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Abstract-Readily measurable yields of undamaged tRNA were obtamed from tomato, pear and 
apple fruits by phenohc extraction at pH 8.8, removal of interfermg alcohol insoluble substances 
by precipitation with 0.2 volumes of uo-PrOH and final purification by DEAE chromatography. 
Various other commonly used extractlon and purification procedures were tested and found to be 
less effective Active synthetases were isolated from acidic fruit tissues by adequate control of pH 
and maceration in the frozen state. After acylatlon with a radioactively labelled ammo acid, fruit 
isoacceptor tRNA species were separated by reverse phase chromatography. 

The mvolvement of tRNA in the translatlonal 
control of protein synthesis [l-3] has led to the 
proposal [4] that tRNA and tRNA synthetases 
may play a key role m controlling senescent pro- 
cesses Evidence in support of this hypothesis has 
been recently reviewed by Andron and Strehler 

[ISI. 
Determinant plants and certain plant organs 

provide suitable systems for the study of cellular 
senescence [6] Work has already appeared that 
establishes a relatlonshlp between changes in 
some tRNA species and the senescence of soybean 
cotyledons [7,8] and wheat leaves [9]. However, 
slmllar investigations have not been conducted 
with fruit tissues whose well-characterized npen- 
mg and senescent phase has been especially useful 
m studies of senescence [ 10,111. The absence of 
such investigations may be attributed, in part, to 
difficulties encountered in extracting functional 
tRNA and tRNA synthetases from acidic fruit tis- 
sues. That the successful extraction of tRNA from 
plant tissues requires modification of existing 
techniques 1s attested to in the comprehensive 
review of Lea and Norris [12] and m the dlscus- 
slon of applicable methodology be Vanderhoef et 
al 1131. This paper describes the further develop- 

ment of methods specifically required for the iso- 
lation of active tRNA from tomato, pear, and 
apple tissues. A preliminary report has appeared 

c141, 

RESULTS AND DISCUSSION 

As noted by Goren [15] the extraction of RNA 
from fruit tissue is complicated by several factors, 
notably (1) low levels of RNA, (2) high levels of 
RNase and (3) interference from alcohol insoluble 
substances (AIS). The dlfficultles are compounded 
when one attempts to extract functional tRNA 
(capable of bemg aminoacylated) from especially 
acidic fruit. Tomato fruit wall and septal tissues 
were chosen as test material for the development 
of extractlon techniques since these tissues present 
the several deterrents enumerated above. More- 
over, tomato fruits are conveniently available 
throughout the year and display a chmacteric 
ripening (agemg) sequence [ 161 m common with 
many other fruit species. 

In an empirical testing of several phenolic 
extraction procedures derived from the method 
of Zubay [17], only two resulted in functional 
tRNA, viz. the sodium naphthalene-1,5-dlsul- 
phonate procedure of Hastmgs and Kirby [ 181, 
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and the procedure of Kelmers c’f tr/ [I91 As WI- 
dent m Table 1. the latter proved successful OJdj 

when the recommended pH 7 5 was rarsed to 
);.&a step suggested by the low pH maxlma of 
most RNases and the known stablllt4 of [RNA 
at pHs as hl,gh as 10 Alkalme condltlons (pH 
8-S 8) have also been shown to facihtate the 
extraction of polyrlbosomes 120,) and total RNA 
from plant tissues [IS:]. 

Methylated albumIn-Kleselguhr (MAK) chro- 
matography [?I], used to quantitatc the products 
of the extr2&ct$on I~r~\cr~~llrP T‘i’\‘P’\ lerl ‘1 r-nrr~~l~ltl~\lI y ,I UU..I ., I . ICL,‘ u CL V”, 1 bLLLL1 I 1 
L r “&+yyen t;y(,y cc;r;sci’T$;phr;r; Gr ;.Rj”dA ;iiid &iirg+ 

ablhty of the tRNA (Tabic i 1 The conservation 
of I-RNA proved a sensitive and usefui Index to 
, F-sl-il. t,s &cyLd,c pGt&gi: uf ,&p&1 ,& xc;: 1:: To bit 

3, both the ylcld of tRNA and conscrvahon of 
rRNA arc maxclmlzed at or near pH X.8 After 
undcrgomg the purlficatlon steps outlmed below. 
the yteld of [RNA was roughly I 5 mg per 10Og 
tomato wall and septal tlssuc 

As noted by Vanderhocf et ol. [I 31. tRNA 
extracted by the phenollc procedure must be ptrr~- 
fied further to maxlmlze ammoacylatlon TIIIS IS 

especially true when detergent IS used to Increase 
extraction cfficlcncy. Several known purlficatlon 
procedures were tested As evidenced by the 
MAK profiles of the resultant “purtlieci” prod~~ct 

