
mixed with the fluffy part of the sedi- 
ment, although the initial dispersion of 
chromatin occurred. These observations 
suggest that the decondensation of 
sperm nuclei involves a rapid dispersion 
of chromatin by soluble cytoplasmic 
components, but formation of a nuclear 
envelope and swelling of the nuclei re- 
quires the presence of cytoplasmic vesi- 
cles. 

Thus cell-free preparations of amphib- 
ian egg cytoplasm induce nuclear enve- 
lope formation, nuclear decondensation, 
initiation of DNA synthesis, and chro- 
mosome condensation in lysolecithin- 
treated sperm. These changes in nuclear 
morphology and activity, observed in 
vitro may represent the behavior of the 
sperm nucleus during fertilization and 
the mitotic cycle in the early amphibian 
embryo. Therefore, the biochemical ba- 
sis for the cytoplasmic control of nuclear 
behavior may be examined with this cell- 
free system. 

MANFRED J. LOHKA 
YOSHIO MASUI 

Department of Zoology, 
University of Toronto, 
Ontario, Canada, M5S IAI 

References and Notes 

1. F. J .  Longo, Biol. Reprod. 9, 149 (1973); F. J .  
Longo and M. Kunkle, Curr. Top. Dev. Biol. 12, 
149 (1978). 

2. S. Subtelny and C. J .  Bradt, J .  Morphol. 112, 45 
11 963). 

3. C.  ~ ' ~ r a h a m ,  J .  Cell Sci. 1, 363 (1966); C. J .  
Graham, K. Arms, J .  Gurdon, Dev. Biol. 14, 349 
(1966); M. N. Skoblina, Ontogenez 5, 334 
(1974); C. Katagir~ and M,. Moriya, Dev. Biol. 
50. 235 119761. .., -.. 

4. J .  M. ~a;;y and R. W. Merriam, Exp. Cell Res. 
71, 90 (1972). 

5. R. M. Benbow and C. C.  Ford. Proc. Natl. 
Acad Scr U S A 72, 2437 (1975) 

6 M Kunkle, B E Magun, F J Longo, J Exp 
Zoo1 203. 381 (1978) 

7. Testes were dissected from sexually mature X. 
luevis males 1 hour after injection of 100 1.U. of 
human chorionic gonadotropin (hCG), washed, 
and incubated overnight at 18'C in Ringer solu- 
tion containing antibiotics and hCG (10 1.U.lml). 
Sperm, released by gently squeezing the testes, 
were centrifuged, treated for 5 minutes at 22'C 
with nuclear isolation medium (NIM) [D. H .  
Ziegler and Y. Masui, Dev. Biol. 35, 283 (1973)l 
containing 0.05 percent lysolecithin and soybean 
trypsin inhibitor (1 pglml), and washed once in 
NIM and 3 percent bovine serum albumin (BSA) 
and three times with NIM and 0.4 percent BSA. 
For some experiments lysolecithin-treated 
sperm were stored at -80°C in 30 percent (by 
volume) glycerol in NIM. Lysolecithin-treated 
sperm were washed thoroughly with buffer (see 
below) before use. 

8. Rana pipiens eggs from which the jelly was 
removed enzymatically were placed in Ringer 
solution and activated by electric shock (80 V 
for 200 msec), incubated in 10 percent Ringer 
solution at 19" i. 1°C for I hour and washed in 
an ice-cold buffer consisting of 250 mM sucrose, 
200 mM t<CI, 1.5 mM MgC12, 2.0 mM P-mercap- 
toethanol, and 10 mM tris-HCI at pH 7.5. Eggs 
were transferred to 5-ml centrifuge tubes con- 
taining buffer on ice and crushed by centrifuga- 
tion at 9000g for 15 minutes. The band of heavier 
supernatant above the packed pigment and yolk 
was transferred to a 0.6-ml centrifuge tube and 
centrifuged at 9 0 0 0 ~  for 15 or 30 minutes to 
remo\ c mojr of the plgment. L),colearh~n-treat- 
ed sperm were 1ncubarr.d at 18'C In 200 ol'th15 
supernatant to give a concentration of 5 ' x  lo4 to 
I x lo5 sperm per milliliter. 

