanyl~tRNA synthetase reaction was then studied using the rabbit retic-
ulocyte synthetase ,frackion AS66, The complete reaction mixture (sae
Methode) Aincluded various concentrations of ATA and was incubated at
37°C for 20 min. The samples weare procesaed with the cold TCA wash as
deparibad An the Methods, The lavel of ahnfheﬂtRNA syntheslzed after
20 mip fgacclon An the presepnce of AKA was compared with that im the
contral set, which contaiped no ATA, and expressed as paraspt activity,
Fig., 9 deponstrates that ATA inhibite the Phe~tRNA synthetase raaction,

raducing At by half At a copcentration of 50 pM (150 A 50 M),

ERfack of Awrdn Depivatives on the Phe-tKNA Synthetase Reaction

' kn order to Anvestigate kthe pature of the ATA AnhdbAtdon wf "
Lhe phénylalﬂnylﬁtRNA aynthekase raaction, an AnhiAbAtor atudy was copn
duated vaing awedn dexdvativas, The g0 lavel for each of the krin
phapylmethanes tested was astablished uwaing the method quvinugly dear
eribed for ALA, The structures of Lhass Lvmpoundﬂ are glven An Fdg, 1,
Table A:éhowg-nha 150 values of the aurdp depivatives tested for the
pheﬁqulanylﬁtkmﬁ synthetase paathon?‘Iﬂ As clear that allkafv:hq
compounds tested are potent iﬂhibkkopﬁ of 'the amlpoaqyl ~LRNA syntbetase
reaction unlike than observed fop the mRNA:xibosome binding neactkon
daﬁqpiqu in Chaptan 3, XL must be p01nned out;. that the qhansa pﬂopertiaa
of the pide &hainu ALe not QRKQAGAA 1n thiﬂ system aince both Auninl

gnagaciwaly cpansed) and Fuchsin Basia (PoainAvexy chansed) hxhibih

11ﬂh1biﬂ0ﬂivﬂ0§i°ﬂ at approximately the same aoncethgqgonrqéﬁd pM, Ig}

h : ' [ |

1s also poticeable that Qbmgounda'poaﬁaﬂﬂ}n& ﬁﬂﬁbo%yl:BFPUPﬁ axe \
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- Rig, l lnhibktzon of phanylﬁlanyk ~LRNA ﬂynthataaa by ATAA Asﬁﬁ;b?wepa

parformed as ngen in th Manhodn, The AncoppoxﬂtAOH OE HﬂpheHYIﬂlaninq 5:

\

} i
into Bﬂnphanykﬂlﬂnyl LRNA at 20 mip incubﬁtlon was Aakan as 1007, agpixAtyn

The nqciviny An the pneﬁenca of varying, amountg Oﬁ ATA e dndicated as

the percept of ' astivity P&latlve o the qongpoA vggueA.CAOOZ‘m b2 Pmﬂlaﬂ
. : A '
Fbe) , "The protein eoncentmﬁnion wa55109‘ns per 0.1 ml reaction mixcuran

i N
P
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Table 1

Inhibition of Phe-~tRNA Synthesis by

Aurin Derivatives

Aurdn Dexdvakive

Ly

0 Value

Aux An
Fuchain Acid
Fuchsain Basie
Pakant Blua
Azura Blua B

Aucdnkrlcarboxylle acid

250 uM

250 M

" 250 pM

150 M
50 M

50 WM
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sﬁ!ghtly stronger inhibltors than those possessing sulfonyl groups. A
reduction in the numbexr of conjugated resonance groups from three~(ATA)
to two (Azure Blue B) does not alter the inhibitory effect at all,
These observations suggested to us that pnelther the skeletal ﬂtruéture
of triphenylmethanes nor the side ohains are important for their in-
hibitory action,. This informatieon then suggested to us that the aurin
dexrivakives may inhibit this reaction through a different machanism
from that observed 16 protein synkheais, 1t 4a possibla that the phenyl
group of the aurin derdvatives Atsalf may compete with phapnylalanine
towards its bAnding site, Howevar, this.possibility s remote sines

