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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
traI gene (encodes the TraI protein, DNA helicase I, and TraI*, 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). TraI 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 TraI 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
TraI* (which is probably the same as protein 2b [12], for
which an independent map locus, traZ, was once postulated
[5]), 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 traI sufficiently large to encode
additional tra polypeptides (18). To facilitate a biochemical
analysis of TraI and TraI* function and to investigate the
possibility that an unrecognized tra gene lies between traD
and traI, 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 TraI 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 SmaI 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
SmaI-cleaved M13mpl8. Sequencing was by the dideoxy
method (17) by using either the Klenow fragment of DNA
polymerase I or Sequenase with [a-35S]dATP (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). TraI 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 HCl 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 TraI 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 trbH
[771 to 1487]), and traI (1487 to 6754), along with the
predicted translation products, is shown in Fig. 1. The
N-terminal amino acid sequence of purified TraI protein,
MetMet???IleAlaGlnVal, 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,
TGAIGA, 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 traI 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 traI are translationally coupled (7) and explains the polar
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TraD

D I Y G E K A A A S L F D V M N T R A F F R S P S H K I A E F A A G E I G F: K EGATATCTACGGTGAGAA.AGCGGCTGCCTCGCTGTTTGACGTCATGAACACCCGTGCCTTTTTCCGTTCTCCCAGCCATAAGATTGCAGAGTTCGCTGCCGGTGAAAT TGGTGAGAAAGAG10 20 30 40 50 60 70 80 90 100 110 12

H L K A S E Q Y 0Y G A D P V R D G V S T G K D M E R Q T L V S Y S D I Q S L P
CACCTGAAAGCCAGCGAGCAGTATTCCTACGGTGCTGATCCGGTACGTGACGGGGTATCGACCGGTAAGGATATGGAGCGCCAGACGCTGGTCAGTTATTCCGACATTCAGTCTCTGCCG130 140 150 160 170 180 190 200 210 220 230 240

D L T C Y V T L P G P Y P A V K L S L I Y Q T R P K V A P E F I P R D I N P E M
GATCTGACCTGTTATGTCACCCTGCCCGGACCGTATCCGGCAGTAAAACTCTCTCTGAAATATCAGACACGACCGAAGGTCGCTCCGGAGTTTATTCCGCGTGACATCAACCCGGAAATG250 260 270 280 290 300 310 320 330 340 350 360

E N R L S A V L A A REA R Q M A S L F E P D V P E V V S G E D V T
O

A E Q
GAGAACCGTCTGAGTGCCGTACTTGCCGCAAGGGAAGCAGAAGGTCGTCAGATGGCCAGCCTCTTCGAACCGGATGTCCCGGAGGTTGTTTCCGGAGAAGACGTGACTCAGGCTGAACAG370 380 390 400 410 420 430 440 450 460 470 480

P Q Q P V S P A I N D K K S S G V N V P A G G I E Q E L K M K P E E E M E 0 Q
CCGCAACAGCCGGTGTCTCCTGCCATCAACGATAAGAAGTCAGATTCAGGTGTGAATGTTCCGGCAGGGGGGATCGAGCAGGAGCTGAAAATGAAACCGGAAGAAGAGA TGGAACAGCAA490 500 510 520 530 540 550 560 570 580 590 600

L P P G I S E S G E V V D M A A Y E A W Q Q E N H P DI 0 0 Q M Q R R E E V N I
CTGCCACCCGGGATCAGTGAATCCGGTGAAGTGGTGGATATGGCCGCTTATGAGGCATGGCAACAGGAAAATCATCCGGACATCCAGCAGCAGATGCAGCGTCGTGAAGAGGTGAACAT T610 620 630 640 650 660 670 680 690 700 710 720

N V H R E R G E D V E P G D D F
* *
TrbH
M N R S T P V F N S Q A A H T F K F P G V I S

AATGTGCACCGGGAGCGCGGGGAGGATGT TGAGCCGGGAGATGATTTCTGATGAACAGGTCAACTCCAGTCTTCAATTCTCAGGCCGCCCACACGTTCAAATTCCCGGG TGTTATTAGTC730 740 750 760 770 780 790 800 810 820 830 840

