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- '. ABSTRACT A
-~ . : - ~ . .
A siudy of the intera@tion‘of E. colT tRNA 3'-term|nal - ; R

nUgleotndyl transferase with various polynucleates “anil wnth some small

P . - PR

molecules was undertaken, wlth a view to determnninq sOIme’ aﬁDPcbs of
’l

“the mechanism by thCh the enzyme rccoqn:z%%‘the RNA substrat S N

was fQund that thns E. Egli_cn}ymo preparatton afts Tn a spccxfcc
manﬁér,‘catalyzinq.fncorpofagtoﬁ'of4CHP ‘But not of AMP lnto lRﬁRﬂy '
lackfng’two“3‘-teibinal résidues éhd of AMP but ‘not of - CMP“tinto -
_1RNA Yacking bne43‘-xeémiaa} fégidue. 0f the polynucléates teatedik
’nniy ikNA s a sqhstgkte; hONQJé&.vQOn—substrate'RNA'} can snhubnt the
Eea&bin;_of rransférase wjih {RNA.Shd caﬁ‘bind to tHo.eHZym;. Theke“ L

’ . & 3 . i - . o
complexes arg unabTe toﬁbrbfééd~b¢yond.this first ndn-sbc¢lfi¢’staqd el

G

to catalysis or even to the more spgcific tYDe‘Qt b:ndtnq that perm ts

tRNA to protect the enzyme against thermai.inact:vatldn.' Bundnnq

studies with synthetic homopolymers suggest that the binding capacities
_ yn oy a9 | 1

T

‘of polynucleates are inversely related to tendency toward base
stacking. Heat denatured tRNA, which is expected to have more base
Stacking thandfat ive tRNA, has less binding capacity and also

diminished acceptor activity:in the.enzymatic reaction.
' o ¢ o RS . U
Study. of the effects of palycyclic dyes.on this system

v A

dndicates that they inhibit the transferase reaction by assaciation

with the tRNA substrate. The mode of inhibition does not Tnvolve

intercalatien, nor-is it merely ionic in ¢character. A positive charge
i necessary for effective ihhibition'bui'not SuffitientA Inhibitory.;

o S : / ’ .

powers within 3 svrxes nf dyes are rclated to !hw rela'nve tendon‘erﬂ of .
Jthe dyes rao hase sra«/‘k_, the qre—azer,;zhe sTacking tendc\ncy of the 7 '

TR R
i . B

N



. heterocycle, the more effective it is as an inhibitor. Fluorescence.
l"’ . ‘ L " . - .‘ ) . “ ‘ | . ')‘ -
. - ~data support this hypothesis, . providing evidence that ‘the greater the
.y 'stacking. tendency of the polynucleate, the greatef the association .
A witi acridine orange. There is also indication that bulky substituents
. [ - ~ Lo E - ) . . .
. T v : ) B ‘o . . . X < ) 1 N .
S on the dyes decreqSe inhibitory power. These polycyclic dyes inhibit
the first stage of the transferase reacﬁion,.cansfhg a reduction in the

- bihdinq of RNA to enzyme. oo _*f ' Y

<

Polyamines stisllate transferase Qctivity at low

- ’ .

concentrafinhs_and depress. ‘it at higher concentrations. The more caticanic
. . . ) . . B “AJ . . . . .y I

species are more stimulatory, and the éffecgs are additive, sugaesting

L . ’ : - s R I
that, in this system, polyamines are not mere replacers of Ma T - The _ . .

inhibitory effect of bblyamiﬁes i due to association’Wifh :RNA which,

ae very high concentrations (16 ‘i), causes precipitationiof the RNA,

tRNA protection of transfe?aée from therma) JnactiVatioh]deal?ngg’ ..

[

©» steadily as$ spermine concentration increases, indicating that the-y

-

stimulatory effect observed in the transfer reaciion s not due ta an

cinfluence on tRNA-enzyme association, prior 40 the binding of ‘the..

“nucleoside triphosphate substrate. -+

’
L.

AT R A\RT*a—v%rxﬂ3ow-concentrat|0n ATA .inhibits the transferase

reaction by assotiation with the enzyme. 5 enhibits the binding of

. S PR o ‘ et . :
both R17 RNA ans tRNA ‘to- transferase and thus renresents a probe ot

the non-specifit nucleil acid binding site(s) on-transforase;. Sther

P . T A L LT
Lriphenytmethanes are also inhibitors but &ppear not to ' be 5o
“specific as ATAT  there .is a L0-fold difference. in inhibitoryipower

.

ffecnive inhibitar in this series.  The

between ATA and the next most

Y

specificity, then, of ATA renders it very attractive as a probe o an

o enzyrmatic. refagnition site for:trahsfpr RNA.

r
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g CL U CHAPTER 1 |

~ 'S
, : o - INTROPUCT I ON
h] o | » .-_ v § "
N ,

Some of the firét tcli-free studlcs of nucleotode xncorporatlon-

into polynucico: de mateﬁ%al were performed using crude homoqeﬂa(eé

from vérioda mammalian tissues. Stranqely,,these-7ystéms showedith:t

_AMP was |ncorporat ed more: readvly than the other nucleoyndes asUFOf‘

+ .

uxample in honoqenates of pigeon Tiver (l) rat ancr (2,3). and
%;gTWexner Jobllnq carconoma tumour (h). -Moreover, It soon beqame clear~

lhaL the AMP nncorporatoOn occurred adjacent to cyt:dine res:dues only.
N Ay
'L.ke other nucleotndg polymerLGnq reactions, the nucleoside

trnphosphate_st foupd;to_be the subsrratc (5): However, this*' '/

incorporation was reqarded as anomalous bccauso |t was known that ‘the
‘ ' ' E o t
avoraqﬁ base ratios of vqrnous‘ribonUClesc ac:ds were close to
AUt = 121710 (6). If the in;oéporarion_were due solély to net

-RNn’synrhpﬁiﬁ, it was not logical to have )Uuh a hnqh nearest - nefqhbour

yfroQuenqy for CpA, in pref ncc(to the othcr threg noighbouriﬁq

thﬁQUONC;CS
. . -

A partial explanation. of theé above phenomena became
2 . . : g :

dvnilﬁL;g lhrough:a'reportifrdmiZamécnfk}s laboréror} in 1ag8 (7).
'They Ji,‘oy;fcdﬁyhdx Qn‘enzyme from Ehrt ?ch ascntes cell induccd
.in;nrporar;nn 8% EHP and hﬂ? (ds weki-éﬁ some UHP) iﬁto 50‘calfea
.zﬂlgélg~ﬁ§ﬁ_f{RﬂA in,pfeseﬁt térm}nbfoqy){ Aoréove% CMP and AMP
:Wcrv‘dd¢chin sQAQEHce" wrth AHP chno rnftly termnnal Thc reng'«;n

wan reversible. Using a rat 11ver=enzymc Goldrhwasr (8\ dewbhstrat01

‘:_dndnesluh-dopcndent AMP acceptance by two SRNA {roctions that had been .

'/;?'



\
o

- b .

‘separated on Ecteola cellulose. Thus the substrate had at least been

defined, through thCh lt was obvnous that net RNA synthe515 was not

. G .
being observed. However the functlon oF thls envymlc act1vuty was -

-

not understood at this 'staqe.

Part of the solutlon to thls questton came from progrcss “that
was bcnnq made in the chemistry of rubonuclelc acnds. esbec»ally tRNA
,Zamecnnk ‘and his colleaques’wae able to establxsh in l°58 (9) that ‘the

|ntact *pCpCpA OH 3 -termonus of tRNA i's required to permit amino acld'

ﬂ’-

blndlnq to the RNA {or amanoacylatuon as it IS»QQW“kno n), andjln 1959

(10) “that amino acids are bound ln estér linkages t& ‘the 2'- or 3 -

hydroxyl of. thc rlbOSP monety an thc termlnal adenosine ‘_Quhsequnntly.

-

Allgn and Schweet found in 1960 (ll) that tRNA lacklnq the termnnal

IS

. . : i 14
nuclootldes does"not stimulate [] C]-leucnne |ncorporat|on lnto
hemoglobtin. These findings :moly that a termlnal adeno$|ne Qn tRNA

pr&uides'thc acc;ptor a:te for amfnoacylatnon, wh:ch is the Fnrst

'xtoo toward “FO(Pln buosyntheszs Thgro seemed to be an enzyme which

-prnvrded for roqono atlon of che 3'-terminus of lRNA tRNA 3J-tcrminal,3
aucleatidyl trdhsfera,o Fi r 7}7h:5); refurrpd to as ”Lfanﬁferase”

in this {.h(‘sﬁ. o

Tt was e Lhcn oostugﬁﬁcd that DciE}ps tho 3'-term:nal nucltottdo
o : e N R :

of \?Nn.hds clnave“ after: eas “h cyclv df ~amino acid tranrfer-ln protein

bizsyathesis. i an ctfort to test nhlgf,in Vivo studies were Y
tnitiated in 1962, Scholtissek dcnnnstrated end Lurnover’of rat - liver ..

. : ) - : N '_ ’ °
TRNA for th, last‘nuclcotide onlv (l2).- hgrbert 5 labora'ory found RNA

Stesminally labelied” wrth h?(h AMP and (MP in rabE%L rgtlculocytc reH

cells (130, AMp turnover Wi also;dononstratédvln ybast (l§;l5). in

-

These studiss extendod . .

\118y

E. col'

i

(lﬁ A7) and in sea urchin embryo.

B o



until ]965;'by which t.imf 3t'was.clear‘that'thé turndver rgte was‘foo_

' 5low'to account for prétein synthesl§ Horeover. in 1966, Hol

. . A

(19) demonstrated that puromyc1n had Irttle or' no effect on AMP and CMP

1

E_

‘lncorporatnon nnto Lhe tRNA of »ntact retncu]ocytes although itb
lnhablted the rate of Ieucane lncorporatnon into protern by 98

Th:s ns dnrect ev:dence that the two system ‘are upcoupled in vivo,

<

Cannonv(17) suggested that the observed.turnover_Was
“essentially a repair mechanism: ribbsomé-bound'RNasé b1 {an exonuc lease

requiring single strandedness (70)) ‘randomly degrades . the tRNA terminus,
- and this.damapc;is_repaireﬁﬂbyngransfenasef Thiéfwduid reSqlt:in

r PRSI
AT

turnover of the terminal AMD'and'CHP:' In this regard, it is

ﬁnterestingrto note that in J96h‘znbay"and Takanami found hat at 20°c,
only two rosndues of the 3"termnnus of transfer RNA are present in an

'unh}ndgrcd and sunq!e strandgd state (21) This mechanism wpqld thus'

-

aécounr Fon'turnoyer'in-aCtively metabo)jz&nq mature cells.
.ﬂnythafather nand; for‘fhe‘aea ufchin'embryon another

‘inturuatinq p&ss?bflﬁt? Qaa prnpaaed (!8); Embryonoc qrowth to the

:hfgcll stage ié actnmpanied hynuptaka of radioactﬁvc phOSDhOruS'ih ghpf,

-ptpcan,-nﬂ end-of tRNA.  G1i3in and ngih suggested ch’at the addition

ooof thcv'DCDCpﬂ ay nrquur prO{L:ﬂ synthnsns after fertlllaatlon, since’
o ‘ ‘ . _ )
atl nrhpr rnmponent\ are pre,ent before that event.

-

}Anoth¢r basic'ro}¢vQ£ (he tfansferasa-%ysgem isisuqées%gdvby.j“
ntnc‘fggultﬁﬂdf'ﬂltqﬁn ki?jferc found'tha; fhe pfecarsons Qf tyro§fne '
tﬁﬂﬂ'exisl"as'nﬁqafnblecujcs cbntaininq noréikhan.0néfcnpy of ;ne
IQR@A_ ¥hé con}eslscnm to*idck-:hé usnol 3‘-t rmnnal -pCpCpA_séQuen%c;
i\r; ;hfi i#tan: :han the chOAi' smi c enzyme wh:ch aomol tcéﬁynis

' . . T Lo
Cauente i essential. to tRNA maturutJOn and thus (o_proteJn

-

a

ERERY .\u e



"~ While the above functional studies were proceeding, other
investigators weré pursuihg a basic characterization of the enzyme =

system. The results summarize as follows. The reaction catalyzed by.

¢ &

‘transferase does not produce net RNA syﬁgheﬁfs: ;h%.anJMeihasllittle
.{a common with RNA pqumerasé for'example. The'pHi;bt;mum for él]
transferaée syste: o eiudipd Eé fgk'is 9vf 9.5‘(23), wﬁéreas fhe'éH'
optiﬁum.fok.nét RNA synthesis is 7.~ 8.5'(2h). [FQrtHermérg. tHe
'tranéférése'éeaéiion iﬁ'nop geﬁsjtjye to éétinomych D, as ?s RNA .
 éofymerasé'(25);  The}é Bavé heen éther nqueot?éé-in;orporating
{eﬁzyme.;ystémé repdrtgd‘that,do not pradu;g net- RNA syntﬁgsis (26,&7). :
bUt'on c1ose exéminé:ion théygscem to be‘dffferént from transferase. |

After the transferase enzymes‘from‘vafious sources began to be
purified, several salient features of thc‘syStem emerged: AMP. and CMP

_incorperating activities co-purified and were sensitive to heat and to

s
<

trypsin d?gesfion‘(28}29). .ln'addit?on to thé’fﬁNA proauct, byfb- '\“‘
bhdséﬁate was 5150 libgfaigd. .Berg'S'gréuﬁ,demonstratéd that aminb

acid acéeptﬁﬂq.acffyity cbuld Iﬁd&biJ<;festored t-«o‘LRNAY whjéh had g//.
been ig?qtivateé hy snaké Veném ?hosbhodiestcfasc, 5y re;addiﬁién‘bf.thg_
-pCpCpA-terminu§ (30).f t RNA ihdiQ&sdeQradedvheyohdvthg téFmiBgl.éﬁfce
‘nucleo:;dcsvcanhoi dccept CMPv(30.3Jj7 'Thg<reversib11ity ofifhé_
;ééétioh‘féjnot qpite‘coméfete; for tHc ycast'cnzymeffon{y‘pne:CM°'ié'
rkﬁﬁvgd'by pyrpohqsphdro?ysfs (the‘reveESé of fnc&rpothibn);-wﬁfic'two
can bcvreéjqcéé if;rp&bved by othenvmeans:(BZ);i

.Thuﬁvtﬁe bés?c gcucpionslﬁhat cén,EQ”obSQEQGd Inr(ﬁis‘system

reaardless of the hioloaical oriain of ‘the enzyme, are-:

tRNA-pX '+ 2CTP 4 ATP _:19._._4 tRNA-pXpCplpA + 3PP,

: (RNA-pXpCplpa +~2PP; ﬂ—iﬁl-_)itRNA*poC + (TP + ATP



. This gysxem presents a unlque opportunaty to study protein—

nucleic acid snteractxon Flrst the baSlC processes of the react|0n

B -
. . . ~

have been well characterized. 50 that the effect: of perturbers of thc

- ’

system can be assessed. Second it is as snmpl a~system as there is
‘presently available: . there is_interactqon between® one oﬁ“the smallest

e

.speqies of RNA (tRNA).and'enzyme,.and between_two nuclebside
triphosphates and enZyMéi. This makes |pra practlcal mode foT protetn‘

nucleic aci id interaction.’ A third advantage of conslderable |mportange

) ﬁ_ i§1th¢ fact that the primary and secondary'structures of tRNA's are’
largely Fnown {(see for review, Ann.. Rev. Biochem[-(33§). Priméry

sequences have been determined for many 'tRNA species, -and the clover~
leaf hpdel tor socondary structmro seems to account for many of the

obJerVed phys'ical and Lhemlta] properties of tRNA. .Jt;is |mportant toy

'hope Lhdtvtransteraso is able to;iéteract with all tRNA specles This

s in marked contrast to the aminoacyl—tRNA.syhlhetases. each of which

is'spacific to a svnqle tRNA \hecrgs. under normal condxtnons The
pr:mary SPQUPHLO of duffcfont tRNA 5 show no somnlarlty, vxcept in -
Y ’ L
NG .
dgthe 3'~lcrm‘nus zhc pse udourldxne toop, and the d«hydrouiadlne loup

Wih«refore, the YethﬂltlJN ut tRNA by transferase should invoive .

featumes common” to gl | tRJA nnlucules either in rimary ar higher

lrugture,

.
P : . o v _ s . .
“The question thus arises, as to how this recogrition
ST nu'Han:,m cath beinvestigated. Dnc'mossible approach is kinetic
) R . ‘ L T e
Coaludics . Thid me'thod has served to demanstrate that there are- tex

SEPArGte wites.an thc‘on?yme'for'ATP:anJ'CTP Thus Cﬂnhtdéidn ua,;.

Heached for both ;hu rahbi"mus;le \?Q) and the E. eali (35}jpnzymoq

atthough the types of inhihj:ion4kinet1cs wﬁrc-differeht.-'Howevcr, it



is difficult to eXtend Ehis method to an ihvespiqation‘ofbthc inter= -.
ﬁ artron between transfer RNA ¢ and enzyme Flrst.» is not- known whetﬁcf

,,\ .

thene is a sunqle site of assoc:ation WIth the RVA moleculo or multxple
sites. Thns makes 1nterpretat|on of kanetcc data dlfflcu)t. ‘Another
problem is the fact Lhat knnetlc exper:ments qencrally requure

homoqeneuty of-the substrates.v In this case, the complex|ty of the

AN

LRNA sub&trates q:vee rnse to dnffnculty s:nce the enzyme does act on

P .

all Jpeczes of tRNA Hence conclusuon$ drawn from klnetac exoer‘ments .

usnnb a 5|nqle amino’ acnd acceptnnq tRNA specsPs cannot ‘be genera!szed,

Lo LS

Convprsely, k]DOLIL exper:Tents us;nq mlxed tRNA's may represent Only
. . . . - . &

aniaveraqed COT\dl_th.n. S - . - <

N ond oos&nbnlnty uould be to xnve;taqatl a5eq where the

' jenzymtf m1sbehavc>” by rgcngnIZInq |ncorrect substrates ‘There have :

.\'

»beehfhuhetous fnS;anCeSWOf‘this.type of cVent.‘espeCIally.ih the’
e A L. : ) - . - . . . o

'mammaIiHn systems§' Thése_inc1udc céﬁés-in“wh7ch’the ”wrond” nucleo-

’

S|de monophoephate ig:lncorporated 1ﬁtd tRNA (23 31 36 hl) Dépendinq.

6ﬁ'the reécf;on énndlto§n5;>v1rtually al\ mammailan systcmé caz .3;3“
 ,cqgQ{%z§“fa§c{ion$ épph,ag,thevfpylow?nq: | . f
 j‘_  ’f.:  ‘ :---.-‘>‘» '1 : 2,‘  .. ’ |
J?ff”3'“ A'}:; tRNA= pXDc + ATP RN LRNA DXDCDA + PP,
| :":RNA poc + UT? :ﬂ_-;~;;f_ LRNA poCpU + pp _' ff R

tRNA poCpC + CTP -*§4-.AtRNA~pXDCpCDCGf_PPé

?f:Or thosc uroduuts. Only tRNA poLpA is’ able to carry outvthe
_nQ(%Q! unu!ldns of tRNA (amlnoacvlateon peot\dc transfer t?l\

‘LRNh;ﬁlpCprand tRNﬁ?ﬁYanCbt arefnbt caoablg‘of:aCCentinc AHPL_? AA*&




.

\» .v. . “I ) .
“~ln. addtt:on, some transferase systems canJgECOgnlze poly-

. : \
“nuCleateSﬁothér than tRNA: Yot et a] found that the ;_ colu enzyne

'could use as SUbstrate turnip yelLow mosalc V|rus RNA (QZ). lt was

Ry

then establlshed that thls RNA actually contalnfd a tRNA~ llke structure

~at the 3‘lterm|nus "However, ~some. mammalcan enzymes wull catalyze a
poly-C bo?ymerase-type Feaétion, in which.lengthsqu‘po]yvc sequencés

-'are a gfd to such specnes as 55 RNA (38, 39) 'in»E} coli soﬁe»bﬂrified

preparations do catalyze m»snncorporat:on (h]) whl)guothers do not

-

‘(A3)? -~ o ," o ' 't'k'-": R

T =

There a%e~tw9Amajor dffficultfcs in in:erpret]ng these4
misincorboration'studies;‘ ﬁne is the d;ffnculty in determtnlng what

permJitednthc aSSQCLathn of the Pincérrect' nuclesc acnd or nucleotch

'

',ubstrate wnth tHo cnzyme was it structural slmllar;ty to. the norma]

*;subsrratelO? somu othor undefunpd process? Theimisincofpora;ion .
o . \a - . S e R
hehclioﬁs seom to 0céur'more rcadily in the prbsenceuoffmanganese .

'_{:nstoad of magnes ium |on) or - in the presence of h;gh enzyme
','cohcentrntionsv(BS 39.51) . Although,manyaof,thglgnzymc‘préparatjéns'

_are h:ghly pur:fled none atta?h comp!ete.homoneneityl' Therc‘is’al§o’

» R [
",oﬂw ev.denco (Hat multlolc species of t.ansferase exist. Gross et .al .’
Havv-fesﬁlycd'thoif

Cpurified €. 5911'ch2y@c,iﬁLQ two'peaks'qF qctiVIty
LR .In'addjtioh,“ﬂukerjj and Dcd(schﬂr,have.isolated a eroCHOndrihl’

L . “
rans ¢ (rnse trum rabbnt 1sver k“S) uhach may corresoond to .one oF the..