9. The cytoplasmic preparation (100 p1) was mixed 
with 100 p1 of 33 percent buffer containing 
['HIdTTP (44 Cilmmole; Amersham) at a con- 

centration of 80 $ilml. In some experiments, 
aphidicolin [from a stock solution dissolved at 5 
mglml in dimethyl sulfoxide (DMSO)] was add- 
ed to the 33 percent buffer to obtaln a concentra- 
tion of 10 pglml. Addition of DMSO alone had 
no effect on incorporation. Squash preparations 
were washed with cold 5 percent trichloroacetic 
acid. coated with Kodak NTB2 emulsion. and 
exposed for 17 days at 4°C. 

10. S. Ikegami, T. Taguchi, M. Ohashi, M. Oguro, 
H. Nagano, Y. Mano, Nature (London) 275,458 
1 197RI , . , , - , . 

11. M. J.  Lohka and Y.  Masui, unpublished results. 
12. T. Hultin, Exoerientia 17. 410 (1961); E .  B. 

Wagenaar a n d b .  Mazia, in ICN-UCLA Sympo- 
sium on Molecular and Cellular Biologv: Cell 
Reproduction, E.  R.   irks en and D. G s c o t t ,  
Eds. (Academic, New York, 1978), pp. 539-545. 

13. Portions of the incubation mixture were fixed 
overnight on ice in 2 percent glutaraldehyde in 
0.05M phosphate buffer at p H  7.4, washed three 

times with the same buffer, postfixed in 1 per- 
cent osmium tetroxide for 2 hours at room 
temperature, dehydrated through a graded se- 
ries of ethanol concentrations to propylene ox- 
ide, and embedded in Epon 812. 

14. M. J .  Lohka and Y. Masui, in preparation. 
15. Portions of the incubation mixture were fixed in 

a mixture of ethanol and acetic acid (3: 1) and 
stained by the Feulgen procedure. Squash prep- 
arations [D. H .  Ziegler, P .  G. Meyerhof, Y. 
Masui, J .  Ster. Biochem. 11, 715 (197911 were 
stained with 2 percent Giemsa. 

16. We thank J.  Rossant for the gift of aphidicolin; 
R. Valladiego for sectioning material for elec- 
tron microscopy; and H. Clarke, M. Miller, and 
E. Shibuya for encouragement and helpful dis- 
cussions. Supported by a grant from the Natural 
Science and Engineering Research Council of 
Canada (to Y.M.). 

16 November 1982 

Ectopic Pro-Opiolipomelanocortin: Sequence of cDNA Coding 
for P-Melanocyte-Stimulating Hormone and P-Endorphin 

Abstract. A recombinant bacterial plasmid, pMS1,  was constructed that contains 
318 nucleotides complementary to a portion of pro-opiolipomelanocortin 
(proOLMC) messenger RNA from an ectopic adrenocorticotropin-producing tumor. 
The cloned complementary DNA insert, which contains the sequence that codes for 
all of the P-melanocyte-stimulating hormone and P-endorphin portions of 
proOLMC, as well as the 3 '  nontranslated section, is identical to the genomic 
sequence. Hybridization of tumorproOLMC complementary DNA to RNA subjected 
to electrophoresis and transferred to a nitrocellulose Jilter revealed two proOLMC 
messenger RNA species in the tumor polyadenylated RNA, but only one in pituitary 
polyadenylated RNA.  At least one of the tumor proOLMC messenger RNA's is 
similar, if not identical, to human pituitary proOLMC messenger RNA.  

The syndrome later to be associated 
with nonpituitary, or "ectopic," secre- 
tion of adrenocorticotropin (ACTH) was 
reported by Brown in 1928 (1) and was 
the first of the ectopic humoral syn- 
dromes to be described. The ectopic 
ACTH syndrome was also the first to be 
satisfactorily explained, with the discov- 
ery of ACTH-like biologic activity in the 
plasma and tumor tissue of patients with 
this disorder (2-5). Since that time, ec- 
topic production of a variety of peptide 
hormones has been reported [see (6) for 
review]. 