H N N Q S P T A G M T C D H L I K W P D R A S L K G K F C S Y L A G V C G S S S
ACAATAATCAGTCCCCGACTGCGGGCATGACCTGCGATCATTTGATCAAATGGCCCGACAGGGCGTCCCTGAAGGGCAAGTTCTGCTCTTATCTGGCCGGTGTGTGTGGCAGCAGCAGCG

850 860 870 880 890 900 910 920 930 940 950 960

V V I Q N V N A G N K S L D H S E I T F R L A F F C T I Y H L H Q S D R T D A
TCGTAATCCAGAACGTCAATGCGGGAAACAAATCCCTCGATCACAGCGAGATTACGTTCAGGC*! '2_TGGCTTTTTTCTGCACCATATATCACCTCCATCAGAGTGACCGAACTGATGCAC970 980 990 1000 1010 1020 1030 1040 100 1060 1070 108n
H S P L V Q V K T F P D T G G F V L Y R K N A D V G I E H K L Q H Q N D S L S C
ATTCTCCCCTGGTTCAGGTTAAAACGTTCCCTGACACTGGCGGGTTTGTTCTTTATCGTAAAAATGCAGATGTTGGTATCGAGCATAAACTTCAGCATCAGAATGAC TCCCTTTCCTGCA

1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

I P G C S L L S I K S A L T L F P S N H S S H V S P A G V M I R V R P T A I T S
TACCAGGCTGTTCCCTGTTATCCATAAAATCAGCGC TGACACTGTTTCCGTCGAACCATTCGTCCCATGTCTCTCCGGCAGGCGTAATGATTCGGGT TCGTCCGACAGCAATCACTTCAA

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320

T R F T F S G N A T A F G S L T A W L R L L R N T V V S I I C L L M W I C L V Y
CGCGTTTTACGTTTTCCGGCAATGCAACCGCTTTTGGCAGTCTGACCGCCTGGCTGCGGTTGCTGAGAAATACGGTGGT TTCCATTATTTGCCTCCTTATGTGGATAT GTCTTGTGTATA

1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440

Tral
MM S I A Q V R S A G S A G N Y Y T D K D N Y Y V

I H C G I D A G I C Q R D I R L * *

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

L G S M G E R W A G R G A E Q L G L Q G S V D K D V F T R L L E G R L P D G A D
GCTGCGGCAGCATGGGAGAACGCTGGGCCGGCAGGGGGGC TGAACAGCTGGGGCTGCAGGGCAGTGTCGATAAGGATGTTTTTACCCGTCTTCTGGAGGGCAGGCTGCCGGACGGAGCGGA

1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680

L S R M Q D G S N R H R P G Y D L T F S A P K S V S M M A M L G G D K R L I D A
TCTAAGCCGCATGCAGGATCGGCAGTAACAGGCATCGTCCCGGCTACGATCTGACCTTCTCCGCCCCCAAAAGTGTCTCCATGATGGCCATGTTAGGTGGCGATAAGCGC CTGATTGATGC

1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800

H N Q A V D F A V R Q V E A L A S T R V M T D G Q S E T V L T G N L V M A L F N
ACATAATCAGGCCGTGGATTTTGCTGTCCGTCAGGTGGAGGCGCTGGCCTCCACACGGGTGATGACGGACGGACAGTCAGAAACGGTGC TGACCGGTAATCTGGTGATGGCACTGTTTAA

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920

H D T S R D Q E P Q L H T H A V V A N V T Q H N G E WEK T L S S D K V G K T G F
CCACGACACCAGTCGCGATCAGGAACCACAGTTACACACGCATGCGGiTGGTGGCTAATGTCACGCAGCATAATGGCG)AATGGAAGACACTGAGCAGTGACAAAGTGGGGAAAACGGGGTT

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040

I E N V A N Q I A F G R L Y R E K L K E Q V E A L G Y E T E V V G K H G M W E
CEATTGAGAATGTGTACGCTAATCAGATTGCCTTTGGCAGGCTCTACCGGGAAAAACTGAAAGAGCAGGTTGAGGCGCTG;GGC TATGAAACTGAAGTGGTTGGiTAAGCAC GGTATGTGGGA

