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Within the past three years the primary structures of 7 transfer RNAs,
obtained from E. coli or yeast, have been published (Holley ot ale, 1965;
2achau et al., 1966; Madison gt al., 1966; Bayev et al., 1967; RajBhandary
ot al., 1968a; Goodman et al., 1968; Dube et al., 1968). Although several
authors have speculated that individual tRNAs may play an important rols in
cell differentiation, there are relatively few studies on individual tRNAs
fram higher organisms. This laboratory has been engaged, therefore, in the
purification of individual tRNAs from mammalian cells, In a study to be re-
ported elsewhere (Mishimura, S. and Weinstein, I. Bs, mamuscript submitted
for publication), rat liver tRNAs for 15 amino acids were resolved on DEAE-
Sephadex, reverse phase, or benzoylated DEAE~-cellulose columnse The present
report describes a rapid method for the isolabtion of rat liver phenylalanine
tRNA, and indicates that the material contalns an unidentified fluworescent
constituent which can be used in monitoring the purification. Our studies
on fluorescence were prampted by the report of RejBhandary et al. (1968b)
that yeast phenylalanine tRNA contains an widentified mclsoside (¥) which
is fluorescent. During the course of these studies Dudock et al. (1968)
reported the purification and nucleotide sequence of wheat germ phenylalanine
thNA. It is of interest that this tRNA also contains the Y muclsoside and
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has a fluorescence spectrum identical to that which we obtalned with rat
liver phenylalanine tRNA (Dudock, Be Se, personal communication).

MATERIALS AND METHODS

Benzoylated DEAE-cellnlose (BD-cellulose), prepared by the method of Gillam
et al. (1967), and ¢Wer~amino acids were purchased from Schwarz BioResearch.
BD=cellulose columns and reverse phase freon (RFC-freon) columns were prepared
as previously described (Gillam et al.; 1967; Weiss and Kelmers, 1967) and were
run at room temperature. Additional details are given in the legends.

To cbtein rat liver tRMA, male Hotzmann rats (250-300 gm) were fasted 18
hours, decapitated, and 'bheizf livers promptly frozen in liquid nitrogen. RNA
was extracted as described by Delihas and Staehelin (1965) with the following
nodificationss all phenol extractions were done et 20°, rather than 60°C, and
the tRNA cbtained after the 1 M NaCl extraction was used, without further puri-
fication, for column chromatography. Crude rat liver aminoacyl-tRNA synthetase
was prepared as previously described (Axel et al., 1967) but with the following
modi fication: prior to the 70¢ ammorium sulfate precipitation step, 0.05¢ prota=-
mine sulfate was added to the microsomal supernatant fraction to campletely
precipitate any endogenons tRNA.

Fluorescence Spectra were measured at 20°C in an Aminco-Bowman Spectro=
photoflunoraneter equipped with a 150 Watt Zenon Arc Iamp, Model No. 281188.
Absorbance was determined on a Zeiss Spectrophotameter Model PMQ II in 1 ml,

1 em light path at neutral pHe

The reaction mixture for assaying amino acid acceptor activity of tRNA con-
tained: 0.01=0,03 ml of the column fraction, 10 pmoles of Tris-HCL (pH 7e5), 1
umole of magnesium acetate, 1 pmole of KC1, 0.2 tmole of ATP, 0.02-0.05 yc of
¢Ui-1~phenylalanine (311 mc/mmcle), and 0.0k ml (approximately lu: mg of protein)
of smincacyl-tRNA synthetase, in a total volume of Oel ml. Assays were incubated
at 37° for 10 mMmutes. Aliquots (0.08 ml) were processed on Whatman 3MM fllter
peper disks and counted according to previocusly described methods (Nishirmra
et ale, 1967).
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RESULTS
6illam et al. (1967) originelly found that, when uncharged yeast tRNA is ap-
plied to BD-cellulose, most of the material was eluted with a NaCl gradient but
the phenylalanine tRNA remained tightly bound to the column and required 10% ethanol
in 1¢5 M NaCl for elution. In subsequent experiments (vid infra) we obtained simie
lar results with rat liver tRNA, suggesting a method of rapid purification.
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Fig. 1o BD=cellulose column chromato, of rat liver tRNA. The column

x 6 cm) was equilibrated with Och M Naci, 0.05 ¥ sodiun acetate (pH 5.0) and
0,01 M MgClp, and 18,180 A260 units of rat liver tRNA in 100 ml of the initial
buffer were applied. The colum was then eluted stepwise with: 500 ml of the
initial buffer; 2,500 ml of 1.5 M NaCl, 0.05 M sodium acetate (pH 5.0), 0.0L M
MgCly and, finally, 1,000 ml of 10% ethanol in 1.5 M NaCl, 0.05 M sodiwm acetate
(pH §.o), 0,01 M MgClpe The flow rate was 1 ml/min and fractions were approxi-
mately 11 ml. All fractions were assayed for absorbance at 260 myt, and phenyl-
alanine acceptance capacity as described under Methods.

