Cloning and Characterization of cDNA(pCR18)
Sequences for Bovine Retina-specific m-RNAs
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Abbreviations : ¢cDNA, complementary DNA ; EDTA, ethylenediaminetetraacetic acid;
HEPES, N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid; mRNA, messenger RNA;
PIPES, piperazine-N-N’-bis (2-ethane-sulfonic acid) ; SDS, sodium dodecyl sulfate; SSC.
solution containing 0.15M NaCl+0.015M sodium citrate ;
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HOHEBL 7, Beii: DNA 2 HEEOHIREST
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r RNA % TABRLLATAF LR, 6% SSC, 5
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MMETERESERE, ok ra—RAT 4 LY —
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DNAHKY x7—¥ T1& BRL CKE) XA L.
FHIRNA, 707 L7 2=3—b, £V 7N gB-
DFAHZINET /YN, 5—T7uE—-—4—-70
0=3—-A4 Y A NVB—-D-HFZ27 7/, 7
#o—Ai3 Sigma CKE) XD, ¥ FEIRFRIMERS
{¥=—"F, MI3mp8 B & Ump9 2 ¥ —, [#S]x+
# = (>800Ci /mmol), [«-**P] dCTP(~3000Ci/
mmol) B & ¥ Amplify |& Amersham (FE) » S8
AL7:. DNA sequencing system, [32P]ix NEM (¢
B &b, 7rev Uy bV ABHGREELD,
4RV R vAdFRFF—¥, XI2FUTFTFLAHY
KA7 77 —¥BLU T4 DNAVH —PIZEHEE L
DEEAL 7z, HIRREER, Narl & X O Rsal I2F1GH%E
&9, Alul, BamHI Bglll, EcoR], Hhal, Hincll,
HindIII, Pstl, Pvull, Sall, Sau3Al, Smal, Tthllll
FUXhol BEEEL VALK, =boro—2
7 4 ¥ —i% Schleicher & Scherell CKE) XL b,
XiR7 4 v 4id Kodak CRE) L DAL, Zoft
DIEFHER L T TH RO RS & 7o,
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PCR3O7 D 4 >4 — M iF 480 KT H D, T
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2. pCR307 D4 >4 — h % [2P] @ LI b D% T
=7 LTRAY, auz—n A7) F{¥—vay

Fig.1. Screening of retina-specific clones.

The library of bovine retina ¢cDNA was con-
structed by the method of Okayama and Berg.
c¢DNA-plasmid recombinant molecules were
prepared using poly (A) RNA from the bovine
retina, dT-tailed vector-primer and dG-tailed
linker. The cyclized vector-cDNA preparation
was used to transform the competent E. coli
HBI101. Ampicillin-resistant (Ap®) and tetracyc-
line-sensitive (Tc®) colonies were picked onto
agar plates containing ampicillin and grown
overnight at 37°C. About 12,000 colonies from
replicated nitrocellulose filters were screened by
using the nick-translated insert (PstI-Pstl) of
pCR307.
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Fig.2. Restriction enzyme mapping and sequence
strategy of pCR18.
A. Restriction map of pCR18. The plasmid DNA
was digested with several restriction endo-
nucleases and resulting DNA fragments were
electrophoresed on 5% polyacrylamide gel or 1.
0—1.5% agarose gels. Haelll-digested ColEl
and HindIll-digested ADNA were electro-
phoresed as molecular size markers.
B. Sequencing strategy. The sequence was
performed according to the method of Maxam
and Gilbert {(e=)and the dideoxy termination
method of Sanger et al.{o--+).
C. Restriction map of pCR307 which was used for
pCR18 cloning as a probe. P, Pstl; S, Sall; H,
Hincll; E, EcoRl; Bg, Bglll; Ba, BamHI:
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2{To0, ZTOFER, 12,0000 20 =—0#H 1 %»
pCR307 Fu—7EnA4TYF4 XL (1), 20
s OO —FBFRA 7Y —= 2 TIIHT, &
B 2o —an=—%B . 256020 =2—
MS7FALFDNAZHBEEL, 74 0—ABERIKE
W oTEZEDDNAA VY- bDRIDBEEB LU
IR BRI 2 ERR Lz, 21 D 70— i3 Fo—7
(pCR307) & W CHIRREERHE 2R L, 400~600 HE
NORETH-, —7, pCRI07 & Rz 3 HIFREERH
HERTZ7a—vd—DFELL., Ihidd v -+t
DR EHBH 1000 EELFTH- (F2), 22T, Z
N—EFRWwZ7u—>r (pCR18) ZFEWT, & 5IZEEHT

Fig.3. Northern blot analysis of pCRI18.

