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ABSTRACT
The nucleotide sequence of an early region of the 029 genome

has been determined. The sequenced region includes genes 3 and 4,
which code for the protein covalently linked to the 5' ends of
029 DNA and the protein involved in the control of late trans-
cription, respectively. The position and nature of the mutations
of mutants sus3(91) and sus4(56) has also been determined.

INTRODUCTION

A novel mechanism for the initiation of replication of linear

DNAs having a protein covalently bound to the 5' ends, namely

bacteriophage 029 DNA and adenovirus DNA, involves the priming of

DNA chain elongation by a deoxynucleotide covalently attached to

the terminal protein (1-4). In both cases, bacteriophage 029 and

adenovirus, the priming protein is covalently bound to the ter-

mini of replicating DNA in vivo (5-10). The above model has been

supported recently by the demonstration of the formation in vitro

of a covalent complex between the 029 terminal protein p3 and

dAMP, the 5' terminal nucleotide at both ends of 029 DNA (11)and
between the precursor of the adenovirus terminal protein (pTP)
and dCMP, the 5' terminal nucleotide at the ends of adenovirus
DNA (12-15, P.C. Van der Vliet, personal communication).

Fragment Hind III G from the left early region of 029 DNA has

been cloned and identified as containing gene 3, except the last

15 base pairs, and gene 4 (16). Gene 3 codes for the 5' terminal

protein (17) and gene 4 for the protein involved in the control

of late transcription (18).
As a first step to understand the relation between structure

and function of the 5' terminal protein of 029 DNA, it is impor-

tant to know the sequence of the gene coding for protein p3. We
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report the sequence of an early region of the 029 genome, namely
the Hind III G fragment plus 286 adjacent nucleotides to the
left, containing genes 3 and 4 and probably the beginning of gene
2. We have also determined the site and nature of the mutation

of mutants sus3(91) and sus4(56) (19). Features of the nucleoti-
de sequence and of the derived amino acid sequences are discussed.

MATERIALS AND METHODS

Nucleoside triphosphates and enzymes

{y-32P}ATP (carrier free) was prepared according to an unpu-

blished procedure of I. Kennedy (C. Weissmann, personal communi-

cation) or obtained (~ 3000 Ci/mmol) from the Radiochemical Cen-
tre (Amersham). {a-32P}dATP (-'400 Ci/mmol) was from the Radio-
chemical Centre (Amersham). Polynucleotide kinase and restric-
tion enzymes were from New England BioLabs; alkaline phosDhatase
from calf intestine and DNA polymerase (Klenow fragment) were

from Boehringer Mannheim.

Preparation of 029 DNA and restriction fragments
The DNA was extracted from the phage 029 delayed-lysis mu-

tant sus14(1242) (20) or from mutants sus3(91) or sus4(56) (19)
as described (21).

DNA restriction fragments were separated by electrophoresis
on 3.5, 5 or 8% polyacrylamide gels in 0.1 M Tris-borate, pH 8.3,
2 mM EDTA (TBE). The.DNA was extracted from the gel and purified

as described (21). In some experiments, labelled DNA was extrac-
ted from the gel by electroelution into a dialysis bag.

Labelling of the DNA restriction fragments and sequencing

Labelling at the 5' ends with polynucleotide kinase and {y-
PIATP was as described (21). The 5' recessed ends were first

converted to flush ends using the 3' exonuclease activity of DNA
polymerase (Klenow fragment) and then labelled with polynucleo-
tide kinase. Labelling at the 3' ends with DNA polymerase (Kle-
now fragment) and {a-32PdATP was as described (21). The label-
led DNA restriction fragments were either cut with a second res-

triction enzyme or the DNA bands were separated as described (22).

DNA sequencing was done essentially by the Maxam and Gilbert
method (22), except that the G + A reaction was carried out by
treatment of the DNA with formic acid (23). The slab gels (20%
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or 8% polyacrylamide) were 400 x 300 x 0.5 mm and had 10 mm slots.
The 8% polyacrylamide gels were fixed immediately after the run

with 10% acetic acid and dried as described (24) except that the
gel was transferred to a 3 MM paper and dried under vacuum. Au-

toradiography was carried out with intensifying screens at -70-QC.
Computer analysis of DNA and protein sequences was made in a

PDP-11/45 minicomputer from Digital Equipment Corp. with a DOS/
BATCH operating system.

