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summary : The degree of modification of guanine to queuine in the four queu- 
ine-containing tRNAs (Q-tRNAs) has been studied from rats of various age 
groups, and bacterial cells in different growth phases by measuring the 
amount of G-tRNA present in these tRNA preparations by tRNA-guanine trans- 
ferase. In very young (one-week old) animals , only a small amount of GtoQ 
modification was observed. However, this modification was essentially ccm- 
plete in the tRNAs of nine-month old animals, thereafter, the amount of Q de- 
creased steadily. Studies of tRNAs fraa leukemic lymphocytes and bacterial 
cells indicated that the degree of G to Q modification was related to the 
metabolic state of the cell. The possible role of the Q-deficient isoaccep- 
tors in translation control is discussed. 

Transfer RNA populations have been suggested to reflect regulatory 

events, many of which are age-dependent. 
1 

Defective tRNAs, a result of 

changes in the tPNA population , could produce errors in translation, possibly 

leading to an "error catastrophe". 
‘ 

For example, under-modified tRNA may 

have a capacity of readthrough of nonsense codon resulting in formation of 

new proteins. If  tPNAs are incompletely modified , or if the modifications 

occur differently during the aging process, perhaps as a result of regulatory 

changes, the resulting undermodified tRN% can exhibit lower fidelities of 

amino-acid selection, 
3 

slower rates of amincncylation, 
4 

or less efficient 

*This research was supported in part by a Wichita State University Research 
Grant. 

The abbreviations used are: Q, queuosine, that is, 7-i [ (cis-4,5-dihydroxy- 
2-cyclopenten-l-yl)amino]methyl~-7-deazaguanosine; Q-tRNA, transfer RNA con- 
taining queuine in the "wobble" base position; G-tRNA, queuine characteris- 
tic transfer RNA containing guanine instead of queuine (absence of G to Q 
modification). 
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riboscme binding. 
5 

This work examines the degree of modification of G to Q 

in Q-tHNAs from various age groups and in other tENAs from different meta- 

bolic states. tBNATuanine transferase catalyzes an exchange of free G with 

the G (but, not Q) located in the first position of the anticodon of Q-tENAs 

in which this G has failed to modify into Q. 
6-8 

The degree of G to Q modi- 

fication in various tENAs was ccmpared by measuring the G-tENA with appropri- 

ate controls by tF?NA-guanine transferase. 

MATERIALS AND METHODS 

Transfer ENA was isolated from the pooled livers of six animals (Fischer 
white male rats, Charles River Breeding Lab., Wilmington, MA) of different 
age groups (0.25, 5, 9, 18 and 26 months), as described elsewhere.q The rats 
(strain No. DCF 344) maintained in a germ-free environment, were nourished 
ad libitum with autoclaved Purina rat chow. tBNA-guanine transferase enzyme 
was purified frcm Escherichia coli. 10 Bacterial tPNAs from different growth 
phases and tPNAs from leukemic lymphocytes were prepared as described else- 
where.11r12 Salmon DNA was purchased from Sigma Chem., St. Louis, MO. Mam- 
malian rRNAs and tENAs were prepared as described elsewhere.13 From unfrac- 
tionated liver and E. coli tPNAs, Q-tI?NAs were removed by chromatography on 
boronate co1unu-1~~~ followed by chromatography on affinity matrices containing 
Q-specific lectins.13r1' Absence of Q-tENAs in these preparations was fur- 
ther confirmed by their failure to aminoacylate with each amino acid specific 
to a Q-tBNA. [8-3HlGuanine of two different specific activities (5.5 and 8.0 
Ci/mmol) frcan Schwarz-Mann Hadiochem., Orangeburg, NY was used in this work. 

