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1. Introduction

Fluorescent dyes have been introduced into tRNA
by reaction with the purine bases [1, 2], by coup-
ling to the ribose moiety of the 3'-terminal adenosine
[3, 4], by replacing this nucleoside by formycine
[5], and by non-covalent association [6—10]. It
was not possible by any of the four methods to
attach a marker molecule with a high fluorescence
quantum Yield to a defined position without changes
in the native structure of the tRNA and/or loss of
biological activity. Such an attachment is highly
desirable both for structural studies and for the in-
vestigation of tRNA-protein interactions [10]. We
therefore developed a method to replace the Y base
of yeast tRNAPhe which itself possesses a weak
fluorescence, by the highly fluorescent compounds
proflavine (PF) or ethidium bromide (EB). Some
physical and biological properties of the modified
tRNAs are described. The method is suitable also
for the introduction of fluorescent bases into the
positions of 7-methylguanine or dihydrouracil. The
insertion of bases with other properties, e.g. metal
binding, seems feasible.

2. Materials and methods

tRNAPhe and tRNAPRe (HC1) [11] were pre-
pared from brewer’s yeast tRNA (Boehringer, Mann-
heim) and accepted around 1100 pmoles Phe/A
unit. PF (obtained as the sulphate from Fluka AG.,
Switzerland) was purified by repeated crystallizations
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of the free base from ethanol/water. EB (Serva Ent-
wicklungslabor, Heidelberg) was pure in paperelec-
trophoresis. During all operations dye and tRNA-
dye compounds were protected against light, Fluor-
escence was measured with a Hitachi MPF-2A fluor-
escence spectrophotometer.

Reaction with dyes:"13 Ay units tRNAPhe (HCD)
were incubated with 2.6 umoles PF (125-fold molar
excess) in 1.0 ml 0.1 M sodium acetate, pH 4.3, at
37°. Tris-sulphate, pH 7.5, was added to a concen-
tration of 0.1 M and the pH was adjusted. The mix-
ture was extracted four times with phenol which is
more efficient than ethanol precipitations to remove
free and non-covalently bound dye. The aqueous
layer was extracted with ether. In the case of EB,
11.5 Ao units tRNAPhe (HCI) were reacted with
7.7 umoles dye as above (400-fold molar excess).
The amount of the dye bound to tRNA was cal-
culated from absorption measurements. With €550 =
6.25X 10° M~! cm™") for tRNAFhe (HCI) and
the e-values of table 1 one obtains for tRNAPhe _
PF Aus7/Aze0 = 5.3 X 1072 and for tRNAPhe _ EB
As10/Ag0 = 6.3 X 1073, The absorption at 260 nm
of labeled tRNA was always corrected for dye ab-
sorption.

Reduction with NaBH, : 1020 A, units
tRNAPhe dye were incubated with 20 mg NaBH,
(or *H-NaBH,) in 1.0 m1 0.2 M Tris-HCl, pH 7.5,
0.005 M MgCl, for 15 min at 0°. After addition of
acetic acid to pH 4 the mixture was kept at 37° for
4 hr to split small amounts of unreduced tRNA-
dye compounds. The solution was then dialysed and
extracted with phenol and ether. The visible absorp-
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Fig. 1. Kinetics of the reaction of tRNAFR® (HC) with dyes.

(A) PF was incubated with 1 Ao unit of tRNAFR® (HCI)
per point (see Methods). Fluorescence was measured at 507
nm upon excitation at 463 nm. (B) EB was incubated with
5 A g0 units of tRNAFPDE (HCI) per point (see Methods).
Fluorescence was measured at 578 nm upon excitation at
300 nm. tRNAPP® bound only 5% dye compared to
tRNAFDE (Hep, (—e-) dye absorption at visible A, /
Asgo of tRNA (—o-) fluorescence intensity in arbitrary
units/A g0 of tRNA,

tion of both PF and EB disappeared upon addition
of NaBH,. It reappeared during the incubation at
acidic pH. If the reduction and reoxidation is done
with free PF the spectrum is restored; the nature
of the EB product(s) is not completely clear yet.