Extensive studies of ectopically pro- 
duced hormones indicate that they are 
similar if not identical to  the correspond- 
ing eutopic hormones, but the amino 
acid sequence of an ectopic hormone has 
yet to be determined and compared with 
that of the eutopic molecule. The nearest 
approximation was based on amino acid 
composition and suggested that an 
ACTH-like peptide lacking the COOH- 
terminal and NH2-terminal amino acids 
was the major product of a thymic tumor 
(7). Ectopic ACTH-producing tumors 
also produce peptides similar to  P-lipo- 
tropin (P-LPH), y-LPH, P-endorphin (P- 
End), and y-melanocy te-stimulating hor- 
mone (y-MSH) (8-lo), suggesting that 
they arise from a common precursor, 
pro-opiolipomelanocortin (proOLMC), 

as they do in the pituitary gland (11, 12). 
RNA from an ACTH-producing tumor 
was shown to direct the synthesis, in a 
cell-free translation system, of a large 
immunoreactive ACTH protein with a 
size similar to  that of the pituitary 
proOLMC precursor protein (13). Hy- 
bridization of bovine pituitary proOLMC 
complementary DNA (cDNA) to tumor 
RNA revealed two species of messenger 
RNA (mRNA): a predominant species 
that appeared to be similar in size to the 
single species of human pituitary 
proOLMC mRNA detected, and a minor 
species of higher molecular weight (13). 

The RNA used in our experiments was 
isolated from a malignant ACTH-pro- 
ducing carcinoid tumor removed from 
the pancreas but thought to be a metasta- 
sis from a preexisting thymic carcinoid 
tumor causing Cushing's syildrome in a 
64-year-old man. The tumor was thinly 
sliced shortly after removal, frozen im- 
mediately, and stored at  -56°C until 
extraction. RNA was extracted by the 
sodium dodecyl sulfate-phenol proce- 
dure (14), and polyadenylated [poly(A)] 
RNA was isolated by oligodeoxythymi- 
dylate-cellulose chromatography (15); 
273 kg of poly(A) RNA was prepared 
from 10.8 g of tumor tissue. From 100 kg 
of tumor poly(A) RNA, 595 ng of S1 
nuclease-treated double-stranded cDNA 
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was prepared by the procedure of Nor- 
gard et al. (16) and inserted into the Pst I 
site of plasmid pBR322 by the G-C (G,  
guahine; C, cytosine) tailing method. 
The recombinant plasmids were used to 
transform Escherichia coli strain RR- 1. 
One colony of 474 transformants hybrid- 
ized (17) with a 144-base pair (bp) cDNA 
probe that is comdlementary to the p- 
MSH and p-End sequences of AtT201 
D16v mouse pituitary tumor cell line 
proOLMC mRNA (18). The probe was 
prepared by separating Hind III-cleaved 
fragments of plasmid pBRmel5O that had 
been labeled at the 5' end with adenosine 
[y-32P]triphosphate and polynucleotide 
kinase (19), on a 5 percent acrylamide 
gel. A plasmid, pMS1, that contained a 
424-bp insert was isolated from the colo- 
ny. The insert was sequenced with frag- 

ments generated by digests with Alu I, 
Hinc 11, Hae 111, Pvu I, or Sal I, 5'-end 
labeling, and the method of Maxam and 
Gilbert (19). The 424-bp cDNA insert 
contained a 156-bp segment coding for 
all of p-MSH and p-End regions of 
proOLMC, a 162-bp segment corre- 
sponding to the 3'-nontranslated section, 
a poly(A) region of 72 nucleotides, and 5' 
and 3' ends consisting of poly(G) and 
poly(C) tails of 18 and 16 nucleotides, 
respectively (Fig. 1). Both strands were 
completely sequenced, and the sequence 
at all labeling sites was read through on 
another fragment. 

