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SUMMARY: A novel enzyme which catalyzes the transfer of the 3-amino-3-carhoxy- 
propyl group into tRNA to form 3-(3-amino-3-carhoxypropyl)uridine was isolated 
from Escherichia @. The enzyme required S-adenosylmethionine as donor 
molecule. 

A modified nilcleoside, designated as X, is known to be located in the 

extra-region of several gscherichia coli tRNAs [for examples see review by 

Zachau cl)]. This hitherto unknown modified nucleoside has recently ht,en 

characterized as 3-(3-amino-3-carboxypropyl)uridine (2). This communication 

reports the enzymatic synthesis of this modified nucleoside in a cell-free 

system from E. coli using purified methyl-deficient tRNAPhe as acceptor and 

S-adenosylmethionine as donor molecule for the 3-amino-3-carboxypropyl group. 

MATERIALS AND METHODS 

Preparation of methyl-deficient tRNAPhe. Unfractionated methyl-deficient 
tRNA was prepared from E. coli 58-161 (rel-, met-) as described by Biezunski 
et al (3). - -* It was first fractionated by DEAE-Sephadex A-50 column chromato- 
graphy at pH 4 .O as shown in Fig. 1. Phenylalanine acceptor activity was 
separated into two peaks. The second major peak (fractions 122 to 135 of Fig. 
l), which was not detected in the chromatogram of normal unfractionated E. coli 
tRNA was further subjected to benzoylated DEAE-cellulose column chromatography. 
As shown in Fig. 2, methyl-deficient tRNAPhe was eluted as the last peak and 
separated from other tRNAs. Fractions from 3.5 to 45 were pooled, and precipi - 
tated by adding 2.5 volumes of ethanol. This purified methyl-deficient tRNAPhe 

accepts 1.2 mbmoles of lqC-phenylalanine per 1 A260 unit of tRNA when crude 
mixture of E_. coli aminoacyl-tRNA synthetases was used (4). Analysis of an 
RNase T2 digest of purified methyl-deficient tRNAPhe by two-dimensional thin- 
layer chromatography showed that it lacked 3-(3-amino-3-carboxypropyl)uridine 
as well as almost all the 7-methylguanosine and ribothymidine present in 
normal tRNAPhe. 
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Fig. 1. Fractionation of methyl-deficient tHNA from s. c-oli by DEAE-Sephadex 
A-50 column chromatography at pH 4 .O. 
hIethyl-deficient tRNA (30200 A2(,0 units) was dissolved in 100 ml of 0.02 M 
sodiltm acetate buffer (pH 4.01 - 0.01 M MgCl - 0.4 $1 NaCl, Bnd loaded on a 
column (diameter, 2.5 cm; length, oO cm; DEAE-Sephadex A-50, product of 
Pharmacia Fine Chemicals) which was preequilibrated with the same buffer. 
The linear gradient elution was carried out using 1.6 1 of 0.02 bl sodium 
acetate buffer (pII 4.0) - 0.01 M MgCl2 - 0.5 M NaCl in the mixing chamber, 
and 1.6 1 of 0.02 M sodium acetate buffer (pII 4 .O) - 0.01 M MgCl2 - is.7 11 
NaCl in the reservoir. The flow rate was 30 ml/hr . Each fraction contained 
15 ml of the effluent . 
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Fig. 2, Isolation of methyl-deficient tRNAPhe by benzoylatrd DEAE-cellulose 
column chromatography. 
The tRNA fractions (750 A260 units) dissolved in 4 ml of water was mixed with 
1 ml of 0.02 Ll sodium acetate buffer (~1-1 6.0) - 0.4 M NaCl, and loaded on a 
column (diameter, 1 cm: length, X0 cm: BD-cellulose, product of Boehringer 
Mannheim) . The linear gradient elution was performed using 5@0 ml of 0.02 >1 
sodium acetate buffer (pll 0.0) - 0.5 M NaCl in the mixing chamber, and 500 ml 
of 0.02 bl sodium acetate bluffer (pH 6.0) - 1.5 M NaCl in the reservoir. Th c 
flow rate was 15 ml/hr. Each fraction contained 12 ml of Ihe efflurnt. 
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Isolation of the enzyme extract from E. coli. Thirty gra,lzs of wet g. coli -- 
13 cells, harvested in the late log phase of growth, were ground with 60 g of 
alumina 305, and extracted with 100 ml of buffer consisting of 0.01 bl Tris-HCl 
(pII 7.5), 0.01 M iilgC12, 0.001 M EDTA, Cl.1 mM dithiothrcitol and 10 % glycerol. 
The extract was centrifuged at 13,000 x g for 30 min and the resulting suprr- 
natant was recentri fuged under th<, same condi tinns. Thr supernatant thus 
obtained (70 ml) was mixed with 12 ml of 1 M potassium phosphate buffer (p1-l 7.51, 
9 .S ml of 20 % destran T-500 and 30.2 ml of 30 % polyethyleneglycol 6000. The 
mixture was stirred for 7 hr at 3@C, and centrifuged at 8,000 s g for 10 Inin. 
The upper layer (90 ml) containing 504 mg of protein was used as the enzyme 
source. 