Assay of guanine exchange. A typical reaction mixture contained 70 mM 
tris-HCl, pH 7.5, 20 mM MgC12, 7.5 uCi (1.3 nmol) of [8-3Hlguanine, 0.3 A260 
unit of unfractionated tENA and 40 ~1 of the enzyme preparation (specific 
activity, 6,500 units per mg) in a total volume of 150 ~1. The mixture was 
incubated at 37O for 1 hour and then cooled in ice. The tBNA was precipi- 
tated on a glass fiber disc by adding three volumes of 10% trichloroacetic 
acid and the pellet was washed successively with 5% trichloroacetic acid, 
75% ethanol, and 100% ethanol to remove unreacted labelled quanine. Finally, 
the disc was dried and radioactivity assayed in a liquid scintillation 
counter.q 

RESULTS AND DISCUSSION 

Base Specificity of Guanine Exchange. 

To examine base specificity in the guanine exchange reaction, and to 

study the stability of the product, two yeast tHNA samples (0.6 A260 unit) 

were treated with labelled guanine and the transferase enzyme. One reaction 

mixture was precipitated and washed with trichloroacetic acid (see Methods), 

but the other was mixed with three volumes of ethanol. In each reaction, 

the precipitated tPNA was hydrolyzed enzymatically to nucleosides. 
16 

Label- 
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Figure 1. Separation of nucleosides obtained from the enzymatic hydrol- 
ysis of yeast tRNA after reaction with labelled guanine and tRNA-guanine 
transferase. The hydrolysis product was separated by anion-exclusion chraaa- 
tcgraphy (BioRad Aminex A-6, 26 x 0.64 cm column) using 20 mM (NHI+)~CO~ 
brought to pH 9.8 with NH OH and at SO'. (a) tRNA-PrOtein precipitate washed 
with ethanol, (b) tRNA-protein precipitate washed with trichloroacetic acid. 

The presence of labelled G was perhaps due to incanplete removal of the 
unreacted G during the washings with ethanol and trichloroacetic acid. Wash- 
ing of the tRNA-protein precipitate with trichlorwcetic acid was more effi- 
cient than with ethanol. In each case, a small amount of 3H20 was derived 
by simple exchange with [8-3Hlguanosine (or quanine). The canponent eluting 
immediately after cytidine could not be characterized. very little exchange 
of the tritium from [8-3H]guanosine into 3H20 was observed. Treatment of 
the tRNA-protein precipitate with trichloroacetic acid was more effective 
than ethanol in removing unreacted labelled G. 

led products of the tRNA hydrolysate were separated by anion-exclusion 

chrcmatography. 
11 

The results in Figure 1 indicate that the radioactivity was mainly pres- 

ent in guanosine and in no other nucleosides. The assay procedure used for 

this work involved immobilization of the tRNA on a filter disc followed by 

extensive washing with trichloroacetic acid, etc. (see Methods). This pro- 

cedure produced very little background radioactivity which was subtracted 

from each assay (see below). 
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TABLE I. NON Q-NUCLEIC ACIDS AS SUBSTRATE FOR THE ENZYME tP.NA-GUANINE 
TRANSFERASE 

NuCkiC Acid Source Guanine Incorporateda 

DNA Salmon 0.18 

rFCNA Bovine liver 0.15 

Rat liver 0.13 ?r 0.02 

G-tFNAb E. coli 0.15 i: 0.01 

Bovine liver 0.15 i 0.01 

Glycine tRNA3 
c E. coli 0.17 + 0.03 

None (water) 0.11 

>icomoles of guanine incorporated into one A260 unit of nucleic acid. 
Unfractionated tRNAs frcan which Q-tF2W.e have been removed by repeated 

caffinity chrcmatcgraphy. 
The anticodon structure of this particular tRNA is very similar to 
those of Q-tFzNAs, however it contains a G in place of Q in position 
34 (18). 

In the transferase reaction, anything inhibitory for this enzyme would 

also be interpreted as an indication of Q, therefore, reactions with non-Q- 

nucleic acids were performed to rule out the presence of any inhibitor in 

this reaction. In Table I, guanine incorporation into non Q-nucleic acids 

was about the same as that in a control reaction. Little or no reaction of 

guanine with tRNA3 G1y (E coli) further indicated the strict specificity of 

this enzyme. (No radioactivity was found in Q-tRNAs when free guanine was 

replaced by free adenine.) 