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

M P G V P V E A F S G R S Q T I R L A V G E D A S L K S R D V A A L D T R K S K
AATGCCGGGTGTACCGG;TGGAGGCCTTTTCCGGACGCTCACAGACTATCCGGGAGGCCGTCGGGGAAGACGCCTCGCTGAAATCC CGGGATGTGGCGGCGCTGGATAC GCGTAAATCCAA

2170 2180 2190 2200 2210 2220 2230 2240 2250 2260 2270 2280

Q H V D P E I K M A E W M Q T L K E T G F D I R A Y R D A A D Q R A D L R T L T
ACAGCATGTCGATCCGGAG;ATCAAAATGGCCGAGTGGATGCAGACGCTGAAGGAAACCGGGTTCGACATCCGGGCATA TCGTGACGCGGCGGATCAGCGTGCGGATCTCCGCACGCTGAC

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 traI* (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 traI* 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 traD have on the produc-
tion of TraI protein (5, 18).
Although expression of traI 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 tra DNA (13).

If the 88-kilodalton TraI* protein derives from an internal
translation start in traI, 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
TraI* polypeptide has an Mr of 88,000. The predicted Tral
helicase has an Mr of 192,000, reasonably close to the
180-kilodalton estimate from sodium dodecyl sulfate-poly-

V̂JV X V V ; Q
1UOU



VOL. 172, 1990 NOTES 4129

P G P A S Q D G P D V 0 0 A V T Q A I A G L S E R K V O F T Y T D V L A P . V GGCCCGGGCCTGCTTCACAGGACGGGCCGGATGTGCAGCAGGCGGTGACACAGGCGATTGCCGGATTAAGTGAACGAAAAGTGCAGTTCACGTACACGGACG.AC.GGr-CA:AACGG-CGr,2410 2420 2430 2440 2450 2460 2470 2480 2490 ,500 25:0 25'^
I L P P E N G V I E R A R A G I D E A I S R E Q L I P L D R E K G L F T S G : H

CATACTGCCGCCGGAAAATGGTGTGATTGAACGGGCACGCGCCGGTATCGATGAGGCCATCAGCCGTGAGCAGCTTATCCCCCTCGACCGTGAGAAGGGGCTGT *CACGTCCGGGAT.TCA2530 2540 2550 2560 2570 2580 2590 2600 2610 26.20 2630 244C
V L D E L S V R A L S R D I M K O N R V T V H P E K S V P R T A G Y S D A V S V

TGTGCTCGATGAGCTGTCAGTCCGGGCACTCAGTCGTGACATCATGAAACAGAACCGGGTGACCGTACATCCGGAGAAAAGTGTTCCCCGGACGGCCGGTTACAGCGATGCCGTCAGCG .2650 2660 2670 2680 2690 2700 2710 2720 2730 2740 2750 27'C
L A G D R P S L A I V S G Q G G A A G O R E R V A E L V M M A R E Q G R E V 0 1

GCTGGCACAGGATCGCCCGTCGCTGGCCATTGTGTCCGGGCAGGGCGGTGCAGCCGGGCAGCGTGAGCGGGTGGCTGAACTrGGTCATGATGGCCCGGGAGCAGGGGCGGGAG;GTGCAGA-2770 2780 2790 2800 2810 2820 2830 2840 2850 2860 2870 2891
I A A D R R S Q M N M K Q D E R L S G E L I T G R R Q L L E G M A F T P G S T V

TATCGCTGCTGACCGTCGCTCGCAGATGAACATGAAGCAGGATGAACGGTTGTCCGGTGAGCTGATAACCGGACGTCGTCAGCTGCTGGAAGGCATGGCCTTCACGCCGG;GCAGTACTGT2890 2900 2910 2920 2930 2940 2950 2960 2970 2980 2990 3000

I V D Q G E K L S L K E T L T L L D G A A R H N V Q V L I T D S G Q R T G T G S
TATrCGTTGACCAGGGCGAAAAACTCTCCCTGAAAGAGACGTTAACCCTGCTGGACGGTGCCGCACGTCATAACGTACAGGTCCTGATAACCGACAGCGGGCAGCGAACCGGTACAGGCAG