'(hﬂ<d([jviﬁigﬁ Deutacher had obserde e1rlter (39) 1A is not at
Diresent knawh‘whether thésc multip[c E?ansferascs behave simitarly
vwl\v respect Lo misincorporation, dn view of these problems .t I3

difficuit 1o drawsconclusions from ihcse dara.»concerninq thc

”.réCngnfrioh of . transf r RNA by transfcrases

o -



'JHaar et al reoorted that whcn fRNA poCpCph’ was treated flrst wnth

1

¢ A third Qype of approach is to examine structural aspects of

the recoqnltlon mechannsm vna—chemtcal modnfncatlon of the transfer RVA

”

Some very useful snformatnon has become avanlable thvough thle means.
'Ig has been found that tBNA leCked at the 2 (3 ) - hydroxyl of the ribose

moiety on tha;ﬁﬁrminhl'adéhdsinevcan‘not”bé pyrbphosthrQIyZCd (Aé,h?). -

N . X sy ‘ .
Pulkrbbck énd Rych\ik (47) suggest that the enzyme may require a free

c.s hydroxyl confuquratlon at the 3‘-term|nal rnbose In }971, von der

fNaIOQ and then with NaBHl to remove the C2 C3 bond. thereby déstroyinq' e

Ethe hydroxy! cis- conflqurat»on(tRNA DXDCDsz1_rLd)' it could not be o %&Eg"

phe could

yrophdsphbrglyzed!(QB), On “the other hand, tRNA DXDCppr —red

”be pyrophofphorolyzcd and theke is no éis-hycroxyl in etther of these

.%p€C|eﬂ Thus thc offect of. b\ockunc the 2 (3 ) hrdroxyl (h6 L7)

]:nc]y duo not to los> of. the cis- hydroxyl but to bulky substitution at

;thot_sitc. Vom_dc' Haar ¢t al Iexplaln the.' dafferent bchaV|our of

.’-—-.- -

' Dht‘ pl 16 2
R [ v
t NA pXDCp( cred and . tRNA poCpCp oxx~red on thc bas;s ‘that oxlfatnon
':and_reductpnn ﬁn (orts the rQbmse confuquratlon this-distor;ionjwould
be q»ffervnt_for C7g and A7(: ;lv‘: o

.‘v.'l,-u,' ..." o .‘a
Orh(r chemnca! szudnos havc nﬁdccated that transferase i

to!cﬁdn:fio modificaﬁion 3tﬁthc 5! whydroxyl Gf the termnnal rrhose

moiety {hQ)”and at thc C'~905xt|0n of a t&nmbnal cytldune (50) On thc‘

other hand, déamjnatEOH.of a (efminaL_cyv7giho to-urxdlneicaUQQS “toss

R NN S e ST e . .. O
of AMP accéntahce (61). This is consistent with the results’ of Daniel
dhf'fi(fauchWHich ihditﬁted Lﬁaf theinisincprporation product tRMA~

wAnloU does not ac;ept AHP (71)

°

Hnwever, 5tu{|0‘ on the fuhc{nOn oF the 3'-term|nus of tRNA

inotne recogn}nion procegg must also takc :nfe a;cadntﬁanothb‘




¢

.

Namely, neither Rl7 RNA whnch

‘

.ynthetxc polynuclcat 2s ‘such a
4".!

as the 3'-term|na| ~pCpCpA .nof*.

X

poly C or po)y AC are substrates of

¢
.

the enzymic rencrlon. The or'er inVariant,séquences of tRNA, in the =~

dihydrduuidine and pscudouri

L

ine loops, ‘should also be investigated.

o

Théée”otﬂer'regioﬁé of the molecule can be cheMicallyfmndiffed, for

example,. by deamination (52), photo-coupling reactions (S}),zand
excision réactions (54),

»

infortunately, there are. inherent

.

cifficulties in these methods. .Many of the available reactions are
relatively non*specifjc. Moreover, most of the relevdnt seguences

in tRNA are prélected by seconddry or tertxary structur in the
’an

native conformation. Thus it |s dufficult'tc induce altefation in';

X 4
4

« I / . K
these regions. without massive. and undef!ned modlfucatlons elsewher
. . . ] .r‘>
E A “ ' bexey
This was not a severe problem in the study of the 3'-term|nal saguerce
o . - . w!’u 4

f’ NN

. ) e .
- because, as mentioned car!:er, th»s-sequence is larqe)y procnﬁ a 

single stranded énd thindévcd sgatc 5o‘§hét fﬁe§g nucleot §
ﬁmch more rcadfly‘;ﬁah inle}na] nucteot ides
iy a specific.ééactfon aVaiYabig'fér 3"term{nf,'
(ive., tﬁc oeriod;£e Feéction);

.

also the.

Even if specific reactions can be f0und S s

prohler that i{vié not'knan wﬁat effeét'mbdi}icatjon 6f;ihv;prjmaryv’
'ﬁxrﬁckufc of-£RNA'Ha$ on secondary aﬁd'téftiar; Strué&ure. Thus ltia
x'Jifflcu}z to det erm:nc whvrhtr a di»ruptlon of the recoqnntson D
Orocé>§ 5ﬁ‘ﬂue tm»the_primary nl}orat?on of to undefinqgﬂsccpndary,
and ted tiary alterations. « -
Frdqmén!é(inn ex@nripris'rep}esén:'a'fouth.560r55¢h tQ ‘ ,%'

Sthe study ot the recognition wechanism: The tertiary structure 0\

Lo e g T U - SO '
permits specific fragmentation of tRNA into halt-, quarter-, or throe-



quarxer-nolecu]e§ hy'RNége T1 %55). The'fragmented tRNA éaﬁ‘then be
'examfnea‘fof-nucleotide accépting at;iVify in the fransf@rase system.
_Grosé Ei.il found that tHé'E: Egli_;nzyme coula cadséJERNA

fragments of chain chqﬁh‘50-10'a¢cébt-AMpv{hb).( Zatﬁaﬁ'slfabdfétory
published frdghgnﬁafion‘résults on tRN_Ascr and‘(RNAphe from yoast (55)
Therc was abouf )3? achptnnq actnvnty for: twc 3'-ha1f of tRNADhe

tcstcd‘aloné.“When_;his was combined with the 5'-half. of tRNAbhe

almost complate recovery occurred. Likewise, this recovcry could be

S e o AR se he
almost complete when the §5'-haif of LRNAser replaced that of tRNAp
combining  the 3'-hatf of tRNA"T" with the 5'-half of tRNAP® did
not - result in recovery of activity. lnterpretation-becgmes qifficuft

B s
‘because a question arises as to the fidel’ ty of the reassociation :
. . N -
process. That secondary Structure_is important to the recoghition.
process was first d| ccovered in 1967, when Lindahl et al investigated

a rehﬁfufable yeast 1RNA‘DXDCPC‘?U aﬁd found that: AMP inco:gofbtionn
nnugqrrcd rcadu)y thn the nuc!ctc acid was in its native cohformaﬁioh.
bup perly whén it had been denatured (@6) _ ln lSjil;lgaraQHi,and‘
"ﬁcCalTa'rgpqrtcd a_simear'phbnonénon for CMP |ncorpnaat|on nntb.bﬁlk
:F; égli t#ﬁAv(S7)._ Thér¢for;.$ nedative'result,in‘fraqmentatfqn
-,cxper?ment5 i5 th@n-]mbéssiblc o nte rpro ;‘ &hgfhcr_limixation ot
“this m,}thod TR, he 51%{?’?'}.&:\4!’{_\/ of ».t.sxarvinir*.g ;Pwo'f' i‘.' ot step of !-h(:-'
récqqniz}on'brocbra (bia;iﬁq’Of [Fc ﬁRNA :é thv_cpgymc). P iy k5ow
LBJ; *hérv ?g.possfbl¢ mmnstcgif2t intcrécii&n bctweén enZymcs and .
v5rihés typevs of RNk‘s; as deronsirated ia the,aminqabyl-iRNA
“thetase ﬁy&;wm\(SBf..JTh9§ It ?ninOLVUSu;ul to stieﬁot_binding'
'SZuUicQ_uwino7?rngnwnt; ofbjRNA‘_;i; seems that a necessary type,df

;

znvéstina:ion'to pursue eould tea general study of structural

0



o _ - S oo
requirements, including where possible those. related to primary -
g o . , o ' e
sequence. 'of tRNA.
‘. . : - ‘ 3 . . N : @ ." . . N )
~ A fifth approach is tas investigate -enzymic thermal stability

v

changes due to,bindind of substrate. This method is oarticu!ariy' K

‘useful lin isolating the events of vhe~wransfer reaction, as these -

“relate to the tRMA subﬁirate. On a gross scale; the first event

wil' be binding of the tRNA to the enzyme, then (perhaps’ a o &
‘conformat ional change in enzyme and/or tRNA, éhd'finaflv the actual @

catalytic event~-?ncorporhtidnib?a;he mohbnuc)cbtide into tRNA. Ffach

of these steps is amenable to study, via a combination of the above
“approaches. : ’ t L ' S

Binding of tRNA to enzyme can be measured in various ways. .

’

Among the methods.that have been used are sucrose density qradidnt

centrifugation (59) and mi4Tipore filtration (57,60). Of .these, the °
miltipore method 75 the “fess Harsh proacess, Capablolof detect ing o ~

Tess xtabré complexes fbnn‘(ﬁe S{hqr. Howoever, :hé sens?givify d%ﬁ
the fi?frniion.ﬁnthod aogs dénénd:on,exoérimental dctqil.sb Ehaf
cogpnriqoa amohé results ofbdffferéﬁt QF;UP;'39 ji(Ficul(. Jg‘wgll‘ﬁé’
diséusxod in Chanter 3.. |

.~ Whether observed.h}ndEnq.reoréscnts.catolyticqlly impartant e

binding can be determined in twg ways. If the substance bin's ie the
Tornag _ L we the s it

cw;u?yfic site ih‘procisélv the wav a nﬁrﬁa1'5uh5t"aLv JO&%, £h0n'ﬁﬁg /
gSUIﬁ ckpect“incdrpora{?on o of6cced.‘vlf; howéver,f&ﬁv biﬁd?na
‘Quﬁstéﬁcv  ?s not a subst%nt@-ds deﬂcrmihéd‘by'?n;mranrnfiﬁnf;i! n@v
\!51; bind in-qn»gnzym#t}éa)?y bportant fjghjgp. _1f it éon?.\{“
"thgﬁfbné can qucélu;hﬁi T wi)) iﬁhib@{l;hbvnormqi‘incé%éorgtlﬁnb
reac! W»quﬁd Lgo :RNA Subs;rétel(57);

°




N wubgtance may do all of this and yect not proceed beyond

thin Livnt =Tagy of the transtfer reaction. One measure of whether the

reaction proceads beyond this stagqe is.dotermin{hq if the binding

S

) s . " 7- " t ('. - . N i 'c
sub«t tance provides protection against thermal inactlivation of

.Q%g;rnnfleasc A mcntinnod earlicr; transfcrasu is sansitive to hc@t;

Y :
TtTcan be protvctod from |nacrnvnt|nn by the presence of tRNA ar. tho
“‘nuclcosudo triphosphatcsl(h3.57){ Interestingly endugh, Miller ard

‘Philipps.hdvc found that acylated tRNA is abibftoﬂprotect the E. coli-
‘ o I . : ’ LT T

“enzyme, in spite of- its not being a substfaté Foh théAtranéfef

reaction (A6, 7). FxtthIVu duncstaon of tRNA with snake venom phospho-

'\'I .

Jroxtv rase, vun(c1311y afler rcmovalipf ahout 9 nucleottdos from thc

%‘—Lorminua dccreaﬁoslability'to protCC' thcwenzymc. Th9'3"torminalf

”t\k oppv)r' to havv cnnﬂndcrablv |mportan§c in the rccoqnitnon

procosa. In IQ}I ChahéVillv S lnboratory \pccccdcd in. producvnn a_

K

5vphnrﬂxo~hound'(rgnufnfnue From'E. COIJ whith had»qrcatcr hcat >

,>tab»lxty\than the ,nluhle cnzymc (61) Howév}g; LRNA faaiod to.

»tab;]nry as.tt does for the so[uﬁle enzyme. Thvsc

A . ) . <

at ostudy tiscusned immediately ‘above:.
B RARN

k . : . . N o . -
1. Incarporaticn of mononucieotides finto tRNA
3 . HE. eoli) \
. 2. Binding of polynucleates to transferase (E. coli)
. - N - 3 ‘ nhibi bt 3(5” of the transfoer react I\OQ t-\\],
e o . S ‘ B "xr .
. o “hinding substances' o
4, Thermal inactivation . -
. . . ‘ N

12



v

i test o f’/t,}h(: type of binding.,  In addit#on to

-

The aimwas to determine some aspects of transferase - -

[

. C . . o ‘. . . S ~ .
crecognition ofits substrate nucleic acid. Each too! was used-as a

: ,’_ . . t . .( . . T .
probe of the appropriate staaqe of the reaction as Qutiined above.

Incorporation measures the sum of the sLgey, hinding the first .
S ) L » S : A
stage, and.protection against thermal inactivation all those stages

2ding substances'

Cprecede actual ga(aryai;.-vlhhjbj(ion by sthe .''bj

-
o

hese basicg

studies,

of the

_wyntcnfffﬁﬁﬂijygli(jchu, triphenyImethane dycs, and polyamines,
I N : , ‘ L

the methodys were abso uned to assess  the eftect of Perturbers

-
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Biological Materials

-

£:~ééli_tRNA‘was purchased from'Schwé;z/ﬂann. Rl7 viEal RNA

was extractedAfrom ;jfion-éécordfng to the mefhod desc%?bédﬁfnrlfor
:(62). Br{efly this was as fo!)oWs:.
| E. coli was Qrown in TM-medium. (|n qrams per liter: 6.05‘;;i§.
'S 8 maleic acad 2. S NaC1l, 2 O KCI A NHAC¥¥ 9 IQZ Na HPOQ; O lh? '
Na,so,, and 0. 025 quou 7H 0; the pH was adjusted to 7.3 with 5 N NaOH)
TM- medtum was supplemented with l ml of 50% qlucose and. 0 R ml of

.25? L-methlonnne per lob»ml. The cells were grown in two steps.
First, a culture meanm was |ncubated wuth E col: KIZ Hfr met~‘and
lncubated overn:qht at 37 C in a rotary shaklng watcr bath Then O ?
"ml of Lhe overnaght culture ‘was relnoculated into SO ml oF fresh
”culture”mednum vand ai]owed?to grow at 37 (O for 3 he with shaknnq

Fifteen minutes hoforo unfectuon the shaklng of the water bath was'

rLduced ko mln«mlze hreakaqe of F- po1x from thc host cells Phaqe RI7

-

was added to the culture at -a multnplnc:ty of 1nfectlon of 20

SH}krnq was ongreased fo nbderaté speed after 10 m:ﬁ of anfectvon &
}20 min atte;'nnfecrnon NaCl was addeoltd_a final cOncenEratlon of .
Olllﬂ, and th|< WaS foll;wed amnedtately by tHé add«taon.of 150 m}‘otx

'ushwan Thls suspenston was kept th the ‘cold Oernlqht aftcr which :

,Itht precipitate was: collvcted by ccntrlfugatson Phaoc art?cles_wwre
‘uurr'l(d from the pellet bv successive washvnq w:th buffe (Rb mH 

, Thxt—HCI pH 7. &-~IM kCl——lmH EDTA) usan huqh specd ul'racon rnfuqa'ron

an

{150, 000 XG- ‘or 80 mwn) " RNA was then extractpd hy the sudlum -
ﬁodccyl sulfate (SDS) phenol mcthod (63)5 - ) " :5.

o o

15



When radicactively I3belled R17 RNA was required, an

~

‘kappropriate‘amount of [ 'cladenine and []ﬁc]hracil was added at 20 min

- : . 2 A L | ) R R . ’ :
~ after infection. Phage were harvested T[f(ﬁ? standard method, and -

‘viral RNA was extfacced'as above.

-

R

‘Eiéggrdtion of KNA Free of 3'-terminal Adenine aﬁdvgytidiné Residues

Method A

»-THIQ procedure involves stepwise degradation by a'modificd

-

periodate method (6. 50 mg of tRNA was dissolved in 1,0'ml of 0.2-

: T = ; ) . o . . .
~ NaCl and put into a round-bottom centrifuge tube with a stirring =

magnet 1/8 x 3/8 in. *A_é(S ml aliquot of 0.1 M hexadecylcetyltri-

: . , N
me thy Fammon ium bromide =(CTA-Br) was

added slowly at' rcom tempefaturq

with constant stirring. "After two additional minutes of;mixing.wthe

oo mayoet was

removed, and the insoluble CTA-tRNA chpléx Wwas spun out at

10,000 r.p.m. for 10 min using a type JA20 rotor in a Beckman J21.

cecentrifuae at room temperature. The precipitate was dissolved in 1.5

< o B e -
ntl {?ﬂxlysine buffer (pH B.5), and ‘subjected to periodate treatment

-t

as follows. A 0;5 m¥ aliquot of 2 M- lysine-HC1 (pH 8.5) and OLS'mL

30 mM periodate were.added, ahd the

at - 45°C for 2 hr. . Afrer cooling to
' ﬂn}af excess of ethylene glycol was
o Sree s .

- )

poniodate,-_Water was then added to

mixture was- incubated In the dark

room temperature, a lO-folJ
nddcd'tQ'QUench unfeacted' _

precipitate .the RNA?CTA_compléx,fE

by reducing the chloride concentration to less than 0.2 M.  After

/-

centrifugation, the pellet was washeduwinh-O.Z_H NaCl--D.01 M CTA-Br

and was redisﬁpkvéd in i M
“ethylene glycol.  Alkalirne
solution incubated at 37°C.fdr 3 ar

K

ﬂ;,  \ . j:»;;ii;y | i :<?\ _

NaCl--0.2 M Tysine=HC| (pH §)-=-0.005 M

phosphatase (10 uni(s% was added and the

. .The'RNA was. then precipitated,.

1A

s

Gy



A
\

':diSSolvcd in i M'NaCI,:reprecipftated, and'f?nally dissolved in .| M

.

lysnne HCI (pH 8.5) in readiness for another. cycle of . treatment. f

’

: %ufFvCAenL cycles of treatment had been performed W/IOOth vo lume oi
] M MgCl and 2 vo!umes oF ethanol were added after the lncubatlon'wuth7'

5phosphatase, and- the - tRNA was collected by centr:fugatton The tRNA

1

free of CTA thus obt;nned was: washed wuth al: l mixture of: ether and

cthanol and with ether. After the droed preCIpntate had been dlssolvcd.

7

.in water, the tRNA was roady for use'in the” assay system :
When Rl7 RNA was rreated wtth perlodate the same conditiods

and proportnons as ahbove wére us d

“Method B .

: f ' L ..
L This method is based on lnmlte digestion of the 3'-terminus

of RNA by snake venom phosphod|c<teraee tRNA (50 mg) and 0.045 unit

“of pho phod:esterase were incubated.in I ml of 0.1 M lysine-HC1
(pH B.5)=--1.2 mM Hquz ‘at 377 for 30 min. The reaction mixture was

extracted three times with | ml_of"phehol. and»ﬁhe'phenof layers were
resextracted with water. The water layers were Then pooled and:
precipitated by the salt-erhanol mot@nd;:'?kccipitation.by ethano!t =

without prior phenol extractioh did not destroy all the snake venom
phosphadicsterase actiivity.  The precipitate was washed with ether =
ethano® ang ether, dried”and dissolved in water, .These conditions

result it tRYNA which can accept CMP, byt not AMP, in the tran&fekqsc

reaction, inis fact suagests that. on'thc average. not dess than

~‘;y9‘re$iddea‘w¢tc ﬁgu;;w!_ffow the 3! -tcrmtnus of tRNA tﬁNA;_‘

R . \d v

Y (rubzed-hilabove e Fouignated s_v.tRnhi7[;hia thesis,
: - o } ST oo N RIS 4 -

N

7 / . - bl
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C]Rl7 RNA (and unradloactnve Rl] RNA) free of the 3

fexmlnal resldue(;) was prepared by thas methmg at the same enzyme-
v;uhstrate GQIO.;n'tLFmS of molos | Paper chromatoqraphy (as outllned
be]ok).of thc”felcqsed _adtoacttv; chIeos:de(q) revealed thdt
)adenoslno Wd; Lho major product. . It ampears thnt the. 3‘*term|nus’?f
'Rl7 RNA as not‘af accessible to phosphodtosterase s that of tRNA, |
C}Rl7 RNA lreatvd as above is destqnated [ the Cls.v.R17 RNA oy
unradioact ive R17 RNA as 5.v. RY7 RNA. ' e

T«;tnatod tRNA ere of the torminai adeninb was prenarud hy

- -

sncubatnnq 5 6, mq of s.v. tRNA and 500 wa- of RNase free transferas» at

37°C o 0oml 0( 0. ] M Tris- HCI Jor 50 mM qucrnv-NaOH {pH Q :0)--0. N1 M

1qulq- u.001 M mer;aptoeLhanol (nMF) to whcch 0. IQ mCi of [ H]CTP had 

been @ddbd, At_60 mln thc RNA was or(CIpttated by the CTA method

After being dissolved in I M NaCl ﬁt was procnpltatod by the ethanol-

salt method and Qashed as uﬂual. Thts tRNA ns_deslqnatcd [ H]CMP-tRNAL

,D‘,a[wlnq and ldentification of Bases and Nucleosides
Supernatant %Olutiﬂhs containing ba%os or nucleosnﬂes
 rV|(d>0d {rum RNA‘ by onthvr of the. mcthods q1ven above were desalted

'lnd Lhromazoqranhed A~methad'for desalting bascs:hnd nucleosides

using at;iVoted charcoal (Nnrit—A)'WaS'devoJOCad. .Norit-AﬂWns,-

cwashed priar to use asif&libwa: (I) thcv l»mcs wlth water (Z)three_
Limes with 9 H‘formjt'acid. (1) thrce tans WIIh 9 M NH OH (b’ thret .

e wit! etnpropanol- HIWH H2” q (o 5\ qnd (S) with wato unﬁt! L

tﬁp cff!uvn; pﬁ WS ncu[ralk A $mall amount (O.}-g)_of'thigfwnshcd

Ceharcoal was put-into a sintered glass funnel which was’ attached. to

- : . . : : N . L .- ’ b. : ‘,. ‘ ’ . ,.‘/
avacuum system. The base or nucleaside solution was -filtered through



—and harvested by continuous-flow centrifugation.

proteins were pbtained as

. « - ’ an . : . ) : !
the thdrcoJP under Qachm nhd Qa;héd_with water to remove salts.’ The
rutninﬁd base or ﬁu&lcnside wasﬂcluted with a ﬁfx(&re:of jsopropaﬁol-
NthH;HéO (Q:SEE)i. Thig,&@thod gavé ovcr‘SQk recoéery of all the
comnion nutlbogiéés aﬁd.bésésL‘.Thié ef fluent was collected and{flagh-'
, : sy : . \ :

evaporated. The residue was dissolved in | M acetic acid or 0.1 M~

HCY and spot ted” on Whatman No. 1 paper that#md been impregnated with (1 .