all of tha aminoacyl~tRNA synthetase reackiops tested wage AnhibAted

by ATA. A more detalled analysis og the mode of actiom will be dealt

with Am a lakar paction, %

SAke of AKA _Acklon om khe Phe~tRNA Synthetase Reaction

In omﬂar Lo Anvanﬁisﬂtu the poaaAbAlAny that ATA QKGFLA Ate

inhAbikorﬁﬁguniou by mm&nwncﬁina with ope of tbe‘ eaction compopents,

a preipaubation study was upndertaken, When ATA at noné;nﬁRAtlon of 20
M was preincubated 5 min at A®C wAth yeast tRNA, the subsequent apsay
for Fhe~kRNA synthesds at 37°C sphowed 887 activity as AlAustrated in
Yable 2, When ATA was preincubated with both the enzyme and tRNA, 907
actAviry was shown, Whem ATA wqa‘preihcubgqeduwinh the enzyme alope, |
767 activity was dagmqﬁadn These ?esﬁlc;‘ﬁhow that pneingubgn3pﬁ of
ATA'QiEh the SR&yme fraqhioﬁ Produ:;a A ﬂliéhtky h}ghep $nhih1tﬁoﬁﬂ
Mowevar, thay do pot clearly ddst ingulsh whethén nhe'gﬂge of Anhibition
48 tRNA ox R&a anzfgzﬂ |

oy ! ' : ‘. a ‘
In oxdep to provide mope definitive data, a copcentration

40
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Table 2

Change in ATA Inhibition by Differential Preincubation of Reaction
Components for Phe-tRNA Synthesis

Prclnqu Ehgre % Activity

76
b

E- ansyma 920




effect was examlned, where the concentration of one reaction component
was altered while the concentration of the other components and ATA

(50 uM) remalned conptant. If changling the concentration ;f a substance
allsra the level of {nhibitlon produced by a glven concentration of the
inhibitor, then 1t 18 an indlcatlon that that aubatanqi_iu the site of
the inbiblrory action. The four reactlon components OA Lhm synthetase

reactlon were examined —tRNA, ATP, Mg ', and syothetase. Flg, 10 shows

vy

N

the affoeck uf\rAAylng tha CRNA concunkration at a constant level of

N

ATA. The curve shows vpsantially the pama parcent activily whether 30

or 300 pg of tRNA are addad to 0,1 ml of reaction mintura, From Cheso
rasulks, we conclude that the concentration of tRNA does not have a
propounced affact on the inhibition causad by ATA. HSimilarly, changes

In tha AP and M5++ concankratiops did pnot alter the level of Anhibition
achiaved by ALA ak a copcentration of 50 uM, Mowever, An khe cass of

the mxpariment An which synthaetase copcapntration was varled, the gesults

wape much dAffarent from, these dascribed above, [1g, L1 demonstratas
A
\ . ) -

that, by raleing tha uununmanklou\nk nynkthAnn abova 200 g per

\
raask hon mAnture An the pnnngnun of 50w ALA, AnhibAition lavela of

hags than 507 ace obparvad, lu'fnu&, raleing khe copaantration of the

| g

anayma Lo ABO pg or higher par reackion mif&urd-nknn&pkvuky raptoras

\

tha lavel of Hﬁrhn%LRNA formatdon to 1007 Aﬁ\kha prapapca of 50 um

ATA. Conversealy, lowaring the unneqntﬁgﬁion of) aynthatasa to levals
R LY

Bn greater than 507, Of the

\

reaation compopents tested, only synthgtase showed' such a concentran

balow 100 pg produces levals of Auhibxg

\ ‘
tdon affect, Thase results qlearly show tht\kuqrna&%na the apayme

\ A 1

GoncantrarAon serves to ovepapma tha ALA AnhAbAKdon, Whepefora, w

draw a tapkative copalusion that ATA Antaexacts An soma way with

-"n‘f":)ﬁ; 1 'y §
ey .
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Fig, 10 Bffect of tRNA aopncenttation OnﬂinhAhAEAﬂM @k KhartRNA fogmns
athon by KA, Assays wera pexformed as descxibed n the Methods , axcap
‘thﬁﬁ ERNA was added to staxt khﬁ%fﬁaeﬁionn rhq~§§§§ synkhesis at 20 min
of raactAon An the absepce of ANA was takep as 1007 ﬁ@ Avity, Tha' level]
' l‘ 1" 7
of AQEAVM)' fon each tRNA concentration in the qugqnéa D% M ADA '
, o |