(Fq 1) and the ;Icld and chargcablllty data 

(Table 3), all methods hacc serious drawbacks. 
Among the 3 procedures that yield some func- 
tlonal tomato fruit tRNA. the Na-benzoate UI- 
cresol procedure [IX] and the PO,-2-methokycth- 
an01 m&hod 1221 result III CXC~SSIVC loss of 

tRNA DEAE-cellulose chromatography IS clearI} 
the superior method. but DNA and other AIS 
that copreqltatc with the RNA mterfere and 
make It d1lficult. and often lmposslble, to use 
DEAE 

Seln ~‘i II/ [3] dcscrlbe ;I /.>o-PrOH fractlona- 
tlon step designed to remove mtcrferlng sub- 
stances from crude extracts of rat Ilvcr [RNA. 
However. the rccommendcd use of 0 54 vols of 
i;ii;-PrOFI not on!> ~~i~i<r~c L <i iiiiijx?r jX;liiCjn of ..“ -* ‘. -(’ ‘I 
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Fig 2 MAK chromatograpluc profiles of the tomato nucleic 
acids remammg (--) and dlscarded (----) after fractlona- 

tion with either 0 15 or 0 54 vol of rx-PrOH 

the interfering material but also ca 80% of the 
tomato tRNA (Fig 2, Table 4). Such a loss is 
unacceptable when working with the minute 
amounts of tRNA present in fruit tissue. Testing 
various proportlons (Table 4) revealed that 0 15 
to 0 2 parts iso-PrOH remove a sufficient amount 
of vRNA, DNA, and other AIS to permit DEAE 
chromatography without incurring large losses of 
tRNA. A nearly similar and equally acceptable 
fractionation was obtained with the NaOAc pro- 
cedure recommended by Vanderhoef et al. [13]. 
However, we favor the iso-PrOH method as it 
does not require an additional 12 or more hr for 
precipitation of the interfering substances. 

Extractton of synthetase. As with tRNA, It is 
absolutely essential that tissue acids be counter- 
acted with equivalent amounts of Trls or base. 
Moreover, grinding of both the frozen tlqsue and 
extraction buffer at liquid Nz temperature assures 
a co-mingling of cell contents with protective 
agents, rendering the latter immediately effective 
upon thawing. Detailed analyses of the extraction 

Table 4 Fractlonatlon of tRNA with lso-PrOH 

Vol of 
IS”-PrOH 

>‘, of OrIgInal 
tRNA 

P”r,hc*llon fxtor 
“” [RNA:“, rRNA 

0 IO0 IO0 I 

0 I5 1% 25 31 

025 64 24 21 

035 51 21 22 

045 43 53 XI 
0 54 20 ?4 x4 

0 
0 15 30 

*ANA (pg/.srayl 

600 

300 

I.7 
OO 2 4 6 

ATP (,L mol/ossay) 

1200 

900 

600 

0 El 
0 20 40 60 

Tlllw, In,” 

300 

Fig 3 Amino-acylatlon of tomato tRNA with “C-leucme as 
a function of synthetase (upper left), ATP (upper right), tRNA 

(lower left) and mcubatlon time (lower right) 

procedures were not made. However, by following 
the precautions noted above and m the exper- 
imental section, active and reasonably stable (4-6 
weeks at -20”) synthetases were isolated from 
both tomato and pear fruit 

Amwoacylatlorz und separation of specijic tRNA 
speczes. Established procedures [ 191 were found 
suitable for the acylatlon of frmt tRNA. As 1s the 
common practice Mg, ATP, enzyme, and tRNA 
concentrations were adjusted to maximize the 
functions of each ammoacyl-tRNA synthetase. 
The results of tests with tomato tRNA”” shown 
m Fig. 3 display the commonly observed kinetics 
for these reactions. The stablhty of acylated tRNA 
with time (lower right graph) implies the absence 
of deacylase m the enzyme preparation. 

Shown m Fig. 4 are reverse-phase chromat- 
ography (RPC-6) profiles of tomato tRNA”“, and 
apple and pear tRNA”‘ which had been isolated, 
purified, and acylated as described above The 
apple and pear tRNA were both charged with 
pear enzyme. Three lso-acceptor tRNA”” and 4 
tRNA’?’ are clearly discermble. The use of a small 
(5 x 120 mm) column faclhtated the ldentlficatlon 
of tRNA species from the equivalent of log of 
fruit tissue. 

CONCLUSION 

It 1s clear from these studies that the methods 
normally used to isolate tRNA and synthetase 
from mammahan and mlcroblal tissues can, with 
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Iso-acceptors of tomato rRNA’,“, and apple and pear 
/RNA’” separated by reverse-phase chromatography. Elution 

gradients were 0.3 M -+ 0.75 M NaCl for leucyl-[RNA and 
0.25 M 4 0.85 M NaCl for lysyl-tRh:A. 

some necessary modifications, be used suc- 
cessfully with fruit tissues. In view of the diffcul- 
ties often encountered in the isolation of active 
enzymes. RNA. and other cellular components 
from acidic fruit tissues, we believe the methods 
described herein should prove advantageous with 
a variety of other less intractable plant materials. 
The application of these methods to a study of 
ripening and aging of tomato fruit is described 
in the accompanying paper. 

