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AKYV is an endogenous, ecotropic murine leukemia virus that serves as one of the parents of the
recombinant, oncogenic mink cell focus-forming viruses that arise in preleukemic AKR mice. I report the
8,374-nucleotide-long sequence of AKV, as determined from the infectious molecular clone AKR-623. The
5'-leader sequence of AKV extends to nucleotide 639, after which lies a long open reading frame encoding
the gag and pol gene products. The reading frame is interrupted by a single amber codon separating the gag
and pol genes. The pol gene overlaps the env gene within the 3’ region of the AKV genome. The nucleotide
sequence of the 5’ region of AKV reveals the following features. (i) The 5'-leader sequence lacks any AUG
codon to initiate translation of gPr804“#, suggesting that gPr80%“¢ is not required for the replication of AKV.
(ii) A short portion of the leader region diverges in sequence from the closely related Moloney murine
leukemia virus and appears to be related to a sequence highly repeated in eucaryotic genomes. (iii) As in
Moloney murine leukemia virus, there is a potential RNA secondary structure flanking the amber codon
that separates the gag and pol genes. This structure might function as a regulatory protein binding site that
controls the relative levels of synthesis of the gag and pol precursors. The nucleotide sequence of the 3’
region of AKV is compared with sequences reported previously from both infectious and noninfectious

molecular clones of AKV.

The murine leukemia virus (MLV) AKYV resides in the
germ line of AKR mice and is implicated in the high
incidence of thymic leukemias that arise when these mice are
6 to 9 months old. AKV is expressed in AKR mice from birth
(41) and is distinguished from the other MLV endogenous to
AKR mice because it is ecotropic; i.e., it can infect mouse
cells. Low-leukemic strains of mice (e.g., NIH/Swiss) which
have acquired a germ line AKV provirus from AKR mice
become viremic and subsequently contract leukemia, albeit
with a considerably longer latency period (39, 40). Neverthe-
less, AKYV itself does not appear to be directly oncogenic
because it is unable to induce leukemia in healthy mice (18,
29).

During the development of AKR mice, AKV recombines
with germ line nonecotropic MLV to produce recombinant
MLVs 4, 5,9, 17, 19, 23, 38) not found in the germ line of
AKR mice (3, 17, 36). The recombinants, called MCF,
appear in the preleukemic thymus (14) and are thought to be
the proximal oncogenic agent in AKR leukemogenesis be-
cause they can accelerate the onset of leukemia if injected
into young AKR mice (6, 31), and they are found integrated
in the genomes of leukemic thymocytes (3, 16, 36). Because
the nonecotropic parent of MCF viruses has not been
identified, the nonecotropic sequences within MCF genomes
have been localized by comparison to AKV.

The nucleotide sequence of the 3’ region of the AKV
genome has been reported previously. Lenz et al. (21) and
Van Beveren et al. (56) determined the nucleotide sequence
of the envelope (env) gene and the long terminal repeat
(LTR), respectively, from an infectious molecular clone of
AKYV called AKR-623 (22). We previously reported the
nucleotide sequence of the majority of the pol gene and the
entire env gene from a noninfectious molecular clone of
AKYV (15). These reports concentrated on the 3’ region of
AKY because the env gene and LTR sequences of oncogenic
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MCEF viruses consist of a complicated mosaic of ecotropic
and nonecotropic MLV sequences (4, 19, 23, 38). Neverthe-
less, sequences within the 5’ half of the MCF genome
frequently appear to be derived from the nonecotropic
parent MLV (4, 23). To define fully the AKV genomic
structure, I have determined the nucleotide sequence of the
5' region of AKV and redetermined the nucleotide sequence
of the 3’ region from the infectious AKR-623 clone.

MATERIALS AND METHODS

Sequence determination. The nucleotide sequence was
derived from the infectious molecular clone of AKV, AKR-
623 (22), generously provided by D. Lowy and S. Chattopad-
hyay. The nucleotide sequence was determined by the chain
terminator method of Sanger et al. (43), after cloning random
fragments into the single-stranded bacteriophage M13 (1,
42). The sequence of the 5’ region of AKV was derived from
the large 4.5-kilobase Xmal (Smal) fragment spanning this
region. This fragment was purified by agarose gel electro-
phoresis, concatenated and circularized with T4 ligase, and
sheared randomly by sonication (7). The sonicated ends
were repaired with T4 polymerase and nucleotide triphos-
phates. Fragments 400 to 1,000 nucleotides long were select-
ed by agarose gel electrophoresis and cloned into the Smal
site of the bacteriophage M13 vector mp8 (24). A total of 182
M13 clones were randomly chosen for sequencing. The
inserts were sequenced by the chain terminator method, and
the samples were analyzed by electrophoresis through buffer
gradient gels as described by Biggin et al. (2). The sequences
were compiled and ordered by computer, using the automat-
ic DB system (51). Each nucleotide was sequenced an
average of six times, and the entire region was sequenced at
least once on both DNA strands.

The nucleotide sequence of the 3’ region of AKV was
redetermined by using the same strategy as above except
that the AKR-623 Xhol/EcoRI fragment stretching from the
middle of the AKV genome into the 3’ cellular DNA
sequences was used to generate the random M13 clones; in
general, only one of the DNA strands was sequenced to
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R—e— Us =
5'GCGCCAGTCCTCCGATAGACTGAGTCGCCCGGGTACCCGTGTATCCAATAAAGCCTTTTGCTGTTGCATCCGAATCGTGGTCTCGCTGAT
10 20 30 4o 50 60 70 80 90

CCTTGGGAGGGTCTCCTCAGAGTGATTGACTGCCCAGCCTGGGGGTCTTTCATT{GGGGGCTCGTCCGGGASTTGGAGACCCCCGCCCQG
130

GGACCACCGACCCACCGTCGGG{GGTAA&FTGGCCAGCGATCGTTTTGTCTCCGTCTCTGTCTTEGTGCGTGTQTGTGTGTGTG LCGGCA
230 270

TCTICTTTTTGCGCCTGCGTCTGATTCTGTACTAGTTAGCTAACTAGATCTGTATCTGGCGGCTCCGTGGAAGAACTGACGAGTTCGTAT
280 290 00 310 320 330 340 50 360

TCCCGACCGCAGCCCTGGGAGACGTCTCAGAGG CATCGGGGGCCCGCTGGGTGGCCCAATCAGTAAGTCCGAGTCCTGACCGATTCGGAC
370 380 390 400 410 420 u30 440 450

TATTTGGGGCCCCTCCTTTGTCGGAGGGGTACGTGGTTCTTTTAGGAGACGAGAGGTCCAAGCCCTCGCCGCCTCCATCTGAATTTTTGC
u60 u70 480 490 500 51C 520 530 540

TTTCGGTTTTTCGCCGAAACCGCGCCGCGCGTCTTGTCTGTCTCAGTATTGTTTTGTCATTTGTCTGTTCGTTATTGTTTTGGACCGCTT
550 560 570 580 590 600 610 620 630

|5 —_—
etGlyGlnThrValThrThrProLeuSerLeuThrLeuGluHisTrpGluAspValGlnArglleAlaSerAsnGlnServal
CTAAAAACATGGGACAGACCGTAACCACCCCTCTGAGTCTGACCCTAGAACACTGGGAAGATGTCCAGCGCATCGCGTCCAATCAGTCCG
40 650 660 670 680 690 700 710

