
Distribution of RNA Transcripts from Structural and 

Intervening Sequences of the Ovalbumin Gene 

Abstract. A study was made of the finction of the intervening sequences in the 
ovalbumin gene. Radioactively labeled DNA probes for the intervening sequences 
were prepared and RNA's were isolated from whole cells, nuclei, and polysomes of 
estrogen-stimulated chick oviducts. The concentrations of messenger RNA (mRNA) 
transcripts from ovalbumiin structural sequences (mRNA,,) and transcripts corre- 
sponding to intervening sequences were then estimated by hybridization to cloned 
DNA probes. Oviduct tissue contains approximately 58,000 molecules of mRNA,,. 
sequences per tubular gland cell and most of these sequences are present in the 
cytoplasm. In contrast, there are 200 to 300 molecules of RNA per cell which are 
transcribed from the intervening sequences of the natural ovalbumin gene and al- 
most all of these are found in the nucleus. The difference in distribution of structural 
and intervening sequence transcripts suggests that, unlike mature mRNA, the inter- 
vening sequences are not preferentially transported to cytoplasmic polysomes. 

Regulation of ovalbumin gene ex- 
pression in the chick oviduct is mediated 
by steroid hormones (1-5). By means of 
restriction endonuclease mapping and 
DNA sequencing it has been shown that 
the structural sequences of the natural 
ovalbumin gene and other eukaryote 
genes are interrupted by regions of non- 
structural intervening sequences (6-10). 
The ovalbumin gene is divided into eight 
segments by seven intervening se- 
quences (10). In an attempt to under- 
stand the functional importance of these 
intervening sequences and the process- 
ing of their messenger RNA (mRNA) 
transcripts, we have studied the relative 
accumulation in nucleus and cytoplasm 
of RNA corresponding to both the struc- 
tural and intervening sequences within 
the ovalbumin gene. 

The natural ovalbumin gene can be di- 
gested by restriction endonuclease 
Eco Rl into three major restriction frag- 
ments of 2.4, 1.8, and 9.5 kilobase pairs. 
These three fragments are arranged in 
sequence such that the 2.4-kb fragment 
codes for a 5'-portion and the 9.5-frag- 
ment codes for the 3'-end of mature oval- 
bumin mRNA (mRNAov). All of these 
pieces were cloned recently in our labo- 
ratory in plasmid pBR322 (10, 11). These 
fragments can be recovered in pure form 
(free of nonovalbumin gene sequences) 
from the clones, named pOV2.4 and 
pOV1.8, by Eco R1 digestion followed 
by gel electrophoresis (12). Since the 
third fragment, pOV9.5, contains mainly 
3'-end flanking sequences and only a 
small part of the intervening sequences, 
it was not used in this study. After the 
purified fragments had been nicked with 
deoxyribonuclease, they were labeled 
with [:3H]dCTP (deoxycytidine triphos- 
phate) and ['H]TTP (thymidine triphos- 
phate) by DNA polymerase I (nick trans- 
lation) to specific activities of 6 x 107 and 
4 x 107 counts per minute per micro- 
gram, respectively (12). These labeled 

fragments were then used as probes for 
intervening sequences without further 
purification since only 7 percent of the 
2.4-kb fragment and 5 percent of the 1.8- 
kb fragment were protected from S1 nu- 
clease digestion by hybridization with 
excess mRNA,v. A pure single-stranded 
structural gene probe for mRNA,v se- 
quences was prepared from com- 
plementary DNA (cDNA) clone pOV230 
(13), which contains all of the structural 
sequences except 12 nucleotides at the 
5'-end of the mRNAov. This probe lacked 
anticoding strand DNA sequences and 
host plasmid sequences. It was gener- 
ated as described by Roop et al. (12). 

