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A 6.9-kilobase region of the Escherichia coli F plasmid containing the 3’ half of the traD gene and the entire
tral gene (encodes the Tral protein, DNA helicase I, and Tral", a polypeptide arising from an internal in-frame
translational start in tral) has been sequenced. A previously unidentified open reading frame (tentatively trbH)

lies between traD and tral.

The conjugal transfer of the Escherichia coli F plasmid is
mediated by the gene products of the tra regulon (reviewed
in references 9 and 21). Tral protein is required for conju-
gation of F, is now known to be a DNA helicase (2), and has
been purified and partially characterized (1, 10). Recent
genetic and biochemical studies have shown that Tral pro-
tein also plays a role in nicking at the origin of transfer (19),
presumably supplying the TraZ function required for nicking
at F oriT. Mapping experiments (18) have suggested that
Tral* (which is probably the same as protein 2b [12], for
which an independent map locus, traZ, was once postulated
[SD), is the result of an internal in-frame translational start in
tral. Consequently, in the revised genetic map of F there is
a region between traD and tral sufficiently large to encode
additional tra polypeptides (18). To facilitate a biochemical
analysis of Tral and Tral* function and to investigate the
possibility that an unrecognized tra gene lies between traD
and tral, we have sequenced the relevant region from the F
plasmid. The Tral amino acid composition and N-terminal
amino acid sequence deduced from the nucleotide sequence
were verified by amino acid composition and N-terminal
sequence analyses performed on purified Tral protein.

The DNA to be sequenced was taken from pPD1 (18),
which spans the traDI locus. Two EcoRV (all enzymes
except Sequenase [United States Biochemical Corp., Cleve-
land, Ohio] were from Bethesda Research Laboratories,
Inc., Gaithersburg, Md.) fragments (6.4 kilobases and 511
base pairs) were sequenced, and their junction was con-
firmed by sequencing the overlapping 1-kilobase Smal frag-
ment. The gel-purified fragments were electroeluted and
passed over NACS columns (Bethesda Research Laborato-
ries), self-ligated, sonicated to randomly shear the DNA (4),
end repaired with T4 DNA polymerase, and cloned into
Smal-cleaved M13mp18. Sequencing was by the dideoxy
method (17) by using either the Klenow fragment of DNA
polymerase I or Sequenase with [a->>S]JdATP (Dupont, NEN
Research Products, Boston, Mass.) and buffer gradient gels
(3). We routinely used dITP in place of dGTP with Seque-
nase to eliminate band compression artifacts. Shotgun se-
quence data were assembled by using SEQMAN and SEQ-
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MANED software (DNASTAR, Madison, Wis.). Subsequent
analysis was performed with GENEPRO (Riverside Scien-
tific, Seattle, Wash.) or FASTP (11). Tral protein was
purified as previously described (19), and its amino acid
composition was determined on a Durrum D-500 automated
amino acid analyzer following hydrolysis in 6 N HCI at 110°C
in vacuo for 24 h. Primary sequence determination was made
on a 96-kilodalton amino-terminal fragment of Tral protein
purified from an E. coli strain harboring the Tral chain-
terminating derivative pEM10 (19) by using a gas-phase
sequencer (model 470A; Applied Biosystems, Inc., Foster
City, Calif.) and the standard Edman degradation sequenc-
ing program of Hunkapiller et al. (8).

The nucleotide sequence of a 6,881-base-pair region from
the F plasmid containing the 3’ half of traD (1 to 768), a
previously unknown open reading frame (tentatively rrbH
[771 to 1487]), and tral (1487 to 6754), along with the
predicted translation products, is shown in Fig. 1. The
N-terminal amino acid sequence of purified Tral protein,
MetMet???1leAlaGInVal, confirms the initiation of transla-
tion derived from nucleotide sequence analysis. (The Ser in
position 3 would not be expected to be recovered.) Further
support for the validity of the DNA sequence comes from a
comparison between the amino acid composition of Tral
protein predicted by the nucleotide sequence and that deter-
mined experimentally (Table 1). The amino acid analysis is
the result of a single 24-h hydrolysis, uncorrected for de-
struction (would increase Ser and Thr and, to a lesser extent,
Tyr and Met) or incomplete hydrolysis (would increase Leu
and Ile).