RESULTS AND DISCUSSION
Sequence of the region of phage 029 DNA that codes for proteins

p3 and p4
Genes 3 and 4 have been mapped in the restriction fragment

Hind III G (see Fig. 1) (16). Therefore, we sequenced the Hind
III G fragment and some neighbouring regions following the

strategy detailed in Fig. 1. All restriction sites that were used
to label the DNA were sequenced through from other labelled sits.
The sequence of the two DNA strands was determined.

The sequence of the Hind III G fragment (1150 nucleotides)
and 286 nucleotides from the right end of the Hind III B frag-
ment is given in Fig. 2. Only the sequence of the nonsense strand
(18), i.e. equivalent to the mRNA sequence, is given, written in
the sense of translation and numbered starting at the right end
of the Hind III G fragment. In Fig. 3 the distribution of ini-

tiation (AUG) and stop codons in the three possible reading fra-
mes is shown. We can see three open reading frames. In frame 1

there is one starting at nucleotide 102 and ending at nucleotide
477 which would be translated into a protein of 125 amino acids
and another one starting at nucleotide 1182 and whose stop codon
is not included in the sequenced region. No open reading frame
exists in frame 2. In frame 3 there is an open reading frame
starting at nucleotide 368 and endling at nucleotide 1166, which
could code for a protein of 266 amino acids. This open reading

frame partially overlaps with that in frame 1 coding for a 125
amino acids protein. The protein of 266 amino acids, deduced frmrn
the nucleotide sequence, will have a molecular weight of 31049
daltons that is in good agreement with the estimated molecular

weight of 27 000 for the terminal protein p3 in SDS polyacrylami-
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de gels (17,29,30) as well as with that of one of the proteins

synthesized in vivo from cloned Hind III G fragment identified

as protein p3 since it was not synthesized from a cloned fragment
from a sus3 mutant (16). In addition, preliminary sequence ana-

lysis of the N-terminal amino acids of protein p3 labelled with

3H-arginine, indicated that arginine was present in the second,

fifth and seventh position (Wittmann-Liebold,B., unpublished re-

sults) which will agree with the protdin sequence deduced from

the DNA sequence if the F-Met had been eliminated in the mature

protein.

The protein of 125 amino acids, deduced from the nucleotide

sequence, will have a molecular weight of 15 133, in good agree-
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Fia. 1. Genetic and physical map of $29 DNA. The genetic map was
adapted from Mellado et al. (25) and Reilly et al. (26),. taking
into account that gene 6 is contained in fragment Hind III H (27)
and genes 3 and 4 are contained mostly in fragment Hind III G
(this paper and 16). The arrows indicate the direction and extent
of transcription from early and late promoters (18). The physical
map is from our unpublished results and from Yoshikawa and It,--o
(28). DNA sequencing strategy (bottom). The horizontal arrows in-
dicate the direction and extent of sequence determination.
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find III

90

AGCTTC,AAACGTTTAAGGTTAAAGTG(TTCAAGGAACATCTAGTAAAGGTAACGTATTCTTTAGCTTACAACTATCCCTATAACAGGAG
[find III

180

GTAAAATATAGATGCCTAAMACACAAAGAGGTATCTATCATAACTTGAAGGAATCTGAATACGTGGCATCTMACACCGATGTCACGTTTT
MLtProLys7rGln ArgGly IleTyr ifis AsnLeuLysGluSer G.lu'PrValAla SerAsnTh.rAsi,Vallr 'Phe

sus4(56)-aPT 270
TCTTTTCAAGTGAATTGTATTTGAACAAGTTTCTCGATGGATACCAAGAATACAGGAAfiAAATTTAATAAGAAGATAGMACGGGTCGCTG

Phe, Fit- Ser Ser Glu Leu Tyr Leu Asn Lys Phe Leu Asp Gly Tyr Gln Glu Tlyr Arq Lys Lys Phe Asn Lys Lys Ile Glu Arg Val Ala