was mepsurad, and ralacive actAvAty to the coptrol valua (for that tRNA
) . i hi 3,:'
K.‘qﬂneiﬁﬂl;ﬁﬁ!ilﬁﬁ) wag &}ﬁppﬁgsé‘d as Pﬁ?cﬂﬂﬁ ﬂqtk“".ﬁya i)
i 1
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FAga AL ERfeak of the concentration db thFtRNA aynthatase on the
Anﬂibﬁkﬁon o8 Pha~tRNA fﬂxmqﬁiﬂn by AKA, AapayswMara papforped as des-
cpihaé A the Mathods, except that ERNA was added lask ko stact the,
Fmekwpgf{‘k‘ha j}Hﬁk’hdﬁkm‘?A‘ﬂ}'ﬂﬁhdﬂlﬁ ak R0 min of peaction An the

absepae of A&A foﬁ saah &g yme mnudnnkﬁﬁtivuéwnn kéknh a8 A007 avthvAty,

Thes Auvqﬂ of ackAvity forx gad afaymg consenkrat lon in thqlgpununcu of

PO M ATA was maaﬂupn& and the paraapt Avk Aydty ﬂqi&u}gknd ﬂﬁ“AnlﬁlﬁA A0,
’ ' i [ A s



phenylalany l-tKNA synthetase.
»

Binding of AVA _to PhestKNA Synkhelase

I the observad fnhibltory action of ATA on the Pha-~tRNA

synthetase raactlon ks truly caused by the Anteraction of ATA with Che
ankyma, a atable complas format lon betwean them inay be detacted as was
dona An the wENA;cibosome binding reack lon. Anlklnély, an Ahfnmp9 was
mada Lo mpaparata the ansyme: ATA vomplan by a wolacular selying met hod

ap wap done An Chaplar 3 for the detacklon of a }xhupwmn:ATA comphazn,
Huwevar, a problam was ancousntered due to the Fack that the AS66 Q1A YR
contatned a Lacge proportlon of hemoglobin which pvnn@nnnﬁ an abaugpk hon
apatlium ovarkapping with that of ALA. in addition, the mokecular waight
uf'hmmualvhlngxn Inoa slmdlar rapge ko khak of ihq ﬁxukhékanmsanﬁ wA k)
bha dasaribad Kakar. Thase problams pravanted adaquate meapupemant of ‘
tha ATAreynthatase complax, Tparnrurn; pur AR Aeatdon of Pha=tANA synthea -
Lape was Ragquivad, Aftar achiaving tha removal of hamoghobin an das-

ek Abad An the Mathods, the following sapariments weps pagformead,

FAeat ol akl, tha k§0 valug had Lo be resastablished fur the
packially purhifled apayma ak a keval of A0 pg par kaacthon mAxkurs aud
Ah the prasanus of vakibus copcentrakions of ATA, Asaays warae pagfogmed,
as gAvan An the Matheds, The level Uf\3M~PMQ~khNA aynthesis An the .
preasansa ok vardous aumaﬂnﬁraéxﬁnﬂ of ALA was compaxed, From Fkéﬂ A2,
tha Lyg vakva for tha  partially pinAfied spaype was ankimatad Lo be
kA5 pM, This value ﬁﬁpﬁnémnhﬁ a shAfy An 150 from that, Eor the arude

phk}AﬁLKNA F\?'HLRAQLASQ (AHOO) kFQQLADﬂ"‘\LL ﬁh‘)\lkq b Fﬁfmfﬁ,lﬂndd Lhag

4

)
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KAg. A2 InbAbAtion of pavtially purified FhentRNA Aynthatass by, ANA,
Aspays wepe pquvxmad Al glvan in the Mathoda, The Ancorporation of
“Hebhe Anto kM’hmeA at 20 min of Rpaathon A fhe abgenca of dys was
Kakan as 1007, ackivity (30 pmodes Fha) . Varying amounts of ANA wepe add-
ad, the aatdvity measured, apd th xnaultﬂ vaka exprassed as a pegcent
of the eoptral ASKAVARY, The protein Goncentration was 20 g par 0.1 md

of Reagtion mAxture ,
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the ratio of tﬁaae two 150 values (approximately 4) la vefy close to

the ratlo of protein concentrations used in these two sets of experiments:
100 ug/20 pg = 5. It thus appeacrs that the reduction in the I50 value

of the partially purified epzyme As due to the reduction in protein
concenkration. This L8 what one would espect Lf ATA has affintty to~

ward many proteins Ro about the same axtent .