Inspection of the nucleotide sequence shows that the traD
reading frame is terminated by consecutive opal codons,
TGATGA, whose internal ATG (underlined) is the probable
initiation codon for an open reading frame designated trbH.
The trbH reading frame ends with two opal codons preceded
by an A (ATGATGA), to form the start sequence (under-
lined) consistent with the two amino terminal residues of
Tral protein (we have discounted the first methionine codon
in the tral reading frame at 1466 to 1468 as a likely transla-
tion start because it does not agree with the experimentally
determined N-terminal amino acid sequence and because it
lacks a consensus ribosome-binding site [Fig. 1]). This
arrangement of stop-start codons implies that traD, trbH,
and tral are translationally coupled (7) and explains the polar
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D I Y G E KA AA S L F DV MNTR A F F R S P S H K I A E F AAG E I G E ¥ E

GATATCTACGGTGAGAAAGCGGCTGCCTCGCTGTTTGACGTCATGAACACLLUIbLLllll1LLblILlLLLAGCCATAAGATTGCAGAGTTCGCTGCCGGTGAAATTGGTG‘GAAAGAG
0 80

10 20 30 40

90 100 110 12¢

H L KA SEOQYSYGADTPVRDGUV STGKD M E R
Q T L Vv § Y
CACCTGAAAGCCAGCGAGCAGTATTCCTACGGTGCTGATCCGGTACGTGACGGGGTATCGACCGGTAAGGATATGGAGCGCCAGACGCTGGTCAGTTATTECGECA;TC?GTSTC%GCEG

130 140 150 160 170 180

D L T CY VT LPGZPYUZPAVI KTLSTLK Y

190 200 210 22 230 240

Q TR P KV APETFTIPRUDTINTGPEM

GATCTGACCTGTTATGTCACCCTGCCCGGACCGTATCCGGCAGTAAAACTCTCTCTGAAATATCAGACACGACCGAAGGTCGCTCCGGAGTTTATTCCGCGTGACATCAACCCGGAAATG

250 260 270 280 290 300

310 320 330 340 350 360

ENRL S AUV LAAREUA BATETGTR RGO QMASTLTFE P DV PEVV S GETDU VT Q A E Q
GAGAALLblhleULbLLbAALAlUL&uLAAGGGAAGCAGAAGGTCGTCAGATGGCCAGCCTCTTCGAACCGGATGTCCCGGAGGTTGTTTCCGGAGAAGACGTGACTCAGGCTGAACAG

370 380 390 400 410 420

430 440 450 460 470 480

P Q QP VS PATINDTIKTI KT STDSGVUVNVZPAGTGTIE Q E L KM KPETETEHMEQ Q
CCGCAACAGCCGGTGTCTCCTGCCATCAACGATAAGAAGTCAGATTCAGGTGTGAATGTTCCGGCAGGGGGGATCGAGCAGGAGCTGAAAATGAAACCGGAAGAAGAGATGGAACAGCAA

490 500 510 520 530 540

550 560 570 580 590 600

LPP GTI S E S GEUVV DMAA ATYTEA AW Q Q ENH P D I Q 0 QM QRURETETUVNTI
CTGCCACCCGGGATCAGTGAATCCGGTGAAGTGGTGGATATGGCCGCTTATGAGGCATGGCAACAGGAAAATCATCCGGACATCCAGCAGCAGATGCAGCGTCGTGAAGAGGTGAACATT

610 620 630 640 650 660

N V HREWRGEUDV E P G DD F * =
TrbH

670 680 690 700 710 720

M NR S TPV FNSOQAAIHTTFET KTFT PGV VTI S
AATGTGC:SCGGGAGCGCGGGGAGGATGTTGAGCCQQQAQAIGATTTCTGATGAACAGGTCAACTCCAGTCTTCAATTCTCAGGCCGCCCACACGTTCAAATTCCCGGGTGTTATTAGTC
76