Fractions 50=100 (pool 1), 101-150 (pool m-ﬂz (pool 3) were com=

bined, the tRNAs precipitated with 2 volumes of ethanol (~20 C), and the precipie
tates resuspended in water.
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Figure 1 indicates our results when uncharged rat liver tRMA was eluted step=
wise, with NaCl and then NaCl plus sthanol, fram & BDwcellulose column. The mate~
rial eluted in the ethanol region contained only 6% of the total Apgg units, but
essentially all of the phenylalanine tRNA. Additional studies (not shown here),
employlng a gradient of O $0 1¢5 M NaCl, demonstrated that rat liver tyrosine
tRNA eluted at approximately 0.8 M NaCl, histidine tRNA at approximately 0.9 M
NaCl, and precharged tyrosine tRMA at approximately 095 M NaCl. Precharged
phenylalanine tRNMA eluted sasewbat later in the ethanol region than uncharged
phenylalanine tRNA.

Assays of amino acld acceptance capacity indicated that the BDwcellulose pro-
cedure had resulted in a seventeenfold enriclment for phenylalanine tRMA (Table I).

Table I. Purification of rat liver phenylalanine tRNA and its flnorescence

Fluorescence Phenylalanine
at 430 mp Acceptance
+RNA (Arbitrary Units) (iysmoles /Aogo undt)
Unfractionated tRNA 2 27
BD=cellulose pool 1 0 L
n " n 2 3 7
] n " 3 16 h&‘
RFC-freon fraction L8 50 112

The sources of these tRNAs are described in Figs. 1 and 2. They were centri-
fuged at 30,000 xg for 45 minutes to remove turbidity, adjusted to 0.,65 A350
units/nl, and thelr fliorescence measured with excitation at 310 mp, Additional
details are described under Methods.

An additional 2.l-fold purificstion vas achieved by chromstography on & RFC-frecn
column (Fig. 2 snd Teble I)» The phenylalanine tRNA peak cbtained from this col-
wnn had an acceptance capacity of 1112 ymoles of phenylalanine per 1 Apso usit
(Tsble T) which is 67% of the theoretical, asswxing that a pure and fully active
tRNA wi11 accept 1666 ymoles of amino acid per 1 Apgo unit of tR (Hoskinson and
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Mg, 2. Further fication of phenylalanine tFNA on a reverse e freon
coimn. 6 column (0.3 x. cm) was equilibrated with 0,02 M Tris-HCl (pH.
7.5, 0.01 M MgClo, 0.15 M ¥NaCl, and 182 Asgg units of the phenylalanine tRNA
region obtained fram a BD-cellulose column (pool 3, Fige 1) were mixed with 7
ml of water and applied. A linear gradient elution was carried out using LOO
ml of 0,02 M Tris-HC1l (pH 7.5), 0,01 M MgCl, and 0.65 M NaCl in the reservoir;
400 ml of 0.02 M Tris~-HCL (pH 7.5), 0.01 M MgClp and 0.15 M NaCl in the mixing
chamber, The flow rate was 10 ml/hr. A volume of 7.2 ml of effluent was
collected per fraction. Fractions were assayed for absorbance at 260 my, cﬂ*-
phenylalanine acceptance, and for fluorescence at 430 myt with excitation at
310 mi as described under Methods. Fluorescence intensity is expressed in
arbitrary units. o

Khorana, 1965). In addition, this material was free of acceptance activity for
at least 16 other amino acids.

Teast phenylalamine tRNA contains an unidentified mcleoside (Y) which is
adjacent to the anticodon and fluoresces (RajBhandary et al., 1968b). It seemed
likely to us that the Y residue might account for the high affinity of yeast
phenylalanine tRMA for BD-cellulose and that i'at liver tRNA, having a simdlar
affinity for BDecellulose, mighf, also cqntaiﬁ the Y residue. We undertook, there=
fore, to demonstrate by fluorescence the presence of Y in intact rat liver
phenylalanine tRNA. Figure 3 indicates that our purified material does have strong
fluorescence With an emission maximum at 430 mi and an excitation maximum at 310 mp
Dudock (personal communication) has independently observed a similar excitation and
emission maximum for the fluorescence of wheat germ phenylalanine tm. Table I
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Tige 3o Fluorescence spectrum of rat liver Jalanine thNA. The tRMA
(Traction I8, Fig. 2) was studied at O« Apgg %tam In the column elution
buffer,

(A) Bmission spectrum with excitation at 310 mjt.
(B) Excitation spectrum with emission measured at 430 mis.