3. Results and discussion

3.1. Preparation and analysis of tRNAP"e.dye com-
pounds

When the Y base is excised from yeast tRNAFhe
under acidic conditions, tRNAFhe (HCI) is formed
which contains the ribose moiety of Y with a reac-
tive aldehyde group [11]. Treatment with high con-
centrations of amine leads to an attachment of the
amine and subsequent chain scission at the position
of the ribose [12, 13], while, as was found now,
treatment with amine at a hundredfold lower con-
centration results in a stable covalent attachment
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Fig. 2. Acid treatment of (A) tRNAPN€ _pF and tRNAFPhe.
PF-red and (B) tRNAFMC.EB and tRNA-EB-red. The labeled
tRNAs were incubated at 37° at pH 7.5 (5, a), pH 7 (o, ®),
and pH 4 (c, m). Full symbols, reduced; open symbols, not
reduced. Aliquots were adjusted to pH 7.5, if necessary, and
extracted with phenol and ether (see Methods). Ordinate

as in fig. 1. The fluorescence of tRNAFDE.PE red was mea-
sured at 500 nm (excitation at 465 nm), for tRNAPhe-EB-

red, at 585 nm (excitation at 305 nm).
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Fig. 3. Column chromatography of tRNATRePF. 70 Azeo

units of tRNAFhe (HCI) were reacted with PF for one hr

(see Methods). The mixture was chromatographed on a col-

umn of BD cellulose (1.5 X 30 cm) with a gradient of 400

ml each of 0.4 and 0.8 M NaCl in 0.01 M Tris-HC], pH 7.0,

0.005 M MgCl,. absorbance; - - - - fluorescence in-
tensity at S07 nm (excitation at 463 nm).

of the amine by N-glycoside or Schiff’s base forma-
tion. The conditions for the attachment of PF and
EB (see Methods) are similar to those used in re-
lated reactions [3, 4] . The time course of the reac-
tion is shown in fig. 1. With lower dye/tRNA ratios
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Fig. 4. Chromatography of a T1-RNase digest of tRNAPNC.PE.red. 15 A 54 units of IRNAPRE.PF.red were digested with 100

units of T1-RNase and chromatographed on a DEAE-cellulose column as in {14].

absorbance, fluorescence intensity

at 500 nm (excitation at 465 nm).

the reaction remained incomplete; in all cases dye
and tRNA coprecipitated during the reaction. The
tRNA-dye linkage is easily hydrolysed at pH 4.0
but is stable at pH 7.0 and 7.5. By reduction with
NaBH, a secondary amine is formed at the tRNA-
dye linkage which is stable also at the acidic pH
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tRNAPhe PF (= tRNAPhe.PF red) is increased com-
pared to the one of tRNAFPhe.PF while the fluor-
escence of tRNAPh€.EB-red is decreased. The re-
duction of the tRNA-dye linkage was complete
within 12— 15 min as measured by conversion to
acid stability. Analysis of a T1-RNase digest of a
31-NaBH, reduced tRNAPPC.PF revealed that only
about 5% of the dihydrouridine was reduced under
these conditions.

On a preparative scale tRNAPRe.PF (and tRNAFhe.
EB) can be easily separated from about 20% of un-
reacted tRNAFe (HC) (fig. 3). With tRNAPhe.PF.
red the separation was not always complete. The
oligonucleotide analysis of tRNAPR¢.PF-red (
clearly shows that PF was inserted only in the former
position of the Y base. The finding of about 70%
fluorescent and 30% non-fluorescent dodecanucleo-
tide agrees with the extent of labeling of this parti-
cular tRNAFhe_PF.red preparation as determined by
measuring the A,qs/Ase0 ratio. Analogous oligo-
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tRNAPhe.PF and tRNAPPe.EB. C-atom 1 of the
ribose of tRNAPhe (HCI), which formerly was attach-
ed to the Y base, can be removed by HIO, oxida-
tion [13]. The resulting tetrose also reacts with PF
under the described conditions. tRNAFPIe.PF with

a tetrose instead of ribose seems to be an interesting

comnonnd for atrmictnral ctndias on tha anticoadan
\/VIAIPUUII\J FVI dLiUuLvLULdl DtUULILDY Ul ULV alluUuvUuvLL

loop.

It was shown in a number of experiments that
after excision of 7-methylguanine [14] from the
CCA-half of tRNAPRe and of dihydrouracil [15]
from tRNAPP® and tRNASET the expected amounts
of PF were incorporated.

3.2. Spectral properties

The spectral data of the covalently linked dyes
(table 1) closely resemble those of the strong nucleic
acid-dye complexes reported by several authors
{6, 8, review 16]. The red shift may result from
an interaction of the dye with the neighboring ade-
nines. The additional red shift on reduction indicates
a further improved overlap of the ring systems arising
from decreased rigidity of the dye-ribose linkage. It
cannot be excluded, however, that parts of the red
shifts are due to the reactions at one of the amino
groups of the PF, although the visible A, of alka-
line hydrolysates of tRNA-PF-red is very close to

the one of free PF

uiv Uliv Ut 1ivv 1x .,
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Table 1

Spectral properties of tRNAPhe-dye compounds.
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Absorption € at visible Emission Relative