740 750

770 780

790 800 810 820 830 840

H NNQSPTAGMTT CDUHTULTITI KT WZPODTI RA ASTLTIEKTGTZ KT FC S Y L AGUVCG S S §

ACAATAATCAGTCCCCGACTGCGGGCATGACCTGCGATCATTTGATCAAATGGCCCGACAGGGCGTCCCTGAAGGGCAAGTTCTGCTCTTATCTGGCCGGTGTGTGTGGCAGCAGCAGCG

850 860 870 880 890 900 910 920 930 940 950 960
VVIQNVNAGNITEKSTULDIHSETITTF R L AF F CTTIVYHULUHTO QS STUDT RTTD A
TCGTAATCCAGAACGTCAATGCGGGAAACAAATCCCTCGATCACAGCGAGATTACGTTCAGGCf'JTGGCTTTTTTCTGCACCATATATCACCTCCATCAGAGTGACCGAACTGATGCAC

970 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

H S P L V Q V KTTFUZPDTSGGTFUV L Y RIKINA ATDV G I E H K L QHQND S L S C
ATTCTCCCCTGGTTCAGGTTAAAACGTTCCCTGACACTGGCGGGTTTGTTCTTTATCGTAAAAATGCAGATGTTGGTATCGAGCATAAACTTCAGCATCAGAATGACTCCCTTTCCTGCA
1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

I PGCSLLSTIKSALTTULTFUPSNIUHSSHVYV SPAGTYVMTIZ RUYVTERTPTA ATITS
TACCAGGCTGTTCCCTGTTATCCATAAAATCAGCGCTGACACTGTTTCCGTCGAACCATTCGTCCCATGTCTCTCCGGCAGGCGTAATGATTCGGGTTCGTCCGACAGCAATCACTTCAA
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320

T R F TF S GNA ATA ATFGSLTAWULRTILTILR RNTUVVYVSTITICTULTLM®WTITG CTLUVY
CGCGTTTTACGTTTTCCGGCAATGCAACCGCTTTTGGCAGTCTGACCGCCTGGCTGCGGTTGCTGAGAAATACGGTGGTTTCCATTATTTGCCTCCTTATGTGGATATGTCTTGTGTATA
1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440

Tral

M M S I A Q V R S A G S A GNUZYVYTODJI KT DNIYJ YV
I HC G I DAGTIC QR RUDTI R L * *
TCCATTGTGGGATTGATGCCGGGATATGTCAAAQQQATATACGTTTATGATGAGTATTGCGCAGGTCAGATCGGCCGGAAGTGCCGGGAACTATTATACCGACAAGGATAATTACTATGT

1450 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560

L G S M GERWAGRGA AEZ QLGLO QG SUVDI KT DV VT FT RTILTILTETGTZ RTLTPTDTGA AD
GCTGGGCAGCAT ACGCTGGGCCGGC TGAACAGCTGGGGCTGCAGGGCAGTGTCGATAAGGATGTTTTTACCCGTCTTCTGGAGGGCAGGCTGCCGGACGGAGCGGA
1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680

L S RMQDGSNRUHRZPGYDTULTTFSAPIKSVSMMAMTLTGG GT DTIKT RTLTITDA
TCTAAGCCGCATGCAGGATGGCAGTAACAGGCATCGTCCCGGCTACGATCTGACCTTCTCCGCCCCCAAAAGTGTCTCCATGATGGCCATGTTAGGTGGCGATAAGCGCCTGATTGATGC
1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800

H NQA VDV F AUV RQVEALA A ST RUVMTDSGI QS ETUVLTSGNTULVMATLTF N
ACATAATCAGGCCGTGGATTTTGCTGTCCGTCAGGTGGAGGCGCTGGCCTCCACACGGGTGATGACGGACGGACAGTCAGAAACGGTGCTGACCGGTAATCTGGTGATGGCACTGTTTAA
1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920