1M (NHhx?SOH. The .chromatogram was run using as solvent a mixture

N

15

of ethdhdf;H?Q (8:2) (65). P 2

T . S

‘Pnr?odatO’trcaLMgnl of g. coli tRNA respltgd_Jn the releiase.

'gg orioday

of ‘adenine in the ftirst cycle and about 612 cytosine and 397 adenine

q%’;“"v '

in the second.  The amount of adenine released. in

the first;cyc}b por

e

LY : N

mfl.ﬁ,;\m,RNA_is approximately cqual to the amount of cytosine

released in the second cycle per mf]liqrqm RNA (Ad/Cq'm‘l,Oﬂ).v This
o : . u g : =

sugqests. that' cytosine is: removed in sequence after adenine, ‘in

keeping with the fn¢t tha!'thb 3'-torminal scqucnca'af tRNA ‘is

-pCPCPA-OH.  The adenine releaséd in the second cycle may be the

result of periodate removal of an internal residue which is accessible

Ll

to periodate because of a nick in the chain.  This removal may or fay

not- affécéythv écccbxorvactivity of .the RNA molecule. However , a )arge‘

’

excess of ‘RNA Gs always used in the assay mixtures S0 that these few,

poassibly inactive, spégfhs would be undetectable. L -

twolation of Transferase:

&J coli Kjl? was qrown in Tripticase Soy Bean Broth medium,v -

The 'soluble

described carlier (66). The harvested cells

Cwere stored. at -20°C until used. "They were then thaved and suspended

: e . ’ - < )
o L e
e e | WAL e

L



: . S
in 1 ml of bqffer-A (0.0} M Tfis;HCl (pH. 7 8)-~0 OIO M Mqu -=<0,006 M
F*hercaptoethanol) pe}’mgvof4ce|1§; Two mlcrograms 0f DNase"

[E.C.3. ‘b 5] wore‘adéed for each ml of.suspehsion../The,cells were
dnsrupted by sonic Sscll\atuﬂn for 5 min at -1 KC per. sec. Thé ;
rcsultlnq qurpen§10n was c]arlfuod by centrlfuqatnon at 30 000 x. q for

<

‘IS mip_(S}O frnctton). ~Any pollct was resuspended nn buffex— 
fo-%onjcdtéd,'anJirv—élanificd. - The supqrnataﬁts were comblned and
“clarified hy U]IraCEntF{ng§YiOH QthE0,000 **g for'90 min, ‘
| Ihe supernatant pfdtein% (SIZO‘fracLion)uwCre adjusicd té 20
Cina/m) anu 0.02 ma of pfotamane sulfatebnn SOiUtIOh QA5 bdded dro;wisc
fnf each AZéO un}F:~'antven M|thes 1§pcr,.£hé pr8;|pttate was‘
col}éétéd by ccélfifﬂqbtion‘at 30,600.x g.fQﬁ I0 min and:Suspéndedffn
hufferfA;:.A%fpr beinag allowed to étsnd at h°€iq§efﬁight; tﬁg
precipitate was collocted by cbnt..rifuqa:t'_ioh (l'O‘,._O._Q.O_ F.pem., JA20

, ) , o D SRRt :

rotor, Beckman J21 CDntrifuqe). The precioitafé was then resuspended.

in buftcr»A Lonta'n»nq D. ! H KCY. 'The t?ansferasé-cdnisihingi

N

jon (95 FI'Y was then sub;vctod to batchwtse

¢

supernatan(.frac

3Lhrnnmt0qfaohy >n DFAE4co1luloso'(Carl'Schlelchcr and Schuoll Co.).

r

A\QOVI[Y ocgurred mostly in the frdCtIOﬂS e}uted at lower qalt g

o
:

éoncqnxrabions (Oﬂls M”KCl)f .
.Drétciﬁs o}Qtedw€r0m thevcdlﬁmn Qith O.fS H KC]JEn b;ffof-g:

“crc‘prectoatétod at he C"w’th émmonsum sulfate at saturat»On |

ﬂaénncntratuob (B fr actson), thon dialyzed overnlqht aqalnst buf fer-A,

.Aftar tho d?l}y‘vd so!utoon was claruried by‘centrnfugatson,'the

xupcrna:ant was dliu. et five Limec usgh Luffe7-h and loaded to.a

DEﬂi-ébYJu‘bac column prrv?ouﬁly oquiiibrafed'wi;h bgffcr-A. Prpteins

were eluted by o linear gradient of K1 from 0 to 0.3 K, using an 1300

20



U.V. monitoring system. The fractions were assayed for—transferase
~and RNase'actiQity, The transferase assay was dqnevugind 2/5 of the
standard incorporation system as described be.ow.

The RNase assay wésjdone»as described.earlierf(67): Briefiy,

21,

the aséay was conducted at 37°C in 0.2 ml of reaction mixture_containing.f

M Tris-nci (pH 7.8), 0. 'u M'quz.,fo.o_é M KC1, 0.006 M ane,
’ a
BOvmuC| [ H]poly u and purtvons Ofu aCh‘fraction. After |ncuhation

for 20 min, 150 w1~ alaquots were spot;@d on paper . dsscs, and these
C iv\/\d. A

WE e -ub}tcled to cold TrA uashaﬁa as descrnbed prcylously (68) .

14

o . , ; ' ' _
In short, the dtscs were soaked ln,cold 10% TCA for 40 'min, fol)qwed
by 4 successive }5-min washes with ¢0|df52 TCA. They were then:

washed with ether-ethanol {1:1) (15 min at room Lehpéraﬁurc),lfollawed
L o o ) o L e
by ‘a final 10-min wash with ether at .room temperature. After being
Cdricd, the discs were put in toluene scintillation fluid and radio-

DL(IVIty rotaincd on.ench filter was measured in alBeckman“LIQQid'
\»..-Q X . " N .

%;« ht i HJt bon sys tem’ LQ- ”)()B
' Thc'fract:ons whnch cont ained rransfcraSc’but not RNase
éctivity we e pbolud’and COnccntraLed by adsorntion Ld'a small

Quantify.of DEAE - Lc!}ulose followc4 by elutxon w1th buffer HSB

) . ) \
(o M Trls-HCl (pH 7.8), 10 mM HQ(‘]_,, & mM B_ME, and 500 mM KCI)
The condcnsud Qm}ymo (DC fraction) was stored at -20°C. ~An later

preparations, the condensation was ‘done by dialys.is against 50%°
"qlycero} in buffer-AL-" T R
Aivtnc’final'stage {pC frac:ibn).'the extent of purifica(ion

Was approxamatcly 700 Foxd (from about SO c.p. .m. /mln/uq protenn for

Cthe $120 fraction :b 0 OOO c.p.m, /mir “g far thc DC fraLtLon) Uh»ie

s .

<



BRRR XY
)

this was not a Lomplﬁtcly homnqoneous preparatuon,”(t;tonfainéd ne
' Q':-g VI
.dotpctable dmlnoncylftRNA synthctaso RNase. DNase pNA&dcpendent
) -
P EES

a"

" 'RNA polymo rase, M factor (69) oolynucleotide phoé?%ovy‘ ﬁe‘

phosphatasc activity. Thus the major possuble enz;

As well, it should be noted that réchromatoqraohy of DC

.fractiOn bn DEAE-SCphadex (Phnrmacia) and phosphocellulosei(Carl
Schlc:cher and Schuell Co ) resu)ted in nb change in spéqific activify;'
'Thus it was coﬁcludod that somo means other than ioh-exchénge.
chromatoqraphy would be - requnred to carry. the‘enzyme gﬂ(ificat}oh"
Afurther. This has in fact been accompl;shed by>M|llcr and Phnlnopq'
. (h}): using hydféxy]aphtite.chrqggxporaphx. _
. w:_ X  ~ . - ".l | : R ‘,.  -

CMP and AMP lncnr orntion

- The react}on'h}xture containad‘in 0.5 ml:'iO:) M Tris-HCI or

.o.os M q)_yc’i,ne'-NaoH (pH 9). 10" mM nqcvz, | o ,:z.MYE X 59 ug tRNA -pXoC,
tRNA poCpC or sL V. tRNA 5 uQ- RNasc frec transferase, dnd 4, S gC»'

[ H]ATF or CTP, The- reaction took placn at 37° C for 12 or hO min.

At inte rva}ﬂ? O.l'mf aliquots were wrthdrawn and placed on Fllt
.diség whi?ﬁ'had Secn imprcqnatéd'with‘all ml of 2 5 mM CTP or ATP~
110 Drcvvnt n&n Specrflc adsorpr;on of [ H]ATP oerTP to the dlsc;.
fThosc discs wqrevthen guhjectcd'to cqld_tr}chloroacettc_qc?d (TCA)
“wasﬁing ¥s described a50v¢. Initia{ rates umrc'cdlcufaréﬂ frqm the

Clinear part of the Drogress curves.



Binding Expériman& R B K
T Binding’ studves were oerformed with radnoactlvely labelled
RNA'S. lncqbation mixpures contained in 0.2 ml | -20 .mM pota55|um

~‘phosphate buffcr (pH‘S;6),'S mM HME,'2,ug‘bovine,serum_albumin,(BSA);

'Y‘ﬁ2 1q transferase, and vbrlous amounts of radnoactlve RNH “After Q‘mln
~uncl@at;on in the cold .samplcs were. dlluted 16 tlmes with a buffer.
containing 20 mM.potasswum phosphate (pH 5.6) and 5 mM QME anq
filterqd by ‘suction throuqh membrane filter discs (Mlll{pore;.éither
HAWG @ DAWP) (765.' The discs were washedlfurst with 2 ml of cold

 10 dq/ml BSA in thp buffef and thcn w:th'IO ml of cold buffer. Aft

'drynnq, tho radnoact:vuty rotained on each fllter was counted in S

. . toluene scintillatian fluid. Control samplesvcon{avned no enzyme.

The difference in tadicactivity between experimental -and control sets

rvbfescntod Lho amount of'labeljed RNA bound to the enzyme. 1t
should. be no;ntcd out {hot Hxllupore fxlters had to bc selected’

according to the criteria of;(a) htgh adsorptuon of enzyme, and

.
.

(6) little qr no adsorgtion of RNA in tha absence.of enzyme. - Very

S : « 0 . ' . B . : . . . ) .
few filter lots were satisfactory on this basis. ™ -~ .-
) , . _ :
GThcrmalvlnacp?vatidn' e ; , v

Thcrmal inactivation of trans ‘era'c-was studled at pH 5. 6 ‘and

e.0 énd,at three'tempur@gurcsa_-50?. 55 and £0° C

‘of RNase-free cﬁzYmc,TnVSO'Ql of buffer (QLthgr.ZO mﬂ‘méggﬁgfum ;f .
nhwsbhété,(pH‘§.6)~rS @M THE, or 100 m¥ Tris-HCl {oH 9.0)--10 mM o
HcCI ~i i HE\ was 'ncubdtvd at ithUesiféd temoeraturc. Td 

'tc<t for prntec'uon o' 'ﬁrxvnzyrw from thcrma} »nacti»ah|on various




Pre-incubation Study . .

B A ]

Rt e Wy et armenget fyy

amounts of polynucleates were added to the pre-incubation mixture.
After pre-incubation, the standards CMP-incorporating experiment, as

described above, was performed to determine the activity remaiaina.

4

Inhibition Studies: with Dyes

.
|

. The incorporation reaction was carried oW ns outlindéd abowve,

B o “

.

except that various amounts of inhsibitor (polytyclic'dr triphenvl-

methane dye) werce addéd to the mixture. .Initial rates were determined

from the progress curves of the reactions in the presence of varying

lovels of dye. The enzyme activity at each inhibitor concentration

was expressed. - assa pirocent of the activity in the absence of dye.

-

o

Preo-incubation of dye with the various: reaction components

(s.v.tRNA, enzyme, and a mixture of  both) was carried out on ice.

Sinco'tho.unrynw ix'vcr§_hca: Fabile in the absence of (RNA - {as

“described n the tntrodfustion, s Chapter 1}, the pre-incybat ton could

PR

not be carried out 5‘?37ﬁﬁ} After incubation on ice for § miny

-

enrymic activity was measured as usual.

o
. ;‘5"(?}?

Sephadex 625 Chromatography of an Acridinc-tRNA Complex

Sephadex 20 (Pharmacia) was pre-equilibrated with 50 M

.

Alyeine-NadOH {pr Q)y--5§ M M_qC‘I,,—-F" PN ME Thv’_ load a.olo'ti_dnf’

Cuensis it ot ane mloaf 301 mg/ml s, vl tRNA and apprapriate amounts ot
G . . :

©

acttdine Arange (AN in the same buffer. flution was with the ph 9
| _ . ' R . ,
Pufter, at o flow rate

toone mloper oin.  LRNA concentration in the
the orcinol merhod {71 The amount of
> . . I X o

w24
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~ ' )
acridine oranQe in each fractlon could not be dtrectly determnned by
ab,orbanCL measuremcnt because Lhc presonce o‘ tRMA in the solutnon
changed the absorbancc spectrum qf the dye. A portnon of cach.

fraction was thus subjected to alkaline hydrolysisﬂ{0;3 M NaOH§'at

.37 C ovarnrqht This re%ultnd'in complete degrada;ion of tRNA énd
este 1t|on of thL character:%t|c vrsnhle sasctrum of acrldune oranqe
Uer 0f 7 a Jtandard AD solution thus permltted quantntatnon of the

Tamount of AQ in ecach fraction ()mébeo =~h93 nm). '

Spectrofluorometriée Study of ﬁO—RNA_Compches
. . ‘yf( . : “ . - s : . -
’V;‘{'_ , Al polynucleoxides used wcre'precipitated as their potasS?um'
salts by the methanol chCupltallon method and dried ih’vacuo..'A
solution of each RNA was ad,usten to 10 ‘mg dry wetht of thxq salt
Cper mloof distTlled-dOIOnized w@tprﬁ Thg molar concenlrat.nn oF
vu<1005|1( monorhosphates waq calculated accorucraly The average .
rnlagulas wunqht of nucleotide as the potaSStum a1t was assumod to'
bé'380. Thus, tho concentration of nucleotlde ln thc tRNﬁ soTu ion
b. » \ L\,—'z . o
was estimated as 2 63 X lﬁ T molar.
e ALlldtne oranQ Was nurofred as fol\ows the»dye was
Ulssoived in O 0\ N HCI and DrchostatLd by addanq an equal vo!umc of
Nt N»NaOH. Thc Dr(CIDltatC was collectcd by.CCh{flfUQOthH’dhd
dissolved in'chloréform. The dyc‘was then exzractcd from thc
Chforofqrm solutiOn:wi:h nolN HCI. ufter one ronctnt’on o‘ chrv

above procedure, A0 was crystatlized from. the chloroform solut ion

and dfiwoivcm.§n»n.minimum'volumﬁfof-n.l $KCT, The dye solution” N
| ! E . R ' ’

b

was brougnt to 10 mM, by 4 lution with water, dnJ‘iIS congcentration

determined by optical me tROIS ,  a5SuUming thJi_'re ex 'lﬁc'eon

coefliciont of AT at intinizZe 1iiution 1S TEL,TON ot #Q?'hm {720 .



- The soluttons to be analyzed were prepared SO as*@o avo;d

S , . .

formaLnon of an insoluble complex between AQ and RNA. First, 0. ZS ml
KR ‘

of Tr|s~Hf] 0 M’ pH 8) and P ml of dlstllle water .were mixed in a
10 ml qraduated cylnnder A su1table amount of-AO was added-to the

buf fe red eokutlon nnd leLd Lhorouthy RNA was’ then ggch slowly

. R b

] with'Viggroqh sHak%nq. F»nally, by add»ng dlstnlled water.- the

': volume was brouqht to 5 ml And used for fluorescencn moasurements

SpoctrofluoropY tometry was performed using a Turner model

219, " In order to assess the molecular interaction betwecn AD and
‘'various RMA's under ‘conditions résembling those.used_in the enzymic %/ -

- ) '. ! '_3

. : -1
reaction described eartier (10 7 to 10 !

M AD), it was necessary to-

reduce the sensitivity of the spectrophdometer to & minimum. "The
setting of the equipmen®ivas as fallows:® enargy level--10 {instead: .
of 30 for normal opvritio§§; excitation slit width--100 R: emissian

\Int w4dth—-75 R and sensitivity range--X1. The temperature of N

Y

sanple nolutionﬁgwnﬁ maintainedtat 30°C.by a circulated thermo-

regulator (Haake model FS), The\AO%RNA h?xturevwgﬁ'eXcitédfbylliqh{“ O

R z
At 300 nm, instead of light with wavelength Y the visible range.

The reasan for this unusual choice of excitation procedure was as

fnllows: the apparent quantum yield of ‘A0 can be réducéd by use of
thivwavelength, end both the excitatfon and emission spectra of AQ

in the viwible rqhgo.shi¥{ drastiq&ﬁﬁy after complexina with RNA, *

while ‘the excitation <pectrum at 30blnm does nat . Thus, excitation

o S : . G ’ s

2170 A enables one 1o avold crrﬁpic measurement of flupreaconCw:-i“
e lain Ty ;%dg'fap9e-3ﬁ AO ;pncvh{razipps“.pu¥epvthe‘éohgcplfQI70ﬁ.
ot %O.st’{um Tow to pe ﬁaﬂSurrﬁd':hc ﬁvnsifiv?fy Of‘t“é spct:fpphofﬁf
ﬂé!cf.wgk IAgchgca bY ;agngjqq’Sﬁ@ sehsitipity gfzflnq! &céiiﬁp -

Crnef wettings unalter ec;
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CHAPTER 3 2,\/ , o . )
) “ . . .

) | SN |
CHARACTERIZATION OF THE E. COLI TRANSFERASE SYSTEM

i . . N -t
: Introduction : - i
T : R . A
o ‘. o .._"QN : ’ o
It has been known for some: time that LRNA 3"~ terminal nuclco-
tidyl'(rnnsferasc'cntalyzeﬁ’two reactions: pytophoé'.brolysis of the
two 3'-terminagl nucleotides in tRNA, and teansfer of AMP and CMP to
tRNA lack[nq.thn terminal residues (29,30). More vxténsivo studies
with purificd transferave and purificd TRMA have revealed the absolute
stoichiometry of the ir;{n_-.f ot 1>"(‘{1‘§_*l an
’ ’ 3 '} K
- . q*7 S v - f@
CARNA-pX + 7CTP + ATP e (RNA-DPX0CpCpA 4, 3””; “(32), - Qf" '

“where X otands for tHe fourth nuclentide from the. 3'-terminus of intact .=

L.

tANA.  The enzymg has been hidhly purified from various sowrces, and its

¢nFymic activity shows specificity towards tRNA (32,35, h1560,73).  The

biological function of the enzyme appears {o be the regcnera;ign of an

Cantact 3 -terminus. of (RNA fnr‘.‘lmino acld aéccp!.mc(' (}Ol_., o o

' . . . . . \

Récent advancesyin the analysis of the Lase sequences of

A -

mac romalecular RHAS L have ;\\‘h(wvxx'\ that -~veveral of these species possess
the 3 -terminal seguence, -pCpCpA-0H (74-77).  This is identical to the

dnuiﬂnuun'acquqncv Wn'(RHﬁ, Yet attempts to cause these RNA's to.

S

undergo tid transferase reaction Bave failed (78} A notable exception

inoturnip vellow mosaic vitus RNAL where 3 valine-specific tRNA=Viwe

SEructure seems 10 accur At o o+ -terrinus (W)Yo I addition,.
Deulscher daw femonstrates o, -0 poalymerase activity in his purified

sreparation’ ot tranaferase from rabbit tiver (3950 This activity

a



“requires,SS'a primer, rRNA, ihtact tRNA or tRNA lackinQ'the 3}-terminal
residues. 1t does not. act on Qg- RNA poly-C, poly A or poly -y.

However, th»s is one of the anomalous reactnons whtch only occur at

“ N

'_ high énzyme concentrations ‘or ;n the presence of Mn +2 anscead of . Hg 23'
THrs.liuer cnzyme as Well a@'the E. ggll_transferase of Best and:
Novél!f_(hl), shows lncorporat;on of AMP into tRNA poC in the absencen>‘

”v_of cTP.