AspValLysLysArgArgTrpValThrPheCysSerAlaGluTrpProThrPheGlyValGlyTrpProGlnAspGlyThrPheAsnLeu
TAGATGTCAAGAAGAGACGCTGGGTCACCTTCTGCTCTGCCGAGTGGCCAACTTTCGGTGTAGGGTGGCCACAAGATGGTACTTTTAATT
-Cligo. 30

AspllelleLeuGlnVallLysSerLysValPheSerProGlyProHisGiyHisProAspGlnValProTyrlleValThrTrpGluAla
TaGACATTATTCTACAGGTTAAATCTAAGGTGTTCTCTCCTGGTCCCCACGGACACCCGGATCAGGTCCCATATATTCTCACCTGGGAGG
830 840 850 860 870 880 890 900

IleAlaTyrGluProProProTrpVallysProPheValSerProlysLeuSerProSerProThrAlaProllelLeuPrcSerGlyPro
CTATTGCCTATGAACCCCCTCCGTGGGTCAAACCTTTTGTCTCTCCCAAACTCTCCCCCTCTCCAACCGCTCCCATCCTCCCATCCGGTC
1 L 0ligo. 1 Y. __loligo. 12---d90

12—
SerThrGlnProProProArgSerAlaLeuTyrProAlaleuThrProSerlleLysPrcArgProSerLysProGlnValleuSerAsp
CTTCGACCCAACCTCCGCCCCGATCTGCCCTTTACCCTGCTCTTACCCCCTCTATAAAACCCAGACCTTCTAAACCTCAGGTTCTCTCCG
1000 1010 1020 | 0ligo. 2===-=v- 1060 1070 1080

AsnGlyGlyProLeulleAsplLeuLeuSerGluAspProProProTyrGlyGiyGinGlyLeuSerSerSerAspGlyAspGlyAspArg
ATAATGGCGGACCTCTCATTGACCTTCTCTCAGAAGACCCTCCGCCGTACGGAGGACAGGGACTGTCCTCCTCTGACGGAGATGGCGACA
1090 1100 1110 1120 1130 1140 1150 1160 1170

GluGluAlaThrSerThrSerGlullePrcAlaProSerProlleValSerArgleukrgGlyLysArgAspProProAlaAlaAspSer
GAGAAGAGGCCACCTCCACTTCTGAGATTCCTGCCCCCTCTCCCATAGTGTCTCGCCTGCGGGGCAAAAGAGACCCCCCCGCGGCAGATT
--0ligo. 29-- 1200 ---0ligo. 27---4 1230 1240 1250 1260
30—
ThrThrSerArgAlaPheProLeuArgleuClyGlyAsnGlyGinLeuGinTyrTrpProPheSerSerSerAsplLeuTyrAsnTrplys
CCACCACCTCTCGGGCTTTCCCACTCCGTTTGGGGGGTAATGGTCAGTTGCAGTACTGGCCGTTTTCCTCCTCTGATCTATATAACTGGA
1270 1280 1290 1300 1310 1320 1230 L—Ol:go. 21~

AsnAsnAsnProSerPheSerGluAspProGlylLysLeuThrAlaleulleGluSerValLeuThrThrE1sGlnProThrTrpAspAsp
AARATAATAATCCTTCCTTCTCTGAGGATCCAGGTAAACTGACTGCATTGATTGAATCCGTCCTCACCACCCACCAGCCCACCTGGGATG
—eoeo-01ig0. 15-mm-mnn 1380 1390 1400 1410k--2011g0. 42---

CysGlnGlnLeuLeuGlyThrLeuleuThrGlyGluGluLysGlnArgValleulLeuGluAlaArglysAlaValhrgGlyAsnAspGly
ATTGCCAGCAATTATTAGGGACTCTGCTTACCGGGGAGGAGAAGCAGCGGGTGCTCCTGGAAGCCCGAAAGGCTGTCCGGGGCAACGATG
1450 1460 1470 1480 1490 1500 1510 1520 1530

ArgProThrGlnLeuProAsnGluValAspAlaAlaPheProLeuGluArgProAspTrpAspTyrTarThrGlnArgGlyArgAsnHis
GGCGCCCCACCCAACTGCCCAACGAGGTTGACGCTGCTTTTCCCCTTGAACGTCCCGATTGGGATTACACCACCCAARGAGGTAGGAACC
154 1 1560 1570 1580 1590 ---0ligo. 39--

LeuVallLeuTyrArgGlnLeuLeuLeuAlaGlyLeuGlnAsnAlaGlyArgSerProThrAsnlLeuAlalysVallysGlylleThrGln
ACCTAGTTCTCTATCGCCAGTTGCTTTTAGCAGGTCTCCAAAACGCGGGCCGAAGCCCCACCAATTTGGCCAAGGTAAAAGGAATAACCC
1630 1640 1650 1660 1670 1680 1690 1700 1710

GlyProAsnGluSerProSerAlaPheLeuGluArglLeulLysGluAlaTyrArgArgTyrThrProTyrAspProGluAspProGlyGln
AGGGACCTAATGAGTCCCCCTCAGCCTTCCTAGAGAGACTCAAGGAAGCCTATCGCAGATACACTCCTTATGATCCTGAGGACCCTGGGC
1720 1730 1740 1750 1760 1770 1780 1790 1800

GluThrAsnValSerMetSerPhelleTrpGlnSerAlaProAsplleGlyArglysLeuGluArgleuGluAspleulLysSerLysThr
AAGAAACGAATGTATCTATGTCATTCATCTGGCAGTCCGCTCCAGACATTGGTCGAAAGTTAGAGCGGTTAGAAGACTTAAAAAGTAAAA
1840 1850 1860 1870 1880 1890

LeuGlyAspLeuValArgGluAlaGluArgllePheAsnLysArgGluThrProGluGluArgGluGluArgValArgArgGluThrGlu
CTTTAGGAGATTTAGTGAGAGAAGCCGAAAGGATCTTTAATAAAAGAGAAACTCCAGAAGAAAGAGAAGAGCGCGTTAGAAGGGAGACAG
1900 1910 1920 1930 1940 1950 1960 1970 1980

p10

GluLysGluGluArgArgArgAlaGluGluGluGlnLysGluLysGluArgAspArgArgArgHisArgGluMetSerLysLeuleuAla
AGGAAAAGGAAGAGCGGCGTAGGGCAGAAGAGGAGCAGAAAGAGAAAGAGAGGGACCGTAGGAGACATAGAGAAATGAGCAAACTTTTGG
010 2020 2030 2050 2060 2070

ThrValValSerGlyGlnArgGlnAspArgGlnGlyGlyGluArgArgArgProGlnLeuAsplysAspGinCysAlaTyrCysLysGlu
CCACCGTAGTTAGTGGACAGAGACAGGATAGACAGGGGGGAGAGCGAAGGAGGCCCCAACTTGACAAGGATCAATGTGCCTACTGTAAAG
2080 2090 2100 2110 2120 2130 2140 2150 2160