H DTS RD QEUPQLHTHA AV VANUVTOQHNGEUW[KTTLT S S D KUV G K TG F
CCACGACACCAGTCGCGATCAGGAACCACAGT TACACACGCATGCGGTGGTGGCTAATGTCACGCAGCATAATGGCGAATGGAAGACACTGAGCAGTGACAAAGTGGGGAAAACGGGGTT
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040

E N V YJA N Q I A F G R L Y REIKTULIKETUGQVEALGTYETTEUVV G KHGMUWE
CATTGAGAATGTGTACGCTAATCAGATTGCCTTTGGCAGGCTCTACCGGGAAAAACTGAAAGAGCAGGT TGAGGCGCTGGGCTATGAAACTGAAGTGGTTGGTAAGCACGGTATGTGGGA

2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2160

M P GV PV EATF S GRS QQTTIREA AV GEUDA ASTILIKSURDUVAATLTUDTRK S K
AATGCCGGGTGTACCGGTGGAGGCCTTTTCCGGACGCTCACAGACTATCC CGTC AGACGCCTCGCTGAAATCCCGGGATGTGGCGGCGCTGGATACGCGTAAATCCAA
2170 2180 2190 2200 2210 2220 2230 2240 2250 2260 2270 2280

Q HV D P E I KMAEWMMOQTULIEKETGT FDTIIRAYI RUDAARADIU QRADTLURTLT
ACAGCATGTCGATCCGGAGATCAAAATGGCCGAGTGGATGCAGACGCTGAAGGAAACCGGGTTCGACATCCGGGCATATCGTGACGCGGCGGATCAGCGTGCGGATCTCCGCACGCTGAC
2290 2300 2310 2320 2330 2340 2350 2360 2370 2380 2390 2400

FIG. 1. Nucleotide sequence and predicted translation products of the 6.9-kilobase EcoRV fragment containing the traDI locus. The
putative translation initiation sites of trbH (771), tral (1487), and tral* (4349) are shown. Only the 3’ end of the traD gene is found on this
EcoRV fragment. Probable ribosome-binding sites preceding trbH, tral, and tral* are underlined. DNA helicase I is a potent DNA-dependent
ATPase, and two regions of Tral with amino acid sequence similarity to adenine nucleotide-binding sites (20) are boxed.

effect that nonsense mutations in zraD have on the produc-
tion of Tral protein (5, 18).

Although expression of tzral is mostly dependent upon
positive activation of the tra operon by the TraJ protein,
biochemical experiments have demonstrated that there is
significant traJ-independent transcription of tral that occurs
separately from traD (6, 16). Based on sequence similarity to
the E. coli sigma-70 promoter consensus (15), a possible
location for this in vivo promoter would be approximately
350 base pairs upstream of the Tral translation startpoint

(—10 region at positions 1134 to 1139). Electron microscopy
has been used to map a strong RNA polymerase-binding site
in this region of fra DNA (13).

If the 88-kilodalton Tral* protein derives from an internal
translation start in zral, as has been supposed (18), the most
likely initiation codon is at position 4349 (Fig. 1). There is an
acceptable ribosome-binding site nearby, and the deduced
Tral* polypeptide has an M, of 88,000. The predicted Tral
helicase has an M, of 192,000, reasonably close to the
180-kilodalton estimate from sodium dodecyl sulfate-poly-
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P G P A S QDG PUDV Q QA UV T Q A I A G L S ERK V Q FTY TDUVULATP T v G

60CCG6aCCTGCT TCACAGGACGGGCCOOATGTGCAGCAGGCGGTGACACAGGCGAT TGCCGGATTAAGTGAACGAAAAGTGCAGT TCACG TACACOOACGTACTOOHCARAA LGOS Can

2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 2510 asan

I L PP ENGUV I EURA ARABAGTIUDTEA ATI1 S RE QLI P L DU RE K G L F T S G : H
CATACTGCCGCCGGARAATGGTGTGATTGAACGGGCACGCGCCGGTATCGATGAGGCCATCAGCCGTGAGCAGCT TATCCCCCTCRACC TGTTCACGTCCGGOAT