St s known that most tRNA speCIes vary consnderably in base

sequenCe, except for three regions: ;ha-}'-termlnusf(’DCDCDA),
s0-¢ alled dnhydrourldlne loop. and thc TWCG loop ThevfaCt.that other

RNA specnes wnth tﬁc CpCpA OH 3 -terminus are not normal acceptors of

CMP or. AMP in th:% cnvymc syﬁtem indicates: that the spccquC|ty of
Lransfcrase towards tRNA must not be due solely to recoqnntlon of the D a
Jacc;ptor snte at the 3'—t rmlnus of tRNA. St musc also involve some

'lother-aspcct(s) of LRNA structure Thc detanled mechanlsm of thlS
) RS

eyt

<oecaf|c rocoqnntxon has not yet been established although»severa1-

N

. . .o v

‘{prODOsals have beon madc (“3 79. 80)

M

in orJer ta probe Lhns mechannsm, several typ§§ of‘nnteracttons;

of trénﬂfcfasc with p01ynucleotldgs have been examlgégﬁ. These studies
. : : - g TR

N ~ Y .

|nclude nuclcnsrdc monaphosphate incorporation, sub“frate bindjnq; and
. . [ '

tXermal 3ﬁaCtiVi€loh. Thc results suqqoal thnt the recognn[non cf RNA

)

by transferase is achieved by at least a tw0151¢q |nteractlon. Non-
: ’ . o SN Ca R

L o : ’ . . . ‘. ) o, .v " - .
ﬁbﬁcific_bindinq 0c¢urs‘first-and is fn)l0wcd_ specific complex % .
" . R -
A‘-\_ . o
ic secondary {and
ter:iary) stricture of IQNAi. '

s

.?3

€

28
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Results o . Co-

Kinetics of Nucleoside Monophosphate Transfer ot

s e R - N

Effect of solutes on transfer reaction’
o -

During the purlficatidn'of t he enzyme, it was found that a

buffer containing 500 mM KCT in 0.1 M Tris=HCl (pH 7.8)-~10 mM MgC1,,--

6 mM BME conferred considerab1e stablloty on the enzyme " the proteln.
retained actnvaty over 6 months storage at'-20 C In view of thas

i

stab|l|2|nq ynf!uence of KC] on the enzymc in storage,,the effect of
|ncreaS|nq salt concentratnon on transfer . actcvtty was examuned

Fig: 1 shows tho result 4t is clear that KC] InhlbltS the |ncorporat:onl4
reaction. Therofore\‘un t he stan?ard assay system, no KC! Was added to
- . - I ‘ IR T ‘ A
the react:on m'xtures - However, it shod+d\be'noted'that in'the'aSSay;
R e .

the KC1 concentratxon was 5—10 mH due to the Jddxtnon of the enzyme
.sd}utton contalnxng 500 mM KCY.
Snnce the transfer reactlon |nvolves nucleoside trnphosphates..

the Qﬁfima¥,ratio of divalent catiohs (Hg v) tdTnutleOSJdeitryphosphate,"T

was’ determined. Fug,_l demonstrates.;he_ofFect.of Mg 2,concentratwon L

T | L A
an the 1nwtsa) rate of the" transfer rcactlon. Theisystem has an
2

ahsolute rgquuremcnt for Mg *2 but at concentratxuns hlgher than 2 mM,

r

thq nnitiq} rate remaun\ esscntlal!y constant . Thus,,rt was decrded

to usc'S'br IO mM MgCl in thc standard assay mixture to cnsuré that

2

’ the rca;tuon ‘can’ procccd even if thc exper|menta) des-gn requlres I

chanqes in the amOunt of nucleos;de triphosphate (NTP) . Jt was foubdQ'

that, Hn +2 could not be substltuted for Mg 2, bccause ‘the . s:tura{iOn

o

. . + X . . .
_concentratnon of Hn z_at pH 9-35 only O.h mM _a.lcvcl-probablyﬁ

'»nsuffocnent to neutr8112é the negattve chorge ow tive NTP' 5. ,(Excessr
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b7 L ‘ : ; . e . 3
M7 precipitated as manganese hydroxide in the assay mixture) .. The:
i ) toe . s ‘ " . . .
Coadditien Gt FRE, which iu routinely dngluded in storage. buffers, was not

'bgt,if;WQs included in the

wG essential to the réeaction (Fig. 1)
: B . G
standard assay ‘to produce 3 concentration of 't mM.  The pH effect was

w

also cxamfned, Frdm Fig. ?;'jt’wgs found that pH 9--9.25_is'bptima1.

“Specificity of transferase for the 3'-terminus of LRNA’

o

bt was.esséntial in this series of experiments to have tRNA
with an intact 3'-tvrminus? which would permit'pteparation of tRNA

o v ) . N R ‘ o
free of the 3'-terminal adening: and cytosine residues.  With these

homogeneous species, it would ‘then be possible to examine some aspects
of the apééificity of (rahsfefaﬁe activity. A stock-of tRNA was found -

to be'satfsfacfo}y; this LRNA stock 5cgeéts only néﬁligiblc amount$‘of

B . , . . _ A S PRI
ﬁuclcqs}do nbnophosbﬁﬁ?oﬁ (r;q; 3).. ‘After removal of/%hé‘ffrst'residué
: : : N : cod o »

'by'a éinqlé-cycle 0f_tre$tment wi th periodate (see Hetbbds section), -
adenine wéS‘qu¢a5§d and thé_tRNA-pbepC obtaiqed.speciFICa)}y acpep;s

.

AMP (Fiq. 3). The ATP saturation experiments (Fig. 4) show that there

“is one AMP residue incorporated for each tRNA-pXpCpC mblgéulé. The
. . L o B . - . . - ‘ i
resultgﬁaléo demonstratq‘that thero_isuno significant difference

" between one step periodate-amine cleavage and the more lengthy two-
. . . L - . . ’ vy . .

Step prog#ss.  In the second cycle of treatment, cytosing {and some

adenine) was ré\paﬁéd td'yicld tRNA-pXpC. This form.of  tRNA: actepts
Canly CHMZ (Fig. 3). Thus tRNA-pXpC does notvqccao;,AHP nor does tRNA-

DXDCDg-dCCDQX CMP .. These results show that the starting material

t

N S . b
N . .
C{tRNAY was intactl, and 3 S0 193t tre
’ T

o

:ransfcrase»réﬁction,by purified

Cenzyme,is specific. \\;
- 5 . :
'3 ) e N ‘ K

N

32
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O Fiqure 27 pH profile of the transferase fééction. A 20 1q sample of 8

'fractionléhzyﬁerand‘lg7 gg”of tRNA—bXpC w¢fe incubatedfa; 37°C'in‘£heJ |
‘ CHP-,idéorporat:né sygglenx,v-'.usiﬁé"Tri';-HC,I b‘uf.fer.sf Q"irh_pﬁi -fror'rv\,t7f.6‘,tof
_9.6;;‘tnit}a] ra;eé‘Qere_Jctermiﬁed és.desckibéd'inrhgté}iaig and ,
Hcthods.‘} o EE S :~ : ,f ~  Ea
g , o e
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tRNA=pXpUpCans 2.94 g DC fraction enzyme in the Aﬁp-(l),ymd {MP-
(0) incorporating systems: 130 Na LRNA=DXPL ug DU fraction
transferase in the CMP-{ & ) ang ANP-TLA), mcon systenss and’
5% g untreated t'R,N»\-p')(on_CbA'_ and 6 .q D fraction énzyme tn the AMP- .
“Gr CMPEircorparat ing.uyatoms (O, . e _— IR R L>
N s T ‘ ; i ) ‘ \\;




Figure b: AMP saturation of tRNA-pXpCPC. "Assays were performed as
N N N v‘ . : o F

outlined in Materials gndﬂﬁgkhods, using 0.66 mumolesikf LRNA poCpC
”bgF 0;09 mi réééti6m mixthr;. fota} reactnén volumélwas 0.5 ml. :The 
amount of nncorporatnon at 60 m|n in the prescnce o(\un@reasnnq amount;,
of ATP was monltored Rosults are élotted in unrts of 0.09 ml FPaCtJOH:.
‘mixrure.v (()) and‘(ZX) are dupllcath cxcept ‘that the tRNA- poCpC for
(C)) wés pfebargd by‘pnc~,tcp-peruodate-am4n¢ c]eayage, as given in
 >Ma:éfia|s aﬁd‘Hethods; wHTle thar‘for'(4§)‘whs'prgpared by-a'tWo;steb.
‘ p}océdufe'igvojviné.first pefiodaté oxidation,’ﬁheh.jsolatiOn»of_the

RNA by prccipitafion;~aftéf which amine cleavage is done. -
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Since the periodate treatment of  tRNA is time-coivsuming,

Shake vendm shosphadiesterase treat ed tRNA. was prepared as described in

Lhe Momhndw svclinn. When prcpdrud‘as 5pvcifiéd1 5n1kc venom phnsnho--

dnuarcraso trtatnd tRNA (K v tRNA) accepted only CMP, hnt AMP . This

tact‘sugﬂvnts lh&f S IV, tRNA <an he used far qcneral JS5AYS .,

.fTﬁéko_was no Hcléttab)o-trnnafvr of CMP or AMP to othe- types

of RNA's, including R/ RNA-pC, paly-A, poly-C, and pol -AC.  Thi

type of speaif?cftf has been donbnstrated“for the rat Jiver“bnzymo'by

o -

pCpLpA way oven more effective in,inhThiting'thidvrbnctinn.

the study of AMP occbptunco,Qnd of pyrophosphate exchange {28).  The
present result confirms thi finding.,  Howrver, it was found that

: ¥ ‘ » S .
these other polynucteotides could inhihit the rhaction of tranuferase
with tRNA. Fig. 5 <hows some inhibition protiles . For R/ RNA-pC, 0%

inhibition occurs at O g {when it- couqﬁnt%atinn’uqunlh.thnt of

CtRNA=pXpC on a weight, rather than a molar basis). The molecular weight

of R17 RNA s about'106‘inttuhg, tRNA about 25,000 daltons. RI7 RNA-

Poly-A and

poly=l:on the other hand, ard much les, efficient iinhibitors, -

e e i

Qéqdiremcnthor thébécconddry~s§ructurqm9f tRNA.

The above experiments Jid nvn,»hmw whether the incorporaticn -
. . ) ,5 ’ £ . B
. . : \‘ ‘Q
of nucloosnoo monophosphntvu, uhac:vvd aw radnuu;t|vxty dP((L
'
: ) v
Cthe watd N IWLCIPI ldI( b, s due ".('\!r»ly to the accepror activity of the

. .

tRRA molccuic;<'!n order to test this, the following experiment was

performed. Cre mboofa 10 mo/ml solution ot 5.v. tRNA was dialysed

aqgiins i Ve ionired water for 12 he. Thitv redtment 3.0 not ¥ ect

L3NS

atieptar 1L‘IVi'y o' Siv tRNA-and BBL of the'Aqaq unity were recoverabie
. : LN ) :

as a flA pvn>;ps,d~c} Heabting this diaiveed tk¥A at 9577 for 10 non
. a0 L . -

3
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Fiqure-5:  Inhibition af the transferase reaction with tRNA-pXpC by RI/
o~ vt it e st ‘ “ . . . X L . . Lo . i

SRNA-pC, R17‘RNA;onCpA: palysl and poly-A. LC fraction transferdse was
dialyzed overnieh agdfné( G001 M Tris-HCU {pH 9)=-10 mM MaCl,--1 mM ME

P chér ta remave KO (see téxt}u, A SS;gg'samplé of tRNA-pXpi and

_srying amounts of R17 RNA-pC (O}, R17 RNA-pCRCPA (@), agty=A (D))
of‘golY’U'i1$),wccé :ﬁcn iﬁcubétcd s tﬁc stanerd'5y$té@:fdr fncor?
pofé?;ng CHP iato {RNg?sxéCﬁ;»Péf cdns‘aciixityzwas &¢tcfﬁfﬁ§d ffd@
initiad rétcbh ”fhe 5307'%e9c1.Ln tﬁiﬁjexser$€y"{ “dv_}D.OOO'ﬁ.o,m.

. . L, N " ; - - . v
minfunrt e Fialvzed ensvme (apRroxTIate iy
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rﬁsui;cd in Ioss.of d¢ceﬁtor'ac(1vity'(Fig. ) althou@h 891 of thcv

. A260 unntv were recovcrablc as A (TA prLClpllut A control

'
]

expernment s howed that the treatment caused ro Toss of rauxooctavaty
via tritium exchanqc. Hencc, it can pﬁ con;ludcd;;hat the acceptar
: molcﬁule_waé nonfdialyzablc and.fhat;tﬁe sécoﬁdar? structure of thisf._~
molccule :s.of consad rable lmportaa;c in iho transferasé rLactlén
'(a 5lm|lar rcsult was obtauncd by Lindah] f 1 »(56) for AMP

— ——

|ncorporat|0n into ronaturablc Ipucy)~tRNA)

-

W RNA s

Iateraction of Transferase wit

'[pforder to obtain some insight into the mechanism of the
specific roactnon of tradsfe a,o' the initigﬁ stage of the overall

S oreaction, which 13 t he Ihtcfagtibn of the enzyme with RNA, was studied

using a membramg filtration method, as described in the Methods section.

IR

Enzyme retention on Millipore filters’ . .

3

+

In order to aswess transferasi retention on the !r¥w~w

hhzymv was dissoived in:sevCra[,difforcnrbbuffers, filtered, and
.l ' .‘ . § o ‘ - ’ " ) - . ’ r S v . .
washed with-thetcorrespondinag butfer. The filtrate and wash soburions

CwWore pooled and‘béxayed'for_rransfcrnsv'activ}ty;' Also, cach filter
e wan cut into pieces and assayed. Pt was foun that the:

Contvntra!inns of KC!, H§C1 and AME havo no wffect on enzyrﬁ ru'cn' nn
o i ./. "“v . @
f&hi!c ln:z9354ng pH rnJuces rc'entnnn At pH 2b, all‘detrctable

 ac(ivfty was ﬁqtaihed'on the filt&r; but at pH b.&.‘fvtcnviqh-dvcreased

to 1/10th: At pH 7.5 or higher, the filter re;aincd‘vssentiallvvho
activity.  Potassium ohosphate buffer concentration also appeared to

Cbe important,. in that at concent ratitns bc?cw L5 mM,there was loss of

i

enzyme from the filters. in accord, wi t‘\ t’\("i(‘ :‘"5."‘.-1”3’5'."19:'». tﬁé“binatfi,'m'z"
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e o o e

dialysed 24 hr agains U deionizes, distitted water, An aliquot aboothris

L was heated in a3 bol1inq Kétvra5a(h_(95"Cﬁ,fof_lOAmin and quick ceoled on

e, Incorparation of CMP into cach (RNA species was then determined:

A N

166 - native Q.v,xﬂN&'(C)), 69 g diniy;edia,v.tRNA (Cx),'69'pq

Cdiangred and heated s RIS



-
.

'

.

ggﬂdy‘uéing'Millipbré'filtérs was performed at pH'SA6.(20 mM potassium
phosphate buffer). .
o It waé»esﬁentialxto.use RNase-free transferase (DC fraction)
- 3 . . . .

throughout . the following studies under the coddifions def ined above.

Contamination by ribonuclease would result in anomalous results for

‘thc*bindinq of tritiatu ["C]-labolled_RNA to enzyme, coused by

a oo

~hydrolysis and loss of radioacéivity.

“Solute concentration effects on complex formation

flﬁ; 7 shows the effect of [Hq&z]vqn binding oF_[BH]CMP—tRMA';
th B v L

and’ | C]S%%uk17.RNA to transferase. The results demonstrate that at

1o Mqu2.éoncehtratiohs; both RNA species.can bind to the enzyme, and

PPPIE AR S e +2
ls offin a~similar manner with inéreasing [Mg ]
R L0 ! N _

4

’

binding fol © Since

y .

4 ion

T

+2

LN

Mg concentra
N . <

B ono effect on enzyme retention, the conclusior

>

S8
5
<

4ﬁknvs the e e Qf KC1 concentratinm on the
3

.bindinq of i' C}S.V.Rj? RNA and ofhﬁgﬁlCHP-iRNA~to.thé enzyme. U Ty

again obuerved that increawing concentration of KC1 inhibits complex . v
. . - ’
farmat ion. '

s

Fig. 7 also demenstrates Yoot of potassium phosphate
Concentsationg on-the .complex forms: SeUCe enryme retentton s

reduces by low phosphate c?n¢en:rs{i:“. o edrly part of the Curve s

i ) : ’ '.,.v in' ‘. ) - ° .‘ v - 0 . .
"ot Tikely significant with reémard to bindiBg, Sptimdl bLinding occurs,

. . . . . ) ) ~o }
Soan hoth cases, J% ahout 22 mM- patassium phasphate, : o .

Binding of bols RNA ypeciens was unatfected by changes in M
. . : . L T .
CONCENTratian uver (he rpnge fram peea 1o 10 omM,
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'vof complex formatlon betwgen enzymc and LRNA and R|7 RNA' 'under

.VME |n the abcence of MqCI ‘andeCl.,ih the_cold.

‘ieolhpr tyne of RNA are added Thus,.yatqrataon levels of the two

Pl y . o
. *
The above three expertments clearly demonstrate the presence ’

appropr:atv cundilions. 20 mM_poLassnum phosphate (pH.5.6)—~5 mM

1

@

s‘toichioﬁ\étfylfof bih'dinq
thure 8 %hows the saturatlon profhles fnr thdinq of RNA \to a

f:xed amount  of. rho enzymc (6 nq) cRNA and Rl7 RNA qhéw identical

. '

saturatlon profules WIth saturatuon bnnnq reached when about 5 ug of

,sttems.compare on.a weight basis, but not on d molar basis (RlT'RNA‘

s Sbbut hO times as. large as lRNA)i ﬁThis fatt'sugqests_that comp lex

‘formatton undcr the CHndo?nons dC‘CrIbPJ abov;'ls due~to non-specific

show moltar equivalence.:

E
9
. S
.. u
K N
N
)
|

o denaturdrion of (RNA

win the tRNS maledule

: . i~ v _
RNA-ba&e-broteih'interactioﬁ;' If it wore}dyéfio”?nLorhttion‘with a.

- L a

specific site of RNA, satdration levels of’}ﬁ@ftwo RNA qpecies'ﬁhpuld 

¢

"

' Thﬁ”dbnvr.%péculation iahtpé

f “‘.14%"

' ”3*5pec3on which hasy 1mna1red aceeotor acaivityjin thc transféraﬁe

tf.}e&gﬁ§bn tFiq;v&).' The oen@tggcd [ H](HP LRNA Vs examnned Yor S

945

CUbinding capacity. Frnm Ta%-c I, it is ctear;‘howcvcr,,(haz‘

". . - v

'U-ucv& (but does nol abolish) binding capacith .

.

. FThe feduction facxor,ih'transfcr activity is 3, while in bindinag

7

‘ ACLivity it is 2.6 Thys Gt i apparent that configurational éhdpqc

B

obtyin nnre insiaht.into the nature of hinding

: T A Yoo .
?pdprusvn' oxpvrfm(wral c>n, itiens, binding of vynthetic

PR

alters boath transfer and binding activity. = ..

Ll

R
Y
e



LORAMS RNA-BOUND
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_MGRAMS RNA ADDED

Figure 8: Binding ot tRNA and R17 RNA o tranSFerascL ‘Binding

.

wxperiments were performed as described in‘the text. A6 g sample.

. v o . SRR e E
aof tradnsferase. was incubated with vary.ing amouﬁts,of'[)H)LHP-zRNA

Lanverted to micrograms tound RNAL

(O} or [_“‘C]slv.’Rl? RHA" (A');‘ahd the vomplex \lN;'),“-‘ yob['qi“n‘,ed on

“Miltlipore tiiters. Radfoéétfvify retained on the filters was
. - . . . . . o . L . o
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TABLE 1. Binding of Denatured [3H]5.v.LRNA;to«Lfgﬁsferase ' B
[a] . s i
I'nput- - . " Retained on filters
1s;v.tRNA-[3H]CMP' wq o c.pim. c.p.m. ' retained -

Native
Dialyzed

‘Dfalyzcd'qnd heated

15 76,000 2687 - 3.5h

12 ‘59,000 . ° 2120 . 3.5%

12 59,000 - 905 1.5
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polyhucleates was qxamin;d."The,mo)eéuYar weights .of these synthetic

v

€ : .

RNA's varied §ométht,'BUt-aVeA§§ed approximately 200, 000 da}féns, 't

s very clear from Tahle 2 that all synthetic polynucleates tested can’

‘bind to the transferase. In this table, a véry roUgh measure of
e o - _ S The v -
relative association tendency is given. The assumption is that an

equilibrium exists as:

Yo+ Enzyme ~—*4'Z,

where X is polynucleotide phosphorus, and Z the en;yme4pdlynuclco{ide

complex, whose. exact nature is.unspecified. The "association. tendency

“can ‘then be expressed as:

Z b
K o= = - Sl
X Enzyme
A
e : - . ] .
At constant enzyme conceng¥@Lion, a relative association tendencycan..
R . : d ‘ol Q ou e : : : . . .
be written as: - e
O Lo .. , -
v . : L c.p.m. bound
- . ‘ : Ly m = L or T
o : B S X c.

p.m. unbound

Yn Table€2h . is qiven for 10 ;g protein. - The DX fraction, which is’

RNase-free
. 3 L

Y
Py

bindé‘nmrc*of‘each polynucleate thsn‘doés the less pure B

fraction.“'Thcrc[Fs pért}quar'enhancemént Of‘iho poly-U-specific
, SRR _ ‘ R _ o .

bindina. -

.The%ﬂcgrcé of - base staching scems to have bearing on the
“extent of binding. 1t is known from study of the interaction of
‘heterocycles that purines sélf-a550cjatc.by stacking to-a qreater

extent than do pyrimidines (81). The table. shows that purine polymers

less able to bind to the more nurified enzyre

i B

{poly-A and poly=G) are
“than care the pyrimidine polymers {poly-U and poly<Ci.. Thus, greater
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s

'

s

TABLE 2. Binding of Synthetic Polynucle@tidesfto Transferase

Synthetic

polynuclieotide

/10 gg‘PrOLein:«

Fraction B

Fraction DC.

,3H‘poly—U.

poly-~C

ple"G v

poly-A
>poly;AU

Cpoly-CU .