LysGlyHisTrpAlaLysAspCysProLysLysProArgGlyProArgGlyProArgProGinThrSerLeuleuThrLeuAspAsp®®®
AAAAAGGACACTGGGCTAAAGACTGCCCAAAGAAGCCACGGGGTCCCCCAGGACCGCGACCCCAGACCTCCCTCCTCACTTTAGACGACT
190 2210 2220 2230 rrrrrrrrert 1112250

pol-—'-
GlyGlyGlnGlyGlnGluProProProGluProArglleThrLeuThrValGlyGlyGlnProValThrPheLeuValAspThrGlyAla
AGGGGGGTCAGGGTCAGGAGCCCCCCCCTGAACCCAGGATAACCCTCACTGTCCGGGCCCAACCCGTCACCTTCCTGGTGCATACTGGGG
et 2280 2290 2300 2310 2320 2330 2340

GlnHisSerValLeuThrGlnAsnProGlyProLeuSerAspArgSerAlaTrpValGlnGlyAlaThrGlyGlyLysArgTyrArgTrp
CCCAACACTCCGTGCTGACTCAAAATCCTGGGCCCCTAAGTGACAGGTCGGCTTGGGTCCAAGGGGCTACTGGAGGAAAGCGGTATCGCT
2350 2360 2370 2380 2390 2400 2810 2420 2430

ThrThrAspArglLysValHisLeuAlaThrGlyLysValThrHisSerPheLeuHisValProAspCysProTyrProLeuLeuGlyArg
GGACCACAGATCGCAAGGTACACCTAGCTACCGGTAAGGTCACTCACTCTTTCCTCCATGTGCCAGACTGCCCCTACCCCTTGCTAGGAA
450 2460 -----0ligo. 16----- 4 2500 2510 2520

AspLeuLeuThrLyslLeuLysAlaGlnIleHisPheGluGlySerGlyAlaGlnValValGlyProLysGlyGlnProLeuGlnValLleu
GAGACTTGTTAACTAAACTAAAAGCCCAGATCCACTTTGAGGGATCAGGAGCCCAGGTTGTGGGACCAAAAGGACAGCCTCTACAGGTGT
---0ligo. Hl-- 2550 2560 2570 2580 2590 2600 2610

ThrLeuAsnLeuGluAspGluTyrArgLeuTyrGluThrSerAlaGluProGluValSerProGlySerThrTrpleuSerAspPhePro
TGACCCTAAACCTAGAAGATGAGTATCGGCTTTATGAGACCTCAGCAGAGCCGGAAGTTTCTCCTGGGTCCACCTGGCTCTCCGACTTTC
2620 2630 2640 2650 2660 2670 2680 2690 2700

GlnAlaTrpAlaGluThrGlyGlyMetGlyLeuAlaValArgGlnAlaProLeullelleProLeulLysAlaThrSerThrProValSer
CCCAGGCCTGGGCAGAAACCGGGGGCATGGGACTGGCAGTTCGCCAGGCGCCTCTAATCATACCTCTGAAGGCAACCTCCACCCCTGTGT
2710 2720 2730 2740 2750 2760 2770 L

IleLysGlnTyrProMetSerGlnGluAlaLysLeuGlylleLysProHislleGlnArgleuLeuAspGlnGlyIleLeuValProCys
CCATAAAACAATACCCCATGTCACAGGAAGCCAAACTGGGGATCAAGCCCCACATACAGAGGCTGTTGGACCAGGGAATACTGGTACCCT
-0ligo. 5- -4 28, 2830 2840 2850 2860 2870 2880

GlnSerProTrpAsnThrProLeuLeuProVallysLysProGlyThrAsnAspTyrArgProValGlnAspLeuArgGluValAsnLys
GCCAGTCCCCCTGCAAT‘CACCCCTGCTACCCGTTAAGAAACCAGGAACTAACGATTATAGGCCTGTCCAGGATCTGAGAGAAGTCAACA
2890 2900 2920 293¢ 2940 2950 2960 2970
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ArgValGluAsplleHisProThrValProAsnProTyrAsnlLeulLeuSerGlyLeuProProSerHisArgTrpTyrThrValleuAsp pol
AGCGGGTGGAAGACATCCACCCCACCGTGCCCAATCCTTATAACCTCCTAAGTGGGCTCCCACCGTCCCACCGGTGGTATACTGTCCTTG
------ 01igo. 36=----- 3030 3040 3050 3060

LéuLysAspAlaPhePheCysLeuArglLeuHisProThrSerGlnProLeuPheAlaPheGluTrpArgAspProGlyMetGlyIleSer pol
ATTTAAAGGATGCCTTTTTCTGCCTGAGACTCCACCCCACCAGTCAGCCTCTCTTCGCCTTCGAGTGGAGAGATCCAGGGATGGGAATCT
3080 3090 3100 3110 3120 3130 3140 3150

GlyGlnLeuThrTrpThrArglLeuProGinGlyPheLysAsnSerProThrLeuPheAspGluAlaLeuHisArgAsplLeuAlaAspPhe pol
CAGGACAATTAACCTGGACCAGACTCCCACAGGGTTTCAAARACAGTCCCACCCTGTTTGATGAGGCACTACACAGAGACCTAGCAGACT
3160 3170 3180 3190 3200 3210 3220 3230 3240

ArglleGlnHisProAsplLeulleLeuLeuGlnTyrValAspAsplleLeuLeuAlaAlaThrSerGluLeuAspCysGlnGlnGlyThr pol
TCCGGATCCAGCACCCAGACTTGATCCTGCTACAGTACGTGGATGACATACTACTGGCCGCCACTTCTQAGCTCGACTGCCAACAAGGTA
3260 3270 3280 3290 3300 3310 3320 3330

ArgAialeuLeulLeuThrLeuGlyAsnLeuGlyTyrArgAlaSerAlaLysLysAlaGlnLeuCysGlnLysGlnVallysTyrLeuGly pol
CTCGGGCCCTGTTACTAACCCTAGGAAACCTCGGGTATCGGGCCTCGGCCAAGAAAGCCCAACTTTGCCAGAAACAGGTCAAGTATCTGG
3340 3350 3360 3370 3380 3390 3400 3u10 3820

TyrLeuLeuLysGluGlyGlnArgTrpLeuThrGluAlaArglysGluThrValMetGlyGlnProThrProLysThrProArgGlnLeu pol
GGTATCTCCTAAAAGAGGGTCAGAGATGGCTGACTGAGGCCAGAAAAGAGACTGTGATGGGGCAGCCTACTCCGAAGACCCCTCGACAAC
3450 3460 3470 3480 3490 3500 3510

ArgGluPheLeuGlyThrAlaGlyPheCysArglLeuTrplleProGlyPheAlaGluMetAlaAlaProLeuTyrProLeuThrLysThr pol
TAAGGGAGTTCCTAGGGACGGCACGL|leultuLLILluuAALLLxuuul||uCGGAAATGGCAGCCCCCTTGTATCCTCTTACCAAAA
2 3530 3540 3550 3560 3570 3580 3590 3600