3040 3050

T Y R W Q G G
ACATATCGCTGGCAGGGGGGA

3160 3170

S V A Q
V S G

AGCGTGGCACAGGTCAGCGGG
3280 3290

V W L D S R S
GTCTGGCTGGACAGCCGGAGC
3400 3410

Q S H S L T L
CAGAGTCACAGCCTGACCCTG
3520 3530

R L R V T G K
CGACTGAGGGTGACAGGGAAA
3640 3650

T L P V S D S
ACCCTGCCTGTGAGCGATTCA
3760 3770

M D N A T L N
ATGGACAATGCCACCCTGAACI
3880 3890

S E Q I K T R
TCTGAGCAGATAAAGACGCGG
4000 4010

K K L A F S

3060

E R
GAACAGCGA
3180

V R E
GTACGGGAA
3300

R Y L
CGTTATCTG
3420

R D A
CGGGATGCG
3540

I P G
PTTCCCGGA
3660

P F T
CCGTTCACG
3780

G L A
3GTCTGGCC(
3900

A G E
iCCGGTGAG)
4020

M V D

3070

P A T
LCCGGCCACC

3190

A I
LCAGGCCATA

3310

R D M
iCGGGATATG'

3430

QG E
iCAGGGTGAAi

3550

L R V
,CTCCGCGTC'

3670

A L K
GCACTGAAGI

3790

R S G
!CGCAGTGGT(

3910

T S L
;ACATCGCTG4

4030

L L T

3080

II S
ATCATCAGTI

3200

L T Q
CTGACACAG(

3320

Y R P
;TACCGTCCGC

3440

T Q V
ACGCAGGTG(

3560

S G G
TCCGGCGGT(

3680

L E N
CTGGAGAAC(

3800

R D V
CGTGATGTCC

3920

E T A
GAAACGGCTA

4040

E A K

3090

E P D R
'GAACCGGACCGT

3210

A I R S
GCCATTCGCAGT

3330

G M V M
GGGATGGTGATG

3450

V R I S
GTGCGTATTTCC

3570

D R L Q
GACCGCCTGCAG

3690

G W V E
GGCTGGGTGGAA

3810

R L Y S
CGGCTGTATTCC

3930

S H 0

ATCAGTCATCAG.
4050

S F A A

3100 3110 3120

N V R Y A R L A G
AATGTCCGCTATGCCCGGCTGGCAGG
3220 3230 3240

E L K T Q G V L G
GAGCTGAAAACACAGGGCGTGCTCGG
3340 3350 3360

E Q W N P E T R S
GAGCAGTGGAACCCGGAGACACGCAG
3460 3470 3480

S L D S SO S L F
rCCCTGGACAGCAGCTGGTCGCTGTT
3580 3590 3600

V A S V S E D A M
CTGGCATCCGTCAGTGAAGATGCGAT
3700 3710 3720

T P G H S V S D S
kCGCCCGGGCATTCCGTCAGCGACAG
3820 3830 3840

S L D E T R T A E
rCACTGGATGAAACCCGTACTGCGGA
3940 3950 3960

K S A L H T P A G
AGTCCGCACTTCACACGCCGGCACA
4060 4070 4080

E G T G F T E L G
GCAGGCCATTCATCTTGCCCTTCCGGTGGTGGAAAGTAAAAAACTGGCCTTCAGCATGGTGGACCTGCTGACAGAGGCAAAGTCGTTTGCTGCAGAAGGAACCGGTTTTACTGAACTGGG

4090 4100 4110 4120 4130 4140 4150 4160 4170 4180 4190 4200

G E I N A Q I K R G D L L Y V D V A K G Y G T G L L V S R A S Y E A E K S I L R
AGGGGAAATCAATGCGCAGATAAAACGGGGTGATTTACTGTATGTGGATGTGGCAAAAGGCTATGGCACAGGTCTGCTGGTTTCCCGTGCGTCGTATGAGGCAGAAAAGAGCATTCTTCG