360

TTACACCGTGGAATATGGATATGCTCGCAGACATCACGTTCTATTCAGAAGTTGMAAGCGTGGTTTCCATGCTTGGTTGAAAGiGAATA
Val Thr Pro Trp AsnMt AspMet Lou Ala Asp Ile ThrPheTyrSer GluVal GluLys Arq Gly Phe His Ala Trp Leu Lys y Asp

450

ACGCCMCATGGCGAGAAGTCCACGTATACGCATTMGGATAATGACAAAGCCGAATACGCTCGATTGGTCAAGAATACAMAGCCAAGAT
AsnAla 11rTrpArgGlu Val His ValTyr Ala LeuArq IleetThr Lys Pro Asn ThrLAu AspTrp SerArg Ile Gln Lys ProPrq

Met Ala Arg Ser Pro Arg Ile Arg Ile Lys Asp Asn Asp Lys Ala Mlu Tyr Ala Arq Leu Val Lys Asn Thr Lys Ala Lys Ile
540

TGCGAGAACGAAGAAAAAGTATGGTGTAGACCTTACCGCTGAAATTGATATACCTGACCTTGATTCATTTGAAACACGGGCGCAGTTCAA
Leu Arq Glu Arg Arq Lys Ser14et Val END

AlaArg hr Lys Lys Lys Tyr Gly Val Asp Leu7hr Ala Glu Ile Asp Ile Pro Asp LeuAsp Ser Phe Glu Thr Arq Ala Gln Phe Asn
630

TAAGTGGAAGGAACAAGCGTCCTCTTTCACTAACCGTGCTAATAThCGTTATCAGTTCGAAAAGAATGCATACGGTGTGGTGGCTAGTAA
Lys Trp Lys Glu Gln Ala Ser Ser rhe Th Asn Arq Ala Asn Met Arq Tyr Gln Phe Glu Lys Asn Ala Tyr Gly Val Val Ala Ser Lys

720

AGCTAAGATAGCTGAGATTGAACGTAACACAAAAGAGGTTCAGCGGTTAGTAGATGAGAAAATCMGGCTATGAAAGACAAAGAATACTA
Ala Lys IleAlaGlu IleCiuArgAsnThrLys GluValGlnArqLeuValAsrn Glu Lys Ile LysAlaMet LysAspLysGluTyrTyr

sus3(91)-jT . . . . . . . 810

TGCAGGCGGTAAGCCGCAAGGGACAATTGAACAACGGATAGCTATGACAAGTCCTGCACACGTTACAGGAATTAATAGACCCCATGATTT
Ala Gly Gly Lys ProGln Gly ThrIleGlu Gln Aig Ile Ala Mett hrSer Pro Ala His Val ThrGly le Asn Arg ProHis Asprhe

900

TGACTTTAGCAAGGTGCGMGCTATAGCCGTTTGCGAACCCTAGAAGAAAGCATGGAGATGAGAACAGACCCTCAGTATTATGAAAAGAA
Asp Phe Ser Lys Val Arg Ser Tyr Ser Arg Leu Arg Thr Leu GluGlu Ser Met Glu Met Axg Thr Asp Pro Gln Tyr Tyr Glu Lys Lys

990
AATGATACAGTTACAGTTAAACTTTATTMGAGCGTTGAGGGTAGTTTCAATTCATTTGATGCGGCAGATGAACTGATCGAAGAATTMA
Met Ile Gln Leu Gln Leu Asn Phe Ile Lys Ser Val Glu Gly Ser Phe Asn Ser Phe Asp Ala Ala Asp Glu Leu Ile Glu Glu Leu Lys

1080

4AAGATACCTCCTGATGACTTCTATGAATTGTTTCTCAGAATATCAGAAATATCCTTTGAGGAATTTGATAGTGAGGGAAACACAGTGGA
Lys Ile Pro Pro Asp Asp Phe Tyr Glu Leu Pthe Leu Arg Ile Ser Glu Ile Ser Phe Glu Glu Phe Asp Ser Glu Gly Asn Thr Val Glu