indicates that fluorescence at 30 mu is a uwseful guide during the purification of
phenylalanine tRNA, Figure 2 also indicates concordance between fluorescence in-
tensity and the acceptance capacity for phenylalanine across the phenylalanine tRNA
peak. The significance of the small fluorescent peak at the beginming of the
gradient (Fige 2) is not known at the present time.
DISCUSSI O

The present study suggests that phenylalanine tRMA of rat liver, like that of
yeast and wheat gem, contains an unidentified nucleoside (Y)s The preclse nature
of Y is not known at the present time, but the unusual affinity which these three
tRNAs have for BD-cellulose suggests that Y contains a highly hydrophobic substitu-
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ent (perhaps a polycyclic derivative). Definitive isolation and characterization
of this residus from mammalian and other tRNAs are required and may shed light on
its physiologic significance. With respect to function, it 1s of interest that a
modi fied purine adjacent to the anticodon has been observed in several tiNAs, In
the case of yeast serine (Zachau et al., 1966) and tyrosine tRMAs (Madison et al.,
1966), tuls residue is No-(y y~dimethylsllyl)-adenosine, & conpound which has cyto-
kinin activity. It will be of interest to know, therefore, whether the Y residue
also has an important biologlic activity separate from its presence in tHNA. The
fractionation of rat liver tRNA on DEAE-Sephadex yields at least two phenylalanine

tRMA peaks (Mishimura and Weinsteln, unpublished studies). Studies are in progress

to determine whether these differ in their content of the fluorescent residue.

The two-step method of purification of rat liver phenylalanine tENMA, described

in the present study, yields material which has 67% of the theoretical acceptance

activity. Additional studies are required to detemmine whether this is due to par-

tial inactivation of our material or residual contamination with other tRNAs, We
tend to favor the former possibility, since our material failed to demonstrate

acceptance activity for other amino acids. I1f this is the case, then these pro-
cedures should be useful for preparing naterial suitable for mucleotide sequance

studies.
ACENOWLEDGMENDS

We wish to thank Dr. B. S. Dudock of Cornell University for sharing unpube
lished data with us. The valuable assistance of Dr. Karl Lanks is gratefully
aclmowledged. This research was supported by U.S.P.H.S. Research Grant R10 CA-
02332 from the National Cancer Institute. Dre Fink is a Visiting Fellow in
Pathology from the University of Colorado Medical School supported by Grant 5TI
CA-51640); fram the U.S.P.H.S., and Dr. Weinstein is a Career Scientist of the
Health Research Council of the City of New York (I-190).

REFERENCES

Axel, Res Weinstein, I. Be end Farber, E.; Proc. Natle. Acade Scie Ue Soy _s_q_,
1255 (1967).

969



Vol. 32, No. 6, 1968 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Bayev, A. Ae, Venkstern, Te Yo, Hj.mabelcw, Ae Doy Krutilina, A. Te, Ii, L.
and Axelrod, V. Dey Mole Biols USSR, 1, 75k (1967)

Delihas, N. and Staehelin, M., Biochim-BiOPIWS- Acts, 119, 385 (1%5).

D\ﬂ()emg) K., Marcker, K. A., Clark, B. I. C. and Cory, J.; Nature, 218, 232

Dudocks; Be Sey Katz, G, Taylor, E. K. and Holley, Re Wey Fode Proce, _21,
342 (1968).

Gillam, Ty, Millward, S., Blew, Ds, Tigerstrom, M., von Wimmer, E. and
Tener, Ge Mey Blochemistry, 6, 3@.‘3 (1%7)0

Goodman, He Me, Abelson, J«; Iandy, Ae; Brenner, S. and Smith, Je Dey
Vature, 217, 1019 (1968).

Holley, R. Wes Apgar, J., Everett, G. A., Madison, J. T., Marquisee, Me,
l‘.errill, Se. Hey Pensuick, Je Re and Zmir, Ac, Sdenoe,-%%, lh62 (1965)0

Hoskinson, R. M. and Khorana, H. Ges Je Biole Cheme, 2'.'.0, 9 (1.%5 .

Madison, J. Te, Everett, G. A. and Kung, He, Science, 153, 531 (1966).

Mishimura, S., Harada, Fe, Narushima, U. and Seno, T., Biochim. Biophys.
Acta, 12, 133 (2967).

Rajmmndﬁi, Us Lsy Stuart, A.; Hoskinson, R. M. and Khorana, He. Ge,
Je Biol. chﬂﬂ., 2,43, 565 (19689.)0

MM )U. L.; Faulkner, R. D. end Stuart, Ae, Jo Biol. Cheme, 2U3,
75 (1968b).

Weiss, J. Fe. and Kelmers, A. D., Biochemistry, 6, 2507 (1967).

Zachan, He Gey Dﬁt‘bing, D. and Feldman, He, Angew. Chem., 1§, 392 (1966)0

970