Poly (A) RNAs from the bovine retina, brain and
liver were electrophoretically fractionated in a
agarose gel and blot-transferred to a nitro-
cellulose paper. The filter blot was hybridized
to the nick-translated (1X10®cpm/xg) insert
(Narl-EcoRI) of pCRI18. Each lane contains
5ug of poly (A) RNA from bovine retina (R),
brain (B) and liver (L). Bovine (28S, 18S) and E.
coli (23S, 16S, 55) rRNA were used as molecular
size markers.

1

DI,

2 . pCR18 @ Northern 7' 0 v MZ X % fi#4f

pCRI18 7 u— > DHEBEHMBBHEYE S X ' mRNA
DRES%FE»H B 2912, Northern 7oy b f#;
ot vy OREHAB S L 727 Y (A)RNA
EZVAFF—NZIOEWSE, 1 %7 Ho—2y
NVESKEI L., = boe o — A== 2§ 1
%, =v 7 I VAV—va RIS THBIAR®
P] #3 DNA Yo —7 (pCR18) /"1 7Y ¥4 ¥—
varETol, ZOME, pCRIS IIHEERE, >0
HFY (A)RNA EDANA TV F A4 XL, BB LN
OB 5 DR Y (A) RNA i1 70 v PR
@D nor (F3). LizaoT, pCRISH
CDNAA »H—b BHEBECRENTHY, ho
MRNA OERICIFIBENZ EBES ML o7,

3. DNA HEEFIDBE

mRNA R k> THIRE N2 BEHE2RET 210
2, pCR18 @ cDNA 4 ¥4 — b DERETIORE
772, B 212 pCR18 D HIREREN, B & UVRKE
DEBERT|IZREL 2/7A %R T, pCR18 M cDNA
4 > — b &, Maxam-Gilbert 8 L UV 74 F vik
VT DNASBEES 2 RE L, B4izz0—%
BiELFRET. DNAA V9 —bOEZIZI05 X714
FRC, PRBERTICS [EEDOKRY (A) BEEAT
Wi, 7, KU (A) #» 520~25%E8 Lk
AATAAA OFRY (AT 7+ vniZo s,
DEHE LB & LT, /ALY (TGTAT [C]
TATGT, 758—768) 8 & ¥ < 0 » 2 LELF

(CCCGTCC, 23—29 & 75—81: CGCGGCG, 3036
& 108—114: CAAATCAA, 630—637 & 650—657)
BEH SN, A H— D P Kign s 138-140F
HicxAF+=>a Ry (ATG) »BEDH . Ihs
DAFF=>a R rms579-581 BEAOKIEIF >

(TCA) & T L 72 open reading frame AFEL
7o, WESNLIEREDT & /BT UTETH
o, TOBEHECBMOENE (£93,1005) Lof
FOY—AEKMaLE 2 —F —THREL. FOHEER
AEOELELMAETAEUEE T -y -0
SRETIERTERL T,

4. EMBEERARRICE S, VU HEMRNAY
BUEREEY) O fRATT

v U4 R Y (A) RNA - pCR18 & 0 B¢
RNA-DNA 4 7V v PRI & T, mRNA %
EA U7, O mRNA % 79 FRR Mg kO
WA ELERREA VT, in vitro TEIERS L.
BIREWE SDS ~ Y 77 U7 1 B VERKE
WA DSBEL, A—bIUA T T 4 -z kDML
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#(®5). pCR18 &/ 4 7w F L7 mRNA X, £ PN 7Y TS =y 3 BT E D BHER, F L
1000070 by DT LEEES b OBAEE I F DNA %% ¥l S L 724, cDNA £ >4 — b i
L, F72, 2Oy FIIRBRICRICIEED Sl IR &R 4L o 72 v I BR 8 % HindIIl, Pstl# & O
ol BamHI T DNA %L, £UWFE7 v u—
5. pCR18 @ Southern 7' v 4R AT VESKEBNICL DHBEL, = Porlo—R~R—
# 7 5 DNA EiZ pCRIBEEZEF D 2 B — i EHKIE SN—ZBB L ok, [*#P] 3 DNA 7u—7 (pCRI18)
GETH,E I wEFE»D B 72012, Southern 7T v £ DNA-DNA D4 7' )y REERIG:21To7, #
TTTAGCCTCAGCCGT%@