1170

GAACGTAGAAGGTAATGTATATAAAATACTGTCATACTTGiGAACAGTATCGAAGGGGTGACTTTGATCTAAGCTTAAAGGGGTTCTAGGC
Hind III t

Asn Val GluGly Asn Val Tyr Lys ile LeuSer Tyr LeuGluGin Tyr Arg Arg Gly AspPhe Asp Leu Ser Lou Lys Gly PheEN

** 116!
TCCGTTAAAGGATGAAGCATATGCCGAGAAAGATGTATAGTTGTGACTTTGAGACMCTACTAAAGTGGAAGACTGTAGGGTATGGGCGT

Nlt Lys His Met Pro Arg Lys Met Tyr Ser Cys Asp Phe Glu ThrThr Thr Lys Val Glu Asp Cys Axg Val TrM Ala

* * 1350
ATGGTTATATGAATATAGAAGATCACAGTGAGTACAAAATAGGTAATAGCCTGGATGAGTTTATGGCGTGGGTGTTGAAGGTACAAGCTG
Tyr Gly T1yr Met Asn Ile Glu Asp His Ser Glu Tyr Lys Ile Gly Asn Ser Leu Asp Glu Phe met Ala Trp Val Leu Lys Val Gln Ala

ATCTATATTTCCATAACCTCAAATTTGACGGAGCTTTTATCATTAACTGGTTGGAACGTAATGGTTTTAAGTGGTCGGCTGACGGA
Asp Leu Tyr Phe His Asn Leu Lys Phe Asp Gly Ala Phe Ile Ile Asn Trp Leu Glu Arg Asn Gly Phe Lys Tip Ser Ala Asp GI'

Fig. 2. Nucleotide sequence of fragment Hind III G and part of
Hind III B. The deduced amino acid sequence for proteins p4, p3
and part of p2 is given and the probable Shine-Dalgarno sequence
for proteins p4 and p3 is underlined. The two more likely Shine-
Dalgarno sequences for protein p2 are underlined with disconti-
nuous lines (see text). The position of the mutation in mutants
sus4(56) and sus3(91) is also shown.
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Fig. 3. Distribution of initiation codons (AUG), and stop co-
dons in the three possible reading frames of the sequence shown
in Fig. 2. Upper vertical bars are for nonsense codons and un-
derneath vertical bars are for ATG triplets. Heavy lines show
the open reading frames.

ment with the estimated molecular weight of 12 500 for the pro-
tein translated in vivo from the cloned Hind III G fragment,
identified as p4 since it was not produced when the fragment clo-
ned was from a sus4 mutant (16).

The open reading frame starting at nucleotide 1182 could code
(due to its position in the genome) for the amino terminal re-

gion of protein p2.
DNA sequence analysis of mutants sus3(91) and sus4(56)

To further identify the sequences of the two proteins, of
266 and 125 amino acids, as those of p3 and o4, respectively,the
sequence of the corresponding region from the DNA of mutants
sus3(91) and sus4(56) was determined. For gene 3 the wild-type
and sus3 sequences differed in only one nucleotide. At position
737 (Fig. 2) in the wild-type sequence a C-G pair is present,
while in the mutant sequence a T-A pair is found (Fig. 4). This
mutation gives rise to the change of a CAA triplet (Gln) into a
nonsense UAA triplet (see Fig. 2). For gene 4, the wild-type and
sus4 sequences differed in only one base, at position 225 (Fig.
2), in which a C-G pair is present in the wild-type DNA and a T-
A pair in the mutant DNA (Fig. 4). This mutation gives rise, as
in the case of mutant sus3(91), to the change of a CAA triplet
(Gln) into a nonsense UAA triplet (see Fig. 2). The sus4(56) mu-
tation is located in a portion of p4 that does not overlap with
p3, therefore will not affect protein p3 function. Since both
mutants were obtained by treatment of the phage with hydroxyla-
mine (19), a C-G -; T-A transition is the expected change.
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During the preparation of this manuscript Yoshikawa and Ito

published the nucleotide sequence of the first 5708 bp from the

left end of 029 DNA (28). The nucleotide sequence assigned there

to gene 3, from nucleotides 3686 to 2886 corresponds exactly to

the sequence that we demonstrate is that of gene 3. On the con-

trary, the sequence reported in this paper for gene 4 does not

correspond to the reading frame tentatively assigned to gene 4

by Yoshikawa and Ito (28) but to the open reading frame extending
from nucleotides 3952 to 3575.