GlyThrLeuPheAsnTrpGlyProAspGlnGlnLysAlaTyrGlnGlulleLysGlnAlaLeuLeuThrAlaProAlaLeuGlyLeuPro pol
CGGGGACTCTGTTCAATTGGGGCCCAGACCAGCAAAAGGCCTATCAAGAAATCAAACAGGCCCTCCTAACTGCCCCCGCCCTGGGATTGC
3620 3630 3640 3650 3660 3670 3680 3690

AspLeuThrLysProPheGluLeuPheValAspGluLysGlnGlyTyrAlaLysGlyValLeuThrGlnLysLeuGlyProTrpArgArg pol
CAGATTTGACTAAGCCCTTTGAACTCTTTGTCGACGAGAAGCAGGGCTACGCCAAAGGCGTCCTAACGCAAAAACTGGGACCTTGGCGTC
3700 3710 3720 3730 3740 3750 3760 3770 3780

ProValAlaTyrLeuSerLysLysLeuAspProValAlaAlaGlyTrpProProCysLeuArgMetValAlaAlalleAlaValLeuThr pol
GCCCCGTCGCCTACCTGTCCAAAAACCTAGATCCAGTGGCAGCTGGGTCGCCCCCTTGTCTACGGATGGTAGCAGCCATTGCCGTTCTGA
0 3800 3810 3820 3830 3840 3850 3870

LysAspAlaGlyLysLeuThrMetGlyGlnProLeuVallleLeuAlaProHisAlaValGluAlalLeuVallLysGlnProProAspArg pol
CAAAAGATGCAGGCAAGCTAACTATGGGACAGCCGCTAGTCATCCTGGCCCCCCATGCAGTAGAGGCACTGGTCAAGCAACCCCCTGACC
3890 3900 3910 3920 3930 3940 3950 3960

TrpLeuSerAsnAlaArgMetThrHisTyrGlnAlaMetLeuLeuAspThrAspArgValGlnPheGlyProValValAlaLeuAsnPro pol
GCTGGCTATCCAACGCCCGCATGACCCACTACCAGGCAATGCTCCTAGACACTGACCGAGTTCAGTTCGGACCAGTGGTGGCCCTCAATC
3980 3990 4000 4010 4020 4030 4040 4050

AlaThrLeuLeuProLeuProGluGluGlyAlaProHisAspCysLeuGlulleLeuAlaGluThrHisGlyThrArgProAspLeuThr pol
CTGCCACCTTACTCCCTCTCCCGGAAGAAGGAGCCCCCCATGATTGCCTCGAGATCTTGGCTGAAACGCATGGAACCAGACCGGATCTCA
IS 0ligo. 7-=--- 4080 4090 4100 4110 4120 4130 4140

AspGlnProlleProAspAlaAspRisThrTrpTyrThrAspGlySerSerPheleuGlnGluGlyGlnArglysAlaGlyAlaAlaval pol
CCGACCAGCCCATCCCAGACGCCGACCACACCTGGTATgCCGATGGGAGCAGCTTTTTGCAAGAAGGACAGCGAAAGGCTGGGGCAGCGG
41 41 4170 4180 4190 0

ThrThrGluThrGluVallleTrpAlaArgAlaLeuProAlaGlyThrSerAlaGlnArgAlaGluLeulleAlaleuThrGlnAlaleu pol
TGACCACTGAGACCGAGGTAATCTGGGCAAGGGCACTGCCGGCTGGAACATCTGCCCAACGGGCCGAACTGATAGCACTCACTCAAGCCT
u2u 4 4290 4300 u310 4320

LysMetAlaGluGlylLysArgLeuAsnValTyrThrAspSerArgTyrAlaPheAlaThrAlaHisIleHisGlyGlulleTyrArgArg pol
TGAAGATGGCAGAAGGTAAGAGGCTAAACGTTTACACTGACAGCCGATATGCTTTCGCCACGGCCCATATCCATGGAGAGATCTATAGGA
4330 4340 4350 4360 4370 4380 4390 4400 4810

ArgGlyLeuLeuThrSerGluGlyArgGlullelLysAsnLysSerGlullelLeuAlalLeuLeulLysAlalLeuPhelLeuProlLysArglLeu pol
GGCGAGGGTTGCTAACCTCAGAGGGTAGAGAAATCAAAAACAAGAGCGAGATCCTGGCTTTACTGAAAGCTCTTTTTCTGCCAAAGAGAC
4420 4430 uuu0 4450 4460 4490 4500

SerIlelleHisCysLeuGlyHisGlnLysGlyAspSerAlaGluAlaArgGlyAsnArglLeuAlaAspGlnAlaAlaArgGluAlaAla pol
TCAGTATAATCCACTGCCTGGGGCATCAAAAAGGAGATAGTGCCGAGGCTAGGGGCAACCGCCTAGCAGACCAAGCGGCCCGGGAGGCAG
451 4520 4530 usue 4550 4560 4570 4580 4590

IleLysThrProProAspThrSerThrLeuleulleGluAspSerThrProTyrThrProAlaTyrPheHisTyrThrGluThrAspLeu pol
CCAIAAAGACGCCTCCAGATACATCCACTCTCCTTATAGAGGATTCAACCCCATATACGCCTGCCTATTTCCATTATACT AACAGATC
4600 L 180. 6--=-n 4 u6u0 4650 &----011go. 2u---

LysLysLeuArgGluLeuGlyAlaThrTyrAsnGlnSerLysGlyTyrTrpValPheGlnGlyLysProValMetProAspGlnPheVal pol
TAAAGAAACTCAGAGAGCTTGGGGCCACCTATAACCAGAGCAAAGGATACTGGGTCTTCCAAGGCAAGCCGGTGATGCCCGACCAATTTG
4700 4710 u720 4730 4780 4750 760 4770

PheGluLeulLeuAspSerLeuHisArgleuThrHisLeuGlyTyrGlnLysMetLysAlaleuLeuAspArgGlyGluSerProTyrTyr pol
TATTTGAACTGTTAGACTCACTCCACCGGCTCACCCACCTCGGCTACCAGAAAATGAAAGCACTCCTTGACAGAGGAGAAAGCCCCTACT
8 4790 4800 4810 4820 4830 4840 4850 4860

MetLeuAsnArgAspLysThrLeuGlnTyrValAlaAspSerCysThrValCysAlaGlnValAsnAlaSerLysAlalysIleGlyAla pol
ACATGCTAAACCGGGACAAAACCCTCCAATATGTGGCAGATTCCTGCACGGTCTGTGCCCAAGTAAATGCCAGCAAAGCTAAAATCGGGG
4 ----0ligo. l---- 4900 4910 4920 4930 4940 4950

GlyValArgValArgGlyHisArgProGlySerHisTrpGlulleAspPheThrGluValLysProGlyLeuTyrGlyTyrLysTyrLeu pol
CAGGAGTGAGAGTACGAGGACATCGGCCAGGCTCCCATTGGGAGATCGATTTTACAGAAGTCAAGCCACGGCTGTATGGGTACAAGTACC
4960 4970 4980 4990 5000 5010 5020 5030 5040

