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Differential Effects of 3’-Deoxy Nucleosides on RNA 
Synthesis in Cotton Cotyledons+ 

Barry Harris and L. S. Dure III* 

ABSTRACT: SDS and formamide polyacrylamide gel elec- 
trophoresis of RNA synthesized by germinating cotton cot- 
yledons shows that the syntheses of the putative products of 
RNA polymerase I and 111 are inhibited by 3’dCyd and 
3‘dAdo in vivo. The synthesis of mRNA, considered the 

I n  the course of investigating the processing of the puta- 
tive stored mRNA in germinating cotton cotyledons (results 
to be published elsewhere), we have had occasion to test the 
effects of 3’dAdo’ and 3’dCyd on the synthesis of different 
classes of. RNA in this plant tissue. It has been reported 
previously (Siev et af. ,  1969; Penman et af . ,  1970; Abelson 
and Penman, 972) that in HeLa cells both these inhibitors, 
probably by way of their triphosphorylated derivatives, 
truncate nucleolar rRNA synthesis. Yet neither affect the 
synthesis of heterogeneous nuclear RNA (HnRNA), al- 
though 3’dAdo prevents the appearance of mRNA in the 
cytoplasm, presumably through an inhibition of the poly(A) 
addition phase of mRNA processing. We report here the ef- 
fects of these inhibitors on rRNA, 5s RNA, tRNA, and 
mRNA-poly(A) synthesis in a higher plant tissue, which, in 
view of the results obtained with HeLa cells, suggest that 
the difference in response of the cotton RNA polymerases 
to the 3’d nucleotide triphosphates in vivo may be a general 
characteristic of these enzymes. 

The effect of the inhibitors on the synthesis of the several 
classes of RNA was determined by measuring the in vivo 
incorporation of radioactive precursors into RNA which 
had been fractionated by salt precipitation and chromatog- 
raphy on poly(U)-Sepharose and separated by gel electro- 
phoresis. 
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Funds from the National Science Foundation, the U. S. Atomic Ener- 
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I Abbreviations used are: SDS, sodium dcdecyl sulfate; 3’dAdo, 3’- 
deoxyadenosine; 3’dCyd, 3’-deoxycytidine; HnRNA, heterogeneous 
nuclear RNA. 

product of RNA polymerase 11, is not inhibited by 3’dCyd. 
No mRNA-poly(A) is formed in the tissue treated with 
3’dAdo, but its effect on mRNA synthesis distinct from its 
effect on polyadenylation of pre-mRNA is not measurable 
in these experiments. 

Materials and Methods 
Sepharose 4B was obtained from Pharmacia Fine Chemi- 

cals; poly(U), from Miles Laboratories; pancreatic and TI 
RNases were obtained from Worthington and Calbiochem, 
respectively. 3’dAdo was obtained from Sigma Chemical 
Co. and 3’dCyd was the kind gift of Dr. John C. Babcock of 
the Upjohn Company. 

Germination and Radioactive Labeling of Cotton Coty- 
ledons. Cotton embryos were removed from their seed 
coats, and placed in solutions of gramacidin D (0.5 mg/ml, 
used to prevent bacterial growth) with and without 3’dCyd 
or 3’dAdo (5 mM). These solutions were then shaken 30 
min; the embryos were removed and placed in petri dishes 
between filter paper wetted with the gramicidin D solution 
with and without 3’dCyd or 3’dAdo. After 8 hr of germina- 
tion at  25O, the embryos were transferred to identical milieu 
but containing 32P04 (100 pCi/ml) and [2-3H]adenosine 
(100 pCi/ml) and incubated an additional 12 hr. At this 
point the embryos were removed and washed well with 
water, the axes were removed from cotyledons and discard- 
ed, and the cotyledons were homogenized. 

