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_ SUMMARY 

Four isoacceptor species of l~hc~~~l~tlaI~~l-tRNA, from rat-liver total tRNA. 
have been puritied to homogenciry usin, ~1 sequential chromato~rtlpl1; on BD-cellulose 
md reversed-phase-5 (RPC-5) columns. Re-chromttto~r~phy of individual species 
{I-IV) on RPC-5 columns revealed chromatogruphic homogmeity (sinile peak, sanle 
site and hei_rhr of elution) and biological homogeneity since none of‘ the species 
accepted amino acids other than pl~enylalrtnine. Thermal denarurxtion protiles and 
circular dichroism spectral p:ltterns suz”estt’d that these species exist in two major --_ 
conformations. 

INTRODUCTION 

Altcrarions in rhe tRNAs of systems undergoing changes in the metabolic 
processes and ditkrentiation havr btcn studied by man\; \vorkers’. DIG-ewes be- 
Iwt‘t’n t RNAs of nroplasric and normal tissues have also been reported’-‘. One of the 
\vell-studied systems has been the t RN.& of normal rat liver and niininial deviation 
hepatoma (5123D)-‘-“, where the dilkrences in the chromatographic proliles ofvarious 
amino acld-accepring tRN_As, including that of phenvlalrinvl-tRNA, htive been re- _ 
ported5-“_ As a continuation of these studies, \ve have isolated. puritied to 
bomogencit_v and characterized four isoacceptin g species of phr;~_vlal:~n_vl-tRNA ii-oni 
rat liver. 

tRNAs \vere isolated as described by Taylor cf a/_= with sli$it modifications. 
Rat liver (Bull’,~lo rat. Microbiological Associtlte) was homogenized in Tris bult‘er 
(0.01 JZ. pH 7.1) containing 0.1 ;l, bentunite, sucrose (1.0 M) and phenol-water 
(73 27) and dcproteinized with phenol-chloroform (1: I)_ tRNAs \vere separated 
from other RNA species by dilkrential salt precipitation with 1.0 111 sodium chloride 

and trace contttrninants were further eliminated by subjecting the tRNAs to 0.2 to 2-O 
M KC1 gradient through a DEAE-cellulose column. The resultins tRNAs Lvere corn- 
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pletely dcacylated by incubatin g in 0.01 AI Tris-HCI bulkr (pH S-5) containing 0.001 
:\I magnesium chloride at 37; for 2 h. 

Aminoacyl-tRNA synthetases were prepared from rat liver as described by 
TayIor PI al_'_ The preparation was freed ofendogenous tRNA, RNase and other low- 
molecular-weight impurities by passage through a Sephades G-50 column and stored 
at -20 without any loss in aminoacylatirq activity_ 

The tRNXs xere acylated ifr dro with [3H]phen~lalanine (5.02 Ci:mmoIe: 
New England Nuclear Corp., Boston, Moss., U.S.A.) as described by Taylor 6.1 al_‘_ 
The chm-ged tRNAs obtained after three precipitations with 95:‘:; ethanol at -20 
\t’cre resuspended in 0.05 il.1 sodium acetate bulk (pH 4-5) containing 0.3 M sodium 
chloride and 0.01 42 magnesium chloride and then purified by BD-cellulose chroma- 
tosrziphy_ 

The preparation of BD-cellulose and subsequent chromatography were per- 
formed as described by GilIam L’I a/_'_ Unacylated tRNAs were eluted with a l-l linear 
vxdient of 0.3 to 1.0 dl sodium chloride in 0.05 .\I sodium acetate but&r (pH 4.5) 

ktaining O-01 ~12 magnesium chloride_ The acyltlted rRNA species. still bound to 
the column after the linear gradient elution. were eluted either \vith 250 ml of 1.0 :I/ 
sodium chloride containin g I_‘?;, ethanol or with a 400-d co-linear grndirnt of 1.0 

to 2-O 112 sodium chloride and 0 to 3Oy.t;; (v/l-) ethanol in 0.05 ;I2 sodium acetare bulfer 
(pH 4.5) containing 0.01 df magnesium chloride_ The ethanol fractions rich in [‘HI- 
phen~lalrin~I-tRNAs xere concentrated by Amicon ultratiltrntion and tbrther purilkl 
by reversed-phase-5 (RPC-5) chromatography. 