LeuValPheValAspThrPheSerGlyTrpValGluAlaPheProThrLysArgGluThrAlaArgvalValSerLysLysLeuleuGlu pol
TCCTGGTATTCGTGGACACCTTCTCTGGTTGGGTGGAAGCCTTTCCAACCAAGAGAGAAACAGCAAGAGTCGTGTCCAAGAAATTGCTGG
0 5060 5070 5080 5090 5100 5110 5120 5130

GlullePheProArgPheGlyMetProGlnValLeuGlySerAspAsnGlyProAlaPheThrSerGinValSerGlnSerValAlaAsp pol
AAGAAATATTCCCGAGATTCGGAATGCCACAGGTATTGGGATCTGATAACGGGCCTGCCTTCACCTCCCAGGTAAGTCAGTCGGTGGCCG
14 5150 5160 5170 5180 5190 5200 5210 5220

LeuLeuGlyIleAspTrplLysLeuHisCysAlaTyrArgProGlnSerSerGlyGlnValGluArgMetAsnArgThrIleLysGluThr pol
ATTTACTGGGGATCGATTGGAAATTACATTGTGCTTATAGACCCCAGACTTCAGGTCAGGTAGAAAGAATGAATAGAACCATCAAGGAGA
5230 524 5270 5280 5290 5300 5310

LeuThrLysLeuThrLeuAlaAlaGlyThrArgAspTrpValleuLeuLeuProLeuAlaLeuTyrArgAlaArgAsnThrProGlyPro pol
CTCTAACTAAATTAACGCTTGCAGCTGGCACTAGAGACTGGGTACTCCTACTCCCCTTAGCTCTTTACCGAGCCCGGAACACTCCGGGCC
5330 5340 5350 5360 5370 5380 5390 [

HisGlyLeuThrProTyrGlulleLeuTyrGlyAlaProProProLeuValAsnPheHisAspProAspMetSerGluLeuThrAsnSer pol
CCCATGGACTGACTCCGTATGAAATCTTGTACGGGGCGCCCCCGCCCCTTGTTAACTTCCATGACCCCGACATGTCAGAATTAACTAATA
5420 5430 5440 5450 5460 5470 5480 5490

ProSerLeuGlnAlaHisLeuGlnAlaleuGlnThrValGlnArgGlulleTrpLysProLeuAlaGluAlaTyrArgAspGlnLeuAsp pol
GCCCATCTCTCCAAGCTCACTTACAGGCCCTCCAAACGGTGCAGCGAGAAATTTGGAAACCACTGGCCGAGGCCTACCGGGACCAACTAG
Acceptr5520 5530 5540 5550 5560 5570 5580

GlnProVallleProHisProPheArglleGlyAspSerValTrpValArgArgHisGlnThrlysAsnLeuGluProArgTrpLysGly pol
ACCAACCAGTGATACCACACCCCTTCCGGATTGGAGACTCCGTGTGGGTGCGCCGGCACCAGACCAAAAACTTAGAACCTCGCTGGAAGG
5600 5610 5620 5630 5640 5650 5660 5670

ProTyrThrValLeuLeuThrThrProThrAlaLeuLysValAspGlylleSerAlaTrplleHisAlaAlaHisVallysAlaAlaThr pol

GACCCTACACCGTCCTACTGACCACCCCCACCGCTCTCAAGGTAGACGGCATCTCTGCATGGATACACGCCGCCCACGTCAAGGCAGCGA
6 5690 5700 5710 5720 5730 5740 5750 5760

FIG. 1—Continued
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env —a
MetGluSerThrThrLeuSerLysProPheLysAsnGlnValAsnProTrpGlyProLeulleValLeu env
ThrProProlleLysProSerTrpArgValGlnArgSerGlnAsnProLeulysIleArgleuThrArgGlyAlaPro®es pol
ccacgeeccce TAAAACCATCATzfAGAGTACAACGCTCTCAAAACCCTTTAAAAATCAGGTTAACCCGTGGGGCCCCCTAATTGTCCT
5770 --0l1go. 28-45790 5800 5810 21 5830 5840 5850
8p70 —o=

LeuIleLeuclyGlyvalAanProv:lThrLeuGlyAsnSerPronsGanalPheAsnLeuThrTrpGluv;lThrAsnGlyA:pArs &p70
TCTGATTCTCGGAGGGGTCAACCCCGTTACGTTGGGAAACAGCCCCCACCAGGTTTTTAACCTCACCTGGGAAGTGACTAATGGAGACCG
860 5870 5880 5890 5900 t---0ligo. 23-- 5930 5940

GluTherlTrpAlaIleThrGlyAanHisProLeuTranrTrpTerroAspLeuThrProAspLeuCyaHetLeuAlaLeuHisGly gp70
AGAAACGGTGTGGGCAATAACCGGCAATCACCCTCTGTGGACTTGGTGGCCTGACCTCACACCAGATCTCTGTATGTTGGCCCTCCACGG
5960 5970 5980 5990 6000 6010 6020 6030

ProSerTyrTrpGlyLeucluTyrArgAlaProPneSerProPro?roclyProProCysCysSerGlySerSerAspSerThrProGly &p70
GCCGTCCTATTGGGGCCTAGAATATCGGGCTCCTTTTTCTCCTCCCC CCCCCTGCTGTTCAGGAAGCAGCGACTCCACGCCAGG
6040 6050 R 0ligo. 17---~ 6090 6100 6110 6120

CysSerArgAsprscluGluProLeuThrSerTyrThrProArgCysAsnThrAlaTrpAsnArgLeuLysLeuSerLysvalThrNxs 8p70
CTGTTCCAGAGATTGTGAGGAGCCCCTGACTTCATATACTCCCCGGTGCAATACGGCCTGGAACAGACTTAAGTTATCTAAAGTGACACA
3 6140 ---0ligo. 20---# 6170 6180 6190 6200 6210

AlaHisAanlyGlyPheTeralesProGlyPronsArgProArgTrpAlaAraSerCysGlyclyProGluSerPheTerysAla 8p70
TGCACACAATGGAGGATTCTATGTCTGCCCCGGGCCACATCGCCCCCGGTGGGCCCGGTCATGTGGTGGTCCAGAATCCTTCTATTGTGC
6220 6230 6240 6250 6260 6270 6280 -0ligo. 25-

SerTrpclyCyscluThrThrGlyArgAlaSerTrpLysProSerSerserTrpAspTyrlleThrValSerAsnAsnLeuanSerAsp 8p70
CTCTTGGGGCTGCGAAACCACAGGCCGAGCATCCTGGAAACCATCCTCGTCCTGGGACTACATCACAGTAAGCAACAATCTAACCTCAGA
6310 6320 6330 6340 6350 6360 6370 6380 6390

GlnAlaThrProValCy:LysGlyAsnGluTrprsAsnSerLeuThrl1eArgPheThrSerPheGlyLysGlnAlaThrSerTrpVal gp70
CCAGGCAACCCCAGTATGCAAAGGTAATGAGTGGTGCAACTCCTTAACTATCCGGTTCACGAGCTTTGGAAAACAGGCCACCTCCTGGGT
6400 6410 6420 6430 6440 6u50 6460 6470 6480