2530 2540 2550 2560 2570 2580 2590 2600 2610 2620 2630 h440

2

VLDETLSVRALST® RDTIME KO OQNZ RYVTVUHTPETKSUVTEPTRT A G Y S DAV S vV
TG‘I‘GCTCGATGAGCTGTCAG‘!‘CCGGGCACTCAGTCGTGACATCA1‘GMACAGMCCGGGTGACCGTACATCCGGAGAMAGTGTNCCCGGACGGCCGG?TACAGCGATGCCGTCAGCGT
2650 2660 2670 2680 2690 2700 27110 2720 2730 2740 2750 274¢

L AQDRPSLATIVSGOQGGA AR AMGO QRTETRVYATETLVMMATR E Q GREV Q1
GCTGGCACAGGATCGCCCGTCGCTGGCCATTGTGTCCGGGCAGGGCGGTGCAGCCGGGCAGCGTGAGL! 'GGCTGAACTGGTCATGAT CC PGCAGAT
2770 2780 2790 2800 2810 2820 2830 2840 2850 2860 2870 28890

I AADRURSOQMNMEKOQDET RTLSGETLTITGRTR R QLTLTETGHMATFTTZ PGS STV
TATCGCTGCTGACCGTCGCTCGCAGATGAACATGAAGCAGGATGAACGGT TGTCCGGTGAGCTGATAACCGGACGTCGTCAGCTGCTGGAAGGCATGGCCTTCACGCCGGGCAGTACTGT
2890 2900 2910 2920 2930 2940 2950 2960 2970 2980 2990 3000

1 vD QGEZKTZLSTLZEKTETLTTLTLDTGAARUH NVYVQVILITUDSGO OQURTGTTG S
TATCGTTGACCAGGGCGAAAAACTCTCCCTGAARAGAGACGTTAACCCTGCTGGACGGTGCCGCACGTCATAACGTACAGGTCCTGATAACCGACAGCGGGCAGCGAACCGGTACAGGCAG
3010 3020 3030 3040 3050 3060 3070 3080 3090 3100 3110 3120

A L M AMKDA AGV VN NTTYRWOQGGETU QRTPATTITISETPTDT RINTYI RYA ARTLASGSG
TGCACTGATGGCCATGAAGGATGCCGGGGTGAACACATATCGC TGGCAGGGGGGAGAACAGCGACCGGCCACCATCATCAGTGAACCGGACCGTAATGTCCGCTATGCCCGGCTGGCAGG
3130 3140 3150 3160 3170 3180 3190 3200 3210 3220 3230 3240

D F AA SV KAGETESVAQV S GV REUGQAILT OQATIRSTETLIKTU QGVTLSG
AGATTTTGCGGCCAGCGTGAAAGCCGGAGAAGAGAGCGTGGCACAGGTCAGCGGGGTACGGGAACAGGCCATACTGACACAGGCCATTCGCAGTGAGC TGAAAACACAGGGCGTGCTCGG
3250 3260 3270 3280 3290 3300 3310 3320 3330 3340 3350 3360

L PEVTMTALSU&PVWILD SRS RYTULRUDMY ®RUPGMVMETG EGMWNTPTETTR RS
ACTCCCGGAGGTGACCATGACTGCCCTTTCACCGGTCTGGCTGGACAGCCGGAGCCGTTATCTGCGGGATATGTACCGTCCGGGGATGGTGATGGAGCAGTGGAACCCGGAGACACGCAG
3370 3380 3390 3400 3410 3420 3430 3440 3450 3460 3470 3480

H DRY VIDURVYVTAQSHSLTULRDAQGETU QVVRTISSLDS S WS LF
‘TCATGACCGCTATGTTATCGACCGGGTGACGGCGCAGAGTCACAGCCTGACCCTGC TGCGCi  TGAAACGC] 'GGTGCGTATTTCCTCCCTGGACAGCAGCTGGTCGCTGTT
3490 3500 3510 3520 3530 3540 3550 3560 3570 3580 3590 3600