Purification and Fractionation of RNA. Cotyledons 
were homogenized in an ice-cold solution of 0.1 M Tris-HC1 . 
(pH 7.8), 0.1 M NaCl, 0.001 M EDTA, and 0.5% SDS (2 
ml/cotyledon pair) in a mator driven Dual1 homogenizer. 
The homogenate was diluted 1:l with a 1:1 mixture of phe- 
nol and chloroform and shaklen for 30 min at  4’. The phases 
were separated by centrifugation, and the phenol-chloro- 
form layer along with the interface material was extracted 
with one-half volume of a solution containing 0.1 M Tris- 
HCl (pH 9), 0.001 M EDTA, and 0.5% SDS by shaking 30 
min at  room temperature. The phases were again separated, 
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F I G [ ~ K E  1: Radioactivity profiles (32P) of SDS polyacrylamide gels 
using 2.5% polyacrylamide. Electrophoresis carried out as described by 
Loening ( I  967). Top panels show profiles of RNA precipitated by 2 M 
NaCl from the control preparation (left) and the 3'dCyd and 3'dAdo 
treated preparations (right). Bottom panels are of RNA boluble in 2 M 
NaCl from the control preparation (left) and the 3'dCyd and 3'dAdo 
treated preparations (right). Profiles have been normalized to show ra- 
dioactitity extracted from 0.2 cotyledon pair. 

the aqueous phase was combined with the initial aqueous 
phase, and total nucleic acid was precipitated from this so- 
lution with 2.5 volumes of' ethanol kept at -20'. l-he pre- 
cipitate was dissolved in  a solution of 0.01 M Tris-HCl (pH 
7.6), 0.001 M EDTA, and 0.005 M NaCI, reprecipitated 
with ethanol, and redissolved in the above solution which 
was then made 2 M in NaCI. High molecular weight RNA 
was allowed to precipitate from this solution overnight at 4' 
after which it was collected by centrifugation and dissolved 
in 0.036 hi Tris-PO4 (pH 7.6), 0.001 M EDTA, and 0.2% 
SDS. After an aliquot was removed for SDS polyacrylam- 
ide electrophoresis, the RNA was reprecipitated with etha- 
nol and dissolved in 0.01 M Tris-HCI (pH 7.4), 0.4 M NaCI, 
0.01 M EDTA, and 0.2% SDS for chromatography on 
poly( U j-Sepharose. 

The DNA and RNA remaining soluble in the 2 M NaCl 
solution were precipitated with ethanol and dissolved in the 
SDS polyacrylamide electrophoresis buffer. 

Poly (U)Sepharose Chromatography. Poly( U)-Sephar- 
ose was prepared by the method of Wagner et al. (1971) 
and the column (0.9 X 5 cm) formed in a solution of 0.01 M 
Tris-HCI (pH 7.4), 0.1 hi NaCI, 0.01 M EDTA, and 0.2% 
SDS. The 2 M NaCl precipitated RNA in 2 ml was loaded 
on to the column in the above solution that was 0.4 M in 
NaCl at  1 ml/min and 15 min allowed for the formation of 
poly(U):poly(A) double- and triple-stranded complexes. 
RNA not retained by the column was eluted in 25 ml at 
room temperature with the 0.4 M NaCl buffer solution, and 
the column was washed next with 15 ml of the same buffer 
solution containing no NaCI. A small amount of RNA 
elutes in this fraction. To elute the RNA containing appre- 
ciable poly(A), the temperature of the column was raised to 

50' and the column was washed with 15 ml of buffer solu- 
tion lacking NaCI. Elution was monitored at 253 nm with 
an ISCO flow-through monitor. Carrier amounts of yeast 
RNA were added to each of these three fractions, the RNA 
was precipitated with ethanol, and the precipitates were dis- 
solved in 0.5 ml of 0.02 M phosphate buffer (pH 7) .  Ali- 
quots of these fractions were electrophoresed on 99% form- 
amide gels. 

Since very small quantities of RNA were handled in 
some of the fractions, all glassware was treated with a 2% 
solution of dichlorodimethylsilane in benzene and auto- 
claved before use. 

SDS and Formaniide Polyacrylamide Electrophoresis. 
Aqueous gel electrophoresis in 0.2% SDS utilizing 2.5 and 
1 O?? polyacrylamide gels was performed as described by 
Loening ( 1  967); 99% formamide gels were prepared as de- 
scribed by Duesberg and Vogt (1973) and electrophoresis 
was carried out as prescribed by Haines et ai. ( I  974). The 
gels were sliced into 1-mm sections to determine the distri- 
bution of radioactivity. 