ThrGlyHisTrpTrpGlyLeuArgLeuTyrValSerclyH:sAspProGlyLeullePheG)y1leArgLeuLyslleThrAspSercly 8p70
CACAGGCCATTGGTGGGGATTGCGCCTATACGTCTCTGGACATGACCCAGGGCTCATCTTTGGGATCCGACTTARAAATTACAGACTCGGG
649 500 6510 6520 6530 6540 6550 6560 6570

ProArgValProlleclyProAsnProValLeuSerAspArgArgProPrcSerArgProArgProThrArgSerProProProSerAsn gp70
GCCCCGGGTCCCAATAGGGCCAAACCCCGTCTTGTCAGACCGACGACCACCTTCCCGGCCTAGACCCACCAGATCTCCCCCGCCTTCAAA
6580 6590 6600 6610 6620 6630 6640 6650 &eomoean

SeranProThrGluThrProLeuThrLeuProGlUProProPrcAlaGIyValGluAsnArgLeuLeuAsnLeuValLysGlyAlaTyr gp70
CTCCACCCCAACCGAGACACCCCTCACCCTCCCCGAACCCCCGCCAGCGGGAGTCGAAAACCGATTGTTAAATCTAGTAAAAGGAGCCTA
oligo. 11----4 L. _01igo. 10----4 6700 6710 6720 6730 6740 6750

GlnAlaLeuAsnLeuThrSerProAspLysThrGlnGluCysTrpLeuCysLeuvalSerGlyProProTyrTyrGluGlyValAlaVal 8p70
CCAAGCCCTCAACCTCACCAGTCCTGATAAAACCCAAGAGTGCTGGTTATGCCTAGTATCGGGACCCCCATACTACGAGGGGGTTGCCGT
6770 6780 6790 6800 6810 6820 6830 6840

LeuGlyThrTyrSerAanisThrSerAlaProAlaAanysSerValAlaSerGlonsLysLeuThrLeuSerGluValThrGlyGln gp70
CCTAGGTACCTACTCCAACCATACTTCTGCCCCAGCTAACTGCTCTGTGGCCTCTCAACACAAATTGACCTTGTCCGAAGTGACCGGACA
t --Cligo. 6890 690C 6910 6920 6930

GlyLeuCysIleGlyAlaValProLysThersCanalLeuCysAsnThrThrGlnLysThrSerAspGlySerTerereuAlaAla gp70
GGGACTCTGCATAGGAGCGGTCCCTAAAACCCATCAAGTCTTGTGTAATACCACCCAAAAGACAAGCGATGGGTCCTACTATTTGGCCGC
6940 =-~-0ligo. 3---- 6980 6990 7000 7010 7020

ProThrGlyThrThrTrpAlaCysSerThrGlyLeuThrProCysIleSerThrThrileLeuAspLeuThrThrAspTyrCysValleu gp70
TCCCACAGGAACTACCTGGGCTTGTAGTACTGGACTTACTCCCTGTATCTCAACCACCATACTTGACCTCACCACCGATTACTGTGTCCT
7030 7040 7050 7060  Teo---- Oligo. 8-- X 0 7 7110
P1SE—m=
ValGluLeuTrpProArgValThrTyrHisSerProSerTyrValTyrHisGlnPheGluArgArgAlaLysTyrLysArgGluProVal gP70/p15E
GGTCGAGCTTTGGCCAAGGGTGACCTACCATTCCCCTAGTTATGTTTACCACCAATTTGAAAGACGAGCCAAATATAAAAGAGAACCCGT
7140 7150 --0ligo. 22-- 7180 7190 7200

SerLeuThrLeuAlaleuleulLeuGlyGlyLeuThrMetGlyGlyIleAlaAlaGlyValGlyThrGlyThrThrAlaLeuValAlaThr P1SE
CTCACTAACTCTGGCCCTACTATTAGGAGGACTCACTATGGGCGGAATTGCCGCTGGAGTGGGAACAGGGACTACCGCCCTAGTGGCCAC
210 7220 7230 7240 7250 7260 7270 7280 7290

GlnGinPheGlnGlnLeuGlnAlaAlaMetHisAspAsplLeuLysGluValGluLysSerIleThrAsnLeuGluLysSerLeuThrSer PI1SE
TCAGCAGTTCCAACAACTCCAGGCTGCCATGCACGATGACCTTAAAGAAGTTGAAAAGTCCATCACTAATCTAGAAAAATCTTTGACCTC
--0ligo. 35-- 7320 7330 7340 ---0ligo. 19-- 7370 7380

LeuSerGluValValLeuGlnAsnArgArgGlyLeuAsplLeuLeuPheLeuLysGluGlyGlyLeuCysAlaAlaleulysGluGluCys P1SE
CTTGTCCGAAGTAGTGTTACAGAATCGTAGAGGCCTAGATCTACTATTCCTAAAAGAGGGAGGTTTGTGTGCTGCCTTAAAAGAAGAATG
390 7400 7410 ----0ligo. 18---37440 7450 7460 7470

CysPheTyrAlaAspHisThrGlyLeuValArgAspSerMetAlaLysLeuArgGluArgleuSerGlnArgGlnLysLeuPheGluSer P1SE
CTGTTTCTATGCCGACCACACAGGATTGGTACGGGATAGCATGGCCAAACTTAGAGAAAGATTGAGTCAGAGACAAAAGCTCTTTGAATC
480 490 7500 7510 7520 7530 7540 7550 7560

GlnGlnGlyTrpPheGluGlyLeuPheAsnLysSerProTrpPheThrThrLeulleSerThrileMetGlyProLeullelleLeulLeu P1SE
CCAACAAGGGTGGTTTGAAGGGCTGTTTAATAAGTCCCCTTGGTTCACCACCCTGATATCCACCATCATGGGTCCCCTGATAATCCTCTT
7580 7590 7600 7610 --0ligo. 47-- 7640 7650
—

LeulleLeuLeuPheGlyProCysIleLeuAsnArglLeuvalGlnPhelleLysAspArglleSerValValGlnAlalLeuValLeuThr P15E/R
GITAATTTTACTCTTTGGGCCTTGTATTCTCAATCGCCTGGTCCAGTTTATCAAAGACAGGATTTCGGTAGTGCAGGCCCTGGTTCTGAC

---0ligo. 33-- 7680 7690 7700 7710 7720 7730 7740
GlnGlnTyrHisGlnLeuLysThrIleGluAspCysLysSerArgGlu®es U3 —e= R
TCAACAATATCATCAACTTAAGACAATAGAAGATTGTAAATCACGTGAATAAAAGCTTTTATTCA TTTACAGAAAGAGGGGGGAATGAA u3
7760 7770 7780 7790 0ligo. 26#7810 7820 7830
AGACCCCTTCATAAGGCTTAGCCAGCTAACTGCAGTAACGCCATTTTGCAAGGCATGGGAAAATACCAGAGCTGATGTTCTCAGAAAAAC u3
7840 7850 7860 7870 7880 7890 7900 7910 20
AAGAACAAGGAAGTACAGAGAGGCTGGAAAGTACCGGGACTAGGGCCAAACAGGATATCTGTGGTCAAGCACTAGGGCCCCGGCCCAGGG u3
7930 7940 7950 7960 7970 7980 7990 8000 8010
CCAAGAACAGATGGTCCCCAGAAACAGAGAGGCTGGAAAGTACCGGGACTAGGGCCAAACAGGATATCTGTGGTCAAGCACTAGGGCCCC u3
8020 8030 8040 8050 8060 8070 8080 8090 8100
GGCCCAGGGCCAAGAACAGATGGTCCCCAGAAATAGCTAAAACAACAACAGTTTCAAGAGACCCAGAAACTGTCTCAAGGTTCCCCAGAT u3
8110 8120 8130 t..011go. 14-- 8160 8170 8180 190
GACCGGGGATCAACCCCAAGCCTCATTTAAACTAACCAATCAGCTCGCTTCTCGCTTCTGTACCCGCGCTTATTGCTGCCCAGCTCTATA u3
8200 8210 8220 8230 8240 8250 8260 8270 8280