These probes were then used to mea- 
sure the concentration of RNA tran- 
scripts corresponding to structural and 
intervening sequences in total cellular 
RNA, nuclear RNA, and polysomal 
RNA of chick oviduct (14). The hybrid- 
ization data obtained in these experi- 
ments are shown in Fig. 1. Complete 
(100 percent) hybridization was obtained 
for the structural gene probe and 45 per- 
cent or more was observed for the OV2.4 
and OV1.8 probes. Since both strands of 
the ovalbumin gene were present in the 
OV2.4 and OV1.8 probes, the results are 
consistent with the view that only one of 
the DNA strands is transcribed into 
RNA in vivo. The low level of hybridiza- 
tion (around 10 percent) observed at low 
C,t values (where C,t is moles of nucle- 
otide per liter times seconds) when the 
OV1.8 and OV2.4 probes were used can 
be attributed to hybridization of the 
small amount of structural sequences in 
these DNA probes to mRNAv,, se- 
quences (Fig. 1). Except at low Cot val- 
ues, single component hybridization 
curves were observed when the OV2.4 
and OV1.8 probes were used. This result 
suggests that the transcripts of various 
intervening sequences within the 2.4 and 
1.8 fragments exist at roughly equal con- 
centration. 
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We have used the data in Fig. 1 to cal- 
culate the concentration of RNA tran- 
scripts representing structural and inter- 
vening sequences in different cellular 
compartments (Table 1). Oviduct tissue 
prepared from chicks stimulated with 
diethylstilbestrol (DES) contained ap-- 
proximately 58,000 molecules of 
mRNAo, sequences per tubular gland 
cell, which is similar to previously pub- 
lished values (2-4), and the majority of 
these sequences were found in the cyto- 
plasm bound to polysomes. On the aver- 
age, there were only 200 to 300 mole- 
cules of RNA per cell transcribed from 
the intervening sequences of the 2.4- and 
1.8-kb fragment. In contrast, almost all 
of these transcripts were found in the nu- 
cleus. 

Since the concentration of mRNAov 
sequences in the cytoplasm was ex- 
tremely high (40,000 to 50,000 molecules 
per tubular gland cell), it was important 
to demonstrate that the mRNAo.v se- 
quences measured in nuclei were not due 
to cytoplasmic contamination. Although 
it is difficult to completely rule out this 
possibility, we think that the contribution 
of cytoplasmic sequences to those mea- 
sured in nuclei was minimal for the fol- 
lowing reasons. First, the same amounts 
of mRNA,v were detected in RNA isolat- 
ed from nuclei not treated with detergent 
as compared to nuclei that were repeat- 
edly washed with 0.5 percent Triton X- 
100. Second, during secondary hormone 
stimulation of hormone-withdrawn chick 
oviduct, the kinetics of accumulation of 
rnRNAov in the nucleus and whole cell 
are dramatically different (12). After 48 
hours of secondary stimulation, the con- 
centration of mRNA,,, per tubular gland 
cell nucleus reaches a plateau at 2500 to 
3000 molecules, whereas that in the total 
cell continues to increase from 13,000 
molecules at 48 hours of secondary stim- 
ulation to 40,000 to 50,000 at steady-state 
conditions. Third, the ovalbumin mRNA 
sequences observed in the nuclei are 
somewhat larger in size than those isolat- 
ed from the cytoplasm when they are 
compared by analysis of denaturing aga- 
rose gels. This observation is consistent 
with the notion that nuclear mRNA,,v se- 
quences may contain a longer poly- 
adenylate segment. Finally, and most 
important, the concentration of ovalbu- 
min mRNA and ovomucoid mRNA 
(mRNAom) sequences in isolated nuclei 
is very similar [2500 molecules of 
mRNA,,,, 2000 molecules of mRNAoM, 
(15)], whereas that observed in poly- 
somal RNA or total cellular RNA is quite 
different (43,000 as opposed to 7000 in 
polysomal RNA and 60,000 as opposed 
to 9000 in total cellular RNA). If the nu- 
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clear RNA were heavily contaminated 
by cytoplasmic RNA, we would expect 
the relative concentration of these two 
mRNA's to be similar in the nuclei and 
cytoplasm. Taken together, these obser- 
vations suggest that the mRNAov se- 
quences observed in nuclear RNA are 
not due to contamination by mRNA,v in 
cytoplasm. 