The prt-parrttion of RPC-5 columns and subsequent chromato~raphv~pll~ were pa-- 
formed us described by Fearson a al?. RPC-5 column prepared by Method C of Pearson 
cr oI_~ and that obtained commercially (Miles Labs., Elkhart. Ind.. l_!_S_A.) sho\ve:i 

identical elution protiies ofphenviaIanvl-tRNA. The acylated tRNAs \verc eluted with 
;L 100-1~~1 [inerrrgradient of-O-5 to O-9 32 sodium chloride in 0.01 dl sodium acetate bulk 
( pH d-5) containing O-00 1 dl ii’-mercaptoPthano1 and O-01 M magnesium chloride at 37 _ 
The positions of the peaks of [-‘H]phenylaltln_vl-tRNA \vere identitied by monitoring 
radiotictivity and the peaks were pooled separately. Each peak was re-chromato- 

_gaphed on RPC-5 to eliminate cross contaminations. After this. individual perks 
\\ere pooled, concentrated and deacylated as described esrlier_ The acceptor activities 
of the various peaks for other amino acids than phenylalanine \vere also cs;:m~ined_ 
The tRNAs thus isolated were used for further studies_ 

Throu&out the pm ification of these four isoxcepting species of piien_vlalan;l- 
tRNA, percent recovery was monitored by measuring the radioactivity. Rrtdio::ctivit> 
was measured either as 107.; trichloroxrtic acid-precipitable counts cm Whatm:tn 
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No. 3 filter discs after hydrolyzin g with 0.1 AI sodium hydroxide and solubilizing 

with Nuclear-Chicago Solvent (NCS), or in Triton X-100 as suggested by Kelmtrs and 
Heatherly”. The samples were counted in a Beckman Model LS-150 scintillation 
spectrometer. 

The isoacceptor species thus isolated f-mm the RPC-5 column were resuspended. 
dialyzed and the thermal denaturation profiles \\ere recorded as described by Patnaik 
and Tr~yfor’” using a Gilford IModel 2000 spectrophotometer with an ultrathermostat 
attttchment coupled to a thermosensor unit. Optical density was measured both at 
260 and 2SO nm. 

CircLIl~~rdichrc~ism spectra were recorded in a Jnsco ORD-UV-5 spectrophotorn- 

eter with an ultrasensitive SS-IO circular diclwoism modificntion, using l-cm path 
length. The data are presented as mean residue eflipticity as described by Willick and 
Kay”. The ellipticity values reported f>r each species \vere the average ofkanalysis of 
at least three samples. Absorption spectra of the samples were recorded on a Cxq- 14 
sl’ectropliotometer- 

RESULTS AND DISCUSSION 

ethanol-1 .O .\I sodium chloride (figure not shown). However_ with a co-linear gradient 
ot‘ both ethanol (0 to 30 “l,) and sodium chloride ( 1 .O to 2.0 42) at least two additional 
minor peaks were resolved from BD-C~IILIIOS~ column (Fig. I)_ While lrss than 1 ‘!J of 

the total wdioactivity ~1s clutrd \vith the initial salt gradient (0.3 to 1 .O A/), most of- 
the radioactivity (recovery in counts per minute as 91’,!:,;) appeared in the ethanol 
tiacrian. This peak sho\ved serinc acceptor activity _ ‘115 ;I major contaminant with nr- 
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pinine. tvrosinc_ aspartic acid tind gfutamic acid accef3Lors 3s trace wni;inlin;Lnt5_ 
This is in agreenlent with our em-licr observations”. 

The phen~lalt~n~f-rRNA \\‘;ts further puriticd by frxtionatian on rt RPC-5 
c0fumn_ The tfution profile is shown in Fig. 2_ With ii linear g_rtldient of0.5 Lo 0.9 iti 
sodium chloride, four trichforoacetic acid-prccipitt~bfe radioactive peaks were dis- 
rincrly resolved. IL should he cnipfiasized that this profile was very rept-oducibfc, that 
LWO of these pctrks (peaks I and 111) were always comparably minor ones and that 
peaks I and II did noL cshibir any serine acceptor activities whereas peak IV esflibited 
greatfv reduced serine acceptor acLivit>F_ Furtherniare, the minor contaniin;mLs oh- 
served atier BD-ceffulase tiactiwxltion \vt‘re almost undcLecLable in all the peaks 
except for tyosine, which was observed in peak 111. Hmvevcr. rc-chromaLo~_raph~ of 
the isolated peaks Kt-iom RPC-5 column individuatfy showed no tixthcr cross conttuni- 
naLion_ FurLhcrmorc, purity of the species 1 zlnd 11 and that of 111 and IV \v;ls 100 I’,, 
~1s judged lixm pfwn~lalaninc acceptance alone_ Thus all the four (I-IV) species ot- 
f~l~en~lalangf-tRNA, obtained atier re-chromatopraphv on RPC-5 cofttt&_ esfxibitcr! 

cfiromztto~_raphic fionio~eneity (single peak. swne site and height of elution) and 
biolo$caf homa~eneiL_v since no one ncccpLed amino acids atfler than pherr-lalaninc. 
AfLhou~k three isoacceptine species of pf~en~ft~fnn~l-tRNA from IIIOLW liver have been 
reported ettrficr*3_ this is the tirst occasion Lo detect and puri@ to chromata~raphic 
and biological homogeneity four species of pf~~~~~l3ltlnvi-rRNA~f~~~~l-tR~~~ from rat liver since 
with an RPC-2 column onlv one species could bc iwf;lted”-‘*_ 