Assay of enzyme activity. The standard reaction mixture contained 50 
pmoles of Tris-HCl (pH X.4 - 8.7!, 10 pmoles of MgCl;!, 2.5 Imoles of ATP, 18 
mpmoles of S-adenosyl-L-[carboxyl- 14C]methionine 
pmole) or 12 mpmoles of S-adenosyl-r-[ 

(specific activity, 5.5 jLCi/ 
3-3H]methionine (specific activity, 2 .l 

mCi/~mole), 0.1 - 0.2 ml of enzyme extract and methyl-deficient tRNAPhe as 
specified in a final volume of 1 ml. The reaction mixture was incubated at 
37oc. Aliquots CO,@2 - 0.05 ml) were taken at interval, and applied to filter 
paper discs. The discs were washed successively with cold, 5 % trichloroacetic 
acid, ether-ethanol (l:l, v/v), and ethrr, as drscribcd previously (4). Radio- 
activity was measured in a liquid scintillation counter. 

Analysis of the l4C-labeled reaction prodllc t . @ne 1111 of the reaction 
mixture containing 2.1 A20O units of methyl-deficient tRNAPhc without ATP was 
incubated at 3YoC for 30 min. The reaction mixture was treated with 1 ml of 
$8 % phenol. The aqueous layer was extensively dialyzed against tlistillcd 
water, and then lyophilized. The residue was dissolved in 0.1 ml of 0.05 M 
potassium acetate buffer (~1-1 4.7) and an aliquot of the solution was [mixed 
with 2 A260 units of :J. coli tRNAPhc -- and i-omplrtely hydrolyzed with RNase T2. 
The hydrolyzate was subjected to thin-layer chromatography as described 
previously (5). 

Materials. S-Aclenosyl-L-[carl>oxyl- 14C]methioninr and S-adenosyl-&-[2- 
311]methionine were purchased=from the Radiochemical Centre, Amersham. 
c. coli tRNAPhe was prepared by successive DEAE-Sephadex A-50 column chromato- 
graphy at pH 4 .O and 7.5, and reverse phase partition column chromatography, 
following a procedure similar to that described previously (6). 

RESULTS 

Fig. 3 shows the incorporation of radioactivity from ‘4Z-carboxyl labeled 

S-adenosylmethionine into E_. coli tRNAs with increasing time of incubation. 

Incorporation of the radioactivity was greatest, when purified methyl-deficient 

t RNAPhe was used as acceptor. Unfractionated methyl-deficient tRNA was also 

effective for incorporation of 14C-carboxyl-labeled S-adenosylmethionine. 

Incorporation of radioactivity was proportional to the time of incubation 

for up to 20 min. Neither normal E. coli tRh!APhe nor unfractionated E . coli 

tRNA was utilized as acceptor. 
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Fig. 3. Incorporation of radioactivity from S-adenosyl-I.-[carbnxyl-14C]- 
methionine into tRNA. 0, methyl-deficient tRNAPhe (4.3=A2,,0 units in a 
final volume of 1 ml); S, unfractionatcd methyl-deficient tRNA (4.0 A;100 
units); A, normal unfractionated tRNA (5 .C! A2o~ units); 
tRNAPhe (1.0 A.260 unit); 0, minus tRNA. 

A, normal 

TABLE I. Effect of p1-I and requirement of magnesium ion on incorporation of 
radioactivity from l4 C - 
clef icient tRNAPhe . 

carboxyl-labeled S-adenosylmethionine into methyl- 

Conditions 
Incorporation of 14C-radioactivity 

into methyl-deficient tRNAPhe 
(pmoles/ml) 

pM 7.0 

pII 7.8 

PI-I s .4 

pH 5.7 

pH 8.4, minus Mg2+ 

Time of incubation was 20 min. 

14.9 

120 

145 

1X5 

0 

Table I shows results on the requirements of the reaction. Magnesium 

ion was necessary for the incorporation. The pll optimum of the reaction {ias 

found to he higher than X.4. Incorporation of radioactivity into methyl- 

deficient tRNAs was also observed when S-adenosyl-&-[2-311]methionine \Gas tisecl 

instead of S-adenosyl-&-[carboxyl-14C]methionine (Table II). This suggests 
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TABLE II . Incorporation of radioactivity from 3H-2-labeled S-adenosyl- 
methionine into methyl-deficient tRN4. 