Deficiency of Queuine in tRNAs. 

The degree of Q deficiency in the Q-tRNAs of five age groups of rats 

was examined (Table II). These data show a rapid drop-off in the level of 

G incorporation per unit of tRNA, as the age of the rats increases. In par- 

ticular, there is a sharp drop off in the amount of G-tFWAs after one week 

and, after that, the level simply fluctuates around 3.5 + 0.2 pmol of G-tFWAs 

per 21.8 nmol of the "global" tRNAs. Thus, the major item of interest is the 

initial drop off in G incorporation. The G incorporation reaches a plateau 
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TABLE II. CHRNGES IN THE AMOUNT OF G-tRNAs WITH AGEa 

Age 
(months) Guanine Incorporatedb 

0.25 42.2 2 0.6 

5 4.1 ? 0.1 

9 1.8 + 0.3 

18 2.7 k 0.1 

26 5.6 

atPNAs from pools of male rat livers of various age 
groups were assayed for G incorporation by the 

bgnanine-tRNA transferase reaction. 
Picomole of quanine incorporated into one A260 unit 
of the unfractionated tPNA. Average mean of three 
independent assays. 

under our reaction conditions (Singhal, et al., unpublished results). 

Therefore, assuming that the enzyme remains fully active during incubation, 

this was the maximum amount of G that can be incorporated in these tRNAs 

(Table II). 

A large deficiency of Q in the tRNAs frczn one-week old animals can be 

regarded a priori as being caused by a reduced level of the G to Q modifying 

enzymes or by a high degree of turnover of the tF3JA.s during development, or 

both. To test this hypothesis, several bacterial tRNAs derived from active- 

ly dividing log phase cells were examined. A high degree of modification of 

G to Q was observed in the four bacteria examined (Table III). The cells 

growing in the stationary phase lacked Q more significantly than in the log 

phase. The high turnover of tRNAs in one-week old animals can be compared 

with similar turnovers in leukemic lymphocytes (cf. Tables II and III). 

The changes observed in tRNAs may , in several cases, represent incan- 

plete modification of G to Q in position 34 of the anticodon. Q-deficient 

isoacceptors (G-tRNAs) in a given system may serve the postulated role of 

tI?NA in translation control. 
19 There are indications that the relative 

amount of hexosylqueuosine is higher in ascites hepatomas than in normal rat 

liver. 
20 During the differentiation of Drosophila pupae, the level of Q 
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TABLE III. CHANGES IN THE AMOUNT OF G-tRNAs FROM DIFFERENT ORGANISMS 

Guanine Incorporateda 
tRNAs Cells harvested Cells harvested 

(source) in log phase in stationary 
phase 

Bacteria 

E. coli 

B. megaterium 

B. subtilis 

B. lichieniformis 

Non Bacteria 

0 .I3 3.6 

4.5 14.7 

3.4 -_ 

6.3 -- 

S. cerevisiae 45.6 

Leukemic lymphocytes 10.6 

a Picanoles of guanine incorporated into one A260 unit of the unfrac- 
tionated tRNA. The values are average of three independent reactions, 
and are in excess of the quanine exchanged with rRNA, used as the con- 
trol. 

fluctuates. 21 
Our results indicate that the level of Q in young, mature and 

old rats appears to change in an ordered manner. Thus, the synthesis of Q 

in tRNAs is perhaps related to the metabolic state of the cell. While this 

modification is very low (one Week old animals) or significantly absent in 

actively-dividing manmalian cells (leukemic lymphocytes), it is relatively 

complete in bacterial tRNAs harvested from the cells in exponentially grw- 

ing log phase. This difference could be the result of differences in G to 

Q modification Which may exist in these two types of organisms. 
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