Sénzyme . : - edgyme

R T Y 2

Ssa T ke

€36 S 123
6.40 SR '9.95°
a3

19,8 26,9

[P

48
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/
-atacknnq appeavﬁ Lo amrrvldte with’ leas binding capacity Thlx may

vap)a{n the . effect of heat denatu;atlnn of tRNA on blndlnq hear]nq

“”

and qultk conlanq dostroys the ordernd secondary hydrogen bonded o
1. ’ - . . . ) 2 \
atrucluuv of’ rRNA and<may i;%élt In a areater arfhumt of‘stack{nq-r

3 . i/ . E . : .
ibteraction}. This would then reduce the binding ¢ pacllyvoﬂ.tpn tRNA.

i
-

Competition between RNA's for binding

lf{Rl? RNA.anH rhNA érc bfndi6q to rhébsame énzymé
.hnulcl (nnuu’tolfor the coﬁﬁxnw hlndlnq ‘)Ilﬂ(H From Fig. .Q i
(:lmgr vth'.‘n bot h RNA spe.civs" éan :lm (ll‘s ocnalod f%a comple w mhl «the.
0n}ynw'hy rho'nfhvr~9péti#s.' The amount of unlabellod RNA nvvdcl to
.tndan the amodnt of,héqnd labcllcd RNAVlo 50% of the control is
dusidhatvd t he CJSb po?n@. The b‘50 pofnt far coMbctltion Qitg lagel
\(RNA‘in’ohta}nbd a}:n O.fﬁ holnr chess of Rl/ RNA (?R uuhnf;ﬁ ufv

tRNA compete with 4.1 uunnlos RI] RNA) but at a microgram excess of

6. 0Onthe other hand;‘ he - same valucs for competition with lahelled

VRIIMRNA arb;éQG mo bar uxcds$. hut»ohly 9.9 ﬂg_excoss Gf (ﬁNA. ThviC-%O
vdj@uﬂ an oA waiqﬁi haﬁiﬁA(t.h and:9;9) arc'mucﬁ.tloﬁnr thah'thv véluos}
0h J nw!afAb3si$¥f 1hin‘qhﬁcrvafiﬁn.nqroc§ wdfl Qith'tho fﬁnd]nq_!bnr
;imi1dr'wuéqh!vdhagiﬁr}gavu€rvnhh RNA can“biﬁd to tﬁc oﬁkymu (%vuo

g By

Thermal inactivation uf Uansf( rasve

1t is riow obvious that traasferase can intéract with at-least.

whlthe RNA types tested, under the conditions emplayed. .In order to
turthee understand this Ln!craétion,_the thermal ‘inactivation profiles

AR M presence and absence of BNA were examined. |t was important o
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1)

dincover whether the dinactivat ion prof

:

thi binding <Ludy was. done

At pH 9_‘", and

pH 9,00 Differences in ensvmi behavioor at the “two pHovaNues conld

.-

cause misinterpretation ot the  rewul ty

. e
Plen-were aftected by plosinee
the Toncorporat ion study at -

in the binding ntudy.  The

question then ia whether the swpedilic franster réaction wigh PRNA- T

] : . = oy
“accompanicd by some conformatio®l change in the ensyme, (o resglt
: . . - ': )

r

in stabilizsation of the compiex, «  whether the reaction occura o that

the freguency of tranafer s propartional to the frequenty of binding

of '-tagrminie and enzyme (0ol the onger the SRNA chain, the lower

hasg i vation

the treguency) . Thermal
. bl

thewe alternati Ve,
Figs 70 show, the thermod ATRISR!

temperatures . LU becomes ¢ lear

be protected at “H0°C, in the piesence

REZ ANAL  Withaut added RMAL o i

vAtION oucr s gquite teatily at oo

Pwon

[T gardleses A\‘Yj e 1 .'.1_‘ '.(‘,’I\(*(" :

Y . ‘( n( 4 (')\um; in this !.;‘-‘u-‘rt :':.‘,)}‘ te
R siagt i:):.: Py Hoew a0t Pgnifacait
b N _1,. et '--ua,‘m‘\" tota e wa ) il’?_w!

P B PR At ity ey e

e mynthe Uig o pio by Tes

van bind to transforane and o can

R R . L
TRNA ) the ofteot of Pty e

Ted e EREN N Nevi ther  proteod e e

Ay oneen o anl ¥ s

TRG they

doprotect ion of the ensyme by URNAL and at GOTE, inactivation

v oot the

. 0 Yp A p
cvi Fn RNAT 4,

Pt TY Y w6 “ -

‘

studees may -indirdetly Jdistinguinh

i L

tvat ton of  transterase at theed

Pure that the ensyme ¢ R

~ ¢

ot LRNRL Ut not T in the predsence

3

the presence of R BNA, “enryme

Biaotemperature . AL AR there

ot absenge ot added RHALD An -

tHat gt each tembarature,

: ) e o
Ty Alter the inactivation' protiley,

carViee Nianding wtady - in

i
R4

Wt h




Figure.JO:b,Thé?malsihactiva;iod éf‘tfansfefase iﬁ thé_presé&ce of
tRNA and R1.7 RNA;' Heat lnactlvatnan stud»es we re dOne as dcscrnbed
in Hater‘als anq Hethodq Enzyme was dla]yZLd oernught agann:t tge
Jpéropridre buffer; “In the control experlments (C]3 6 Lg'of DC
fractnon was 1ncubated.a; pH 5.6 (A, ; C) or pH 9 (A‘ B'.;t')’ab .

rO"C (A A ), S c (B B'),.or 60 '(C,'C’)l Saﬂples contalnnnq

'!33 “9 slv.tRN/\ ‘(A), and samplcs co tammg 125 ;g 5. R}7 RNA (Q)'

4

were treated in the ‘dame. way .. lnntnal rate of)CMP nncorporatnon

into s.v.tRNA&._t 37';""(2 'byut'ésnzyfge‘ mlx(ures pre-nncubatcdat th;

415

o

‘@(nmd Results are pﬁofted as per

temperatures qzven was then &{

cont activity vc(sqsybrp—inCQba(lon time at the HGh temperature.
R 4 '1;_‘_ .. . . ”

o

(1t should be noted.that the presence, of RuT "RNA in Lhe reaction

5’4. ",

vessel invariaBfy caused a recuction the 100% value for that set!,

A
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Subjectad o rdentaical ancwhdtions At SN 0 tor vario

/4

% ACTIVITY RETAINED

L 1T 1 L 1

20 = 40 60 20 40 '-'601
TIME IN MINUTES = .

o Figure 11 Thermal inaceiwdfion of tranvferase in the presence nt

poly-A and poly=ti.  MNeat ieactivation was performed as outlined in

N R ‘ o L :
Fig. b0 aropH b & vl and pr 9 (800 a1 5570, {ontrol witnut

. . PN . - X R : i
polyvnucteoride (0 contained abowt 15 Lg DO fraction.,  Controls anz
. > . . S
campley Cortainiag SC wg pelv-u AT wr 50 g poly-A {(Q) were
¢ .

. . . . LTy . X I Yo . ~
ty Ty QO Uiy cannaved ot 370 L
L eTe T T I RV SO [P
..... Yoo . DAL SO 0 LA SRR IS B T a0t Ted
R vl e [ A NERTRRS I ol
s )
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I
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:
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. “reported thermal inactivation studies, ‘'in whicﬁ’they observed

,

-

A

-

45fstem.< (Du(?ng-the course_of this wd%k, Miller and Philipps (hj)‘

protection by tRNA but no»offéét by synfhepft nolynucleotides or rRNA

)

or 5§ RNA).' It is.how clear that there is thermostable Speéificf

complex:formation between transferase and tRNA prior tosthe transfer
‘ / : ol .

reaction. o e s

a

Discussion:

v . As was poihted out in Chapter 1, some E. coli transferase
4 ) ’ — re— ] -.

~préparations do cause such misincorporation reactions as:
o ©+ tRNA-pXpl + ATP  —ply tRNA~DXpCpA ‘< (), ,
while others do not (43). Jn each of the references quoted qboVe,'

. . s : ’ . LT . .
enzyme preparations were hithy~5urlficd, but not completely ‘ //

? o

hqmoéénébﬂa.' fhc ivpg of Hﬂécificitv demgnéffatéd jn(thLﬁ'thesiﬁ
agrees wih% the résults_df Hilio?»and Pﬁilipps‘(QB):‘ transfer RNA
which'Jacks a 1ér&inaf.AHP‘((RNA-EXDCDC)'aCCQpL§”oniy kHP, while,fRHAh
fackiaq'ﬁofﬁwg termingl AHP anyd CHF'(CRMA;pxyC)Héﬁccptﬁ'nﬁiy chp. |

./.v.tRNA’prcparud in the standard mannes, &s given in Materials and.

.

"Mgthudu, qahnﬂ!_aCCﬂpl multiple CMP residues (thevCTP ﬂntufniﬁom

experiment shows that 78 . 5a0f Che tRNA molecules accept one nuc]eo~ e
PR ) . ‘. B . - : )
Lidn)}"ﬁn\ryntcdltRHA is not an acceptor of either AMP or (MP, _The

. °

: S . o v o . ) ) ) - - . ¥ .
dittferences between these results and those of Best and Novelli (4) L
A S : _ o ) , p 5 : . :
may be Jdue to {a) lack of complete hemaqeneity ineither prepdration,
s that misincorporation hay be the result of a pon-transferasce S
- S ‘ , ‘ s . R 5
. - - . - L . - = \- b
4 ; . I - .
entvme s O (B) the possibie presence of méltipie
. A i e
- » : ‘ 3 _ , : -
the two laboratories may have isclated ¢ifferent species of trangs- ™~ - .

Sransferase spécies: - 7 -

-

a
.

ferane which 0iffer with predhect to misincarporation. . The . actualPcause
PN ' 1 : ) . : R o, '
. . , SN ‘ _ o ,
\ e

{



rt

Fn{ the above dcscrnpancy is not resolvable at presant However ,

‘ ':!
_ _ ¢
must be emphasized again that the p;esent E: co)l transferase does
‘display ‘absolute specificity. Thus this enzyme must possess ways of T

distiqguishfng tRNA-pXpC and tRNA-pXpCpC and of distinguishing ATP

and CTP, under'ﬁﬁé conditions employed. ™ - . : I#
It has already been determined that there ard separate
_ , ; 9 n Fe s¢

enzymatic sites for ATP and CTP (34,35). The quésﬁibh thus arises

as ‘to the nature of. the~site-or sites involving Lransfér RNA kThe‘;w' .

site(s) can distinqdiéh dlfferont 3'-term|nal sequenues, as’ k§

demonstrated by the spectflcity dsscusaed above. 1t is appa"ng;

however. that the enzyme i§:not,respon§iye'only to the sequence of °

“mononucleotidgs. at the 3'-teminus of RNA. Denaturation of tRNA by
dialysis and‘hpat~fésuits in a 677 loss of incorporating activity. In

°
[

addition, neither R17 RNA=pC {(with. a 3?~termihus similar to tRNA) ror

- . ’ . s . : . — .

“poly-C shbw'incorboraminn of [CMP. These facts impTy that there-is;a

'réqognition éite'or sites other than -the 3'-terminu5~of tRNA.

Incorporation of nbnohuc]eofid?S‘

”ntﬂ non~-tRNA substtatvs has - be

Jobserved in manmalian systems 8 19) Howcver, thése reactions
= . +7 . o 2 s -
accur in the pres ence of Mn' nnsteao of Mg “or at high enzyme
concentrations. Under pormal conditions, only -tRNA1Ts the nutleix

sl .
Bt Tsubstrate.

Binding experiments were undertake™ to help explain some. of
g e Ren to helg

'

the quest @nx about the choqntern mr’hann m.j'A study of the

Lion nQ'Ufg[ransforduc to yensr,tRNQ, MS2 RNA, and. nRMA'. ha“bucn dane

v

"by‘Honﬁw {(59), using a sucrose gradient centr?iugation mo(hod o
) . ) ,. ) o7 . . ) . ] B

:1vir¢l.cow.lex formation, 1t was felt that a gentler means o

asnaying Linding should te used bpcauses FLowas poeussibie that the complexes
.. _— : 5. o , . ‘ . . . . .

.. o



<L

can ‘be disruptedvuhder»thesé conditions (69). Therefore, the

$ interaction of various types of RNA with the transferase was «tudied
using a milder Millipore filtration method.

Denaturation of tRNA by dialysis and heating affects the

binding activity in the same way as it affects incofporation activity:

Cidentically, while heated dialyzixd tRNA

“native and dialyfcd tRNA bind

shows 'a 577 loss of bindjng activity. Thus, it seems that denaturation
is sufficient to resalt in considerable loss ot binding ability,

leading to lo;s'éf incorpnrnﬂing Sé&ivl;yﬁ

The foregeing ind -utes one effect of RNA structure on the 7 .
association of transferase and RNA.  Theesbinding of synthetic. RHA'y
may thréw furthee light on this problem. - As seen in Table 2,

p &/“ * ' N . . " . . .‘ . .
purified transferase has different affinities for aitferent synthetic
polynuclvates: poly-Urpoly=C poly-G poly-A. TPoty~All binds with an .
affinity which is greater than that of poly-A-but less than poly-i,
cand poly=CU binds better than poly -0 hut nat 5o well as poly-U. :

- . it has been established that selfassociation‘of hetero-
Juo b , ’ S
cyclic compaunds in aqueaus solution is predominantly due to fhase ﬁt
stacking, which in tdrn is dependent on the degreg of ceelectron
conjugation (81). Cursory examination of the structures of the
’ cnucltensides A7 U; O, ang () shows that the arder of sige of -c-eleciron

,v>y<iem> Tu U C-6AL Thisois the reverse o th arder obtained for the
hinding capacities of the poalynucieotides. Thewe requits gre strongly
sugestive thot hinding capacity 5 invecsely relates to extent of

¢ bade stacking. 1t seems oosaib?u‘tﬁux'n freely rg&g{img Srdre ot RNA
> . A - N .
- VR . o . . - ) .' “ .
(which is hindered bHy base, stacwingl is essengial to nonsspeci!t i
: ., . , . .
Pnteraction with protesn (8210 Tniu is consintentrmith the fact tnay
. . _ , bl
N LI a
. .

%8



—

deﬁatuced”tRNA, thch is»eXpécﬁed tgvhave more baée stacking than »
ngthQHtﬁNA, Has {e$5 bindind capacity. .

“The studles by HoAda qave dlfferent reﬁults ffom those
»Iﬁrcsented here, in that he observed no b|nd|ng to MS2 RNA or rRNA
Awhi)e blndfng to RI7 RNA and to synthetlc polynuc]eotxdcs has been
observeq;ln this labl This diffgrence may be the result of thg facth
‘»th;t thﬁ centfifugaxion me thod may;bé too Harsh._eSpééfallyifbr
comp]exes wnth hlgh molecular weight RNA. In pa551nq,':t should‘bé"

noted that Morrub and Herbert were ‘unable to dcmon%trate pnndv/% of

,thcar ycast enzyme to po\y U or’ poly C, usnnq a MI]]IDOIL mcthod (60)”

2
7

Unfortuna(cly, thclr Mnlllpore method dnffcred &|gn|f|cantly From th
. ) V:l‘ . " oy ‘{5‘ ; 9 -, 4} ,
one reporLeJ hercf' Binding o pe:amonts were done at pH 6. 5 whirwfjn

) . ) E ‘ { Q .‘ * o ..,' :
the present study, pH was 5.6. The u&udy présented ln bﬁls chaptvr

indicated that the E. le| vnzym¢ 1\ not revaaned we]] on Hulr:pore {C

filters at pH 6.5, _lt is hard to JJng what cfrékt Lh45 would have féﬂ

r

One COnCIQsion‘may be thar the yoast and £ cof: gnzymps are dlfforenf
/ .

8

woough to account for Lhe lnck of dquLanl @ctwgcn rho rwc abnratorluﬂ
. .‘. v

Thc presan! &tud:ef have dpmonfzrated tha& both tRNA and Rl/

\

RNA can bind to transferase. Compoti(ion'experyﬁbnts showfthat one

RNA species can ‘inhibit complex formation between the en nzyme. and the

£
i .

chverolynuclcafe. The fect that the (=50 values compnro'onia Wi ght

‘basis anag the fact thaL the saturation pfofilbg af tRNA ‘and R1J RNA

: N ) - : .. : ’ N N . _. -

binding with enzyme are rdcgtica] on .a wuiqht basis suggest that the
. B (&) . A . . . "

s

S binding is the ¢esult ‘of nun-apxynfct nugleak.io~a: Lein interaction,

rathier than o Spccific.nuclcﬁc atid-pro{ein interaction. At this

point, it may be dseful to‘cnnmen plhﬂ\ elthough3ﬂorris and Herport

cannct dermonstrate binding of aolyﬁU'or paly=-C to yeast transferase,
‘ N o : : SR

‘v
3



this binding is at or close to the dqyalytic site, then they may

concentrations, suc

-

'

(Héy'finq that these. homopolymers are able to inhibit the binding of

transfer RNA- (60). ThES'suggestﬁ_thal there is some artefactual

.reason for their Iacklno ﬁf b|n

A test of tho‘yélﬁ(éﬂg 6f the bnndlnq study is to determine. ..
’ Qu'_'y’W b o ~
whether thv non—acreptnnq RNA # spocncs affect the tranafer reaction

.

with_rRNAL tf the non-accepling species bind to the enzyme, and if

N SN g, sy e

. . » ' . . . . . . N - .. ' —
inhibit the transfer reaction with tRNA, In fact, although R17 RNA
and- the synthetic polynucleates tested c¢ould not accept nucleoside

monophosphates in the transfer reaction, ihoyVWure able to inhibil-thd
incorporation of CMP into tRNA-pXpC. 1t should be noted at this

point that" the effectiveness of,inhihition-varjed comsiderabfy dvpcndinq

nﬁy

on the conditions of the o xﬂortmﬁ

" & =

'3l0 the presence of high KCI
“nsllhap»ggtg‘

o

stahilire the: enzyme solution
’ . :

(HSBQ;'inhibitjon of the'tradﬁﬂP  fiAff;on by non‘acauplinQ nqéIeic

acids is abolished.  Miller and Philipps observed no inbinition of the

transfer reaction By synthetic polynucleotides in their E.coli™

systen (47%), They Qscd'2.5 ey /] vafﬁo scrum-dlhumﬁn in their enryme

. o 5 R T o . )
solution as o utahulayer\qnd do not mention rémoving this prior-to any
k . ‘ \ R ER , R ; N

Al
of their studies. This mdy te the reason for their negative result,
Yitfekences in the extent of inbibition by the several RNA'S

tested are’noseworthy. | The natural RN4 inhibits much wore efficiently

than the w{nihctic ponnuc}eaLvs. Poly-A (and'DO!y;C7 inhib3!

\\lnhl:y vure b{f?L{JV(lY than poly~Us  1f the inhi batxnn yere dup ) '

N . ‘ . - . - 2 ) - S )
uolvly (Ua{hU non- SU“"lflL type Sf anmreraction found in the hinding
: Q¢ N . . . . / .

. v a - N N Tt . FURERL .
studies, then puly-i ,xnu}d be 0 more potent inh:bitor thae poty-RA and
peily-C.  Likeuwdce, there ~Lou1d he 1ittle differences betwiean thes oo

Yoo e




v
.

.inlﬂv.hi (vi;m v“'. ‘M‘“ ;»d R17 RNA and ! hnL‘ (_)_t“ R1/ ¥ ‘I/\--.p)(ht. Yot . lh(-vl’:‘-b P4
G Gany st ((;_nl ,v' marked .ci [ H o {(%Icn(_;(- : .il 17 RN/\ inhibits a9t a lower .
Cconcent rat w”_; than R17 RNA SpXpC . - The oxp 1‘.‘m.)vt i(;)‘nv‘ may lie l n the
p()‘s‘-;ll.)i l ity of L"|>('1'i(“r" ‘vas’sr)(;i;ﬂ‘ fon nf'..t lu.'v 4 "-"'un"mi .'m;-, o.fj th«-v natural
pol y‘nucll ena.t ¢ wi't;h the transter site on the enzyme. Tt i '_anown" thot

r -

“there are ;,;;._p.:u'até sites on the enzyme for The binding of “the substtates
LR et - ' . i .

ATP and CTP . F‘g)ly—/\‘ and pdly"(. nay- b(‘.'(:ap‘.‘ublb of interaction at these

sites. This would have the effect of Increasing their ef ficiency as

'inhihi tors . Si.mf 1a riyl-.i Rl 7.RNA with an iu.uaclv 3! "'ter"‘mi'nu'»’ ximy he
c.‘lbéblc of ir1£<'r£)ct~-i‘({'r1: a:t these sites bt"(;‘d‘n.»',-(" of the D';(‘-‘ﬂ“”(‘{‘_. at l‘“("»

e rminal ﬁ)_CpCpA\I. ,

| Ti‘\':__.- 1~'mn~d<:.<:(-|)‘f’i ne RNAY o, then, do comp Tox wit h Leans fe Fase &

cand,. to varying cxvf"‘i;_-mn tu, inhibit Tty reaction with tRNA=pXp EEERES
. I3 - . e - o . . ) ) P . - N ) .
c eeful to consider whether tRNA, R1J RNA L *and Jor the synthetic poly-
nucteates, diftfer with respect to heat inactivation of the erizyme. - This -
would determine whether these RNAT -, which behave similariy incinitia !
binding, are able to proceed beyond -that stage, in Che process nf the
-~ react¥on. The thermal inactivation stud fes reveal that, asiexpacted,

TRUA protects the enzyme faom 1 he'r my } gj Aac L_Ai vation at 607C. | This®

prodection iy less efficient at 55720 and fai b entirely ot 6070, .

Bhenumably the kinetic energy of the complix 5 “too griat at F070 to
maintain. the complex structure L Treanster KNA departy from the complox,

3

- N .. ) % ‘ o : . . . ’ . -
teavang sthe endynme Saked' s so that it underqoes  thermal. teact ivalvon

v

. . L . B . : R

- the same rate 4% the control with no REA present. pinder conbitions

) : R . ’ > . ’ - .
in owhich tREA protects the enzyme [rom Redl inactivaton, BRATL of

- ’ L T ’ -
: : ' . . . : LT . ) .