In previous experiments (12), hybrid- 
ization of the 2.4- and 1.8-kb probes to 
nuclear RNA, fractionated by agarose 
gel electrophoresis under denaturing 
conditions, revealed that most of the in- 
tervening sequences, if not all, are hy- 
bridized together with structural gene se- 
quences to discrete RNA bands that are 
larger than the mature mRNA,,v (12). In 
addition, the apparent rate of RNA syn- 
thesis in vitro from structural and inter- 
vening sequences in isolated nuclei is 
very similar (12). These results suggest 
that structural sequences and inter- 
vening sequences are transcribed as one 
unit. Recently, Tilghman et al. (16) also 
demonstrated that 15SS globin mRNA 
precursor contains both structural and 
intervening sequences. This indicates 
that all of the globin gene sequences, 
structural and intervening, are trans- 
cribed as one unit. Therefore, the dif- 
ference in cellular abundance of the tran- 
scripts from structural and intervening 
sequences appears to result not from dif- 
fering synthetic rates but from dif- 
ferential rates of degradation. That there 
is a substantial difference in the ratio of 
mRNA,v to intervening sequence RNA 
in the nucleus (tenfold) and cytoplasm 
(2000-fold) suggests that either the inter- 
vening sequences are rapidly processed 
(degraded) as soon as they reach the 

cytoplasm or, more likely, that they are 
degraded in the nucleus. Our detection 
of multiple bands of putative ovalbumin 
mRNA precursor or processing inter- 
mediates in the nucleus seems to favor 
the latter possibility. The small amount 
of intervening sequence RNA detected 
in polysomes may, in fact, be due to con- 
tamination of the polysome preparation 
by nuclear leakage. 

There is a maximum of 20 copies of 
RNA transcripts from intervening se- 
quences associated with polysomes even 
if we assume that no contamination from 
nuclear leakage occurred. This value is 
substantially lower than the abundant 

number of cytoplasmic mRNA sequences 
derived from other hormone-dependent 
structural gene sequences, such as oval- 
bumin, ovomucoid, conalbumin, and 
lysozyme (15, 17, 18) and suggests that 
RNA transcripts from intervening se- 
quences within the ovalbumin gene do 
not function as components of mRNA 
for these other hormone-dependent 
genes. Furthermore, the ovalbumin gene 
intervening sequences cannot be detected 
in other tissues such as liver and spleen 
(less than 0.1 copy per cell, data not 
shown). Thus, it appears unlikely that 
the ovalbumin intervening sequences ev- 
er serve as templates for synthesis of any 

Table 1. Ovalbumin (OV) RNA in various RNA preparations. 

Fraction N Number 
Sequence of OV Ratio of of mole- 

of OV gene C,t 1/2 Rue RNA to cules per 
transcripts sequence DNAt tubular 

RNA* gland cellt RNA* 

Total RNA 
mRNAov 5.4 x 10'- 5.6 x 10-3 3.5 58,000 
RNA 2.4 1.4 x 102 2.1 x 10-5 3.5 228 
RNA 1.8 1.4 x 102 1.8 x 10-5 3.5 233 

Nuclear RNA 
mRNA,,v 9.2 x 10-1 3.3 x 10-3 0.25 2,500 
RNA2.4 1.0 x 10' 3.0 x 10-4 0.25 233 
RNA 1.8 1.0 x 101 2.7 x 10-4 0.25 250 

Polysomal RNA 
mRNA,, 5.5 x 10-1 5.5 x 10-3 2.9 47,000 
RNA2.4 1.3 x 103 2.3 x 10-6 2.9 20 
RNA 1.8 1.3 x 103 2.0 x 10-6 2.9 21 