Conditions 
Incorporation of 3H-radioactivity 

into acid insoluble fraction 
(pmoles/ml) 

None 18.7 

Unfractionated normal tRNA 51.7 

Normal tRNAPhe 34.1 

Unfractionated methyl-deficient tRNA 193 

Methyl-deficient tRNAPhe 574 

Amounts of tRNA added were the same as described in Fig. 1. The 
incubation was carried out for 30 min. 

that incorporation of radioactivity from S-adenosyl-&-[carboxyl-14C]methionine 

was due not only to transfer of the carboxyl group, but also to transfer of the 

3-amino-3-carboxypropyl moiety of S-adenosylmethionine. When the 14C-labeled 

product was treated with alkali (pH 10.5, overnight at 4’C), the incorporated 

radioactivity was still acid insoluble (results not shown), indicating that 

the methionine moiety was not attached to the CCA-terminal through an ester- 

linkage. 

To analyze the 14C-labeled product, the l4 C - labeled tRNA was completely 

hydrolyzed with RNase T2, and the digest was subjected to two-dimensional thin- 

layer chromatography. As shown in Fig. 4, the radioactive spot completely 

coincided with the position of the 3 ‘-phosphate of 3-(3-amino-3-carboxypropyl)- 

uridine, indicating that the product synthesized was in fact 3-(3-amino-3- 

carboxypropyl)uridine. 

DISCUSSION 

In the biosynthesis of spermidine and spermine in bacteria, yeast, rat 

prostate and rat regenerating liver, S-adenosyl-L-methionine is first de- = 
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Fig. 4. Autoradiogram of a thin-layer chromatogram of the RNase TX digest. 
(a) Autoradiogram of the chromatogram. (b) Composite tracing of (a) in 
relation to the locations of spots with UV absorption, 

carboxylated, and then this decarboxylated S-adenosyl-L-methionine serves as 

a propylamine donor i?10). Feldman et al - _* reported that the two reactions 

could not be separated from each other in rat liver, suggesting that one 

enzyme participates in both reactions (11). However, it is thought that the 

two reactions occur successively. On the contrary, in the synthesis of 3- 

(9amino-O-carboxypropyl)uridine at the tRNA level described here, S-adenosyl- 

methionine serves directly as the donor molectlle without prior decarboxylation. 

In this sense, synthesis of 3-(9amino-j-carboxypropyl)urid;ne is a novel 

transfer reaction involving S-adenosylmethionine. S-Adenosylmethionine is 

probably cleaved to form methylthioadenosine in the reaction resulting in 

formation of 3-(3-amino-3-carboxypropyljuridine. The methyl-deficient tRNAPhe 

used in this study lacked almost all the ribothymidine and Pmethylguanosine 

present in normal tRNAPhe, in addition to 3-(3-amino-3-carboxypropyl)uridlne. 

Nucleotide seqrence analysis of methyl-deficient tRNAPhe suggested that its 

extra-region contained G-U-C instead of m7G-X-C (K, Yamaizumi and S, Nishimura, 

unpublished results). We have no data yet as to the location of 14C-labeled 

3-(3-amino-3-carboxypropyl)uridine in methyl-deficient tRNAPhe synthesized 

vitro. in However, it is very likely that the enzyme retains the same strict 

specificity to modify the nucleotide residue in the tRNA. If so, the uridylate 

707 



Vol. 57, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Adenine-ribose-;-CHZCHZCH-COOH + Uridine ( in tRNA ) 
CHJ AH2 

•t Adenine-ribose-S-CH, 

ri b’ose 

Fig. 5. Proposed reaction scheme for the synthesis of 3-(3-amino-3-rarboxy- 
propyl)uridine. 

residue should be a precursor of 3-(i-amino-3-carboxypropyl)uridine. The 

proposed reaction scheme is shown in Fig. 5. The question arises of whether 

the syntheses of 3-(3-amino-3-iarboxypropyl)uridine and 7-methylguanosine 

adjacent to each other can proceed simultaneously or whether one of the two 

reactions must occur first. Although ATP was added in the standard reaction 

mixture, its omission had no effect on the synthesis of 3-(3-amino-3-carboxy- 

propyl)uridine if crude enzyme extract was used. However, ATP strongly 

stimulated the synthesis of 3-(.3-amino-3-carboxypropyl)uridine when enzyme 

preparation purified by DEAE-cellulose chromatography was used (N, Okada and 

S. Nishimura, unpublished results). We are now purifying the vnzyme to study 

these problems. 
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