. A ; ~ . e } T T o S L 5 m g
Gther types protect transterasey. ThusTQT g cloas Thats DR

_

CLeampiexes with transterase ta o manner difterent from '__.‘15', athe s

-‘v"

o l-‘Y" o N ..
. . . . . . .
. / . . : ~t v
- . o S



bl [ v v ‘
-~ . ¥ T
polynucleates, possibly resulging in-structural change in the emzymes ™ "3 t¢
T . ' : : ) . . - ‘ e Ve PR /:
: R v , » - : o S N T
upon binding. . _ S ' T IR N
. X ) : 7 : . v ' “. . ’, . . ‘ -Z:- e Au} . ,,:1 ) -,
It is now evident that there is association possible "betvieen. :7ﬁﬁ;Q

R17 RNA (as well as other polynucleates) and transferase. lt»fs-of~§'g PRI
a non-specific_hature and does not seem to direc;lyiinyolvelthd sigeb ' Co ”3$;5

of reaction. on the enzyme,; since these species dé:not accept nucleo-: -

side monophosplidtes and they cannot. protect the :ehzyme from thermalg "
) ) ey . ] B e . . R - - E} L”l .
inactfvatibn."fhi._aﬁggests t he txistence_of»anathcr‘type of L 4\J

) . B v R R L
interaction, a mo .g;becsflc“one, whfch requires the special structiure -

e

_of ‘tRNA. There may be a cdnformalidnél chahge inyb{ved or simply a

spatial arrangement necessary to permit close association of the.
3'-terminus with the active center andf;hé nucleoside triphosphate

substrate.
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with strucrure, some

Cbetween tRNA Gnd enzyme: S e I

Teittier doquaterT
Spasitivedy “char 'b(# a[ PRy

are capabie otial

- . CHAPTER
Sutot U7 EFFECT OF ACRIDINES ON THE
L. TRANSFERASE [NCORPORATION REACTION '
dntroduct iOn- : L

After the basic'chékacperistics'of the E.‘toli,tRNA I'~terminal

“nucleotidyl” transferase had .been defihed' it was decnded to probe in

5 . a L. N

N e O e R .o . . .
turn the compomants of -this system. ' Through induytdual’|nvest|ga(|ons

4

of transfer RNKwand en?ymeQ !t:was{hoped that further jnformatibn’cbuld

a

be obtainad aﬁbht’phe}way»fn which Lhe e two ?mportaht components
interact. The ﬁear&hﬂffbst-wa;ufOr a”subétancc which WOuld.alter the

behaviour of .1RNA in the enzymic reactlnn WILhouL producnnq an effect

qﬁJthe enzjme; [Jfbgﬁv alte at:nn 4n tRNA behavaour can be ;orrelatedA

yﬁsighp'may be forthcoming'ab0uf the association
. .3 e . C . . :

T o o - ' ’ €

e A convinient  tool~with which to pursue this aim is the
te ‘»’.Fa e :.“”.v . - ’

[ I

acridine dy¢9; ‘1f'ﬁas,béqnﬁknown.for_§ombjﬁime that . acridine orange

5
“~

'qni ‘i‘ts mm]r)qs s‘o‘nw ot L«Jhi'ch hdvc. he&n u..e;# .3, q’h’tisup'tic%,, are

'

. o : o
potcnt lnhnbltors nf many r«act«nyéilnvolvunq nch¢ic aCids (BKWSNL.

1hu e dyz unlcculow are (usod hv!vvnaYultC asomatncc whlch cuqtdln

RV

Gy ammon fum- gi‘()ub ..'n‘)rj, :-*m. : amine 7qr(_15;p t h”d'! i

©

ealues )ower H dﬂ 10, Thas the-nolecdules .
° . "".-9‘~ . .

(wo t\jpe-s ',__‘o {. 'i.n“t urdtt fons: (1) .h&"d rophotiic

_}Q:uxgchQngA}myg]@?nqﬂ{hc'Aiomgt?c-kth'syitqm and” {1 1) HydrophiFic
- . . '/\v Lo . v. ".'7' ‘v..»
antesactiony’ 1'11.\.'«’.)1\/'//:1(‘ \ L ha* ocd Nk srr ot th.= .m::l:_*cu} o lg A

~lgbnoraikyTGQf¢ed,thni 'hcrv\qrz pnmted two tynes oY cinterattion betueen

- : . : . L o
. - D L 5 B
N B . ) A
) N AT
. v i . 30
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A . i @ o - . B 0T
the acridines and nucleic acld.  NNA, which Ia, basically a hydrogen= :
“bonded double -hellcal structure, associates with these dye moleculis S,
by intercalation, .at Tow dye to DNA hucleotide ratios: (85) . At hiah JEE T
. ) R . . ) . B . R : o T B

[N -

dye to DNA ratios, the -dyes interact via the formation of a dyc pyeudos

! - . o

have muchy -

polymer altong The DNA,  On the other hand, RNA ‘does not

double hellx but maintains a more extended conformation, and it [
N . CT . N i . . . . : ' T . K : '

Ccapable of the second type of interact ton S(B6), 1t dwoa nonsspeci
. S - e . iy T ° - /' . - N ,V . o

assaciatiaon in which thoe chafthges are of paramount impartance and

“which requires a high dye to RNA nucleot ide ratio.

he dye molecules
ce - J

d RS

selfestack wit h their/ positive cha raes alligned toward Sthe negative

phosphate charqes of the polynucleate.

g v

1t mayr be useful at this point to®indicate. some difterencen
o a co- | Lo . oo < Loy . .
between intercalation and base Stacking. Basé stacking s an
Uns Lructug e process inavolving hydrophobic (r-¢lectron ype) dntérs

action bktwesn aromalic mhlecules. THeve- may be only Lwe aromat ic

miidtics invalved, oc many maves | ntetcalation derives its @h(,‘ ray of.

stalpil ization from the same’ source; ‘(ﬂ"-:»'.-’le:c'l”ron'j‘ahar ing) but difters
From bast stacking in that thevse i oa stegotural requirement for e :

BT ' R o 3 o - ] : Lo : s
2 v - : Y . ~ 2 R . .

cindection of one smal’l acomatic residuc between oo

’ . -

nucleotide moieties

Ahat “are oA hel teal wtructure.  Thus cwerosmal Vomolecules can
associate with polynucteates via intercalation than via base stacking.:

Tranofer BNA iy helieved (Q passess i unique conformation

T ge Lo extensive intrapolecuian hydbrogen bonding, “which resulbts in a”
R . o . R a8 ) . . . .
e lover-teaf structure. hids. tRNA molecules have Two-strus vuryl

;

S oosbement s double he ical . fegions separated by o ingle stranded sedct Tons .
: - ' : ! N . . . .

28

Nae oy these characteristicy 0f URNA, Vo can b expected, andg in fact
hae been fuand, thaty tRNA Bints Ayes by intercalation undes

+ 2




Tsubstituents at different ring positions. - Ny

o

by

P e
™~
:
7

thus arises as to what causes the

RS
N

inhibition of tRNA funcpions'b cridine dyes: is it due to inter-

calation of dye molecules in double helical regions of tRNA, or is it

‘due’to ionic interaction with the negative phosphate‘charqcé of the

polynucleates? . , - o e

It was hoped that an understanding of the nature of the

dinhibition by Lhe‘écrfdine dyes would indirectly shed some light on

the mechanism of tRNA recognition by the enzyme. The transferase

~

system is well fitted-to assess the ef fect Qfmth dyes. The pH

optimum for the reaction is 9, but at pH 8 and 10; activity can be '

‘measuréed that is half the maximal -rate. The dissociation constant

for the acridine amines is 9.6 - 10.5 (91). Thcreforejvby.

manipulating pH, it is possible to determine the effect Q{j(he

acridine charge propertics on the inhibition of the transferase

reaction.  Otherinucleotidyl transferase wystems whose pH optima
rande from-7 to 8 do mot permit this type of~énalysis_(26,27).

Anothér usetul axpnct_of‘this system is that. therce are

available many ichemical analogs of acridine wh{éh permit one to

assess the effects of different substitutions, for example bu}ky

V3‘. -

CThe third and. final advantage in using

he acridines is that
) ' o .

they are fluorescent molesdles.  Fluorescence very sensitive to

o ‘ . _ & .

Jtool todetermine

7
-

the natursof the physical association between tRNA and acridines.

-

reutar vnvirogwﬁﬁl 5o’ that it can be used as a

)
—

) ) ) E P A ) . . A.' . ] .
- “The resultyopresented below indicate that acridines do
Pnhibit this reaclion, but at - higher concentrations than are nxpuc(cﬂ_~'- R

for intercalation. dnbibition is partiatly dependent on the presence |



. P
df_a positive charqé on the dye.n@|ECule. Refa[ive inﬁibitofy‘powe
-varfés depeqainq»on.the type of'sgﬁstjtutioa op'the fused ring SYStLe
.Fluoreécence‘stUdies ind}caté thai infcracgioh.between {BNA and the
vdyes‘(fn the fnhibi;ory\;oncenLraﬁTon rénge) involves stacking between
. the RNA bééésvand th@ dye molecu]%§.‘ Moreover, the first stage of the

reaction. (binding) is the one that is sensitive to these dyes. This

prevents catalysis The results do not support the hypothesis of
'inhégition 5y intercalation, dor o they support the concept of

p;y-,opolymer-formatjonu‘ Rathcﬁflhey suggest a two-stage in%%rac[hmw
thef@irst isvionically mediated.  The positive charge of the dye

’

Hcts with the negative nhospha(c charges on the polynucleate.

aromatic portion of the vye is brought into stacking inter-

: . »
action with the argmatic bases of the RNA,

fesults

i

; o ) )
fnhibition by Acridine Orange “and Ethidium Bromide : - g

v

Inhibition of the tramsferase reaction by these Jdyes was
- . . . . " Ty ._ . L ¢ . .
first exomined in the (MP-incorporating svstem at pH Q. The data are

prosented Fnoterms of Jdye concentration vs. initial rate of (MP.

incorporation, takinag the rate af the reaction in the ahsende of dye as

/ .
| . . : AR
.

VOO . Fig. 12 demonstrates that bath doridine orange and ethidior

fx\bfwm;dp inhihit this reaction. ~ Alridine orange redulas the fFeaction

) r . ) N A . 7 . . [ . ’ 7 -‘ 1 ¢ |
Ly oa holf. ar abo%t 490 _;H., ethidium bromide at Dl‘;_:,‘;’u! 00 oM, ST th g
. e . : 5
. o . . ) ce . v nt
SoEnt L v s houy Td be notged o passing That the concentralon of  URNA 5.\\‘
2
maclealides 0 U readtiing i GO0 e q'i:%"‘
2 A

':;.3..'
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4‘~

. In order to ‘investigate the expectation that lnhibition was.

Jue to interaction with tRNA, a pre-incubation study was . undertaken. -

given cghQSntﬁatidn of

acridine orange. (AD) is pre- ncubated on ice with siv.tRNA, 83%

Thiese results are shown in Table 3." When-a

inhibition of the subsequent incorporation assay at 37°C is observed

- “-

when AD is pre-incubated with enzyme alone, only 71% inhibition occurs;
, b \ Y y ‘

‘while pre-incubation wi th both enzyme and 5. v. tRNA resylts »in iﬂ‘)

- . . a

inhibition. These results do not . distinauish clearly whether the

sites of inhibition were LRN/__\»»Vg")r enzyme.  Ip order to. provide more
definitive.data, a concentration study. was done. {f changing the

concentration of a reacting substance alters the amount of inhibitor. =

required to produce an inhibition profile, that is good evidence. that

he substance in guestion is-the.s ile of the inhibitory agtion, The

-

ey rnm"v". Par. component which has this effect |~, tRNA.  Fig. 13

shows the acridine orange inhibition curves Tor AMP and (MR
. ) | . o . . - Loy

: b4 ‘_ o . . i -
incorporation into tRNA-pXpCpC and tRNA-pXpC respectively, at two

difterent tRNA candesurations. For this dye, a three-fold. increase in

~

{ENA concentration. causes about a three-fold increase in the ampunt ot

seridineT erange needed to produce inhibition., Fig. Vh shows o

cimitar result for ethidium bromidé inhibition. Once aqain, tnrreasing

I

the TRHA concenration. cauges an inirease in the arount of i

Cddye needesd

tooaahibiot, There io onosdifferonce between the sensitivitivs ot AMP

R . . . Lo . PR . _‘ ) - el e
gt UMD Tncorporation o oinhitbition by acridine oranage and elhiiun

e are it The e cxperiments demonstrate o tearly that tEHA T4 4 Pl oat
. - - .
Pnbihorion by Uheese Tused oy Neterocyctes,
.
. .
G x

&

f8
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TABLE 3. Acridine Orange Pra-incuebation
\ TITTTTIT T i LT : T

Preincabat ton mxture a L . Per cent inhibitio
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Investigation of the Mode of lnteraction
3 Se o S o :
o ~..In order to determine whether inhibition could be caused by
IS - ';’ :' . ' . , . r‘. .
fntercatation of ye molecules, with the double helical regions of tRNA,
- “Sephadex G25 chromatography was used. Free acridine Granges was very a
strongly retaihed on the columns, but some dye molecules could be
sluted with tRNA. “Table 4 chows the acridine orange to tRN: lecule
molar ‘ratios of the load solutions and of the eluates. i lar
ratios for the eluates were determined as described in Materials and, .~ .
Methods . At the lowest load solution rdtic, there would ke ahbout 5%
inhibition of whe standard assay system.~‘A; the highest ratio, there
. would be abbut 60Y - Fehibition. The ellUates haveNgatios in the -
A P ’ . . . . T o ‘-A
- rieighbournodd o?'3 to b, regardless at the ratio of the load soluticne
. Three to, 4 dycinwlgculdw is what c¢arf he éxpecth‘;m intergalate in the
. S . . )_ r T . . ) “le ] . . .
. N S . L . - . . \ . co '
. clovurneaﬂ podel o tkHA Incthe native cohformation. (92).. The isolated
< . - ) . . : ' s . . ) \‘.,. T Nt / )
e B : ‘L \ . N . - ) ) . ' ’ \-. ‘ ’ ... T ",. -
. Co v JURNASAGT complex Wb examinedsfor CMP incorpordation. it was found
. B oeT o T T : - ». g

: ' - v
that there 19, iflact, no intitition of CMPwaccepting activity. ’gwﬁce‘
. T . e . ; . R

, e . .. t ’ Ty e | Yo . \ . . P -
' Lo : R L ;] ‘
valae for the-molar ratiog v, obtadined regardless ‘of the -
. Q. . ° - : -
Ay Tanded or of thee extent Lof inhibition at that devul,
_ S ST oy o s e
- S TR L e L - SR 2RI [ N
% a)dohibittion cannat gv (hu\rusu}t,né.snye”calatyon. et . )
¢ . Lo . E . : 0 : o A L '_" N L -
e . N T S . (S -
< ! . N LYo L TR i W NN
Titwe rext Biep %C 1o nvestigate thegavy  thidd et pleylo- ¥ e
: T . MR HE ST e S R R

Ly . B - ° ~

L o . Con A : . . . e T
polvmer armat ion bf dge. 0ng way s0r appreaching this =ﬁ.f&§vﬁdnuﬂu
P 4 . R . o . : . . ‘- .y, .

. -
Vo

.

Abe Bifferences in iphibitory poer for differently moditied dyes.”
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to, acridine orange. Auramin=0 does possess inhibitory -power, but it

, LR R
. . v . o o ; A r
is quite low. Celestine blue is an oxazole, antl is hot g .-,
: e . : ' ’ . > ‘ = .‘ ’
.pa'rt‘ic:ulat',ly-()ood inhibiror. Hethylene blue Ts a thiazole, but aside
[ B B ) - F - N
F . A

' ) - ) . .‘ I . *
from this modification, Tt is structurally identical to acridine oydnge.

>

. N PPN . + N
Not surprisingly, ‘it inhibits in-t he same concentration range as does

a .

acridine orange.  tthidium bromide is s phenanthridine and a quaternary
. ~ - A‘J:"‘I .

amine. and it has arm (=50 which lies hetween those for_acriflavine

and proflavine salfate.
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oo A piH study was undertaken to detarmine. the ex®il nf charge- /‘
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irevalvement in i..nh ibition. ‘Since fhe acrddine anf{l ogs all contain 7
cither tertiary amine groyps with pk's a round 9.5 to 105, ,.m//@at, ernary
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o . ) . v ’ -, s ) ' B . )
Clhiatge on the fonizable Liyes mers ly by changing-the pH. The quaternary
amines, acriflavine and cthidium bromi s, are positively cha raed at atl
CopHls. ot iy possible to detec g,f'ﬁi irly good transferase acti vity.at
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Liebib vory power at o pt 100 The gaant talive Jdifterences o nhe o
CresDonhe toopi belween tresd tormpoundy can be e Jated tooditt e i e S N

trespk ot the auine GLoup S5 0n comtrast lo.the iorizable dyes, the ’
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q;\ml(-.rn.“uy amines o onot oge inhibitory POV al pH 1o, . _lmhwri, there -

]

st 1o be qredatec inbhiibitian ot this pl, perhaps the result of  some

v tural destabilizationof  the tRNA due to ;;\m/ Biehe pH.
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by Stagies of the Reaction

Frtect of Mluorescein on Far

In ardento determine whether the “inhibitory effects of the
foned heterocyides were due Lo the first staqge of tRHA-enzyme .

dinachat jan, the oftect, ;F& come- acridines on CRNA binding to

- NN e
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R The comparlson study (see above) indicates the fundamental

N
o

nocesguty oF%mheMaromat|c ring System Ain the process of |nh|blt|on
i @ . R

FluoreScence measurement is a” good tool for the study of this as

- S '“W\c ' é o '
because it is-so sens ltnve to chanqes in the nvironment of" the

o F W
= fﬁ e

N V =
°aromat|c portion of the dye molecules. ?ig, lg;lhows the F%uorescenCc"

. o
emlSSlon spectrum of acrtdmne orange, in the presence of various.

Dolynucleat ln the absence of polynuclpates. acrvdlne oranqe has a
Fluorescence emlssnon spectrum wctH\a ‘maximum at 535 nm. 1f RNA’is
added at g concentratnon higher than‘lO 5 M, a Iarge shift in emission

maximum to 650 nm is,observed.v'In'cdnjuhction with this the emission-
FN | . . ; , .

a® 535 décreaées. This is a dnfferentnal effect—-the grcatest enercy

- ' ¥ >

shift occurs for poly A, then poly G wuth tRNA in the mvﬁdlc, then-

8

poly—C and po)ny

Discussion S

!nh'bltion of tRNA 3'-term»nal nucleotldyl transfcrase by

acrudtne and non- acrtdtne dyes has been demonstrated - of thé”

' reaction.COmponéht&. only tRNA concentrainon causes the 1nh1b|tuon

level to chanqe : l'-M‘;'n\orp tRNA is present, more dye .is roquired to

'broducQ,tﬁé same‘T&vel'of¢jnhibitfon. Thas clear]y andncatcﬁ that

tRNA is the sitc‘df nnhrbntory actncm The questnon thuq becomes

how does tRNA nnterac( wxih dyc motecules“}o oroduce a tRNA moleCu!e”'

2
L

thdl cqnnot acccpt CMv or AHP?

$ .
» o

Two possabalsﬁues were Lmves:oqat d (l) lntcrcalatIOn of

v

dye nolecules betwecn SUccessove baee ‘in sthe RNA double hejscal

sect«ons, and (2) p,euiiic!ympr formatmhn of dye along the nucienc acod

o
<

pg@t&;xv
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Figure 18: Fludrescenct emission spectra of AD in the presence of
i . ) ' ‘ . : ! - . * - . -
various polynucleates. ‘Fluorescence was mea:ured as given in

+Materials and Methods. Adgidine orange-at 'a concentration of

" . P8 x 10-" M was mixed with polynucleate at a concentration such

that AO/RNA base = 1. Emission Spécfra are givgnnfdr’AO'in the
O > . . " .

A b

vrevence of ;pi)ly"U (__ ). poty-C (. . , URNA (__;.__)/,”', Holy-G (f____ _“)_,

Ty-A Y. I_ncid«"n_t _wavc]fmq(,ﬁ WwWns '3(30 nm/
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el e
chain. - in (2), the dye mblcculcsrsclfrstack wit! the poslt|v~ charq!s

o

voﬁidnted Vh\ rd Lhe nuclelc Aacid chaln, SO . that the force holdlnq tfk' B

nugleac acid’ and pscudopalymor toqether is |on|c

L ]
lnlorcalatnon can be oxcluded on the basus of thc h'qh o

[

concnn{ratlon of dye requnrod for |nhlbtt|on and -on Lhe ba;ls of the K

gel fnltrat:on studles ‘ Reqardlcsq of the acrad:ne orange to tRNA :
) d zﬁ_ o '_ » a
mo 1a¥ ratios-of the oriq al mlxture 3 to h dyc nnlecmle§ weres '

] have: ‘rvt"éntly

et
——

>

unLOrcalated 'nto LGCh tRNA molcculc Urhahk

1nvost|qated by fluorescencc methods. tho blndlnq of cthcdoum Bromlde

J

to diffarent . confo:matnons df two' purlflod tRNA spec»oq»(ﬂ?) ‘They

find that ip the foldod state (8°C), there are only” three: bnnd4nq

!