—
AAAAGGGTAAGAACCCCACACTCGGCGCGCCAGTCCTCCGATAGACTGAGTCGCCCGGGTACCCGTGTATCCAATAAAGCCTTTTGCTGTTGCA 3¢
8290 8300 8310 8320 8330 8340 8350 8360 8374

FIG. 1. Nucleotide sequence of AKV MLV. The DNA strand corresponding to the viral plus strand is shown. The amino acid sequences
of the gag, pol, and env genes, as well as the beginning of the R, U5, and U3 sequences. are noted above the sequence. RNase T,
oligonucleotides (23) and features discussed in the text are indicated below the sequence.



VoL. 49, 1984

identify any differences from the sequences of this region
previously reported (15, 21, 56).

The AKV and Moloney MLV (Mo-MLYV) (48) nucleotide
sequences were compared by using the DIAGON computer
program (52).

RESULTS AND DISCUSSION

Figure 1 shows the 8,374-nucleotide sequence correspond-
ing to the plus (sense) strand of the AKV RNA genome, as
determined from the infectious molecular clone of AKV,
AKR-623 (22). Because the AKV terminal repeat (R) is
nearly identical to that of Mo-MLYV (56). the 5’ and 3’ termini
of AKV have been aligned to match the Mo-MLV genome
(48). Figure 1 also shows the deduced amino acid sequence
of the AKV gag, pol, and env gene products, the limits of the
R sequence, and the locations of the unique 5’ (U5) and 3’
(U3) sequences that are duplicated in the provirus LTR.
These structural features were identified by comparing the
AKYV sequence with the nucleotide sequence of Mo-MLV
(48) and the amino acid sequences of Rauscher MLV pro-
teins determined by Orozlan and his colleagues (see refer-
ence 58).

Comparison with previously reported AKYV sequences. The
nucleotide sequence shown in Fig. 1 of the AKR-623 LTR
(nucleotides 1 to 144 and 7,825 to 8,374) is identical to that
reported by Van Beveren et al. (56). Lenz et al. (21) have
reported the nucleotide sequence of the AKR-623 env gene
(nucleotides 5.674 to 7,865). The sequence shown in Fig. 1
differs at two positions: an additional T residue at nucleotide
5,676 and a C rather than G residue at nucleotide 5.740.

We previously reported the sequence of nucleotides 3,309
through 7,865 from a noninfectious molecular clone of AKV
(15). There are six differences within this region between the
infectious and noninfectious clones: the noninfectious clone
contains an extra G residue within the polypurine tract near
the origin of plus-strand strong stop synthesis (nucleotides
7.819 to 7.824) and contains an A residue in place of a G
residue at five positions (nucleotides 4,685, 5,240, 5.885.
7,169, and 7,556). Curiously, all five of the base substitutions
are identical. Furthermore, the affected guanine residues are
surrounded by the consensus sequence TTNGAAA (the
consensus nucleotides are each present in at least four of the
five sites), suggesting that this sequence is prone to mutation
during viral replication. Consistent with this, two differences
between the LTRs of AKV and Gross MLV (57) and a
change between the S'-leader sequences of two different
molecular clones of Mo-MLV (47) are also G-to-A transi-
tions which share this consensus sequence. The G-to-A
transition at nucleotide 5,240 of AKV has mutated a trypto-
phan codon (UGG) into a UGA termination codon within the
pol gene of the noninfectious clone, perhaps explaining the
lack of infectivity.

Because the 3’ half of AKV has already been described
extensively (15, 21, 56), these sequences will not be dis-
cussed further here.

AKYV 5’-leader sequence. The 5’-leader region of AKV
stretches from the 5’ cap site to the first initiation codon
(AUG) in the AKV viral genome, at nucleotides 639 to 641,
where translation of the gag and pol precursors is initiated.
Within the 5’ leader of AKV, the 5'-terminal 220 nucleotides
are 90% homologous to the analogous sequences in Mo-
MLV (48). This stretch of nucleotides contains the R (nucle-
otides 1 to 68) and U5 (nucleotides 69 to 144) sequences and
the tRNA”™ binding site (nucleotides 145 to 162) where
negative-strand synthesis initiates, as well as a putative
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donor splice site sequence (nucleotides 203 to 209) for
generation of the env mRNA. A possible env mRNA accep-
tor splice site sequence, identical to Mo-MLV, lies at
nucleotides 5.508 to 5,516.

The region of the AKV genome spanning nucleotides 220
to 270 is characterized by a stretch of 21 alternating pu-
rine/pyrimidine residues (nucleotides 245 to 265). This se-
quence, which is almost entirely composed of repeating TG
dinucleotides, is remarkable for three reasons: (i) repeating
tracts of TG dinucleotides can exist as a left-handed Z helix
under physiological conditions (13, 30): (ii) this sequence is
found highly repeated in eucaryotic genomes (11, 25); and
(iii) the sequence has been implicated as a hot spot for
recombination (35, 49, 54). The analogous region of the Mo-
MLV genome bears little resemblance to AKV and lacks the
stretch of TG residues, indicating that the latter is not
essential for replication. Nevertheless, Mo-MLV and AKV
do share within this region two copies of the pentanucleotide
TGTCT (nucleotides 227 to 231 and 239 to 243 in AKV).
which is also frequently present neighboring other TG tracts
identified in mammalian genomes (12, 25, 27, 28). These
results suggest that this region of both AKV and Mo-MLV
may be related to the TG tract sequences found in eucaryotic
genomes.

The remainder of the AKV leader sequence is character-
ized by an open reading frame beginning at nucleotide 318 in
the same frame as the gag coding sequences. An analogous
open reading frame begins at nucleotide 310 of the Mo-MLV
genome. (The two open reading frames are out of frame with
respect to one another until nucleotide 363 in the AKV
genome.) Cells infected by MLV express on their surface a
glycosylated gag gene product, referred to as gPr80%“¢ (20.
50, 55). Peptide mapping of gPr80%“# (8. 45) indicated that the
amino-terminal region of gPr80%‘* probably derives from
part of the open reading frame found in the 5'-leader region.
Schwartzberg et al. (47) have shown that Mo-MLV deletion
mutants which lack parts of this open reading frame do not
produce gPr80%“¢ but are still replication competent. It is
perhaps not surprising. therefore, that the AKR-623 AKV
clone is infectious even though it lacks an AUG initiation
codon to express gPr80%“<.