{

I erder ko dateck the formation of a atable complen beatwean
AVA and the Pha~tKNA aynthatase, & mixture of ATA and the anayme wap
chromakographed on o Sepharose 6B columy, The elution profila of the
colvmn was datexmined by an assay of each fraciion for mynthetase ack -
tivity., 'Fha peak position of tha anAymak ke ackivity coinalded with that
for a protaln fraction as mopttored by 280 pm Ah50ﬁp§10n. This Andicaked
khat the ansyme wad peasonably pure An tnrmsAOﬁ chargs pnmﬁarkiﬁg and
of mokacular walght, The positAon of ATA was Lhen detaruined by mopdtop -
Ang absorption ak 308 pm, wpieh providas a mAnimun overlap with the
ahaorplion spactrun of pratein and RNA,

To datexming whethar or pot ARA bAnds Lo synthatase, a
aolution of 500 ng anzymg;@n Buffer KM was mada to 40 pM An ARA, FARKY
mAckolAtars of thAs minture was loaded opto A Sephaxose 68 column of bed
volune 5 ml which was prea~equilibrated with Buﬁfap RM, FAve drop firacn
tlona of valume 0,175 ml were ﬂallaanad"qnd diluted to 0,5 m] wxﬁﬁ
waker, Kach fraction was examiped ﬁop absoxption at’ 280 pm And.BO& um
waing a apquﬁruphotomépmpﬂzwhasq Results, Al uatnated An'ﬂ1§ﬂ 13, show

that thepe A sAgmAficant absopbapcs at 308 nm at, the position which

i



A

Fig, X2 Sapharose 68 analysis of pactiakly purified Phe~tRNA synkhe-
Lasay AVA mAxkuka, A solutlon containing 50Q g engyme and 40 W An ATA
In B0k was kayared onto a Sepharose OB column of bed velume 5 mh (5 oy
# A0 mm), Materials wera aluted from the column using Buffer RM, Flve
drap fractlons (0,A7% ml) wege collectad apd diluked wich water Lo a
vohkuma of 0,5 mh, Thereafter, absorption ak 280 pu for the epgyma and

at 308 pm foxr ANA was dataxmined for sach fraction, Absorbance at 240

wo (M) Absorbanca ak 308 g ( A ),
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corresponds to the enzyme peak. This indicatea that ATA binds to the
epzyme to form a stable complex detectable by column chromatography.

A similar experiment was then performed using a mixture of
yeast LRNA and ATA. For this study, 50 ug of tRNA was made to 40 M
ATA in Buffer RM, The procedure used was as described above except that
the diluked samples were examined at 260 nm for tRNA and at 308 pm for
ATA. As shown in Fig. 14, no absorbapce at 308 pm pccurs An the ERIYA
reglon, From this obsarvation, we conclude that LRNA does pot bipd to

form a stable complex with ATA,

ﬁgmigunnticatﬂonfnfrHPA;Synhha&Aan‘Intcrnqmiqg

As the fAxst atep An detexmipdng how mapy ALA molacules can
bipd par epnzyme wmolacule, At was pecessary ko datermine the mol§nukar
walght of the Phe~tRNA ;7nhhanﬂaag This epzyme apparently migrated as
A sAngle paak op Sepharose 6B as deteared by apsay of the fractiops
for Fhe~tRNA mynthetase ackAvAty, FAg. A5 shows the relative «lution
paktagn of marken proteips of knowm molecular weAght and the spzyme,

The m01aqu1;% wedghta of nha‘parken proteins Ané as fﬂlloﬁﬂ; Glucope
oxkdasa, 186,0004 Chymorxypsinogen A, 25,000, Hemoglépﬁnﬁ 68,000: and
Lypogyme, 14,000, pig, A6 shows the replot  of the data from Fig, A5,
Thare in A Mpaar paolationship batween the log of the molacular weight
and Rhﬁ’ﬂluﬁion positions oftnha Andividual proteins from the cojlumnp,
From this GAEA; ﬁba‘poaiﬁioﬂ oﬁ'the Fhe~tRNA aynthetase activity corresn
popds to a4 moieeulap‘waxshﬂ Oﬁ 70,000 daltons, | |

