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i. Introduction

" Whife investigating poiential ﬁuﬂz&sceﬁt ?ft‘b&‘i of

vonformation in tRNA we have g.easured the fluores-

ceace of tvptophan esterified to HRNATP from £
colh. We find that this fluorescance is highly quenched
by comparison with W?ﬁ%ﬁ&m in freesoietion. &
similar observation has recently becn Iﬂ;&ﬁ:iﬂd using
IRNAT®P from eabbit tiver {{1. In pursuing the basis
of this qucuchmg, we have i3 solated the terminal tovp-
tophanyl adenosin:, and report here that the quench-

ing of ypiophoi Ruorescerce e this conmpound ex-

plains partly the hse_h quenching in tryptophanyvl-
tRNAT® (T :g%RNAT“’} but that other interactions

must also be involved. Thus, the two Leﬂformatmﬁal :

forms of TrptRNAT® {21 active and inactive with
respeet o anEyRatic dischargiag, difter stgnificandy

in flunsescent vieki. This shows that %fypm;}hm mter-

acts dxffercnﬁy with the two f’ez s,

2. &L‘&e*;alﬁ :sem.t met!més

_ '['rvpmphanthRI\A“P was Lsolated on benzo-
viated DE AE-celtulose {Schwariz/Mann} from £, cw’z
B 1RNA {General Biochemicals) essentially by the
wethod of foseph and Muench [3], but omitting the

final chromatography on hydmxyfapdnie The spemf -

ic activity of the product was 1.5 nmoles trypto-
phan/Asg, unit. Active and inactive conformational
forms were obtained by incubation in 9.1 M sodium
acetate buifer, pH 4.1 and pH 5.6, rec. :-emveiy,the
iatier cgntammﬂ 4 sFM E!)TA hag, fn: Zi} min at 3?

736

' After cooling to 0°, the TrptBNAT® was precipi-

tated with 2.5 val cold ethanof and re-dicsofved in 50
ol Telsacetate buf&:{, 031 7.2, 50 M Kacetate, 20

nﬁi Mgucetate, or 20 ral sodmm«acetate buffer, pi

. 5 mbE MeCl,. These incubation coiditions and

: "ihose of the enzymatic éxs::hazg,& asg.ay w&{& as de-,
- scribed by Gartland aad Suecks {2} Tryptoptanyl.

tRN A synthetass for charging coude tRNATT was iso-

fated from £ (*cu‘; B, according 1o 395&:;:51 and Muz_nch

[31 - but mmi ting the chromatograpby on CGS8.
Tryptophnyl-adenosine was isolaied from unisac-
tioiated £, cofi B tRNA {’7’{39{5 Aggg URIES] charged ,
with { ¥ Cliryptophan (30 pmoles/ A4 vnit; 2.8
pCifpnote). tIRNA was recovesed from the charging

-mixture by phenol extraction and ethanol pwc:plt&-

tion {31, dnd nucleotides, phienel, and ethanol wess
removed by passing the iRNA through a cofumn’ -

{2 X 19 em) of Sephadex 625 in 10 mM sodium-ace-

tate buffer, pH 5. The effluent f-;actmns coniaining
{RNA were pooted frotat ot & ad and digesyrd widy
Z mg thanudeass {Wortidagion BAFS tor IBmin 2t

.25%. The d:gaﬁt was fractionzted oo BhﬁE‘Sephaém

A5 {28 ¥ 235 ¢mj) in the same buffer. {HCiTopto-

~ phanyl-adenosine was excluded and emerged in the
- woid volume, free from all other products of digestion

and of any free tryptophan. The overall recovery of

" the estar was 62‘37 ., and solutions of the esier were

transferred Erom H,0 to D,O by iop-exclusion from

DEAE-Sephadex A-25 on a small column, preequi-
- librated with D;0. Preparations of Trp-tRN&T’T’ and
'tryptcaphanyl-adenosmc were dnscmrged after adju"w‘ i

ment of the pH to 8.8 by addition of 2 M NaOH to

. ”E‘tas bu: fe:, ot 2 M Tr:s ta awme buffe; iﬁcuhaticﬁ

— ﬁart%ﬁ#ﬂéud Pxfbk‘sitirik(‘qgnpmz Y - A msrerde m
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. Tamini e
) nuazzsceme ur lsyptnp&'mnyf—tﬂﬁﬁ'? cmd' trypmpﬂanyf-
adenosme e : i

Fluores
T cemoe in
D0
Fluotos-  Fluores
S . . : CORe 35 coree i
Substanice . . pH  %freefrp a0
s8
-oer L B
'Eﬁ’ym ' B - S £ . tR%
Tipadenosine 58 3 B85
Trp-othyl esler 4.5 a7t
Tep-tRNADP factive) 58 35283
Trp-smm'ﬁ? Ginact.} . 5.0 49+ 0.2
TeptBMA T T rotivey 12 L R ]
Trp-+RNA TP (inact ) 2.2 "BE+02

* \’3!51;: f{ém Weinryh and Stcii@éz,{‘gi -

FrooTescent Intensiiies were easered in 5O mM Tibsocette

buffer, pfl 1.2, 50 mif K-acetate, 20 wmld Meg-aceiate, or 24
mM sedium acetats buffcr, pil 5.0, 5 mM Mgl,. After ester,
hydrolysis at pH 8.8, the pH was re-adjusted to the initial val-
uz and the Quarescence of the :e:le._-;od tryprtaphan measuced.
The ﬁnazewenm ok each uyp L&pézzmg 1 componnd s &x4-
prested as a percentage ot‘ that of the zrvptopizan released by
&»dza‘vszs- : -

'.ifas for 2 hr at 37°. Discharging the Trp-tRNATP fol-
Iowad ficst order kinetics with a peuod for half ex-
ciange oF 15 . Saiutions were re-adijusted to tholr
inttial pH before measurement by fzus}nsceme of the

_eeleased tryptophan. The increase in buffer concentra-

tion had no-hiest et thie {J{E&“&m yz@k& of fs%g tryn.
regtan. .