*Estimated by comparing the Co t,/2 of individual RNA with C t,/2 of back hybridization between mRNA and 
its DNA probe. The Cot,12 of back hybridization for mRNAov is 3 x 10-3. The Cot1,2 for back hybridization of 
intervening sequences in RNA 1.8 and RNA 2.4 to their probes are calculated to be 2.65 x 10-3 and 2.98 x 
10-3, respectively, after their size has been taken into account (12). The C t,/2 values were obtained from the 
second phase of the hybridization curve. Therefore, the value represents only the hybridization of intervening 
sequences. tThe RNA/DNA ratio in oviduct cells was obtained as previously described (4). tCalcu- 
lated as described (12) after it was taken into account that only 80 percent of the oviduct cells are tubular 
gland cells and the mRNAov sequences are 1930 nucleotides in size. Intervening sequences in OV1.8 are 1500 
nucleotides and intervening sequences in OV2.4 are 1900 nucleotides. 

Fig. 1. Hybridization of I00 - -.50 
mRNA's to various 
DNA probes. Nuclei 0 
were isolated from ovi- 
ducts of chicks that re- 80 40 
ceived 20 mg of diethyl- / /0 o 
stilbestrol pellet injec- 
tion weekly for 2 weeks c 60 / / 30 
as described (12). Poly- / / 
somes were isolated 
from chick oviducts ac- 40 40* 2/ 
cording to the proce-/ / 
dure of Palacios et al. // A A 0 (14). RNA's were then/ ' 2 , 
isolated from whole c / 
oviduct tissue, nuclei, / i- 
or polysomes according e 
to the procedure of 0 - -- 0 
Roop et al. (12). Isolat- l0 10 0 10 102 103 10 
ed RNA's were then 
hybridized to nick- 0 t 
translated probes of OV2.4, OV1.8, and structural gene sequences as described (12). The SI resistant hybrids were then estimated and plotted 
against the Co rvalue. The RNA's used were total oviduct cellular RNA-0, 0, 0; nuclear RNA-A, A, A; and polysomal RNA-Z, U, D. The 
probes used were mRNA probe isolated from pOV230 DNA-0, A, 0; OV2.4 probes-0, A, *; and OV1.8 probes-0, A, 0. For hybridization 
to structural probe (0.016 jig) the amounts of RNA used were 0.45 jug for nuclear RNA, 0.4 to 2 ,iLg for total cellular RNA, and 1 jug for polysomal 
RNA. For hybridization to OV 1.8 (0.015 ng) and OV2.4 (0.01 ng) probes, the amounts of RNA used were 25 iug for nuclear RNA, 400 ,g for total 
cellular RNA, and 400 ,ug for polysomal RNA. 
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other mRNA sequences in these tissues. Chloroxvmorphamine. an Opioid Receptor Site-Directed other mRNA sequences in these tissues. Chloroxvmorphamine. an Opioid Receptor Site-Directed 
In conclusion, we have used pure mo- 

lecular hybridization probes for ovalbu- 
min mRNA and intervening sequence 
RNA to measure their concentration in 
the nucleus and cytoplasm of the hor- 
mone-stimulated oviduct cell. We found 

that, unlike mRNA transcripts of the 
structural sequences of the avian ovalbu- 
min gene, nuclear intervening sequence 
RNA was preferentially turned over and 
not transported efficiently to the poly- 
somes. 
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Alkylating Agent Having Narcotic Agonist Activity 