LY
sites for Uthtdium b{pmidn, thaq b'ndlnq being charactorIZed as
. o B . . 3 R . . @

intercalation, Yél_atvthis level of A0, theré is né |nh|b|txon mF o

the tranﬂforaﬁv assay. Tho dyo moleculcs that .are lnvo\vcd in-

anhlbltaon must fovm an asaocxatnon wnth tRNA which is less Jtablv

.
¢

than intercalation. 3 o . s - AR

B . ’ . : [
tnvestigation of the possihle‘naturé'of this interaction led.
to a ‘study of-varﬁously nndifiod'dye"‘ In the dcrldlno series, thorc» e
in’(-(ch/ Lor:elatuon of. ;nhubltary p0wor w»[h numbnr of cloctron—

fﬁonatlnq substltucnts “the qrvater the number of Ploctron donatlnq

groups, the Q|eater tho :nhibttory power of tho dyc (! o )ownr 1-50).
.F‘Octvnn donntnnd >ub5t1tucnts would” have two cffocts an. these
“compogndfl f} is wvll wnown thét.gleétnoq;donn£ion raiseS zhé bK of
liinnigable quQég‘Qn such mhleéules:  the}gfe§tcrftBe.nﬁmbéf'of |
cléc;ron—dénhxing-hréupé. fhé mére “BSsiq:thqfchaédcte;vof fh?~amine{:
This efvat isbéXbcctgd to bé‘éf minimaf_im@oftance iniaiffpfbnccs in;

nnhubltlﬁq 00wer howevor;3§§ncé/thc varjation,in.?K for these . compounds

\



fv not nxqowaivo,(9.613 105, The second clfeet iy qthat of o

[
' . -

inprwdainqvthv'nlnckind”ibndvncy: vloctlnn—Jnnatunq »&PNI?'UOH(-t

m(l('.\‘v the lnndency of hormnry( |v‘ Lo interact l)y base stacking (81).

zNakano and-tgarashi (81) have'found, for oxambln,‘ihnt for the . I
@ N
formation of Lomploxos with ndvnlno in aqueou‘ nmdium, the association.
! e .
. . ! ) S
«onatnnt ftr thymuno ('-nmthy!uvwc»l) is almost double that for

A_DI!”ML\ rvqu;«4le for fnh'bttlon W ie a pos itive charge. "Proflavine

uracil.’ Ihu* this oftcct s l:kvly of paramannt Tmportance in inter-
pPreting tho I-SO'. of the acridinv ﬁorié&.,-On'thiﬂ basis, acridine

W‘Ihmv\w)uld have. the greatest %{nckibq tendency:, “and Tt is the hest

inhibitaor of the series, It is cven, better than thc quatc:narv aming

LT

n(:iflnvinc. Wh!Ch m:qht ho wxpc(tvd to bo thc best tnhlbltnr if the

i k .

s

- -u‘fnte has two fowét elect roy - dnnalinq groups, .and is less effective

o

.

PRPY
N

- A% nn,inhihi(or. .Q-Amiﬁoat:xdino hns only one such group in the

- B i

-

rn»rv‘alrphntzc poantunn on lhv mzddln rinq, and itis Ieas cfficient

mn S A

One ather factor onwrdcs frnn;rt_ study'of the acridine’

canalogs. “ Acridine orange hna the same njmbo: 0f nlvc(ron-donatlng

OrOUDS-dH‘broflavinb \Ulfd!P yot 157 }v“* oFficionr inhihitor.

- .
d l,

Thv nn}y dlfévtpngv botwovn thp TwWO gomoound‘ i the precence of thy
bulky dlhothyl-amano' in acridinn oranbe ns‘oppo§od ro the

unsuhutitutod amines in proflavinc sulfate. ThIS'sF:e eflect dig

further dennnstrated by the two= fold grcatcv anhlbrtuon by Q-amina-
ﬂuridin» over phnxph:nc Hnrc the os&eh{%al 1lrforoncc is that

phospl e has far tie buT er qreup at- the 9- po" ion.

Thus., for the acrine s@r{es‘ two effects are obvious:
fizst, inhibitian is favoured by clcctroh~d0natinq‘subﬁi%tutnts'whigh‘

\;
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i Nuregse s tacking tendency,
. / Chuthy substitutions on the saromat e systemof the dyoy 2007

" .

/ S T Ehe 'rion_ sact i dine wer ey demonsnt rates & charggelffect

fluorescein is the samg size andishape-as phouphine; bt

one-=thicd as of fectlve asan Tehibitor o However, unbike

. A

Hluorescein (i«

‘np' qati .v-\é"!vy‘f cl}ifr aed S ’Th\_) g ;1”..[14_@‘.9-‘\“ Ve L‘{h}_ﬂl?d'{*‘-,‘.' u I

5.0 ]

distavours inhibit i'(m{..‘{"/\'n(:)t'l"mr-':,.F';)cth‘fv* .nbL;}.iric:'d'-{r_nin,"t,hi?*.,-q,{ data .

/’ ©that although the Pusediring system 1% pot essentia

/f (duramin-0~i< ahte to inhitit), i< abuencs

e, )

power .

o

hie fact that iwihvf;«:ir‘&‘i'vf l\lu'i""f_:'i vr'_\hiibi-&'.*;@-ljbr?‘r L'hc:'_';'._az'{i\o . - s T

cany  {ration ranae as acridine forange indicateos .that inKibition 4 not

Capecitic to charged amines. Methylene bluecis o thiarole with the

positive charge on the sulfur, Ntherwise, it.greatly resembles acridine

arange.  Nor i inhibition specific to Fi
tehidiam bhromide is a phenanghridine and 3

Vinhibitory concentratidn range in simite  to the more effective
¥ . . . . o
aT ridines: ' o R . . R

- 0 The pH data <learly demon=st rate 1_’1("imp(.€l‘t.’\n0(‘ of h.-jvinq_a,

positively charqed dye molecule. At pH 10 whére more molecules will b
S an gnsfoniced form than at pH 8.0r 9, the ionirable acridines lose

inhibitory power. The quatérnary amines . acriflavine and ethidium

bromide do not lose intlibitory power throughout this ranac. Thus,’

¢learly, "a positive c¢harge: is important for inhibitian., However, it Is:.

not sufficient, to judge from the low inhibiting action of auramin-0.

- The fiyorescence ‘data hvighl ight theé ba.z:’vtﬂ played by the .

aromat I ¢ ing system. Addition of polynucleate to acridire arange’

and second, -inbibitian Y« disfavoured by = <5

8a.”
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b”a&sh»i}/un emission maxamum fFom 535 to 650 nm

. =Y

\

f renTnal effect--the greatest cﬂergy shlft occur
,‘g‘; bt

thengpqu-Cﬂand,ponrUm

'syg%hetlc polynuclé res corresponds to the order of se }f”:-i
]'@1, ‘

(ﬁ@%&ackbone of 'ho nuclvates

JJJ >

.‘mﬂowever,_il ls Obleu% from rhc fluorometruc results that

»olo “g& do'iﬂ fac( ﬂsée“'the

.". C’ {
her e
ISR _33
. r - s
Mo:'eovor , the intur‘gct ion
bases which have a‘qreater

tencency to assaciate With dvéﬁn%lccuiESu

7 . ;
: . 2 o »
A . that thz-in(erac1j§n be{yeen AO an4 IRNA pr:ma

-batwpc\\?az\7¥§\gnd ba%e

unterqcéfqh

Thq~-type of

m,ua] iy in zh(*'

posi{ion uara‘to' ho pos

and. with (ﬁe fjndinq»&hat
Greater tendency to stack dre betler

bt has been found 1haf:fluoré$¢¢in

e . . St . : N

inhibi
ot ;hp”rqnctﬁon, caunying a reduction im the bi

"RNA |nd4nq is " ore. resis can' to the presence of . dye than




‘
. .

'7‘;wsth the nv_at:ve phospﬂate charqes on the polynuoleare ' Then thé 57

b:ndnng “RI7 RNA binds non- spetnf:cally to transjerase The -

&

- bondnnq rs suffucuenf tq cause rnhubltp@n of . the transferas _reactlon

‘vwath tRNA but not sufflcient to result in |ncorporat|on of nqcleo-

v - .
.. —

's»de monophosphate |nto R17 RNA or- to protect the enzyme from ‘thermal

K

f’}»nactlvatlon " The qreater relattve sensrt vnty of rl7 RNA over tRNA

- S
.

for bnndxng in the presence of dye, may be due to weaker blndlnq of
-:fthe larqe phaqe RNA aAnd trantferase Slnce the polycycllc dyes s

‘ »nteract with: nuclenc acnd vna a sam« spec:f:c process. probably

v

fphese of the react»on, i,eL bundan of tRNA to transferase is the

Ii, one that prevesﬁsensttrve to the dye ":o'

~

' Therefore althouqh nntercalatton is not snvo]ved in :f _ -

[y

'.,po!yme formatuon apppars not to be completely valud erther,{ Two .

N

phenomena have been dennnstrated one |s IOhIC and the other hydro-

g'DhOb}ﬁllﬂ nature, The results Sugqest a TWo- staqe nnteractxon the

Yffrstxié“ionxcally medsated The p05|c|ve charqe of4the .dye |nteracts

N
\ S b

:aromatlc poFtton of the dye zs brouqht nnto stacklng |nteractzon wath

. o -

.tho aromatuc bases o 5the RNA The result is a tRNA qpecnes which .

: cannot accept AHP or CMP nh Lhe tRNA 3"termana1 nucleotldyl transtera

)ystc R &ﬁd whuch cannot even bsnd to transferaﬁe

Y

r;nvo!vnng base= stackinq, nt us not surprnsnnq to f;nd that the xnitual

?ﬂinh?bitrcn the alternatuve hypothesxs of ‘s ome 9ort of dye pseudo— L

S

3
K

&P



o : ‘ CHAPTER § -

. ' . K4

OTHER PROBES OF tRNA RECOGNITION BY TRANSFERASE

o

.h.

\

Introduction v

.

v

The results of Chapter 4 indicate that fused-ring hetero-

‘cycles inhibit the transferase reaction -hy interscting with the

Fae——e,

component is aurin, tricarboxylic acid (ATA). It has been

transfer RNA substrate. -This interaction prevents binding to the
enzyme and in this manner inhibits catalytic action by transferase.

The search now turns to other probes of the system. 'Onc
compound that could be expected to altdr the behaviour of the protein’

-
-

. }
shown that

- ° P ! -

‘thiﬁ'subsbqn;u effectively inhihits several systems involving protein-

P ‘ o . . _ . . B
RNA interactions.  These include aminoacyl-tRNA synthesis (93), protein

synthesis. (94-96), .and mRNA-ribosome interactions (95,96). The ef fective

‘concentration of dve varies depending on the system and on the

concentrations of reaction comnonents within the sy tem reported.

However,. there is qencra aqreement that the irhibitions occur through

association o1 ATA with pratein. Ah,advéntaggviha(vATA‘pnssééses as a

probe af enryme action is the fact that séveral differently-modified

anatogs are available. The basie wnit {(aurin) is a triphenylmethane
aroup, 19 which various substituents are attached in differfent ring
Qwaipiénﬁn By comparing the -inhibitony actior of the analegs, it may

It should be noted at this point that for this chapter, the . =
transferase preparation contained trace amounts of amnnoacy!f :
TRNA svnthetase, but no RNase, .

a2 o



. 93
3 v E
4 : - L o ‘ ‘ e
ssiBle to determine what aspects of ATA structure droduce. .
Reion, hh}ch.in turn may throw some light.on, the structure of the-
’ . o R v

A %&yt?t,site on the enzyme'. | S .
In spite-of this expectation, other chgrac;eristics~oﬁ/ATA
might lead one to speculate other causes ‘for inlfibition. For example,

as a dye. ATA forms a magnesium '‘lake™ by Cpmpléx?ng with the metal

©

‘ions (97f, This '"lake' is what is applied to certain Eybes of cloth

. to make the dye fix, .to attach the dyé peéﬁ Hently to the cloth. The

: . . _ ) | :
tranj;erase,system has a very strict magné§ium requirement (see
Chapter 3). If ATA inhibits, and/if a cbmpleéx_is formed, then the

¥ . _ _ . L . -om o _ !

o

.. cayse of .inhibition may be removal of the magnesium necessary for the

fairly high concentration {2-5 ™}, and appean

Site.  The binding study indicates that this.site is one involving

ahc_tRNN‘nuclﬁo"dc(s)‘
chep,brobéﬁ, whose action is not so well understood as that

Ao s [

of ATA, are the polyamines. The presence of these compounds in .rhe
celis of most arganisms is widely known. - They seem to be present .ir

s

x

) to function im various’

ways. See, for review, Introiduction to the Polyamines (93). .1t has

been observed for insfance that spermine,. spermidine, cadav- rine, and
D o O ' o e A
Mq partiaily prot @ protoplasts adainst thermal lysis (39} - Als

o

S L Lo +2 v ce . - o,
Cospermine, cputrescine, and Mg are specific in promoting the induct .

LI

enzymic reaction. "“ ’ ol oL . e . . -
The results indicate that. the triphenylmethanes do .inhibit
. . N - e . : i
the tRNA nucleotidy! transferase system, and that this inhibition does
not involve either complex salt formation with magnesium ion or
. ! . e . B v' - . R .
interaction withlgRNA.. The site of action is the enzyme. The data
permit speculation that ATA .itselt attack_a_nuclgotide-recognitIOn : >



l' ‘(‘ 4
1,. L ’ o Lo ‘. : ql.
4. of premature chxomo some condensa(non of the interphase nuclei of .~ '

hybrid HcLavccll& (100). Anopher lype of:action is.tHat Qf'cmuqtup-

a

v actihq'varinus.types of inhLbiLioh e q mescallnc deatabol|*ntton of

" brain cortex ribosomes (IOI) actamyunn—tnhlbltnon of t he initiaridn
oL T, ’ T -
of protein synthesis (102), and stréptoM?cin rnhlbllth of teucine .
' ! : ' o, ; -
incorporation into brogfin (£! Athird typé of
. . — [
action is that of .tlmulatnng or actlvntunq eV types of

Aactivities, e.q. blndlnq of x.bosomos to’pndoplasmlc roticulunf(loﬁ);

> o

nmino—acyl tRNA synthesis (IOS) L Omino acyl~tRNA bsndlnq fo N

rﬂn%;mms‘ IOG-IOR), protvtn Synth sis (1QQ>)IDF and tRNA- methylaso Ly

activity (!ll)l Tt is known that polyamlncﬂ bind very . tronqu\Qiﬁ; I

DNA (112),. so that some of their cffoctﬁ can bé deen fo bé due to this

factor. " In other cases, the concensus seems to bhe that they function
. ) o +72 . Co ot e o +
. mainly as replacer. .. Mg ©. Thc mochanfsm Is not well understood;
L e i . ' . .. o
the molecules are Dn!yua‘tnns and “are present .in vivo in ahout “the R
. cnncen:ratiﬁns:which nroduce tHi”vhrioUﬁ effects thal.have_hccn ‘ :
dbserved,

Inothe transferase system, it was found that, at tow

concentrations, polyamines caused varying levels of stimulation
. L " . ) *2 : L L ‘." - L
Cthe amount of Mg present. At higher concentrations

[

Eivtion of transferase activitly was observed. Thv‘$timulatbry
‘ T . A ‘ e e
. t L Lo - ’ T Loy +2 - s s
9anct appears to be additive: even at oplimal Mg concye thdFlOW.v R
there iy marked stimylation by the nolyamines, especially spermine.
- S : N - L]
This,bxcludcﬁ [hc DOﬁSibi]ity that oo!yamﬁnee-StImuloré-tfaﬁchrasc
'Jc:ivitv \onoly bv re plabomvnt o'_ﬂadnesium;_ The true cause of.
, -

stimalation Qs not at present known. "However, inhibition at higher

CONCentrat ions has been found to be Jue to precipitation uf the tRNA
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substrate, sreventing association of this species to the enzyme, as’

determin d by thérmal in@?}ivation studies.

Results

. -
e

Effect of Aurin Derivatives on the lncorporation Reaction .

Concentratlon profnles far the nnh|b1t|on of CMP lncorporatlon

“into s. v tRNA were obtalned for several dyes under theistaﬁdard
assay COﬂdlthnS out]»ned in. Chapter Q From these $urves }-50 values ¢

for'thc friphenylmethanL dycs were determlned as be?hfe (See-Chapter Ly,

These rcsu]ts are summarized in Table 7. ATA |nhtbst¥ at a very hmw

'

concéntration {3. uM) and is clear\y much more effectlve than even the

~

" next-best inhibitor In this serics (40~fold difference in 1-50). It

is.also more efﬁhciivc;than thg acridine series,. although some of the

“

.analogs of ATA ihhibit@in'a concentratioqgranéé_cloSe to>tha§ of the

acridines o . :

Investiaation of Mode of Action of ATA

o= . . . . S
FR

~ To determine what geaction component (s) intéréct.wfthhATA,
what g5 g eract _

J-

it was decided to examine several ‘aspects of the transferase system.

Since., “in dye ‘chemistry, the aurins are'kndwn as:metal iojﬁ
nplexers (105), it could bevspeéulatcd'thqt their inhibitory action

tated to the megncsium‘rcquiremcnt_of the transferase'reéct}onf

However , thc7inhibif0ryvcohcentra ion of ATA (3 nH) is ?ak”ﬁoo iow

-

.l '-4. . . .
for it to be actnnq thrquh thus mcchanlsm (Hg © concentration is 5 mM).

As a prclqminary step,;o d}scovering‘whe:her oggyme or !RNA
R i o

werd the site of znhubytxon,,the effect of addi(aOﬂ order was examanod

.Tab!%_&gshow& thc rcsu‘r of addnnq ATA after S.v. tRNA but beforc

. . . . !
“ o . . . - . \

N
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TABLE' 7% “Inhibition by-Aurins .

«

K

"

o

X

Name

Strpc{uwe

#

s
B

Aurin

Azure blue B,

Fuchsin basic

o

oo k
. €

Fuchsin acid

-

HOOC

cg

Y

g .

COO

[

@COOH S : \

680

<9 .
1
™
)
'
. . .
s -y
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TABLE 8._ Effcct of Addition Ordér on ATA Inhibition

‘ "Addition Order at. 3 uM ATA ‘ B o - L% Activity

(1) sUV.tRNA - ATA > eniyme ¥ . 550
| 56.7
(2) . s.v.CRNA » enzyme + ATA L | CB3Lh

80.5

43

[
<

LT
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T

ceffect of changing'tzg concentration of s, v LRNA and. of onZymo was
. - 9

’rcondltnons rexu]ts in Jubstantna} rccovcry of actnvaty aftcr 20 WG

N~

- e SR ‘ o

enzquhé;d of addnu1|r after enzymc (when s.v.IRNA is already present).

Inhlbutcon is qfeater when enzymc is added tast.  This could squOStg
/ . .

either that tRNA“is the site of Pnhibit?on or'that.the presence of_

tRNA propegts the enzyme from ATA action. To clarlfy ths issue, the

X

P . L
ﬁeasinq thQ tRNA"

examined. {Whisvrcsult is shown in anj l9 In
concentration in the presence of 10. uM ATA rcsulLJ in-no'recovury of

incbrpordtinqkactivity. bt should be‘notcd‘;har at 100 ug s.v.tRNA/0.5

S

‘_ml»rcaction-mixturu,,thv-systcm iy already saturated for’ that compondént’.

- L , . . . 4 -
On thc ophcr hand, increasing. th onzyme conc*ntratxon undvr the same

‘o
; '

e”?Ymc/OTS m] reactnonvmlxtu:e r Moreover, thﬁ'recovery octurs 50 that
the Curvé (#ATA) is parallel to the curve (;ATA). Exactly anéloqou)

reéuifs were‘obﬁdinéd wﬁenfloiélﬁTA”wgs used g3 100( anhibition point:
under thef%t$hdafd %onditiohs). .Thcse dafa demoﬁétraté that fhe

. -

enzyme 15 indeed the site of inhibhition. RN

Effect,of “Aurin Deriv ~es on Farly Stages of the Reaction

The effect.. 1riphcny#mcthano dyéspon the bin@inq of nucleic
" . . . gj o N . - . :
acid to transferase was ‘amenable to study since thtov of “the tested
Cor rounds contain no amined and hence do nol nr¢CipiLﬂLﬂ at-pH -5
: P - A ! , o .

aurin, aruke bxue-e,-andtaugin"tricarboxylzc ac;d {ATAY." Fiaq. 20

“hows Che bffoct of |ncreaq'no LonccntrWLaons of aurin and arzuare blue B

on tjp hrndnnq of { H]CHP tRNA to enzyme, Bindinq declines»st;adily as
‘ dyé’conccntratnon 1ncrea30s;' H:tb th!ﬂ,lﬂ mind,4it_was bucideﬁ ta

S o TR R _ e
examine ATA. ¢ffect on the bindina ¢f both f} Cls.v.R17.RNA and L3H]cnpa,

tR&A.to'thc'vnzymcﬂ “1f there were a significant difference, that might -

98
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figure 19; Effect of enzyn‘\ic and tRNA .concentration on inhibition by

ATA. l‘nc‘or;i)ratio.n was measured in the absence of ATA (O, O ) and in

the preSence.of 10 M ATA (A, NV ). 1n graph A, é.n"z.ymé con(é’ﬁ)ratibn‘

was increased from 14 g to 40 ;q per 0.5 ml reaction mixture! In.
graph B, s.v.tRNA concentration \msﬁ“ncr?-ase_d-from 100" g to 300 .gq
X ' i . ) [ R » . - .
pch.S ml reaction mixture. L
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Figure 20: aurin ahd azure b)ue 8 on LRNA-anyme bindnnq

BL:i;ndinQ vof" transferase to { H]CHP-tRNA was momton,d as du.crntnd in

Hd[(!ld‘ﬁ and Mcthods, in the presence of varynng amounts of aurin

A) and azure blue B (Q). Thc amount of lab'el bound was calculated

-

by 5ubtmu|nq thc \gmunt of- radloacg:\uty rctalned on mul!tporc
fulro'* in the absenc. of cnzymo from thc amount rcta\ned in thc

'prcscnc,e of transfé_raﬁe. The iOO¢ icvcl of bnndmg ini::hcf;e‘

- /

c,\erlrk'n[* (that obmmed in the ’bker\ce of d»’s,L" .ear» 24, OOO c.p.m. ./

’j .g,v.av.otcm.