Preparation of Poly ( A  ) und Nucleotide Analysis. Ali- 
quots of the RNA retained on poly(U)-Sepharose (low salt 
eluate and 50' eluate) were digested with pancreatic and T I  
RNase as described by Adesnik and Darnell (1972). Nu- 
clease resistant polynucleotides were ethanol precipitated 
with the aid of carrier yeast nucleate RNA, and the purity 
of the poly(A) chains was determined by the electrophoretic 
separation of nucleotides produced by alkaline hydrolysis. 
The average chain length of the poly(Aj was determined by 
measuring the adenosine:AMP ratio by electrophoresis and 
from its migration on 10% SDS polyacrylamide gels. The 
niolar base ratio was also determined after alkaline hydrol- 
ysis for all the eluate fractions from the poly( U)-Sepharose 
column and for the enzyme digested mRNA from the 50' 
eluate. 

Scintillation Counting. Aqueous samples ( I  mi) were 
dissolved in 10 ml of a cocktail comprised of toluene and 
Triton XI00 (2 : l )  containing the fluor. Gel slices were dis- 
solved in 0.5 rnl of 30% hydrogen peroxide, kept tightly 
capped overnight at 70°, and counted with the above cock- 
tail. Nonaqueous samples (paper strips, Millipore filters) 
were counted in a 10W0 toluene solution containing the 
fluor. The efficiency of counting jH in these systems was 
measured and corrections were made for quenching. 

Throughout the fractionation of RNA 32P and )H were 
monitored with considerable bookkeeping of radioactivity 
maintained to ensure that no RNA was lost to nucleases or 
by adherence to glass, etc. If  considerable care was taken, 
no RNA appeared to be degraded and all the radioactivity 
of the initial total nucleic acid fraction could be accounted 
for throughout the subsequent fractionations. 

Results 
Figure I (top) shows the profile of 32P radioactivity ob- 

tained when an aliquot of the 2 M NaCl precipitated RNA 
from control and inhibitor-treated cotyledons is electropho- 
resed in the SDS system. Essentially identical quantities of 
RNA and DNA are obtained (about 7.5 A260 units/cotyle- 
don pair) from each set of cotyledons regardless of treat- 
ment. The radioactivity found in  the control sample is pre- 
dominately in the 25 and 18s rRNA species. Very little ra- 
dioactivity is associated with the RNA from the 3'dCyd 
cotyledons and essentially none in that from the 3'dAdo 
treated sample. Table I gives the percentages of control ra- 
dioactivity fourid in this and other fractions from inhibitor- 
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TABLE I :  RNA Synthesis in Inhibitor-Treated Cotyledons 
(Per Cent of Control). 

3’dCyd 3’dAdo 

a 2P aH a2P aH 

Total RNA 15 16 4 3 
25, 18s RNA‘ 9 7 4 3 
5s RNA 0 0 0 0 
tRNAb 22 18 5 6 
mRNA-poly(A)‘ 100 100 f f  
mRNAd 100 100 f f ’  
PolY(A)e 100 100 9 a 
‘ Determined from the “not retained” fraction from 

poly(U)-Sepharose chromatography. Values may include 
radioactivity from CCA turnover. Determined from the 
“50 O eluate” fraction from poly(U)-Sepharose chroma- 
tography. Determined from radioactivity from “50” eluate” 
fraction rendered soluble in  7 0 z  ethanol after digestion with 
TI and pancreatic RNases. e Determined from radioactivity 
from “50’ eluate” fraction precipitated by 70 z ethanol after 
digestion with TI and pancreatic RNases. Precipitate shown 
to be 98-99 A by electrophoresis of alkaline digest. ’ mRNA 
synthesis cannot be determined in these experiments, since its 
separation from other RNA depends on retention on poly(U)- 
Sepharose. 