The predicted amino acid sequence of 
the translated portion is the same as the 
corresponding pituitary peptide se- 
quence (20,21), and the entire nucleotide 
sequence is identical to previously pub- 

lished sequences for human genomic 
proOLMC from placenta (22) and fetal 
liver (23, 24). Therefore, this report, 
which presents the nucleotide sequence 
of an mRNA that directs the synthesis of 
an ectopic hormone, demonstrates that a 
major portion of ectopic proOLMC is 
identical to the eutopic molecule. 

A cDNA clone derived from human 
proOLMC mRNA has not been reported 
previously. The sequence of pMSl indi- 
cates that the site of poly(A) attachment 
is 162 bases from the 3' end of the 
translated portion. Compared to bovine 
proOLMC cDNA, with which there is 
moderate homology in this region, the 
attachment site is lacking the two termi- 
nal nucleotides (25). This differeht at- 
tachment site may be of significance or 
may simply represent one of several 

p-MSH 
2  0  0  

a b c 
sp Glu  G l y  P r o  T y r  Arg Met G l u  H i s  Phe Arq Trp  G l y  S e r  P r o  P r o  LYS A  - 

5 '  A A C  CAC GAG CGC CCC T A C  AGG A T G  GAG CAC T T C  CGC T C G  GCC AGC CCG CCC AAG CAC 

p-End - 
2 1 0  2  2  0  

Lys  Arg Tyr  G l y  G l y  Phe Met Thr S e r  G l u  Lys  S e r  G l n  Thr P r o  Leu V a l  Thr Leu 
A A C  CGC TAC GGC GGT T T C  A T G  ACC TCC GAG A A t  AGC CAG ACG CCC C T C  G T G  h C G  C T G  

-- 
2 3 0  2 . 1  

Ph. L,S AS. A,. 11. 11.  L y s  AS. . l a  Tyr  Lys  Lys  GI, 
T T C  AAA AAC GCC A T C  A T C  AAC AAC GCC T A C  AAG A A C  GGC GAG T G A  GGG C A C  AGC GGG 

CCC CAG CGC T A C  C C T  C C C  CCA GCA GGT CGA CCC C A A  A 6 C  CCC T T G  C T C  T C C  C C T  GCC 

C T C  C T G  CCG C C T  C C C  AGC C T G  GGG GGT C G T  GGC A C R  T A A  T C A  GCC T C T  T A A  ACC TGC 

I--. Poly(A) - 
C T C  T A G  T T A  CGA A A T  A A A  ACC T T T  CAA A T T  T C A  AAA A A A  AAA A A A  A A A  AAA A A A  A A A  3 '  

I 1 I 
L 

I 
I I 1 

p-MSH 6-End 3' Nontranslaled Poly(A) 

Fig. 1 (left). Nucleotide sequences of 318 bases of the 3' portion of human ectopic proOLMC cDNA. The sequence shown is that correspoddlng 
to the mRNA. The portions coding for p-MSH and p-End are indicated. The direction and extent of sequence determinations are shown by 
horizontal arrows. The sites of 5'-end labeling are indicated by short vertical lines. The slash marks at the end of arrows indicate that the site of 5'- 
end labeling was on the vector. The broken segments on two of the arrows indicate segnients for which the sequences were not 
determined. Fig. 2 (right). Autoradiogram of blot hybridization of poly(A) RNA. Pituitary poly(A) RNA (35 pg) was prepared from 1.76 g of 
human pituitary tissue by the procedure used for the tumor poly(A) RNA. (Lane a) 5 pg of tumor poly(A) RNA, (lane b) 5 yg of human pituitary 
poly(A) RNA, and (lane c) 1 pg of Hae 11-digested plasmid Col El  were denatured with 1M glyoxal and 50 percent dimethylsulfoxide in 10 mM 
Na2HP0,, pH 7.0, at 50°C for 1 hour (28). subjected to electrophoresis on a 1 percent agarose gel in 10 mM Na2HP04, pH 7.0, and transferred to a 
nitrocellulose filter (Schleicher & Schuell, PH79.0.1 pm) that had been briefly heated to boiling in distilled water and then cooled in 3M NaCl and 
0.3M sodium citrate at room temperature just before transfer. The hybridization probe, pMSI, was labeled by nick translation (29) with 
deoxycytosine [a-'2P]triphosphate to a specific activity of 2 x 10' cpmlpg. Hybridization was carried out at 42OC for 18 hours. The filter was 
transferred, prehybridized, hybridized, and washed (30). The filter was exposed for 46 hours at -70°C with XR-5 film and a DuPont Cronex 
Lightning-Plus intensifying screen; the marker lane was exposed for 3 hours. 
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poly(A) addition sites, as occur in bovine J. Landon, J .  Clin. Endocrinol. Metab. 43, 831 