EYPERIMEVTAL 

Tissw. Tomatoes (L~cop~rsicur~ I~scuIc~~~~I~, cv Ace). pears 
(P~rus ~ow~~rr~~i.s. c\ Bartlett or Williams), and apples (-2~ulus 
sylwctris. c-v Gravcnstein) were obtained from the U.C. Expcr- 
imental farm or l’rom local markets. Mature geen tomatoes 
were cored and Iocular contents removed leaving only the 
walls and septa. Mature but not fully ripened pears and apples 
were cored and peeled. Fruit tissues wcrc immcdiatcly frozen 
in liquid N2, broken into small pieces and stored at -78 
Before use, a representative IOOg sample ol’ cxh tissue was 

combined with ctl lOOmI H20. macerated m 21 blendol- for 
1 min and titrated to pH 8.X with I M Tris (pH I1 11.5). 

E.mwrio~~ ol’tRN.4. The procedure is a modification of the 
phOH methods ofZubay 1171 and Kelmcrs CY ul. [l9]. 100:: 

of pHOH prepared by dissolving white crystalline PhOH in 
ing ol’ 5OmM Trls HCI (pH X.8). IOmM /~-mcrcaptocthanol 
( -SH I. I g SDS. 0.5 g hentonitc. additional I M Tris to bring 
the pH of the tissue to 8.8 (based on prior titration) and 300ml 
of PhOH prepared by dissolving white crvstalline PhOH in 
50 mM Tris HCI. pH 8.X (XX”” w/v). The mjnixture was hlendcd 
;It high speed FOI- 5 min. &lth 4-ml I M MgC‘l, added aftet- 
the tirst min. Blending was contmucd at a low speed li)r 
25 mln and hquid N, added pcriodlcully to maintain the miy- 
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was determined by a modified Lowry procedure [26] with 
5 x crystalhzed egg albumen as a standard 

Ammoacylatmn qf tRN.4. The acylatlon procedure IS essen- 
tially that described m ref [19], with mmor modifications The 
025 ml reactlon mixture contamed 20 timol Trls (PH 7 5), 
lOpmo1 -SH, 3 5 Ltmol KCI, 5 pmol Mg(bAc),, 0 5 ~401 ATP, 
0 2-O 5 uumol ammo acid labelled with either 14C (250-450 
&l/p&l) or 3H (2-20 mCl/pmol) and ca 3pg tRNk OptI- 
mum Mg, ATP, and enzyme concentrations were determmed 
for each ammo acid The reaction was Initiated with the add]- 
tlon of 2&4Opg synthetase and the mixture mcubated at 30” 
for 30 mm A 200.~1 portton was then transferred onto 2 3 cm 
filter paper (Whatman 3) discs (numbered and affixed on pms 
as described m rel‘ 1271) and exposed to an IR lamp Before 
reaching absolute dryness, which results m high background 
cpm. the discs were placed m 10% TCA at 0” and rinsed 
for addlttonal 10 mm periods, twice m 5% TCA, once m 70% 
EtOH, and once in Et20 The discs were dried under IR and 
then counted m a hquld scmtdlatlon spectrophotometer 

For co-chromatography of pre-charged tRNA species, the 
requisite amounts were acylated via a 20 to 50x scale-up 
of the above procedure Indlvldually charged 14C and ‘H 
tRNAs were then combmed and preclpltated with 2 vol EtOH 
for 18hr at -20” 

Reverse-phase chromatography Both RPC-2 [28] and RPC- 
6 [29] procedures with the columns reduced to 5 x 120mm 
permitted the separation of small quantities of frmt tRNA 
The chromatograpluc separation was done at room temp with 
500 ml elutmg buffer contammg IOmM Mg(OAc),, 10 mM 
HOAc (PH 4 5). 2 mM Na,S,O, and 0 02% NaN, (to prevent 
bacterIai actlo&L Waters. pe;sonal corn& ), pl& the NaCl 
gradient as indicated for each ammo-acyl-tRNA Flow rate 
was 0 2 ml/mm 2 ml fractions were collected m test tubes and 
held at 0” To detertnme cpm, 50 pg of ‘carrier’ yeast RNA 
and 05 ml of 52% TCA were added per tube and left for 
2 hr at 0” The RNA was collected on 0 45 pm membrane 
filters (Schlelcher & Schuell, No. B-6, 22 mm dlam ). washed 
with 5% TCA then with 7O”i, EtOH, dried, and counted by 
hquld scmtdlation In all instances the H,O was first delomzed 
and then glass dust from 1 mM KMnO, m 0 5 mM NaOH 
before use 
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