R P E KMUPVADGEU RTLARVYVTGIKTIU®PGILH® RV S GGD RTILAOQVASUV SEUDA AWM
CCGGCCGGAAAAAATGCCGGTGGCAGACGGCGAGCGACTGAGGGTGACAGGGAAAAT TCCCGGACTCCGCGTCTCCGGCGGTGACCGCCTGCAGGTGGCATCCGTCAGTGAAGATGCGAT
3610 3620 3630 3640 3650 3660 3670 3680 3690 3700 3710 3720

T VVVZPGRAETPATTLZPUVSDSPFTALIKTILTENGWVETUPSGUHSV S D S
GACGGTTGTTGTGCCGGGACGGGCTGAACCGGCCACCCTGCCTGTGAGCGATTCACCGTTCACGGCACTGAAGCTGGAGAACGGC TGGGTGGAAACGCCCGGGCATTCCGTCAGCGACAG
3730 3740 3750 3760 3770 3780 3790 3800 3810 3820 3830 3840

ATV FA SV T QMAMDNATTULNGILARSGRDV VR RILYS S LDET R RTATE
TGCGACGGTTTTTGCCTCCGTCACACAGATGGCAATGGACAATGCCACCCTGAACGGTCTGGCCCGCAGTGGTCGTGATGTCCGGCTGTATTCCTCACTGGATGAAACCCGTACTGCGGA
3850 3860 3870 3880 3890 3900 3910 3920 3930 3940 3950 3960

K L A RHUP S F TV VS E QI KT RAGETSULETA ATISUHU OQIKSATLUHTZPADOQ
AAAACTTGCCCGCCATCCGTCCTTTACGGTGGT TTCTGAGCAGATAAAGACGCGGGCCGGTGAGACATCGCTGGAAACGGCTATCAGTCATCAGAAGTCCGCACTTCACACGCCGGCACA
3970 3980 3990 4000 4010 4020 4030 4040 4050 4060 4070 4080

Q A I HLAULUPVVESI KI KT LA AFSMVDULLTEA AIKST FAARAMAEGTSGT FTTETLG
GCAGGCCATTCATCTTGCCCTTCCGGTGGTGGAAAGTAAAAAACTGGCCT TCAGCATGGTGGACCTGCTGACAGAGGCAAAGTCGT TTGCTGCAGAAGGAACCGGTTTTACTGAACTGGG
4090 4100 4110 4120 4130 4140 4150 4160 4170 4180 4190 4200

6 E I NA QI XK RGDIULULYUVDVAIKGYSGTSGULULV S RASTYTZEA RAXTEIKS STITLR
AGGGGAAATCAATGCGCAGATAAAACGGGGTGATTTACTGTATGTGGATGTGGCAAAAGGCTATGGCACAGGTCTGCTGGTTTCCCGTGCGTCGTATGAGGCAGAAAAGAGCATTCTTCG

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300 4310 4320

Tral*
HILEGKEAVHPLHERVPGELHEKLTSGQRAATRHILETSD

CCA‘I'ATTC‘I‘CGMGGTMGGAGGCGGTCATGCCGCTGATGGAGAGAGTACCTGGCGMCTCATGGAGAMCTGACATCAGGACAGCGTGCCGCCACCCGCATGATACTGGMACGTCCGA
4330 4340 4350 4360 4370 4280 4390 4400 4410 4420 4430 4440

R _F T V V G Y A GV G KT T QF RAUV M]S AV NMLZPESETRTPRUVUVY G L G P
CCGT‘H‘CACGGTGGTACAGGGC‘l‘ATGCCGGTGTGGGTMGACCACACAGT‘!‘CCGGGCGGTGA‘I‘G'l‘CAGCCGTGMCATGCTGCCGGAGAGTGAGCGTCCCCGAGTCG‘I‘GGGGCTGGGTCC
4450 4460 4470 4480 4490 4500 4510 4520 4530 4540 4550 4560