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

TraI*
H ILKE G K

E
A V N P L N E R V P GE L N E K L TOSG O R A A T R N I L E TS

CCATATTCTCGAAGGTAAGGAGGCGGTCATGCCGCTGATGGAGAGAGTACCTGGCGAACTCATGGAGAAACTGACGCATCC CTAGGGACAGCGCTTGCCCAGTCCCACGACCCGCCGTAGCCTGGCATCACCTGGATG T CTGG ^ACCGTTCCGGA
4330 4340 4350 4360 4370 4380 4390 4400 4410 4420 4430 4440

Rt F T VVQ G Y A GV G K T TQ F R A-V-M- S A V N M L P E S E R P R V VG L G P
CCGTTTCACGGTGGTACAGGGCTATGCCGGTGTGGGTAAGACCACACAGTTCCGGGCGGTGATGTCAGCCGTGM CATGCTGCCGGAGAGTGAGCGTCCCCGAGTCGTGGGGCTGGGTCC

4450 4460 4470 4480 4490 4500 4510 4520 4530 4540 4550 4560

T H R AV G EM R S AG VGDA 0 T L A S F L HGD TO0 LO O R O GE T PGD FOSN T

4570 4580 4590 4600 4610 4620 4630 4640 4650 4660 4670 4680

FIG. 1-Continued.

3010

A L M A
TGCACTGATGGCC

3130

D F A A
AGATTTTGCGGCC

3250

L P E V
ACTCCCGGAGGTG

3370

H D R Y
TCATGACCGCTAT

3490

R P E K
CCGGCCGGAAAAi

3610

T V V V
GACGGTTGTTGTG

3730

A T V F
TGCGACGGTTTTT

3850

K L A R
AAAACTTGCCCGC:

3970

Q A I H

3020

M K D
ATGAAGGAT

3140

S V K
AGCGTGAAA(

3260

T M T
ACCATGACTI

3380

V I D
'GTTATCGAC(

3500

M P V
ATGCCGGTGC

3620

P G R
CCGGGACGGC

3740

A S V
'GCCTCCGTC)

3860

H P S
'CATCCGTCC'

3980

L A L

3030

A G V N
'GCCGGGGTGAAC

3150

A G E E
,GCCGGAGAAGAG

3270

A L S P
'GCCCTTTCACCG

3390

R V T A
CGGGTGACGGCG

3510

A D G E
GCAGACGGCGAG

3630

A E P A
iGCTGAACCGGCC

3750

T NM A
ACACAGATGGCA

3870

F T V V
TTTACGGTGGTT

3990

P V V E

rA!GVkGCAX:A

rG;GtcVcGGALC:p

KG;G;7xIcGGIC;A

_1;GLAx3cGCICx

3G,'GkcFAGC;cj

uA:G;cXkCrCA;GX
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T H R A V G E M R S A G V D A Q T L A S F L H D T Q L Q Q R S G E T P D F S N 7

CACACACCGTGCGGTCGGGGAGATGCGCAGCGCCGGCGTGGATGCGCAGACACTGGCGTCCTT TCTGCATGACACGCAGC TGCAGCAGCGCAGCGGAGAAACGCCGGA TTTCAGCAACAC
4570 4580 4590 4600 4610 4620 4630 4640 4650 4660 4670 4680

L F L L D E S S M V G N T D M A R A Y A L I A A G G G R A VA S G D T D Q L Q A
GCTGTTCCTGCTCGATGAGAGCTCAATGGTGGGCAATACCGACATGGCACGGGCATACGCCCTGAT TGCGGCCGGTGGCGGTAGGGCGGTGGCCAGTGGTGACACGGAC CAGCTGCAGGC

4690 4700 4710 4720 4730 4740 4750 4760 4770 4780 4790 4800

I A P G Q P F R L Q Q T R S A A D V A I M K E I V R Q T P E L R E A V Y S L I N

CATsCGCGCCCGGTCAGCCTTTCCGTCTCCAGCAGACGCGCAGTGCTGCCGATGTGGCCATCATGAAGGAGATTGTGCGTCAGACGCCGGAACTGCGGGAGGCGGTATACAGCCTGATTAA
4810 4820 4830 4840 4850 4860 4870 4880 4890 4900 4910 4920