CCGGCCCCGTCCCGCGGCGCCGGGAGTTCGTGTGAACGGGTAGGTGTACCGACTTCGC%%

GTCCGTGAATCCCGTGGTCGCAAAGGCCCGCGCGGCGGGCCGGGTTCTGCCGATACC{%@
MetGlyCysAloAr GlyGluProGlnLeuGlnVolGlyArgGlyAspArgH15A1051y

ATGGGCTGTGCGCGAGGAGAGCCTCAATTGCAAGTTGGTCG GGAGATCGCCACGCT?S;
AlaGluLeuAlaSerLeuValAlaAlaSerValGlyArgCysThrProThrPheAralys
GCAGAGCTGGCCTCACTAGTTGCGGCTAGTGTAGGACGTTGTACTCCGACATTCCGC%@%
ProPheHisThrAspSerProSerlleGlnGlyGInTrpHisProPheThrAsnLysPro
CCCTTCCACACGGACAGTCCTAGCATCCAGGGTCAGTGGCACCCCTTCACCAACAAA%%;
ThrAlaLeuGlyCysSerSerAragGlyProGluSerCysProAspProAlaAlaSerThr
ACAGCACTGGGGTGCTCCTCGAGAGGTCCAGAATCCTGCCCCGACCCAGCGGCCAGC@%@
MetLysThrAsnSerlIleProThrValTrpThrPheThrProAlaGluGlyGlySerCys
ATGAAGACCAACTCCATACCCACAGTTTGGACTTTTACTCCAGCAGAGGGTGGTTCCE%%
SerTrpPheAlaSerArgGluThrAspGluAlaThrAsnGlyValleuleuAlaTrpAsp
TCCTGGTTTGCTTCACGGGAGACAGATGAAGCCACCAATGGGGTACTTCTTGCTTGGEQ;
LysGluGluLeuProValSerPheAspYalHisArgGluAlaGlyThrvalSerLeuleu
AAAGAAGAGCTGCCTGTCTCTTTTGATGTCCACCGTGAGGCAGGGACTGTGAGTCTC%E%

IleLeuSerGlnLeuThrSer#s«
ATTCTTAGCCAGTTGACATCCTGAAACCCTGAGAATCTTCAGAGATTTGACTTGGTCE{;

ATTTCTTAAATCCAAATCAATAATAGTGATCTCAAATCAAGTGAGGGCTTTCAAGGcggg
CTTCTGAAGAATTCCTTTTGGCCTGTTTCTGTAGCCAGTGACCAAGAGAGTCTGCTG;%%

GCTGGCATTGGGCTAGGCCTTGTATCTATGTGATGTTTGTGTGCAGTTAGAAAACTG%@%

TTAATAAATTTGCCAAGGTCACACTTG(A)gl

Fig. 4. Nucleotide sequence of the retina-specific cDNA clone, pCRI8.
The nucleotide sequence starts at the position 1 of the first nucleotide (T) following the
oligo (dG) segment. The amino acid sequence begins with the first in-phase ATG codon
for a single long open-reading frame. Termination codon is marked with***. Possible
polyadenylation signal, AATAAA, is underlined. The numbers below the sequence are
nucleotide position.
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DOFER, HindIll, Pstl 8 & UF BamHI {#fkix, th
1 3.25 KIEE, 3.4 KIEH, 3.1 KEE2RT—D20
DNA WA an: (M6)., LizaioT, Ihs
DOFERIE, pCRIGBEFH VY Y/ ARICE—aE—
FLTEELTWAEZERTRBL TS,

Fig.5. In vitro translation of pCR18-selected
retina mRNA.
pCR18 DNA was linearized by HindlIIl, denatured
and spotted onto a nitrocellulose filter. The
filter was hybridized to poly (A} RNA from the
bovine retina. Hybridized RNA was eluted with
distilled water. Eluted RNA or distilled water
(as control) was translated in a rabbit reticulo-
cyte lysate containing 3°*S-methionine. The
radiolabeled products were electrophoresed on a
12.5% SDS-polyacrylamide gel. The band
shown by arrowhead (=) is a translation product
of the endogenous RNA in the reticulocyte lysate
used. The arrow (=) indicates a band of 19,000
daltons, which was a translational product from
pCR18-selected mRNA and not seen in the
control. The molecular weight standards used
are as follows: phosphorylase b (MW =92,500),
bovine serum albumin (MW =66,200), ovalbumin
(MW =45,000), carbonic anhydrase (MW =31,000),
soybean trypsin inhibitor (MW=21,500),
lysozyme (MW =14,400).