T HR AV GEMR®BRSAGUVDAUQTLA F LHDTO QLOQOQRSGETZPDTFSNT
CACACACCGTGCGGTC GCAGCGCCGGCGTGGATGCGCAGACACTGGCGTCCTTTC TGCATGACACGCAGCTGCAGCAGCGCAGCGGAGAAACGCCGGATTTCAGCAACAC
4570 4580 4590 4600 4610 4620 4630 4640 4650 4660 4670 4680

FIG. 1—Continued.
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T HR AV GEM®BRSAGV VDA AOQTTULA ASTFTLHDTOQLOQQRSGETZPTDF S NT
CACACACCGTGCGGTC TGCGCAGCGCCGGCGTGGATGCGCAGACACTGGCGTCCTTTCTGCATGACACGCAGCTGCAGCAGCGCAGCGGAGAAACGCCGGAT TTCAGCAACAT
4570 4580 4590 4600 4610 4620 4630 4640 4650 4660 4670 4680

L F L LDESTGSMVGNTTDMARABAKTYA ATLTIAAGSGS GRAVASGDTTDAOQLQA
GCTGTTCCTGCTCGATGAGAGCTCAATGGTGGGCAATACCGACATGGCACGGGCATACGCCCTGAT TGCGGCCGGTGGCGGTAGGGCGGTGGCCAGTGGTGACACGGACCAGCTGCAGGC
4690 4700 4710 4720 4730 4740 4750 4760 4770 4780 4790 4800

IAPGQPE‘RLQQTRSAADVAIMKEIVRQTPELREAVYSLIN
CATCGCGCCCGGTCAGCCTTTCCGTCTCCAGCAGACGCGCAGTGCTGCCGATGTGGCCATCATGAAGGAGAT TGTGCGTCAGACGCCGGAACTGCGGGAGGCGGTATACAGCCTGATTAR

4810 4820 4830 4840 4850 4860 4870 4880 4890 4900 4910 4920
R DV ERA ALTGSTGTLTET SV K?PSQV PR QEGAWAPEUHSUVTETFSHSQE A
ol AA ACTGTCCGGGCT! GTGAAACCGTCTCAGGTGCCACGTCAGGAGGGCGCATGGGCACCGGAGCACTCCGTGACGGAGT TCAGTCACAGCCAGGAAGC
4930 4940 4950 4960 4970 4980 4990 5000 5010 5020 5030 5040

K L AEAQOQU KA AMTLTEKTGTEA ATFT®PDV?PMTLYEATIVRDYTGRTPEATRE
TGGCAGAAGCGCAGCAGAAGGCGATGCTGAAAGGCGAGGCTTTTCCGGATGTCCCCATGACACTGTATGAAGCCATTGTCCGCGACTATACCGGCAGAACACCGGAAGCACGGGA
5050 5060 5070 5080 5090 5100 5110 5120 5130 5140 5150 5160

Q@ T L I VTHTLNETDT RTERVYTILNTSMTIUHEDVRETIKABASGETILGI KETUGQVMV PV LN
GCAGACGCTGATTGTCACGCACCTGAATGAGGACCGGCGCGTACTGAACAGCATGATTCATGATGTACGGGAARAGGCCGGTGAGC TGGGGAAAGAGCAGGTCATGGTGCCTGTCCTGAA
5170 5180 5190 5200 5210 5220 5230 5240 5250 5260 5270 5280

T ANI RDGETULURA RTLTSTWETHRUDA ALUVLVDNVYHRTIASGTISKUDTDG
CACAGCGAATATACGTGACGGGGAGCTGCGTCGTCTCTCCACCTGGGAGACACATCGGGACGCACT TGTCCTGGTGGATAATGTGTATCACCGGATTGCCGGTATCAGTAAGGATGACGG
5290 5300 5310 5320 5330 5340 5350 5360 5370 5380 5390 5400