The naﬁﬁ step was Lo aalaulate the humbap of | ATA molaquleﬂt
béhnd per molecule of,PhaHnRNA ﬁfﬂﬁbéﬁﬂ?ﬂ; Tube #Zﬁ‘ﬁrom Fisk‘lﬁ; aopn

taining the enzyme ;ATA, was used for nhiﬂlquPOEaa The amount of enzyme



(

FAg, M4 Sepharose 6B analysis of tRNA-ATA mixture. FAfRy microliters of
a LRNA; ATA mAM:Am (50 pg yaast tRNA, 40 pM ARA) was layered onto a
Sapharope 6B column of bed volume 5 ml (5 pm x 130 mm) Maﬂteri@lﬂ werg
aluted from the column using Buffer RM and fAve.drop fractions were
collactad (vx:lsmle 0,175 m1), Samples wexe diluted to 0,5 mk and examined
for abporptien at 260 pu for ERNA and at 308 pm fox ANA, Absoxbance at

[

260 pm ( M) Absorbance at 308 pm ( A ),

=,
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Fig. A6 Molecular weight estimation of paxtiakly purified Phe~tRNA
synthekape on a sepharpse p B column, The relative positiona of marhkar
protains and Lhe enayme, as determiped An KAg. LD, axe plotted against
tha molecular weAght An the logarithmic scale, I'hea molecular Maight of ¢
'

cach marker protein usad 18 tpsexted An khe K1guret L. Glucope onkdasa,
86,0001 2, Kha~kRNA synthatase; 3, Chymotrypnindsun As 25,000;2ﬂd A,
Lysosyma , k4,000, The paak positiops wers detarmiped by 280 pm abaorh-
anes anupk 1n the case of kthe synkhetase where ;hQ,PQAh poaition'wna
dataxmined by assay of Lhe fractiops fox synkhatasa actAvity. khis daka

gave LApa Lo A malaculan weight of 70,000 daltops for Pha~tRNA aynthen

Lasa,
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extinction coefficient of 1 Azao/mg/ml/lo mm light path togethég with
the estimated molecular welght of the enzyme as 70,000. The amount of
ATA present in the tube was determined from 1ts ahsorbance at BOB‘Xm
using (te extinction coefficlent of 15.2 Ajoa/mg/ml/lo mm light pa&h.
The result of these calculatlons indicated that for each enzyme mole-
cule, there are 6 ATA molecules present. Since the extinction coeffi-
clent of Phe-~tRKNA synthatase had not been weatablishad, the above value
may be sallghtly different from the true value. However, extinctlon
coafflelants of varlous nntuﬁﬂl protaine daviatk between 0,4 to 1,2
(Haklaufar 1962) . Therafora, the number of ATA moleculea

bound par moloacula of Lhe apsyme would rangae from 2,5 Lo 7 meleculas,

Tha Mode of IobhAbAtAon An_the Pha-tRNA SyntheRase ReackAvn

It As valuable to datarmine the effack of ATAI anzaymg comphax
farmation of the binding of okher AMgands Involved 1n the raaction,
Bapad on Lha finding thak Fha-~tRNA synthatase can ba rakained on MALIA =
poka Flltars wdar appropkiata aondAtiops (saq Mathods) , the effaut
ok ARA on KRNA binding was skudled uwaing radioactively labellad yaast
LRNA, A mixtura of tha pactially purffied epayma apd M~ kKNA was Lapln
ad Lo binding to MAAAApora fAhtars An the prasanca and 'abgapas of ATA
(30 p1), Thae anount of 3MHEB§A bound Lo the ensyme An the presence of

£ X
i i

CALA was predusaed ko 307 re Q&Av# Lo that in khe absapca of ATA., The
kgaukta ghown An ‘Nabla ﬂ&knJAeqkm that AVA does Anterfexe with the
hlﬁdkns of ERNA to Phe~tRNA pynthetasa, Howgvar, the result doas pot
distinguish the possible mechaniem of Anhibition duq-hqgﬁihhuﬁ direct
AnsantAon of the ATA mulﬁeqla inte the $RNA bAndAng ;ikn oF an Andireat