treated cotyledons. When the nucleic acid from the control 
and treated preparations not precipitated by 2 M NaCl is 
precipitated with ethanol and dissolved in buffer, and ali- 
quots (equivalent to the same amount of starting material) 
are electrophoresed in the SDS system, 32P radioactivity 
profiles shown in Figure 1 (bottom) are obtained. In the 
control preparation a small amount of rRNA is found and 
the 4s and 5s RNAs are present. These profiles of inhibi- 
tor-treated preparations indicate that a small amount of ra- 
dioactivity is present in the 4s and 5s region of the gel of 
the 3’dCyd-treated material and almost none in the gel of 
the 3’dAdo-treated material. Some radioactivity in oligonu- 
cleotides of very short chain lengths is observed in both of 
the gels. This radioactivity may represent oligonucleotide 
fragments the further synthesis of which has been aborted 
by the putative 3’CTP and 3’ATP derivatives of the inhibi- 
tors. 

From these gels it is apparent that the synthesis of the 
two large rRNA species is prevented by the two 3’d nu- 
cleosides a t  5 mM concentration in this tissue, which syn- 
thesis is generally attributable to RNA polymerase I (Roe- 
der and Rutter, 1970). To examine further the effect of the 
inhibitors on tRNA and 5s rRNA synthesis, aliquots of the 
2 M NaCl soluble fraction were electrophoresed on 10% 
gels in the SDS system (Figure 2). The radioactivity pro- 
files presented in  this figure are of 3H which is shown to dis- 
tinguish RNA from 32P containing material that does not 
contain 3H. We have determined that the 3H label is entire- 
ly in adenylic acid by determining the molar base ratios of 
nucleotides in all RNA fractions. Our exclusive use of [2- 
3 H ] a d e n ~ ~ i n e  precludes the appearance of [3H]GMP in 
RNA although there is an extensive conversion of adenosine 
to G M P  in this tissue during the time course of the experi- 
ment (shown with [14C]adenosine). In Figure 2 the 5s and 
4s (tRNA) molecules are resolved as shown by the radioac- 

n 

Migration --A 

FIGURE 2: Radioactivity profiles (3H) of 2 M NaCl soluble RNA 
from SDS polyacrylamide gels using 10% polyacrylamide. Top panel 
gives profile obtained with the control preparation and the bottom 
panel those obtained with the 3’dCyd and 3’dAdo treated preparations. 
3’dCyd is open histogram; 3’dAdo is solid histogram. Profiles have 
been normalized to show radioactivity extracted from 0.4 cotyledon 
pair. 

tivity profile obtained from the control preparation (top 
panel). The relative amounts of 5s to 4s radioactivity are 
dha t  would be expected were there about 14 tRNA mole- 
cules per ribosome in this tissue, a value we have previously 
reported (Merrick and Dure, 1972), and suggest that these 
RNAs have been labeled to the same specific activity. The 
radioactivity profiles obtained from the inhibitor treated 
preparations show no radioactivity associated in either case 
with the 5s rRNA. A small amount of radioactivity is asso- 
ciated with tRNA, more in the 3’dCyd-treated preparation 
than in the 3’dAdo, and again some evidence of 3H-con- 
taining oligonucleotide fragments is seen. Whether this 
small amount of radioactivity in tRNA represents C-C-A 
turnover exclusively is not known. The existence of 3H la- 
beled oligonucleotide fragments in the 3’dAdo preparation 
is trivial compared with that discernible with 32P (Figure 1, 
bottom), which would be anticipated. Thus both 5s and 
tRNA synthesis, which have recently been reported to be 
the products of RNA polymerase 111 (Weinmann and Roe- 
der, 1974), are seen to be sensitive to derivatives of the two 
3’d nucleosides. 

To test the effects of the inhibitors on mRNA synthesis, 
the 2 M NaCl precipitated preparations were passed over 
poly(U)-Sepharose columns. In our hands this procedure 
yields three fractions of RNA; the first of which passes 
through the column when applied in 0.4 M NaCI, the sec- 
ond elutes when the column is washed with the buffer solu- 
tion without NaCI, and the third eluting with the same 
buffer solution when the elution temperature is raised to 
50’. No RNA is retained by the column after this high 
temperature fraction is eluted. [Actually, the RNA eluted 
in this last fraction can be subfractionated by temperature 
into increments that elute from 30 to 50’. The average 
poly(A) chain length contained in the RNA eluting at the 
different temperatures is linearly related to elution temper- 
ature (B. Harris and L. s. Dure, unpublished data).] 