Abstract. Chloroxymorphamine, the 6/3-N,N-bis(2-chloroethyl) derivative of oxy- 
morphone, is a potent nonequilibrium narcotic agonist in the longitudinal muscle 
preparation of guinea pig ileum. The corresponding naltrexone analog, chlornal- 
trexamine, is a potent nonequilibrium antagonist of morphine. These receptor site- 
directed alkylating agents possess considerable potential as pharmacologic and bio- 
chemical probes of opioid receptors. 
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The development of highly selective 
opioid receptor site-directed alkylating 
agents that act both in vivo and in vitro 
should contribute significantly to the ar- 
mamentarium of compounds that are em- 
ployed as investigational tools. We re- 
ported (I) on an alkylating analog of nal- 
trexone, chlornaltrexamine (CNA) (Fig. 
1), which affords long-lasting narcotic 
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Fig. 1. The structures of oxymorphone, chlor- 
oxymorphamine (COA), naltrexone, and 
chlornaltrexamine (CNA). 

Fig. 1. The structures of oxymorphone, chlor- 
oxymorphamine (COA), naltrexone, and 
chlornaltrexamine (CNA). 

antagonism in mice and exhibits avid ste- 
reospecific binding in vitro. We now re- 
port on a second compound, chloroxy- 
morphamine (COA) (Fig. 1), whose in- 
teraction with opioid receptors leads to 
sustained agonism. We also report on ex- 
periments that further demonstrate the 
nonequilibrium nature and specificity of 
CNA. 

Since CNA is a potent antagonist, we 
postulated that an identical modification 
of oxymorphone (Fig. 1) (2), a potent an- 
algesic, might afford an affinity labeling 
agent, COA, with agonist properties. 
The synthesis of COA, which is similar 
to that for CNA (1), involves NaCNBH3, 
reduction of oxymorphone in the pres- 
ence of diethanolamine, followed by 
treatment of the bis(hydroxyethyl)ami- 
no intermediate with CC14-Ph3P. After 
washing with hot ethyl acetate, the crude 
COA was purified on a dry silica-gel col- 
umn and eluted with ether-methanol-am- 
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Fig. 2. The effect 80 

of chloroxymorph- 
amine on the coaxi- 
ally stimulated longi- S 60 
tudinal muscle of = 

guinea pig ileum. 
The muscle was pre- X 

pared by the meth- Q 40- * 

od of Rang (4). A 
strip of longitudi- 
nal muscle was re- 20 - 
moved with myen- 
teric plexus intact 
from a segment of.... 
the guinea pig ile- 
um. A 1- to 2-cm 
portion of this mus- Pretreatment None COA COA NAL None MS MS None 
cle was suspended conc. (10-8M) 3 3 125 {j5 { 5 . . l 
between two plat- Treatment COA NAL Wash COA MS NAL Wash CAB 
inum electrodes in conec. (10-8M) 1.5 3 6 12 1 125 lOx 3 5 125 1OI 10 

a 10-ml bath con- 
taining Krebs-Ringer bicarbonate solution with 1.25 ,uM chlorpheniramine maleate. The 
organ bath was bubbled with a mixture of 95 percent 02 and 5 percent CO2 while being 
maintained at 36? to 37?C. Contractions in the muscle strip were initiated by supramaximal 
rectangular pulses (80 V, 0.5-msec duration, 0.1 Hz) and recorded by an isometric transducer 
connected to one end of the tissue. After equilibration the ileal muscles were exposed to either 
chlorambucil (CAB), morphine sulfate (MS), or chloroxymorphamine (COA) for 15 minutes or 
naloxone (NAL) for 5 minutes. Open bars represent percentage of inhibition of muscle twitch 
after exposure to these drugs. A computer program was used to analyze the results (8). Diago- 
nally hatched bars represent percentage of inhibition remaining after subsequent treatment with 
naloxone. Vertically hatched bars represent percentage of inhibition remaining after the treated 
preparations were washed ten times with Krebs-Ringer bicarbonate solution. The solid bar 
represents percentage of inhibition observed 15 minutes after COA treatment of muscle strips 
that had been treated with naloxone. Each value given is the mean + standard error of three to 
seven experiments; *, significantly different (P < .05) from similarly treated morphine control; 
**, significantly different (P < .05) from nonpretreated control. 
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