(visible Amax (A ax NM) fluorescence

Amax DM ™! Cm-l) intensity
PF 443 (443) 41 x 10 507 (507) =10
tRNAPhe_pF 457 (453) 33%x 10° 507 (507) 1.3
tRNAFE.pF.red 473 (466) 33x 10° 500 (500) 2.3
tRNAPRe (HI10,)-PF 463
Dodeca-PF 457 507 5.1
Dodeca-PF-red 463 (463) 500 (500) 3.9
EB 480 56 % 10° 586 < 0.1
tRNAPhe.E 510 3.9 x 103 578 6.8
tRNAPhe_EB-red 530 3.9 x 10° 585 = 1.0

The spectra were measured in 0.01 M Tris-sulphate, pH 7.5; values in brackets after addition of 10 mM Mg2+. The e-values
of PF and EB were taken from ref. [8] and [6], those of the bound dyes were assumed to be the same as for the strong tRNA

complexes of PF [8] and EB [6]. Fluorescence data are uncorrected. PF emission was excited near the visible A

max (cf- legend

to fig. 1 and 2), EB emission at the main band around 300 nm. Fluorescence intensities are given relative to those of free PF
and to tRNAFRC.EB.-red, respectively. tRNAT® (H10,)-PF was prepared by treatment of tRNAT® (HCI) with HIO,, analine,

and PF (see text).

Table 2
Biochemical assays.

Aminoacylation Ribosome bind-

(pmoles Phe/A 560 ing (% bound of

unit) input 14C_Phe-

synthe-  synthe- tRNA)

tase from tase from

yeast E. coli con-

K12 poly U trol

tRNAFhe 1100 980 88 4
RNAPRe (HC) 1050 < 20 24 3
tRNAFhe_pp 1025 210 53 4
tRNAPRCPFred 880 < 20 57 7

Homologous aminoacylation was performed as in [11] with
about 100 uunits [10] per assay of a 200-fold purified pre-
paration of yeast Phe-tRNA synthetase (kindly donated by
R. Hirsch); the heterologous one was as in [ 18} in the pres-
ence of 1.0 M (NH,4),S80, and over a period of 35 min.

The ribosomes from E. coli K12 (E. Merck, Darmstadt) were
washed 5 times with the buffer of [19] except that in the
fourth cycle the buffer contained 0.5 M NH,4CL *C-Phe-
tRNA was isolated on a Sephadex G-25-column (5 A9
unitsin 0.5 ml, 1 X 50 ¢cm). The poly U directed binding
was carried out as in [11], but the incubation was 45 min at
25°. The controls contained poly A instead of poly U.

The covalent tRNA-dye linkage forces the dye
into a steric arrangement in the single stranded, pro-
bably stacked [17] chain of the anticodon loop
which is similar to the arrangement in the interca-
lation model of Blake and Peacocke [16]. The
similarities between the spectral properties of our
compounds and those of the strong complexes
support the model.

3.3. Activity in biochemical assay systems
tRNAPRe.PF and tRNAPhe.PF-red could be nearly
fully charged by yeast phenylalanyl-tRNA synthe-
tase (table 2). Also tRNAPhe.EB was well chargeable
under these conditions. The rates of charging of
tRNAFPhe.PF and tRNAFhe_PF-red were similar to
those of tRNAPhe (HCI). The finding that the E. coli
synthetase charged tRNAPhe.PF to about 20% while
it did not at all charge tRNAFhe.PF.red (table 2) is
in keeping with the notion that heterologous charg-
ing is a rather sensitive tool for the detection of
small structural differences in tRNAs [18]. The
plateau at 20% suggests the presence of a chargeable
and a non-chargeable conformation of tRNAPhe_PF,
perhaps rotational isomers around the PF-ribose
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linkage. The shoulder in the tRNAFHe.PF peak of
fig. 3, which in some experiments was even more
pronounced, is also explained best by the presence
of at least two conformations. The efficiencies of
both tRNAPRe.PF and tRNAPhe.PF.red in the ribo-
some binding assay were intermediate between

those of tRNAPRe and tRNAPhe (HCI) (table 2). The
binding of tRNAPhe (HCI) which was not observed
previously [11] (but see [20]) is probably due to
the different ribosome preparation.

3.4. Concluding remarks

The covalent insertion of fluorescent dyes into
the positions of various odd bases will allow inter-
esting studies on the conformation of tRNAs, parti-
cularly if two different dyes are attached to the
same tRNA molecule.

It seems justified to conclude from the physical
and biological properties of the tRNAPhe.dye com-
pounds that their conformation is rather similar to
the one of tRNAPhe, This makes the compounds
very suitable for the investigation of interactions
between tRNA and aminoacyl tRNA synthetase or
other components of the protein synthesizing
machinery.
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