il

6 . WEEESFHMME mRNA NORZX —/14 7Y 54
Y-z

BaOEEMRMEIc BT, pCRISIZNT 2
MRNAZEBEL T30 EI 1 ERBRE i,
RNA D dot 7u v FERETo. b MEESENK
8 (Y79 sBEatk, WERIMIASH) 5 & U~ 7 xugs
MRl x 5 v M BIEHERE (NGL108-15) DMk & %
J (A) RNA ZHH L, 0.625 ug » 5 5 ug OHED
RNAE#%#=towro—RiZ7ay bL, [2PlEs
DNA 7o —7 (pCR18) &4 7V &4 ¥~y 3y
To (B7). Z20OFR, Y798 & WERI fifakk
WZBWT, N TV A IBBEHBNT, —F, F—
FMHFT, 7 vis XU NGI08- 15 Mgz g 7y &

e

Fig. 6. Southern blot analysis of pCR18.
Genomic bovine brain DNA (10gg/lane) was
digested with HindlIII (H), PstI (P) or BamHI (B),
electrophoresed on a 0.8% agarose gel and
transferred to a nitrocellulose paper. The filter
was then hybridized to the nick-translated (1X10°
cpm/ug) insert (Narl-EcoRI) of pCRI18. Band
sizes are ; 3.25kb (HindlIII), 3.4kb (Pstl) and 3.1kb
(BamHI). A Hindlll-digested Aphage DNA
was used as a size standard.
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Fig.7. Dot hybridization of the RNAs from
various sources with pCR18.
Poly (A) RNA was isolated from neural tissues
and neuronal cell lines. Serial diluted samples
of each RNA were spotted directly onto a
nitrocellulose filter and hybridized with the nick-
translated insert (Narl-EcoRI) of pCR18. The
RNAs were from the bovine brain, bovine retina,
human retinoblastoma Y79 and WERI cells, and
mouse neuroblastoma x rat glioma hybrid
NG108-15 cells. The amount of RNA spotted
was, from the left to right, 0.625, 1.25, 2.5 and 5.
0xg in each line.

{1 X sz o, EEEFEMEE RNA ~
DRR—NA TV AL —vavid, v EREE
BRECVRLTH -7z, Lich>T, ZhsDfER
i3, £ FO#IEIZ  pCRIS &N 7Y 54 XT 23&IE
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Abstract

A full-length ¢cDNA specific for the retina was selected from a bovine retinal cDNA library
constructed by the method of Okayama and Berg, by using the retina-specific cDNA(pCR307) as
a probe which had been previously cloned in this laboratory. About 12,000 colonies were screened
by the colony hybridization. Twenty-one clones of 22 clones hybridized with pCR307 and
showed the same restriction map as pCR307, but the remaining one (pCR18) with the largest size
had a different restriction map. pCR18 contained the cDNA insert of 905 base pairs in length.
In Northern blot analysis, pCR18 hybridized to mRNA species (about 128) from the bovine
retina but not those from the brain or liver. The nucleotide sequence of the cDNA insert in
pCR18 revealed a tentative single long open-reading frame which encoded a 147 amino acid
polypeptide of about 15,700 daltons. No significant sequence homology with the deduced
protein was found in the protein sequence library of about 3,100. Messenger RNA species which
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were hybridized with pCR18 and then released, directed a polypeptide of 19,000 daltons in a
reticulocyte translation system. Southern blot analysis indicated that the bovine genome con-
tained a single copy of this gene. Furthermore, RNA dot blot analysis showed that the poly-
(A)RNA from the human retinoblastoma cell lines (Y79 and WERI) hybridized with pCR18,
which was of comparable degree to the bovine retina. The results indicate that cDNA clone
(pCR18) which has been newly cloned is encoding a novel protein specific for the retina and that
the gene for pCR18 clone is also expressed in the human retinoblastoma cells, although its
protein function is unknown.