When the RNA of these three elution fractions is ethanol 
precipitated and redissolved aliquots run on polyacrylamide 
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FIGURE 3: Radioactivity profiles (32P) of 99% formamide polyacryl- 
amide gels. Electrophoresis carried out as described by Duesberg and 
Vogt (1973). Top panels are profiles of RNA not retained on poly(U)- 
Sepharose columns, the middle panels are profiles of RNA eluted when 
the column is washed with the buffer solution not containing NaCI, 
and the bottom panels are profiles of RNA eluted from the column in 
the buffer solution without NaCl at 50’. In each case the RNA from 
the control preparation is on the left and that from the 3’dCyd and 
3’dAdo treated on the right. The profiles have been normalized to show 
radioactivity extracted from 0.3 cotyledon pair, but the ordinate has 
been expanded 25-fold in  the middle and bottom panels, since the ra- 
dioactivity in  these fractions is very low compared to the fraction not 
retained on the column. 

gels in the 99% formamide system [to minimize hydrophilic 
aggregation of R N A  molecules (Duesberg and Vogt, 
1973)], the radioactivity profiles shown in Figure 3 are ob- 
tained. As anticipated, t h e  fraction that is not retained is 
predominately rRNA (top panels). Notice in the profile 
from the control preparation (top left panel) the separation 
of the largest rRNA species from the 18s  RNA species is 
not as great as is found with SDS gels, nor is the amount of 
the largest rRNA species quite 1.8 times that of the 18s  
species (the anticipated relationship based on molecular 
weights). This is due to the release of the 5.8s fragment, 
which is found in the gel profile, from the 25s  rRNA 
species in formamide. As was seen previously the two 3‘d 
nucleosides have essentially stopped this synthesis in this 
tissue (top right panel). The radioactivity profile of the 
RNA fraction from the control preparation that elutes with 
buffer solution alone (middle left panel) suggests that this 
R N A  fraction contains heterogeneous RNA and perhaps 
precursor rRNA species, judging from their range of appar- 
ent s values. Very little poly(A) is obtained from this RNA 
fraction when it is digested with TI  and pancreatic RNase, 
and it has an average chain length of between 15 and 20 
A M P  residues. This fraction contains about 1.5% of the 

total radioactivity (32P) of the 2 M NaCl precipitated RNA 
of the control preparation, thus the ordinate of this and the 
bottom panels of this figure have been expanded 25-fold rel- 
ative to the top panel. The nature of the forces causing the 
retention at  high salt of this R N A  fraction, whether hydro- 
gen bonding or hydrophobic forces, is not known. Whatever 
the nature of the RNA in this fraction, its synthesis is only 
partially prevented by 3’dCyd (middle, right panel). It is 
tempting to speculate, in view of the effect of 3’dCyd on the 
appearance of mature rRNA, that the profile obtained with 
the 3’dCyd-treated preparation in comparison with the con- 
trol profile results from the uninhibited synthesis of 
HnRNA but the absence of rRNA precursor synthesis. 
3’dAdo seems to have allowed the synthesis of much less 
material in this fraction. Formamide electrophoresis of the 
RNA from the 50’ poly(U)-Sepharose eluate yields the ra- 
dioactivity profiles shown in Figure 3, bottom panel. The 
apparent molecular weight of this R N A  in formamide is 
rather large having a mean of about 20S, although it is 
much smaller than is seen when electrophoresed in the SDS 
system (data not shown). This RNA, which contains about 
4% of the total radioactivity in the RNA of the control 
preparation, contains poly(A) chains on the 3’OH ends of 
the molecules that average 100-120 nucleotides in length 
(B. Harris and L. S. Dure, unpublished data) and is consid- 
ered the functioning mRNA of the tissue. The synthesis of 
this RNA is not inhibited by 3’dCyd as shown in Figure 1 
(bottom right panel). Essentially no radioactive RNA is ob- 
tained in this fraction from the 3’dAdo-treated preparation. 
However, this may not indicate an inhibition of mRNA 
synthesis, but simply its nonretention on the column due to 
the lack of poly(A) chains, the addition of which to pre- 
mRNA has been inhibited by the putative 3’dATP. 