R D V E R A L S G L E S V K P S Q V P R Q E G A W A P E H S V T E F S H S Q E A
CCGGGATGTGGAAAGGGCACTGTCCGGGCTTGAGAGTGTGAAACCGTCTCAGGTGCCACGTCAGGAGGGCGCATGGGCACCGGAGCACTCCGTGACGGAGTTCAGTCACAGCCAGGAAGC

4930 4940 4950 4960 4970 4980 4990 5000 5010 5020 5030 5040

K L A E A 0 RK A M L K G E A F P D V P M T L Y E A I V R D Y T G R T P E A R E

GAAACTGGCAGAAGCGCAGCA AAGGCGATGCTGAAAGGCGAGGCTTTTCCGGATGTCCCCATGACACTGTATGAAGCCATTGTCCGCGACTATACCGGCAGAACACCGGAAGCACGGGA
5050 5060 5070 5080 5090 5100 5110 5120 5130 5140 5150 5160

0 T L I V T H L N E D R R V L N S M I H D V R E K A G E L G K E Q V M V P V L N

GCAGACGCTGATTGTCACGCACCTGAATGAGGACCGGCGCGTACTGAACAGCATGATTCATGATGTACGGGAAAAGGCCGGTGAGCTGGGGAAAGAGCAGGTCATGGTGCCTGTCCTGAA
5170 5180 5190 5200 5210 5220 5230 5240 5250 5260 5270 5280

T A N I R D G E L R R L S T W E T H R D A L V L V D N V Y H R I A G I S K D D G
CACAGCGvAATATACGTGACGGGGAGCTGCGTCGTCTCTCCACCTGGGAGACACATCGGGACGCACTTGTCCTGGTGGATAATGTGTATCACCGGATTGCCGGTATCAGTAAGGATGACGG

5290 5300 5310 5320 5330 5340 5350 5360 5370 5380 5390 5400

L I T L Q D A E G N T R L I S P R E A V A E G V T L Y T P D T I R V G T G D R M

GCTGATAACCCTGCAGGATGCGGAAGGTAACACGCGGTTGATTTCTCCCCGGGAGGCGGTGGCTGAAGGTGTCACACTGTACACCCCGGACACCATCAGGGTGGGGACCGGTGACCGGAT
5410 5420 5430 5440 5450 5460 5470 5480 5490 5500 5510 5520

R F T K S D R E R G Y V A N S V W T V T A V S G D S V T L S D G Q Q T R E I R P

GCGCTTCCGAAGAGTGACCGGGAGCGCGGTTAKTGTGCCAACAGCGTCTGGACGGTGACAGCAGTTTCCGGTGACAGTGTCACGCTGTCGGACGGACAGCAGACCCGGGAGATTCGCCC
5530 5540 5550 5560 5570 5580 5590 5600 5610 5620 5630 5640

G Q E Q A E NH I D L A Y A I T A H G A 0 G A S E T F A I A L E G T E G N R K L
CGGCCAGGACGCAGGCAGAGCAACATATTGACCTGGCCTATGCCATCACCGCTCACGGTGCGCAGGGGGCAAGTGAAACCTTTGCCATTGCGCTTGAAGGAACGGAAGGTAACCGGAAACT

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

M A G F E S A Y V A L S R M K O H V 0 V Y T D N R 0 G W T D A I N N A V O K G T

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

A H D V F E P K P D R E V M N A E R L F S T A R E L R D V A A G R A V L R O A G
GGCCCACGATGTATTTGAGCCGAAACCGGACCCGGGAGGTCATGAATGCAGAGCGGCTGTTCAGTACGGCGCGGGAACTGCGGGACGTGGCGGCAGGGCGTGCTGTTCTCCGTCAGGCG0GG
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6370 6380 6390 6400 6410 6420
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AATTGTCCGTAAAATGGCAGAGAACAAACCTGACCTGCCGGATGGCAAAACAGAG
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OCTOCCOOAOOOTGTACTOCOTOAACCTCAACGGGTGCGGGAAGCTGTCAGGGAA
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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 NDa 0
Glx 12.7 13.1
Gly 8.7 8.6
His 2.0 1.7
Ile 3.4 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
a ND, Not determined.

acrylamide gel electrophoresis analysis of the authentic
protein (1). The predicted TrbH polypeptide has an Mr 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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