#



Binding of 3H~tRNA to Phenylalanyl-tRNA Synthetase

Reactfon mixture oo CPM Retatined
jllAtRNA alone 194
}M~LRNA t+ enzyme 12,854
TH-CKNA 4 engyme 4 ATA (30 M) 3,978
W
[
X
]
f



effect. An atlewpt was made to study the effect of ATA on ATP and
phenylalanine binding to the chnzyme under Lhe same conditions as des-
cribed above. However, there was no detectableo complex format fon be-
twaeen thoso Hgands and (hu“uuzymu on M Hpore filters. Thalr dis-
sockat lon constants wust be much lower than that of tKNA.

h;uuunm of the Mmdted Anformatlon avablable from Che above
anperimant, wo analysod some alvoady avallablo data somawhat dflerant -
by o probe tha mode of ATA AubAbilon, Newaly, the data glyeuy An Ay,
MO concaridng the offect of aubatrate concentrat fon on ATA Inhiabicton,
wan submitted (o a Lxunﬁﬁavnkﬂhurkﬁ phot (phot of the reclprocal of the
Inttial velochly ve, tha rnmiprooai ol khe concantrat ton of A subatrale
whet & he mu“umnkkaglung‘of khe okher substrates ace 1ixad), Mig, A/
whaar ky tndlealas that ATA ke a nen-aompakat fve AuhibAtor for (KNA.
ke anakysls ded ua Lo conchnda that ATA binds to tha Aynkhot ase At
A plte athar than the CKNA binding shta, .

i

(4=13) Disauaaton

i

The resukts raportad tn Fhhs chaptar Andloate Lhat ARA AubAbh ks
Pha=kRNA Aynthashe ab a consantrak boi ofF 50 uM, This ceack lon b5 nol
mors sansdtiva than Che mBNA: g Abosome hAnd Ay rnnuﬁluu (K = 20 ),
Navarthelass, AuhthkAuq of Pha~tRNA synthesis by AVA has not been
prayiously RmpnrkndpiAnd the ntu%g b ALA aathon A khis pystem coudd

provida soma Anformation about the nature of Ats aation,

i i

-

I oxdar ko proba the machanism of ANA, AnbAbAtion An the Phen

KRNA synthekasa koactAon, an asperimankal ApbﬂAéch almilar to that wsed
5'{ '

in (Raptsr 3 for the mRNAt R Abosome binding reast lon was)employed, Kicst

of alk, the struatugal ﬁnquxpémeﬁt Kor tha daserdbed AnhAbAthon by ANA

4
r
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i
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was sought by comparing the relat{ve Inhibitlon by various aur{n derf -
vatives. Then the site of ATA InhibSition 1n the synthetase react lon was
studled 1n datall, t

A comparat | ve study with aurin dorivatives Indlcated that
all of the compouwnds toslad woro potant AnabAbitors of the react lon,
This finding Ls quite diffarent from what was obsarved 1n Che wRNA
KAbosoma binding Faactlon an raported (n Chaptar 3 and suggasls Lhat
Che moda of ATA act fon may ba dTffarent An (he fwo Feactlon systems,
Tha Fact (hat Aurdn (hegatfvely charged) and Fucheln Bansfo (posttively ‘
chiargad) tnhAbit the PhartKNA BYmthatasa reacthon al the aamg COMCERNL L 4 -
o ot 250 pM, wlearly Andicatos that (he charge of the molecule Is
Mk Amportant for this AohAbAcory acthon, Howavar, (he kypn Wb subat k-
WEAME KRoups presant on the Le Apheny lmat hana aka laton appaars (o alfant
bha level of thatr AnhAb ke Lo, Thuéa Sompaunds possass ing hydrony |
BEOoups are of fact dva AnbAbAtors, tu add it hon, the sacbory )l group apn
haincas tha AnbAbAtogy ackion, Pop aRamphea , Michn, which has khikas
hydrony L and po warbary grouph has au bsg =~ AH um, while, AVA, which
has threse hydeasyd and thea narhory | Broupa has ap Kspo = 50w, Thus
the presance of hoth hyQFnAyA Abd carbony L groups Bhvean-xlse to the
REROLESAL AnbAbAtoky At Aon on Lhis apayme Aystem, i