The amount of radioactivity (both 3H and 32P) in the 
poly(A) portion of the mRNA-poly(A) of this fraction 
from control and 3’dCyd-treated material is about twice 
that expected from a knowledge of the poly(A) chain 
length, of the percentage of A M P  in mRNA and in 
mRNA-poly(A), and the assumption of an average chain 
length of mRNA of about 1000-1500 nucleotides. This is 
due to the fact that some of the poly(A) chains are attached 
to preexisting mRNA (the stored mRNA) during the first 
day of germination. Hence there are molecules of mRNA- 
poly(A) that have radioactive poly(A) but unlabeled 
mRNA (B. Harris and L. S. Dure, unpublished data). 

Discussion 
From these data it would seem that in vivo RNA synthe- 

sis by RNA polymerase I and perhaps I l l  is sensitive to de- 
rivatives of 3’dCyd and 3‘dAdo. That these derivatives are 
3’dCTP and 3’dATP seems likely in view of the findings of 
Horowitz et ai. (1974) that RNA synthesis by RNA poly- 
merase I ,  11, and poly(A) polymerase from yeast is termi- 
nated by 3’dATP in a competitive manner in cell-free as- 
says. However, the cotton RNA polymerase I 1  appears to 
discriminate against 3’dCTP since mRNA-poly(A) synthe- 
sis continues in the 3’dCyd-treated material. Conceivably 
RNA polymerase I 1  discriminates against 3‘dATP also, 
since an inhibition of poly(A) addition to pre-mRNA by 
3’dATP would preclude the retention on the poly(U)-Se- 
pharose column of mRNA synthesized in the 3’dAdo-treat- 
ed cotyledons. The observation in HeLa cells that neither 
3’dCyd nor 3’dAdo prevents the synthesis of HnRNA (Siev 
et ai., 1969; Abelson and Penman, 1972) supports this no- 
tion. 
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However, failure of 3‘d nucleosides to bring about an in- 
hibition of mRNA synthesis in vivo is at  odds with the re- 
ports that in cell-free systems both RNA polymerases I and 
I1 from calf thymus are equally sensitive to 3’dATP (Blatti 
et al., 1970) and that R N A  polymerase I1 from yeast is 
even more sensitive to 3’dATP inhibition than RNA poly- 
merase I (Horowitz et al., 1974). Possibly RNA polymer- 
ase I1 has different catalytic specificities in vivo and in 
vitro, or perhaps it draws from a distinct nucleotide tri- 
phosphate pool which is not readily accessible to nucleotide 
triphosphate produced from nucleosides. 

Very high levels (substrate levels) of 3’dCyd and 3’dAdo 
are necessary to inhibit RNA polymerase I and perhaps I11 
in this tissue. This high concentration of 3’dAdo is that re- 
quired to prevent the appearance during germination of car- 
boxypeptidase C activity (Walbot et al., 1974), which we 
believe to be an activity resulting from the putative stored 
mRNA of cotton cotyledons (Ihle and Dure, 
I969,1970,1972a,b). This is consistent with the notion that 
these inhibitors act competitively through their 3’d triphos- 
phates. That is, 3’dATP and 3’dCTP must compete with en- 
dogenous levels of ATP and CTP. The endogenous concen- 
tration of ATP in this tissue at  this developmental stage is 
about M. Thus the high inhibitor concentration re- 
quired may not be unreasonable. 

References 
Abelson, H. T., and Penman, S. (1972), Biochim. Biophys. 

Adesnik, M., and Darnell, J. E. (1972), J .  Mol. Biol. 67, 
Acta 277, 129. 

397. 