Fk.ir-mssaﬁi %pm.ifa were recorded vn 2 FICA 55
. dpsolute dxffw&nﬁai spectrofluorimeter equipped
_with a Hewle LA »~Paclcanl XY recorder. All measure-
Ments were made at 37,

Labeiled tryptophan and D-,O were obf{mned fmm
fEA., Saciay,?mnce, L

3. Results 'mddiscussion

E’-‘}umescence medsuremems on ii.’tp tRNAT’? and
' T“?—adeﬂasme are presented in table 1. The tluores-
V_CEFt y:eid fr mm ’Frp—adenosme is dose to ﬂmt qusted
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P}g 5. E;zz}*mam gischerge of aciive and meotve Tip-
tRNA TP Active and inactive forms of Tep-tRNA VP were

. made b-} in cu&@mm 2t ok 2.1 or 5.4 in sodismeaceiaty bl
er, as described. wnder Metirods. After incubation for 2 hr ag
3° in 30 mM Tris-acetate buffer, ptt 7.1, 50 M K-zcataie,
20 maf Ag-aceiate, or 26wl sodiun-acetate bnffer, pH 5,

© 8 M M aliguots contataing 34 panoles { *;}L pRNA

(28 mCifmmaole} were incubated with tryptophanyFtRNA-
systhetase s 8.1 3 Trisscotate butfer, pH 7.2, 5 mM Ml ,
% mM AMP, 2o 2 1ol pyreskesphate. The ghaciae frams
the [ Clsvptophan remaising esteriffed 10 the active torm
{&—=—=}, the iractive form {-—o-—c), and W either
form with no gnzvme.

for iryptophan-ethyl ester and It seems fikely that the
two compounds are quenched by 2 similar machanism
thaugh: the nature of the mechanism is not yetciear
{for a discussion of tryptophan-ethvl ester quenching

~.see [41). The data indicate, howevar, that the wecha-
 nism 5 not sensitive [G subsfituiion of soivent fiyvdro-

gen by deuterium, in. contrast to tiypiophan |3},
though it should be noted that no attempt was made
to distinguish & deuterium offect frow one due to &b
ferences m disolved oxFgen.

The greater fleorcsconee of TrotANATT at pH
7.2 than at pH 5.8 is consistent with partial deproio-
nation of the tryptophanyl amino group associated
with the decsease in pK-of this group upon ester {or-

. mation. Different conformational forms of Trp-

{EMNATT were obiained as described by Gartland and
Sucoka [3] and their stabiiity under the conditions
of fluorescent measurement were confirmed by en-
zymatic discharge assay (fig. 1). At both pH 5 and
pH 7.2 the fluorescence of the active form was signif-
icanify {ower than that of the inactive form. The "
striking deciease in the fluorescence of TrptRNATT
compared to Trp-adenosine shows that there must be
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Vg)!um’é:; 3{1 ’n'umber 2 :

a dxrect mteractmri between th\?.t ,mlol-’ ring md the
tR‘\IA- Furthermore, this interaction is mﬂd!f" ed
when the tRNA assumes the inactive auafe%ma%m
In the absenr'ﬂ of much rLrect evidence one can on[y

artempt to predict the probable natuse of the indole .

tRNA interaction. One possible mechanism for ihe
guenching observed would invelve proton tzamsfer
from the indole NH group in the excited state {6} to

a site on the tRNA mediated possibly by a hydrogen

bond present in the ground state complex. Our data’
on the effect of I‘eavy water on the fluorescence of
Trp-t RNAT® was not sufficiéntly accurate to allow
any conclusion whgcb would bear on this mechanism.
A further PGSSible type of interaction is that observed
in complexes between tryptamine or S—hydm'-cy-tryp-
tamine and DNA and poly A where there is stacking
of the vzdule ring and nuclectide bases and strong
quenchma of the indole ﬂuorescence {7]. Such a pre-

feried conformation is a!so seén betwoeen the p»metn'«iy-

phcfyfmm; side chalent and base mocitics in crystal-
line puromycin {81. The interaction here is intramo-
Tecutar aad the stouctucs i€ a6 “ogea” amf::mmtma,
with aromatic ring and base on opposite sides of the
peptide boud. i is thought that the “open™ contorma-
tion will predominate also in solution.. -

Similar considerations are likely to apply to trypwv
phinyl-adenosine, so that the intramolecular stacked
‘configuration is unlikely, and this is supported by our
fluorescence data. Molecuiar orbital calculations also
favour an “open’ sfmcture, though 'tilé}' supgesi that
aminoacyl-adenosine moeities may have somewhat
more conformational freedom than puromyein [9]

A stacking interaction in Trp-tRNAT® would favour -
models with the 3"términus rather close to one loop,
or a sugar-phosphate backbone conformation in the
_terminal region which brings the amino actd inta prox-
imity with other bases in tfie acceptor stem. There is
_experimenial evidence in-favour of an interaction be-
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