P ntudy ok thy mecshaniem of ALA ackion An Lhe Fha~tRNA
pynthesls reactlon Ine kudedy the addAtion of reaction compodants An
dAfLarent order, relief of ARA AnhibAtAon by Ancr@ngAna th‘eaﬁauninﬁtkﬂn
ok keaakion compopents , and'dnﬁnukkbmrnf A atable qomphex Lormalk 4 ogn
batwaan ATA and AndAvAduag A Faaatdon components, By nhansing the prdqr
ol adding EMQ'PSﬂF&AOM‘QﬁmPOHanhﬁa AL was hoped ko probe the sAte of

ARD Ankeraatton with A Bpecifle peaction Qomponent, Yhe pasults showad -

i
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that when ATA and tRNA were mixed prior to addition of the enzyme, the
fnhibltion was lower than when ATA and the enzymé)were mixed prior to

the addition of tRNA. This Andicates that the {nhibitory actlon of A&A

la more effective before the formation of the synthetase: tRNA complex.
Bluementhal ot al (1973) Faportad a similar fAinding from thelr studies
using I, coll RNA polymerase, kn the second set of erparimants, the
concentrat hon affect of tha Andividual reaction componants on tha lavel
of AnbAbAtion of a fined concentrat hon of AlA was examined, Lf Lha ob-
rarvad Anhiibltlon was dua to the Ankeraction of ATA with a carkain
Faaction component, then ralalng Ats concentration should sarya Lo ovags
coma the tnhdbithon, OF tha four roact Loy componenks examipnad fn thip
anpar imapk (mﬂ%#» K1y LRNA, and the ayuthetasa) , only alteration of

Cha ensyme concentrat ton had an effact on the Aevel of InbAbitron by 6o
ATA, Reduelng the apgyme copcantcatlon from 0O ug to 50 ME tegultad An
ah Anekeasa An tabAbAAon from 507 to P0%, whike Anexeasing the ANG Y

q

Concanteathon Lo 50 pr rasukkad An assantAally wo AnbAbAtdon, thepen
Fore wa conclude that tha shte of ALA %h&nnautkun Ia kha enayme, The
Fasukbe Krom tha khixd sk of axpariments confAxmad this won luston,
Haka, mAxEuEas uﬁ“pﬁnlxally'purlfxad anayma and ALA as wall as of ' tRNA
and ATA wera procgspead hy a gal axe A usion ahreomatography mathod 'to

Lapl Lox slable complas foxmation betwsan K"A.Audgrnacklnn somponants ,
fhe resukts showed that stable Qemmp b formation could bhe demonatrated
batwaen AVA and the pynthatase buk pot betwespn ANA and tRNA, At the
kime these studles were aunduaﬁéqﬁ there was po direqt evidepce for

f
pkable complax formation betwaay ansyme and ATA to result A the obangn
ad knhibiﬂignﬂ Akthough there were some peports that ATA would bipd ko

. )
pruteins (Lindepbawn and Bahubert  1956) ,
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We went further to study two basic questions: (1) what {a the
nature of ATA binding to the synthetase? and (2) how many ATA molecules
can bind per enzyme molecule? These guestions are the basls for the né%t
atep An the study of the mechanism of ATA action on the phonylalanyl-
CRNA aynthetass reaction,

In ordar Ao probe ﬁurthor Into the nature vl ATA binding to
synthetase, an mnpuélmcnk was carrlaed out to dotermine whether or not
the bouwnd "ATA would Antextera with tha binding of variows Ligands to
thoe epayme, Binding studles weing Miklipore fAltration and radloact {ve ly
Labe k kad prncu}muru damonstrated that the presenca of ATA at a concenkra-
Ehon of 30 pM reduced tha bindAng of LRNA to the epayme to 307, Binding
of ATA and phmnylﬂlanluul}u Lhe anayme could not ba demonplrakad wpdeor
Lhasa QUMdALlHMﬂ|Aﬂd pu Lha affect on kwpe Ligands' pemains for fucthor

FJ#\ Lwdy, » /

With the (nformakdon that ATA biuda to phonylalanyl~tRNA
synkhatasa so as ko Apkerfere with the binding of other Aigands, an
ALkampt was mada Lo obkaln the skolchiomatry of khn!AWAﬁnnAymu Inkaraak kom,
Fox this pucposa, a molaumhar wakght datarminat ion of the pactially pucis
fhad synthgtass had Lo ba done, The apayme migrated as a alngla paak on
ﬁnéhgﬁo#a OB ahromatography as datacked by syplhetase ackAvity, Thund
knowing the ralatdve position of marker proteins of known mnlnuulAi walghts,
the maleaular weight of the anayme could be daﬁgrminad. The results show
that the molecular weight of the synthetase s 70,000 daﬁﬁona, The molen
emlar walghts paported for pukified PhanylalﬂﬁxkﬁgRNA ﬁynthdtgﬁe‘gy othep
Aaboratorias ranga from. 150,000 to 280,000 daltons HAC&_A f09F BUPﬁnan