AKY gag and pol genes. The gag and pol gene products are
encoded by a long open reading frame (nucleotides 639 to
5,843) that is interrupted by a single amber (UAG) codon
separating the two genes. The MLV gag gene is translated as
a single polypeptide, Pr65%“¢, which is subsequently cleaved
to produce the internal viral proteins plS (encoded by
nucleotides 642 to 1.025). p12 (1,026 to 1,280), p30 (1.281 to
2,069), and pl0 (2.070 to 2,237). Comparison of the AKV
sequence in this region with the Mo-MLV and Rauscher
MLV gag sequences (48. 58) shows that the amino acid
residues adjacent to the proteolytic cleavage sites are identi-
cal in all three MLVs. The AKV p30 and p10 peptides are
very highly conserved with respect to Mo-MLV and
Rauscher MLV (95% homologous at the amino acid level).
whereas the p12 and pl5 peptides are not.

The initial translation product of the pol gene is the
Pr180%“*”*! fusion protein that contains both gag and pol
antigenic determinants. To synthesize such a molecule. the
amber codon separating gag and pol in the viral genome
must be either eliminated or suppressed. This could be
accomplished by either splicing the genomic RNA to remove
the UAG codon from the pol mRNA. as appears to be the
case with Rous sarcoma virus (46). or translation of the
termination codon by a suppressor tRNA (26, 34).

Shinnick et al. (48) proposed a RNA secondary structure
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FIG. 2. Comparison of potential RNA secondary structures
flanking the amber codon (underlined) which separates the gag and
pol genes of Mo-MLV (A) and AKV (B).

flanking the amber codon separating the gag and pol genes in
Mo-MLYV. This and an analogous secondary structure from
the AKYV sequence are shown in Fig. 2. The nucleotides in
AKYV that are base paired in the secondary structure are
marked by apostrophes below the sequence shown in Fig. 1

J. VIrOL.

(between nucleotides 2,232 and 2,270). Although there are
several base differences between the Mo-MLV and AKV
structures (one of which extends the AKV stem by 1 base
pair), none of these destroy any base pairs, providing further
evidence that such a structure exists in vivo. The stem of
each structure contains a single, unpaired, ‘‘bulged’’ adenine
residue. Double-stranded RNA helices containing a bulged
nucleotide have been implicated as RNA-protein contact
sites (32); the stem-and-loop structure shown in Fig. 2 might
thus serve as a binding site for a regulatory protein that
controls the relative amounts of Pr65¢“ and Pr180¢“«!,
whether this occurs by splicing of the genomic RNA or
tRNA suppression.

The pol gene in AKV extends from nucleotide 2,253 to
5,843 and can encode 1,196 amino acids. As noted previous-
ly in Mo-MLYV (48), this reading frame is much larger than
required to encode the 80,000-dalton reverse transcriptase
polypeptide. Because the pol gene of avian retroviruses
encodes a double-stranded DNA endonuclease (10, 44),
Shinnick et al. (48) suggested tha the extra coding potential
of the MLV pol gene might encode an analogous endonucle-
ase; recent evidence (T. Shinnick, personal communication)
indicates that an endonuclease activity is in fact encoded by
the 3’ region of the pol gene in Mo-MLV. Comparison of the
AKY and Mo-MLYV pol amino acid sequences shows that the
amino-terminal two-thirds (encoded by nucleotides 2,253 to
4,500) of the pol gene product is 96% homologous, whereas
the carboxy-terminal third is only 77% homologous. The
conserved region is the expected size to encode reverse
transcriptase, suggesting that it is the endonuclease activity
which is not highly conserved and might, therefore, be virus
specific.

Structure of oncogenic MCF MLYV. The structure of recom-
binant MCF viruses has been extensively studied by both
restriction site mapping of proviral DNA (4) and RNase T,
oligonucleotide mapping (23, 38). Using the RNase T, oligo-
nucleotide sequences determined by Pedersen and Haseltine

0 | 2 3 4 5 6 7 8
I | | | I I I | L kb
Sma Cla Hpa Sma
Pst | Pwl Sstl Hpa Sac Sal Xho Sma /\ / \ /\ Sma Xba Pst Sma
L] i LTI T OLINT TR
Kpn Bam Kpn \Bo / Pwi Pw I Bam  Kpn Kpn
pl5 pl2 p30 plO pol gp70 pISE
! [ I .
s U3,
e — —t— e
e bl 1 N
112127115 1 39 441 36 7 6! 4 231201 11tolgl351181 33114
30 12 29 21 42 16 5 24 28 IT 25 10 3 22 19 47 26

FIG. 3. Correlation of AKYV restriction sites and RNase T, oligonucleotides with the AKV gene map. Upper portion shows the location of
the provirus restriction enzyme sites mapped by Chattopadhyay et al. (4) and confirmed by the sequence. Unless otherwise specified all
enzymes are I. Wild-type AKV contains a HindlIl site approximately 2.5 kilobases from the 5’ cap site (53) that is missing from the AKR-623
clone. AKV does not contain the recognition sites for the following enzymes: Avalll, Bcll, EcoRl, Mlul, Mstl, Ndel, Nrul, Sphl, and
Xmalll. Middle portion shows the AKV gene map. At the bottom is shown the location of the RNase T, oligonucleotides used by Lung et al.
(23) to study the structure of MCF genomes. Oligonucleotide 39 is the N-tropic specific oligonucleotide identified by Rommelaere et al. (37).
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(33) and the pancreatic RNase digestion products identified
by Rommelaere et al. (38), we have located within the AKV
sequence the RNase T, oligonucleotides used by Lung et al.
(23) to study the recombination patterns of MCF viruses.
These RNase T, oligonucleotides are identified under the
sequence in Fig. 1. Figure 3 correlates the location of the
RNase T, oligonucleotides (bottom) with both the AKV
provirus restriction sites (top) and the AKV gene map
(middle).

The sequence from the 5’ half of AKV shows that all of the
RNase T, oligonucleotides analyzed by Lung et al. (23) from
this region derive from either the pl5, pl2, and amino-
terminal half of the p30 coding sequences or a short region in
pol. The exact nature of large regions of the 5’ half of MCF
genomes were thus ignored in the oligonucleotide studies.
Furthermore, because the restriction site map of the 5’ half
of AKV is more similar to that of nonecotropic proviruses
than is the AKV 3’ half (4), the restriction site analyses of
Chattopadhyay et al. (4) were likewise not able to detect
recombination as readily within the 5’ half of the MCF
genomes as within the 3’ half.

Nevertheless, Lung et al. (23) showed that many of the
oncogenic MCF viruses (e.g., MCF 13) lack specific RNase
T, oligonucleotides found in AKV, for example, the pol
oligonucleotides 44 and 5 (see Fig. 3). Consistent with this
result Chattopadhyay et al. (4) showed that some of the MCF
proviruses (such as MCF 13) lack AKYV restriction sites
(e.g., Sacl and Hpal) which lie within the pol gene. Taken
together, these results suggest that sequences within the §’
half of MCF viruses are frequently derived from the non-
AKYV parent virus. The new 5' AKV sequences presented
here should aid in identifying the exact locations of the
nonecotropic sequences within the 5’ region of MCF ge-
nomes.
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