As mentioned above, both mutants sus3(91) and sus4(56) have

ochre mutations. This was unexpected, since they are suppressed
by the B. subtilis suppressor strains su 3 and su 44 thought to

be suppressors of ochre and amber mutations, respectively (31).
We do not have an explanation for this result at present, al-
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Fig. 4. Sequence analysis of nucleotides 727-744 in the nonsense
strand of wild-type and mutant sus3 (91) DNAs (upper part) and of
nucleotides 221-233 in the nonsense strand of wild-type and mu-
tant sus4 (56) DNAs (lower part) .
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though it suggests that if the rules for the suppression of non-

sense mutations stablished for E. coli are valid in B. subtilis,
43 +44-

the two B. subtilis suppressor strains su3 and su are both

ochre suppressors. Obviously the sequencing of W29 mutants gene-

tically classified as ochre (31) will be necessary. On the other
hand, a possible role played in suppression by bases adjacent to

the nonsense triplet (32,33) has to be kept in mind.

Features of the nucleotide sequence

A close examination of the DNA sequence shown in Fig. 2 re-

vealed the existence of eleven different octanucleotides repea-

ted twice, one octanucleotide repeated three times, three nona-

nucleotides and three decanucleotides repeated twice. A high num-

ber of repetitions is also found in the sequence of the 5708 nu-

cleotides at the left end of 029 DNA. These repetitions are sta-

tistically highly unprobable, and we do not know the significan-
ce of them, if any. Nevertheless, they could provide an explana-

tion for the difficulty in obtaining a correct reannealing of

denatured 029 DNA (21). Six palindromic sequences eight nucleo-

tides long and one palindromic sequence ten nucleotides long are

also present in the DNA sequence given in Fig. 2.

Shine-Dalgarno sequences for proteins p3 and p4
Ten nucleotides before the initiating triplets for p3 and p4

a Shine-Dalgarno sequence is found, which shows a strong comple-

mentarity with the sequence of the 3' end of B. subtilis 16S

rRNA (27) (Fig. 5). For the hypothetical protein p2 it is not

clear which is the initiating methionine since there are 3 me-

p4 p3 p2

mRNA ...AGGAGG... GAAAGGAG ...AAAGGGG
mm101 1l mIS " ,1 "11 1 "1 m

16S rRNA 3'HOUCUUUCCUCC... SHOUCUUUCCUCC... 3HoUCUUU CCC....

AG= -16.6 Kcol. &Gz-16.2 Kcal. &G=-16.6 Kcal.

mRNA ...AAAGGA ...
11 11 11 III II n

16S rRNA 3'Ho UCUUUCCUCC..

,G= - 11.8 Kcal.

Fig. 5. Possible Shine-Dalgarno sequences for proteins p4, p3
and p2. The free energies of formation of the Shine-Dalgarno
pairing were calculated following the rules of Tinoco et al.(34).
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thionines close to the possible NH2 terminal end. Taking into ac-

count both the free energy of formation of the Shine-Dalgarno
pairing and the spacing between the Shine-Dalgarno region and
the initiating codon (35) we think that the more probable Shine-

Dalgarno sequences for protein p2 are the ones shown in Fig. 5

and Fig. 2. The first sequence, AAAGGGG shows a high degree of

complementarity with the 3' end of 16S rRNA but the spacing is

very high, 19 nucleotides. The second seauence, AAAGGA shows less

complementarity with the 16S rRNA but the spacing is 8, closer

to the optimal (35). The possible Shine-Dalgarno seauence for

the initiation at the third methionine, AGAAAG, does not show

very good complementarity with the 16S rRNA and in addition it
is too close to the initiator AUG. The free energies of forma-

tion of the Shine-Dalgarno pairing for oroteins p4, p3 and p2
(see Fig. 5) are within the range of those calculated for other
initiation sites recognized by B. subtilis ribosomes (27,35) and

support the hypothesis that an extensive mRUIA-rRNA interaction
is a requirement for efficient translation by B. subtilis ribo-

somes (35).
Genes 3 and 4 have an overlapping region of 109 nucleotides

(see Fig. 2). As it is the case with other bacteriophages, the

same DNA sequence is used to code for two different proteins in

two different frames, being the Shine-Dalgarno sequence of gene
3 part of gene 4.
Relative codon usage for proteins p3 and p4