L I T L QDA AETGANTA RTILTISZPREA AVAETGVTLYTZ®PDTTIZ RUVGTGDRM
GCTGATAACCCTGCAGGATGCGGAAGGTAACACGCGGTTGATTTCTCCCC GGTGGCTGAAGGTGTCACACTGTACACCCCGGACACCATCAGGGTGGGGACCGGTGACCGGAT
5410 5420 5430 5440 5450 5460 5470 5480 5490 5500 5510 5520

R F T XK SD REU RGYJVA ANSUVWTVTAV S GDSVTILSDGU OQQTRETIRTP
GCGCT ’CGGGAGCG( TATGTGGCCAACAGCGTCTGGACGGTGACAGCAGT TTCCGGTGACAGTGTCACGCTGTCGGACGGACAGCAGACCCGGGAGATTCGCCC
5530 5540 5550 5560 5570 5580 5590 5600 5610 5620 5630 5640

G QE QAEOQHTIDTLAYA ATITA AHGA AOQGASETT FATIATLTESGTETGNRKL
GCAGGCAGAGCAACATATTGACCTGGCCTATGCCATCACCGCTCACGGTGCGCA AAGTGAAACCTTTGCCATTGCGCTTGAAGGAACGGAAGGTAACCGGAAACT

5650 5660 5670 5680 5690 5700 5710 5720 5730 5740 5750 5760

M A G FE S A Y VALSR RMEKG QHYVYQVYTDNRUQGWTDATINNAVQQZKTGT

"ACGTGGCCCTGTCGCGTATGAAGCAGCATGTGCAGGTGTACACCGATAACCGTCAGGGCTGGACGGATGCCATTAACAATGCCGTACAGAAAGGAAC

5770 5780 5790 5800 5810 5820 5830 5840 5850 5860 5870 5880

A HDVF FETPIXKPDRETVMNAERTILTFSTARETLRDVAAGRAVLTR RTU QARG
T “CGAAACCGGACC 'CATGAATGCAGAGCGGCTGT TCAGTACGGCGCGGGAACTGCGGGACGTGGCGGCAGGGCGTGCTGTTCTCCGTCAGGCGGG

5890 $900 5910 5920 5930 5940 5950 5960 5970 5980 5990 6000

L AGGD S PARTFTIAPGT RTIEKTYUZPOQPYUVALTZPATFUDRNGIKSA AGTIWLNTP
GCTGGCCGGGGGAGACAGTCCGGCACGGTTTATTGCACCGGGGCGCAAA TATCCGCAGCCGTATGTGGCACTGCCGGCGTTTGACCGTAACGGCAAGTCAGCAGGTATC TGGCTGAACCC
6010 6020 6030 6040 6050 6060 6070 6080 6090 6100 6110 6120

L TTDDGNGTLRGT FSGETGHRVYVIEKGSGDA AQTFUVATLI QGSH RNGTESTLTLA
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FIG. 1—Continued.
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TABLE 1. Amino acid composition of Tral determined
experimentally (see text) and deduced from
the nucleotide sequence

Residue mol% exptl mol% deduced
Ala 10.5 10.3
Arg 8.8 8.6
Asx 8.8 8.7
Cys ND“ 0
Glx 12.7 13.1
Gly 8.7 8.6
His 2.0 1.7
Ile 34 3.7
Leu 8.1 8.1
Lys 3.6 3.5
Met 2.2 3.0
Phe 2.0 2.0
Pro 4.1 4.0
Ser 5.6 6.6
Thr 5.9 6.4
Trp ND 0.9
Tyr 1.4 1.9
Val 7.9 8.2

“ ND, Not determined.

acrylamide gel electrophoresis analysis of the authentic
protein (1). The predicted TrbH polypeptide has an M, of
26,000 and is therefore unlikely to be a 12-kilodalton mem-
brane protein which has been observed and is thought to
map in this region (12, 14).

Protein analyses were performed at the Protein Primary Structure
Determination Facility at Carnegie-Mellon University, William E.
Brown, Director.
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