Blatti, S. P., Ingles, C. J., Lindall, T. J., Morris, P. W., 
Weaver, R. F., Wienberg, F., and Rutter, W. J. (1970), 
Cold Springs Harbor Symp. Quant. Biol. 35, 649, 

Duesberg, P. H., and Vogt, P. K. (1973), J .  Virol. 12, 594. 
Haines, M. E. Carey, N. H., and Palmiter, R. D. (1974), 

Horowitz, B., Goldfinger, B., and Marmer, J. (1974), Fed. 

Ihle, J. N., and Dure, L. S . ,  111 (1969), Biochem. Biophys. 

Ihle, J. N., and Dure, L. S., 111 (1970), Biochem. Biophys. 

Ihle, J .  N., and Dure, L. S . ,  I11 (1972a), J.  Biol. Chem. 

Ible, J .  N., and Dure, L. S., I11 (1972b) J .  Biol. Chem. 247, 

Loening, U. E. (1967), Biochem. J.  102, 25 1. 
Merrick, W. C., and Dure, L. S., I11 (1972), J .  Biol. Chem. 

Penman, S . ,  Rosbash, M., and Penman, M. (1970), Proc. 

Roeder, R. G.,  and Rutter, W. J.  (1970), Proc. Nut. Acad. 

Siev, M., Weinberg, R., and Penman, S. (1969), J .  Cell. 

Wagner, A. F., Bugianesi, R. L., and Shen, T. Y .  (1971), 

Walbot, V., Capdevila, A., and Dure, L. S., 111 (1974), Bio- 

Weinmann, R., and Roeder, R. G .  (1974), Proc. Nut. Acad. 

Eur. J .  Biochem. 43, 549. 

Proc., Fed. Amer. SOC. Exp. Biol. 33, 14 18. 

Res. Commun. 36, 705. 

Res. Commun. 38, 995. 

247, 5034. 

5048. 

247, 7988. 

Nat. Acad. Sci. U, S.  67, 1878. 

Sci. U. S. 65, 65. 

Biol. 41, 520. 

Biochem. Biophys. Res. Commun. 45, 184. 

chem. Biophys. Res. Commun., 60, 103. 

Sci. U. S. 71. 1790. 

In Vitro Iodination of DNA. Maximizing Iodination While 
Minimizing Degradation; Use of Buoyant Density Shifts for 
DNA-DNA Hybrid Isolationt 

Jerry M. Orosz and James G. Wetmur* 

ABSTRACT: Conditions have been determined for the two 
stages of the TIC13 catalyzed in vitro iodination reaction of 
denatured DNA which maximize iodination while minimiz- 
ing degradation. Of the cytosine in DNA 50% may be con- 
verted to 5-iodocytosine with a melting temperature depres- 
sion of less than 3O. Chromatography of enzymatic digests 
of heavily iodinated DNA shows that 5-iodocytosine is the 

only stable, identifiable DNA base modification. Absorb- 
ance at  310 nm, buoyant densities of native and denatured 
DNA in CsCl and Cs2S04, melting temperatures, and re- 
naturation rates are reported as a function of the degree of 
iodination. Iodinated XcI 85737 DNA is used with Esche- 
richia coli K12 (A) DNA to demonstrate DNA-DNA hy- 
brid isolation in a buoyant density gradient. 

c ommerford (1 971) introduced an in vitro iodination 
method for nucleic acids involving the use of TIC13 and KI. 
His system is capable of producing a high conversion of cy- 
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tosine to 5-iodocytosine in denatured DNA and RNA. Fur- 
thermore, use of 1251- in the same system leads to DNA or 
RNA which may be used as a radioactive probe. The docu- 
mented uses of his method are varied, but have usually 
dealt with radioisotope labeling. Prensky et al. (1973), 
Scherberg and Refetoff (1973), and Getz et al. (1972) have 
explored the use of 1251 labeled RNA in DNA-RNA hy- 
bridization experiments’ Schmidt et (1973) have ex- 
plored the use of iodination as a Structural probe in tRNAs. 
Robertson et al. (1973) have used the technique for finger- 

B I O C H E M I S T R Y ,  V O L .  1 3 ,  N O .  2 7 ,  1 9 7 4  5467 