The physical state of the four species was exunined by Lfxrnx~f dennturrttion 
in f . . SSC (O-15 III sodium chloride-0.015 111 sodium citrate, pH 7.0) bulk cm- 
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taining 2 n1M magnesium cldoridc( Fig. 3)_ Hvperchrmnicity, due to thermal denatur- 
ation. varied between 26 and 29 I’;,. After denttturation in 0.01 i: SSC without an! 

added nittgnesium chloride, h_vpcrchromicities of species I and II were reduced t0 
7-C) ‘.!d. \i-hereas species I I I and IV maintained 1% 15 It.:, hyperchrornicity. This sho~vs 
that ~vI_hr~cas species I and 11 lost major portions of their stfuctllre, species III and IV 
retained about SO:.‘,, of their structure under the condition of denaturrrtion (Table I). 
It \~as Ihrthcr obscrvcd that species III and IV exhibited a bimodal denaturrttion, the 
tirst nxxk appearing between 30 and 54’ and the second mode having major portion 
&the hyperchromicity appeared betlveen 55 and 70 ‘_ This is indicative of the absence 

TABLE 1 

i_ (Inn) icli :: I()-’ i. Irmrj ;I): ‘.: I(J--' _ 

- 1 164.6 1 .s92 166.4 I.304 0_160_3 0.0735 
II Z64.2 1 -943 267.0 1.159 0.2’579 0.0933 

III 161-S 1.065 ‘65.1 1.63s 0 17s9 0.13S6 

IV ‘62.2 1.079 764.5 1 s9 oh743 0.1362 

* Species numbers refer to those specified in Fig. 2. 
** Suspended and dialyzed in O-01 ;-. SSC without any added M&I_. (<lo-.” %I IclgCli). 
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ol~sinn~lraneous melting of the entire molecule_ Similar types of melting profiles have 
been observed earlier by others’*. These observ&ons were quite reproducible- 

The circular dichroism spectra of the four isoaccepting species in their native 
state are presented in Fig_ 4 Under tile conditions of- mcastrrement, the position of 
the positive maxima of the various species varied betlveen 261 and 265 nm. The band 
positions in species I and II \vere 264.6 and 264.2 mn, respectively, and in the case of 
species III and IV, these were 2613 and 262.2, respectively. The magnitude ofthe posi- 
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Fig- 1. Circulx dichroism sprwtm of isonccepting sp&es of phenylalanyl-tRNA in 0.01 ;\I potassium 
phosphate buffer (pH 7-O) contrtining 0.01 df h@.Ct=. - - - - -. spt35.3 1: - - -. speck!! II: - - -, 
specitzz II!; ---, sp~ia IV. Species numbers r&r to those reported in Fig_ 2_ 

tive m&ma w;is higher in species III and IV than in species I and II. The neg-,lrive 
minima at 295 nm couId be detected in al! of the four species_ Similar circular 
dichroism spectra of phen_vIalanyl-tRNA from other sources have been reported”-“‘_ 
Of great interest was the appearance of a yet unreported shoulder in the positive 
maxima around 2S2 m-n. This shoulder was more pronounced in species I and II 
(Fig. 4)_ Althou$z the origin of this shoulder with respect to the structural chamc- 
teristics of these species is at present not known, it is hoped to reveal important dis- 
tinguishing information about the conformational status of the species- 

In a11 the species, denaturation of the ordered structure was accompanied by :I 
red shit-t in the wavelength of the positive maxima with subsequent decrease in the 
magnitude of this band. The isoacceptor species 1%ere denatured by dialyzing in 
O-01 ;;‘ SSC for 24 h with several changes of the buffer_ In species I and II this band 
was shifted to about 267 nm, whereas in species III and IV the shift was only up to 
about 265 nm. In al1 the species, the negative minima around 295 nm were absent. 
Under the conditions of denaturarion, alteration of the circular dichroistn spectra 
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around 260 nm and disappearance of the ne_gative mityCna around 235 nm are conse- 
quences of destruction of the secondary as well as the tertiary structure”-“. However, 
as the circular dichroism spectra of the denatured species I and II \vere virtually dif- 
ferent from those of species III and IV, these have perhaps not been transformed into 
a common denatured conformation under our experimental conditions. 

CONCLUSION 

These observntions nlong with the thermal denaturation profiles suggest that 
the k>tir homogeneous isoacceptin, = species of phenylalanyl-tRNA present in normal 
rat liver perhaps exist in t\vo major conformations, the significance of which is not 
clear at this stage_ Further studies are being undertaken to investigate ditkrences 
esisting between each of these species_ 
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