. HtRuctureg (ang), Fastolo (1973) reported a moleculan wedght of 220,000
b o ‘ I B
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with sbbunits of 56,600 and 63,000 for yeast phenylalanyl-tRNA synthetase
whi le Welnstein et al (1973) reported a molecular weight of 28%,000 with
subunits of 69,000 and 74,000 for the same cnzy%? in rat llver. Purifica-
tion of this enzyme in our laboratory subsequent to this thesis work
eatablished a molecular weight of 275,000 with subupita of 58,000 and
75,000 (lgarashi 1974) ., From thase findings, At would appear that the
above flgure of 70,000 daltons for the synthetase 18 in the range of
subunike rather than the Antact engyma and yet Ats poaltion was establish-
ad by assaying the fractions «luted from the Sepharosa 6B coluwun, The
possible axplanation foxr this discrapapcy is as Follows: iF the condl}lunn
"
of tha partial purAflcation of the enmayme waka such that the synthetape
was dissoclated Anko Ats subunits, thean a mhnturu of the two Lypes of
pubupits mast have baan subjected Lo gal axe usdon chromatography . The
Sapharosa 6B column usad An thepe axpepimeptp A8 pot capable of clearly
saparatiig the mixture of protalns dxffnrxnélhy‘luﬂa than 50,000 daltops
AR molqnuiAr wedght, alkhough At allows detaxmipnakion of paak positions of
puka protains processed saparataly, Fha tasult of the chromatography of
the mixad subupits of molaewlar wafght 75,000 apd 58,000 would resudt AR
onky A pAﬁLiAA saparation of the aubunits with considerable ovex lapping Ak

&Qﬁhﬁﬂglun aquivalant Lo 70,000 daltons~~the polganlar wekght datarminad
DA
£y
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for - the aynthatase. hus, the tube containing Shis ovexlapped reglopn contaips

both subupits, so that recopatitution of ap aqtive foxm of the ensyme can

Vrweaur, An this packAcuiar fraction, Leaving the detathed study of, apayme

struekure Lo & further atudy, the pumbax of ARA molecules bound per syns

o
i

thetase molegula was estimated assuming the molecular wedght ofmnha ensyme 18



70,000 daltone. For this purpose, the fractign from the Sepharose .6B
column chromatography contalning the ATA:enzyme complex was used. The
ratlo of ATA to the enzyme in this complex was determined by thelr
extinction coefflclents at 308 nm apd 280 pm respectively. The results
show that there are 6 ATA molecules bound per enzyme of 70,000 daltons.
This sstimated value will be modified aamighut due to lack of critical
tnformation regarding the extinction coefficlant of bound ATA. The
axtincetion coeffleiants used here ware for a typleal protain solution
(A Aggo/ms/mh/L0 wm KAght pakh) apd foxr a fres solutlon of AXA. Though
tha value for tha puwber of AVA molecules bound per synthatase is not
Ikely tha corrack valwe, ft. doas ipdicate that there is a 1imited
pumbar of aites on the enayme whare ALA can bind,

The results praganted above remain somawhat qualitative 1in
nature, However, the finding that aminogcy&ntﬂuﬂ synthatase As ;nnnltkvn
to ATA was a noval opa, and Aed ko furkher 'deratled studles of the
kinatle featuras of ALA ACK10§ in this laboratory. An this respect, Ak
1s notevworthy that the kipetie analysis shows that ARA Ap & noprqompatalive
LabAbAtor at laast for LRNA, Khis de a new finding apd dAfRerepnt from
ouk oxAgAnal Adea Khak kha‘phanyk group wAth a suitable side chaln may
compata with the phanylalanine binddng aite, Ob?iDUﬂkya the engyme
conformation changes upon bAnding wAth ARA Apd the bipding sites for

i . . 2
some of the ligands become Apacassible, Further studdes op the confern

A

mational changes of the anzyme As anticipated,
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