-

AN



give'some |nformatlon as to whlch type of bandsng was belnq

-

"1nh|b:ted the non- specnflc type shown by both R17 RNA and tBNA, or the
: -9pec1f|c type shown{only by tRNA : As can be seen in an 21 thern s,

no sngnnftcant dtfference zn the 1-50 oF blndnng fop the two poly-
/ 4
nucleates, |nd|cat'ng that the former ‘type of bvndlng is beunc

: . ¥
. inhibited. “

Effect of Pblyamines'on Tfansferase in the Absence of Mg+2‘

The polyamlnes :nvestugated were: séﬁrmlne ‘
H (CHZ)BNH(CH )ANH(CH2)3NH2, spermldlne H N(CHz)QNH(CH ) NH » and

'putrescrne HZN(CHZ)SNHZ ' Flg 22 shows that all of the oolyamones are

. +2 0, : -
,.capable of some‘stnmulatlon of transferase actnvnty when Mq ‘ : ‘.

I,IS absent from the system. (enzyme was desalted by Sephadex GZ‘

chromatoqraphy) 128 _act:vnﬂy is the actvvrty at zero polyam:ne ?ﬁ

-

;the prcsence of 5.2 mM maqncqnum Of the polyam:ncs, spermune stcmulares

At thL IOWest cOncentrat:on, with a- sharp maxcmum at 'l mM. Spérmidiné

hns.a broader maxlmumAfrom 1 3 mM, whvle putrescnne has a haxumum

C that s bro;der vet (2 S )O mM) Spermlne and-qpertudnnc both Jnhlblt
the‘toacttog nt lO‘@M,,the lnhlbutton hetnq greater for socrmnn(
v?utreéctng dée@ not show thu% sover:ty éf tnh:b:t:on althouqh

activétiow does dccreasc s)cqht]y‘by.lo mM putrcscine.

+2

Effect of Polyamines in the Presence of Mg

in the presence of maqnescum Stlmulat:nn by po?ya“:nos

A

. was obac*ved The effect nppeared to be addrtnve fFig. 23'§hows the

.contontratnon orof:les for spermlnc in the prescnée of 0, 0.2 mM, and

5.2 M ﬁagn¢5|um.. There ns_a's¥ight ﬁhifting'gf'moxmem,’;rcm IomM -
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Figure 2_1_:‘ [t‘f‘cclz of ATA on tRNA-én-iyn{ggand R17 RNA’*erizymébir'\ijin‘cj; |
Bi.ndir’\‘ij'of tpansteréu to [S:fri]CMf.’—t_“('vZNA‘,(O)’ a,nd'.t‘o.' [],uCJ‘S.V.éJ'] RNA. :
(A);' v.aa nu%.-ﬁured as...gi—ven in ‘F.ig.v 2‘0.,._ .in thv_‘e‘ preseéce; 6( ‘varying

'C()ﬁ;Ct“.Y§tf'{]!'..; o?w’ .offAT_A.' The i'OéZ; lévef of binding '\_ezaé-.37‘.0‘00ic.p.rri./23

 :.<_; p;r«T)Xci‘n : f’of R!,-7v RNA . '_ , S
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anure 22: Effect of polyammeﬁ on transferase in the absence of Mq s
Assaya wede done as in Mat rtals and Hethods Enzyme was desalted to E o
. )
++ . ’ ‘e
remove Hg by passnnq throuqh Sephadex G,25 On the same day, tm
. ‘(:" )
.dt‘bdlted enzymn was used for_ these assays. Enzym that exxsts for over.
a few hours In the abSt‘an‘. of salt’ ldses agtnvuty and responds.
c‘)nomaious l to po’lyém_ines. - lncorporatnon of [ H]CMP 'nnto SV, tRNr\ uas
fleasured in the presence of Spermine 0y, sperm!dmc (D) _anu': B
'pu(rescanc (QA; .iQOq';' activi{y .s the acrlvn[y when 5 ‘mM Mq is ' S
added to a reaction mixture (ontmmnq no polyamine .. ' e ' ’
4 : ® . M
AI}‘) /
4
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Figure 23: . Bffe LI of ,per%»ne on transterasé at varynng Hg

concentrations, Assays were performgd as in th 22. Only for tﬁv

. +4 '
zero Mg Curvc wWas thc £NZ yme desalted by Sephadex G- 25

necessary for the others. iInc rporatlon of 3H CHP into s.v.

measured at 0 mM Hq+**(2§), 0.2 mM Mg i (D)i

Lat spermine concentrations up to 10 mM.
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proafile of & ‘crmim: at

wtimudation decreases. b spermiheTacts wpecifically on enxyrie,

>
W
e

vy
7

. . .’:. . » 'v . + . .
when no magnesium is present to 2 mM when 5.2 mM Mg 2‘|s-pre5en£p In

e

céch case,-at an appf6briate‘spermine cohcentration there is,&;
|ncreasod acttvvty obqerved over- that obtalned wnth only maqnc516m
present . Thg 100 level For all curves is ;he extent pf |ncoroor§tion
inifhe absence of polyamine, but inh the bresehéé of SLZ mM‘Mq+2. IL\
,; also clear that there is snh§g7:1on at the hlgher .concentrations of

spermjne. Flg 2& shows these data for putresc:ne “The stjmulatory

(ffcct is much more dsffuse for putrescnne than For spermine, . and at
. »

"S 2 mM maqnesnum the cffect seems to be destroye \\However!,Lt can .

“

stxll be seen ‘that at sub- optnma) Mg +2 conecentrations (0 mM and O.?_mM),

the effect of pu{rcscihé is additive.

h

oy

Investigation of the Mode of Action of Spermine’

.

In anm effort to ﬁee'if_poiyamines act primarily on enzyme or on

{RNA, a simple experiment was done, altering the S.QN;RNA'ro enzZyme

ratio. Two conditions were usedf {a) a ratio of 5.v.;RNA/chzfme of
37.2.0on a molar basis (taking the-molecular weight of _enzyme to be

56,000, estimates from Sephadex chromatography), and (h) a ratio.of
v.tRNA/enzyme of 9.3, Using these’%onditicns.'a_cohccn{fatfon;

5.2 mM maqnesium‘was done as shown in Fiq. 25,

“There is no Sdis cernuh]e dlffLrPﬂCO in the profiles, and the maximum
(s #aain ¥ mM spermine, as it was in the standard condition of Fig. 23

Cwhere the ratio of s.v.tRNA to enzyme is 18.4.. The dofterence in

extent of stimulation shown here and that shown inifiq 23 is the

result of the age of the polyamine scolution: as it qrows older

“the lower CTRNA enryme ratio shoutt gaute-a shift in maximus to a
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Figure 240 EtVect of putrescine on transterase “at varying Mg =
: . . - R . " Y
. B 1 [ .
concentrations. Assays were.donet as described for Fig. 23, Ina-
cov‘obm:icm_ of {BH]"CM}" into «,':y.tRN}\ wWas meas'ur‘cd in_ the prbsénce"of'
R HgH {(QA)Y, 0.2 mM qu*. (), ana 5.2 =M Mg * {Q) at putrescine
. Jancentrations up e i mM ‘ -
- - v '

“1nha
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activat fon profile Tor trarfz}t'(ﬁr'a:,c, " Fncorporation of [3H]-CHP into

SLvLLRNA wias measured !"m":‘p.ermi'ne concentrations.up to 10 mM, when the
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Y
A
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o
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venzeme ratio was 370 {0O) on a molar basis and when it was

a omodar basic,
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that there m\gh

: presence of varynnq amoﬁnts of spermlne ,Activity was’ then.assayed-by

1

higher spermine concentratic .. "onversely, |1 A were a specific

site, the higher ratio shonld cause a shift. Neither of these
. . S .

condiﬁidns PrEVail, indicating -that there is n0'sne¢ifjc effect on

Although there was no specific effect fonnd, it was\thouqhi

e arn effect:o& thermal inactivation of transferase.

“From Chapter 3, it can be seen that transferase is readi]y inactivated

1

at 50°C in the absendef;f.materiéls‘that stabilize |5 ( g, tRNA) .

Transferase was: pre~xncubated at 4“ and 50 C for 20 min in the

- .. 4‘ .

'adJUSttng thc spermlne concentrat'on in.each tube Qo 2 mM IOO?

‘

Lact|V|ty at a qaven Spermlne nre-:ncubatton concentration. was the

1

actcvpty’of th¢ control Drh-incgbatcd a;4b°c...A§‘can be seen in

-

. Fig. 26, there i's some §light protection as spermine conccntratipn\-

'increasqé{’howeveﬁ,_the profilé does not ébfrespond to'the profile of

N

) 5L|mulatnon and anhub‘tton of actavuty aJ seen’ln an 3. It <cems

 very 1rkely that thtr protectlon !s due to a - non- specn.tc salt effect»'

(it'had been found (hat it'was'necessary tb-rembve 53115 fromf{hbse'

enzyme preparatﬁonb Con[aln!nq H;qh Salt Buffer before carryung out’

the rma) inactivation studies: Chupter 3) '

N . v Ty

™

Etfect of Spermine on Early Stages of the Reaction
ln,ofder to determine whet hér thc‘srimufatory»and/or e W

|nh|b:tory actnon of po!yamtnes was. due 1o the.fnrst :taqe of tRNA-enzymc

- asSQCOGt!OH, the eftect of snermnne\%n tRNA b:ndtno to cn;mg was <

uxamnnod uSinQ Hi!lsporc fIltrar:on Unfortunately, am'nc contannnnq

L " .

-

,¢0m00unds‘§ré precioitatedﬂa: pH'S,G, causrng extens:v¢ and erratic

[
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Figure 26 "ttfect uf'Spermine»on thermal inactivation of transferase.

: Duplncato Lube& contalnung transferaac and varynng concentratnons of

spermine in SO mM GlyClne NaOH (pH 9) S5 .mM MgClz. and l'mM AHE'Wcre'.

prc-:ncubatcd for 20 min at &“C or-at 1 50°C. - Spermine_conCentration was’.

ghcn ndjuﬁtéd to Z'hm,'the othcr reac:ion‘cohponénts.Were’added, and ..

JCtivily remaining was measured as [BH]C§P incokbbratJQn into s.v.tRNA

ar 37°C. Per cent activity is calculated taking the controls .at 4°(

by
pre~incubation temparatufe a« 1007,

v

\/“‘ -

2y



\ ) ‘ ;

‘

noncspecibic 10 ent jon of FabelTed RNA o0 the (5] 10, . Hence Lot wan

possible ta moni fon et stade of t RN/\"mwynu" integ welion hy thiy
' ~ -y . a .or "A . ) ‘. . -
Smethod, = Other techn cal ditiicu l'l res madesqel Uil eral nnn me t hmi' :ﬂ w0
) : G F ‘ Y
um;‘uit.)b.lv. even lhnm)h lnqhm pH . cou l,‘,f Im used.

~

’(_ -
.

Hm- it was dec nd(‘d Lo exantipe’ ther ma) l‘!i\'actv'l.vnr ion of
’ . , o . ) . .
trans bers o thereby moni tcu' inq .-1l I tages of assoclot fon between tRNA

N

S enzyme prior to actual incorporat inn. AU iy ¢ lr-.‘l‘r rhat ‘.pm‘mi ne

itselt confers-a cors i amount of -the lm.l] stnbl ] Hly on the enryme. .
The protection due pn!ymmnv hod Lo ho (',lmln.wlv‘h\ud cvxpv.ram«m(nl

v
»

design in order 1o determine wh.-ut effoct spermine h.‘\*. r\'n_ The Tntag - .
o N , e ST A ,
action between tranater RNA 4 nd ensyme.  This was dt)‘ru‘ by adding
conbtrolys at- each Spermi ne concentration, | The m ut(w tion due 1o {RNA
“alone was  then d.‘,rmm. ned by t he fol anl naoreact ions
. '.'v«;' »‘ ‘
L dndtial rate (H(“‘ill( ubu( ion d( 50°0)
Toactivigy W LD Tale (presincubation af N A T | R
- t y anitial rate m(\-tn(ubatmn at Urfj : .
Protection due ‘to tRNA - (3 activity for pre~incubation in: tha
N Presence of tRNAY - (% activity for pre-incubation in rhe
i o o , :
~ S  absence of tRNAY
. . < ) S : L
<€ R . . . 3 R

N N K :. - ‘ . : ) ‘ v‘ . . L
tor cach.spermine concenteat jon tested.  The result Ts ahown in Iig.

2700 There is no st imulation ot nmto tmn AU oany concentrat '.._0"‘ )

tested; rather, pratect fon due 1o KRNA‘ is seen 1o decl im_v ,tc\mit ]y .a;' ’
Lspermine concent FAtION increanes ... Morcoyc PR wh i (o prm. ipl t-nv wno
observed in those: tubes conta inina (‘RN/'\ and: & or !0 mM. ".m-r'mi ne. A
subsequent test « Prec smtat fon Of tRNA h\, spovmnm‘ '.howod that f5.
of - the i\,(','\ tho mv-mcuba::cm mnxturc was. nreclmmted O
g o1k ) ] ) . . PN

»Shvr'r’ninpf" T’ms the 10«»5 of abuhtv c\f (RNA (o protect -tlw qnz.yrrye,.cah S



Figure 27: Effect of spermine on tRNA protection of tramsferase from
Lhormql inactivation.  Thermal inactivation was perfaormed by pre-
incubation of 12 g of enzyme in the presence or absance f LRNA and/or

\pvrMinc, in astotal volune ot 50 Wb, for 20 min at 50°C, fdllonng

this «tep, the standard A%%ay” wystem, in which the spermine concon-
- ‘ra " M ’ ¢ . ! ) c. . d
trationy had been adjusted to 2 mM; was uuﬁd to determine:activity
‘ - - . LR o .

remaTning.  In both the pre~incubation amnd Assay mixtures, the pH way
9.0 At cach sparmine- concentration, thefle were four famples, two i
without tRNA and two containing 96 .9 ~.v,tRHA. “Qne of\ cach duplicate
. . ~ T . ) .o o . . \ . . , .
was pre-incubated at- 50°C for 20 min, while the control lwas maintained
. ’ . o ‘ i
|

on ice.  The @ activity at each spcrmihcfcdﬂcontration‘lq the absence

- .

ot LRNA was calculated from a comparisan of the ini[iq! Fate at the 50°
sample with the initédl rate of the control kept at A°C. o A similtaq

> L

o

caleculation was carvied out to abtain % activity at cach spermine

,conceuiration‘?h the presence pfYtRNA, The protection dyc:zo tRNA atone

i
«

is the difference between these values.
5 o ; . i
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'protectnon by LRNA explauns t

S : ) ) ’ . : /

:bé seen. to be duevto loss'of :;Féss to the‘enzymé.'.The dec]ihe in

|nh|b|tory actlonlof spermnne at
hlg ;Oncgntratvons. lt is’ also clear that the stlmulatory actton at
Tow contan?fétlons cannot be due to any stage of tRNA-enzyme'

assopiatidh7prior toﬂinteréction with the nucleoside triphosphate

£

~substrateu_-The ansé of this stimdlation is stil} aAmystery,‘AﬁfthQh_
o)

it is now clear that the stimulation does not affect the'recogniti\

of,téNA by transferase.

 § o B Discussion e
ﬁﬁp;'5; It has . been demonstrated that ATA and ltS analogs tnhlhnt

the tRNA 3'-term|na) nucleotudyl transferase reactnon The trxphenyl-

' methanes that were studled can be *divided nnto two qroups—-those that

L

fresamble ATA, havtng no charqe or . a.net negatlve charge.vand those

that resemblc fuchsin basqc, havnng a posntiveACharqe;on the’mo]etu]e«

ATA aurln. and azure blue B belonq to ‘the fnrst grOup. fuchsnn basic

__and fuchsnn ac:d to: the Second group., ‘At physnologncal pH, fuchsin

a§|c is posnt:ve)y charged and wuil Interact wuch»nuc]eic'acid.“

.Fuchsnn ac:d has-zw:tpertonv»character.a These two compdunds-are
effec;ive in’the rahqu ot the acridines (see Chapter'b)- and may
- .nh;bct thn lransferase rcaut:on by a. d»fferen( mcchanlsm Lhan ATA

C ts.nﬂt’thm LntenxLon of this Study'pq produce-more compounds that

interact wl'h RNA so’the,tationic'tripHenylmcthanes:are included:

_nwréby for ihterepl,A'Thc qroup of aur:ns that resemb!e ATA are not -’

expected td_iﬁteraél wi{h'RNA;’inufact. nt is fobnd that ATA
. N i ' ! d

N Y

<intcrnct$Asbecjfécafryvw?;huenzymc. Examining structuraf,- SR '

differences among these compounds (Table 7), it can be seen that loss

"

PN . i E:" y
i . R s .
. . » . PR . >
o N Q‘% 4 o



117
o R o S : ’ Lo L
of the carboxyl groups at C5, with loss of the negative charge,
renders aurin a much less efficient inhibitor than ATA (40-fold
difference in 1-50). On the other hand, azure blue B possesses the
' carboxyl ‘groups, but it has in addition, a bulky methyl\substituenx
at C3:, N
'_/ e
. C‘ .
A
SoH Cd
This bulky Substitgijon drastically redhceﬁ ive idhibit0ky pchr&\
azure blue B is IOO:tihws Yeés'cffectivevthan ATA. This coﬁtﬁasgS'*\
B . . Do . . . . . . .
. . : EE . N ’ v‘\\\_; :
- markedly with the effect of methy) sutistituticn on the aromatic = - N
° : ) / ’ : ST . :
rihgs,of"thp acridine series (Chapter 4}, where an ingféase 1n‘ S -(
inhibitory power occurred due to increased S:ackiﬂd tendency of the

~

‘dyeg; Considering the ring A in the structure of the triphenyl-

methanes given above, il can be seen that bulky substitution at €3 and
loss of the carboxy! group at €5 reduce the structural similarity
between that part of the triphenylmethane molecule and nucleotides,

for example cytidine:

. 7
© F,,4__(/&”2 ) ,
\ L ﬂH }[
SN N= T ’
SN N
" T\ SUGAR
o o .



RN

»ljke'ﬁTA may lead -to a determination of the mechanism of tRNA

. . " +') . . . ‘L, . :‘ - . . .
replacers of Mg “.  Thére has nol- been a’specrflc snte of action

tharmal inactivativn. Spo:m«ne “hOows only one effcct on thc .nrtxal

The addition order _experiment Shows tess inhibigion of
transferase |f enzyme and ‘s.v.tRNA are present together, praor to
dddttnon of ATA than if enzyme ns'added last (whnch,was the norma\v

order used for the conécntration‘curVes). Thns suggesis that LRNA-

May~Dartially protect the enzyme from the action of ATA Tt may be

/7
tha't ATA assocnates wuth tho enzymc al ‘a Sitc normal ly. occupuod by

tRNA, ln fact, the bLndinq study indicates that aurin, ATA, and

‘azure blue B cause nnhubltnon of &he bnndlnq of tRNA to tran‘ferase;

53
7 &

In add:tion R)7 RNA hondnnqi‘é transferase is sensntlve to ATA at

I

dbOu[ the same dye concentr@tion as tRNA bindihg,,thisfbinding being

nmnitored for similar wa qudﬂtitiés‘of each-péiynucléate. This suqqests'

E

' th]t ATA nntoragts wuth the non- spec1f|c nuclelc acvd bnndnnq site(s)

~

2

on transfcrasg»(as dlscussed Xy Chapter 3); ather Lhan only with' the
1spe ific site “that tRNA alone is able to.dgcupy. The'inhibition‘of

hjndinq then pruvénts:caialysis by transferase.’ Thus, understanding

the mode of interaction of transferase and small cyclic compounds

)
recognition,
For the polyamineés, the picture .is less clear._,lp is

?

L T b

: #

eftectiveness of polyamines ls spermine>specmidine>pUt?escinc;"Lhe

more cationic species arg more stimulatory. The effects are additive,

A

‘suggest ing that polyamines in thisg system do not function as mere-

\

o o
found, but it has bewn obs crved 1 hat there is. a salt type cffﬁct on

!

“

qeorporgtion reaction, depending an thé-concéntrntton. The ordvr of

obvidus that thase compounds both szimUlaﬁe;éhd |nh1bat actnvnty in thc-

118



staqes of tRNA enzymo inter actnon. Thermdﬁ pra&ectlon oF th“

by tRNA decllneq steadnly as qpermine cndcchtﬁation«an the

A

nncubatlon mixtures uncroases There,n% ﬂ%

cffect'at 2 mM spCrmfnc.

lnvolve an |nfluonCO an tRNA enzymc.a<$ocadt|

of the nucleosndo Luspho‘phato substrato

'

seems to he the'rcﬁult of physicnl quarapiod\of the tRNA

.
and transferase,
cause tRHA Lo

spermine ¢

The stnmu]atory_eggﬁﬁﬁv

prvnaprtatef

Y

n"

'y
40cr

"

The
iy

slnCv it has been found thnt high concvntrqttnﬁq of

gksod prot LtiVﬂ

ST e .
inhibitory.

.8

- “J- < R o -
enzyme K

.r ’

pre*'

effect

substrntu

Thus.—the polyamlncs rcpxosvnt compounds whtch havc con- .

sudcrable ctfect on the transferase system,.

partcally dctcrmlnod

determining the

cause of the stimulatory effect and jts

any, to the process of tRHA recoqnition by transferase,

& .
aurins, the compound of importance

fncarporation reaction at very

«

transferase itself. Moreover, the

staqe of the reaction, e

compound makes it attractive as

wite for transfor RNA.

low conceritrations

'Bindinq of tRNA.

a.prote of

s ATA. it

b‘y .

thc

relation,

but whose function is only

Futuré interest will'@Q doubt ‘be dircgtcd to"_'. ;

et

Pf

For the

‘i_nhih‘i»tfs the
fnferaction Qiph
jnhih{t%én occurs at the f?rsf

The "sz"_ci fici ty of. vais .

enzymic recognition
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