prolactin mRNA (26). 
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pMS1. Two hybridizing species of about 
1150 and 1300 bases were identified in 
the tumor poly(A) RNA, but only one 
species was observed in the pituitary 
poly(A) RNA (Fig. 2), even after differ- 
ent exposure times. It was not possible 
from the results of our experiments to  
determine whether the pituitary pro- 
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ducing thymic carcinoid tumor contains 
two proOLMC mRNA species. The ad- 
ditional tumor mRNA may be the prod- 
uct of a different proOLMC gene, o r  it 
may be a different product of the same 
gene because of incomplete or altered 
processing. 

It is uncertain which of the two tumor 
proOLMC species we have cloned and 
what, if any, is the difference between 
it and the pituitary proOLMC mRNA. 
However, since the cloned sequence- 
including the 3' nontranslated region, 
which is highly variable among species 
(25,27)-is the same as the known geno- 
mic sequence, it is probable that the rest 
of this ectopic proOLMC mRNA is sim- 
ilar, if not identical, to  the pituitary 
proOLMC mRNA. 
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Formation of an Adenine-Thymine Photoadduct in the 

Deoxydinucleoside Monophosphate d(TpA) and in DNA 

Abstract. A photocidd~rct is jbrmed bet~been the adenine ( A )  and thymine ( T )  bases 
of the deoxydin~rc,leoside monophosph~lte d(TpA) when it is irradiated at 254 
nanometers in aqueous solution. Treatment oj'the photoadd~rct with acid converts it 
specijkally into a Jiirorescent hydro1ysi.v product, C7H7N.?0, incorporating the 
position-8 carbon of adenine. rind the methyl gro~rp oj' thymine. Isolation of the 
j luoresc~nt  hydrolysis product from acid hydrolyzates oj'oligo- crndpolydeoxyribonu- 
cleotides has shovvn that the photoadduct is formed by ultraviolet irradiation oj  
d(pTpA), d(TpApT),  d(TpApTpA), poly(dA-dT), and both single- (lnd double-strand- 
ed DNA.  

The deleterious biological effects 
caused by exposure of living cells to 
ultraviolet (UV) light originate mainly 
from photochemical modifications to  the 
cellular DNA molecules. Extensive stud- 
ies have shown that the pyrimidine bases 
are the major targets of photochemical 

damage, and several photoproducts de- 
rived from thymine and cytosine have 
been identified in UV-irradiated DNA 
(1-3). The most abundant of these are 
pyrimidine photodimers, which can have 
lethal consequences (2), and bipyrimi- 
dine (6-4) photoadducts, which appear 
to  act as mutagenic lesions (4). In con- 
trast, no substantive evidence has hither- 
to been obtained for the formation of any 
photoproducts derived from adenine (5) 
or guanine when DNA is irradiated in 
vitro o r  in vivo. Consequently, it is gen- 
erally assumed that the purines have 
comparatively little significance in pho- 
tobiology (1, 3) .  We describe the forma- 
tion of an adenine-thymine photoadduct 
in the deoxydinucleoside monophos- 
phate d(TpA) (T, thymine; A,  adenine) 

b - and present definitive evidence to show 
that it is also formed on UV irradiation of 
native and denatured DNA. To  our 
knowledge, this represents the first re- 
ported occurrence of a photoreaction 

-10 v Fig. 1. Ultraviolet (a) and circular dichroisrn 
220 250 300 350 (b) spectra of d(TpA) and its photoproduct 

h (nm) TA* at pH 7.0. 
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