The relative codon usage for proteins p3 and p4 is shown in
Fig. 6. Taking into account only those amino acids which are
used more than six times in proteins p3 and p4 together, a clear

preference exists for U over C as the third base of the triplet
in the amino acids which are encoded by 4 codons (quartets),
being the preference less strong in the amino acids which are
encoded by 2 codons (duets). For the amino acids coded for by a
triplet with an A or a G as the third base there is not a clear

pattern of preferences, except for threonine, arginine, glutamic
acid and serine where the A is used more than the G. These bias
cannot be explained only by the base composition of the DNA (T/C
= 1.68; A/G = 1.45) since in the case of quartets the average
use of U over C is 5.25, and the average use of A over G (for
Thr, Arg, Glu and Ser) is 3.65. A similar bias can be observed
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in the relative codon usage by 13 mRNAs sequenced from different

double-stranded DNA phages (36) with some exceptions. The rela-

tive use of quartets and duets for amino acids that can be enco-

ded by 6 codons is similar to that observed in the 13 mRNAs of

double stranded DNA phages (36). Only one codon is not used in

p3 and p4 : UCG for serine, which is also not frequently used in

the 13 mRNAs of double-stranded DNA phages (36). These observed

bias in the choice of the third base in a codon in proteins p3

and p4 cannot be explained by dinucleotide preferences (37) sin-

ce the observed dinucleotide frequency in the sequence reported

here agrees with the theoretical one calculated from the nucleo-

tide composition. It remains unclear which is the significance

of these bias in the relative codon usage (36-38).
Features of the sequences of proteins p3 and p4

According to Hopp and Woods the point of highest local ave-

rage hydrophilicity, is located in or immediately adjacent toan

antigenic determinant (39). In Fig. 7 we show the hydrophilicity

profile of proteins p3 and p4, taking for each point the average

value of an hexapeptide (i-2, i-i, i, i+1, i+2, i+3). For p3 the

hexapeptide with highest average hydrophilicity is 95-Glu-Arg-

Asn-Thr-Lys-Glu. For p4 the hexapeptide with higher average hy-

drophilicity is 118-Arg-Glu-Arg-Arg-Lys-Ser. The antigenic deter-

minant predicted for p3 is located in the amino terminal moiety

of the molecule, in such a position that the peptide produced by

C A 6 P 4fuICIAT6

Fig. 6. Relative codon usage for proteins p3 and p4.
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the mutant sus3(91) will still have it and, therefore, should

react with anti-p3 serum as it happens to be the case (Mellado,

R.P. and Salas, M., unpublished results). The predicted antige-

nic determinant for p4 is located at the carboxyl end of the tr-

tein.

The secondary structure of proteins p3 and p4 was predicted

using a computerized program according to Chou and Fasman (40)

with slight modifications (41) and is shown in Fiq. 8. It can be

observed that both proteins are highly ordered : p4 shows 44%

amino acids involved in a-helices and 23% amino acids involved

in s-strands; p3 shows 67% amino acids in a-helices and 5% in

6-strands. In the same figure the distribution of charged and hy-
drophobic residues along p3 and p4 is also shown. Both proteins,

p3 and p4 are quite hydrophobic, 24-37% more than the average

-c I

0.8-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~__

2 0-

o 1 0 -

00 -

CL

- 0

-2 0 -
p4

10 20 30 40 50 60 70 80

Sequence position
90 100 110 120 130

Fig. 7. Hydrophilicity profile of proteins p3 and
peptide average value (see text) is plotted versus
the amino acid sequence.

p4. The hexa-
position alcng
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for 185 other proteins (42). Protein p4 is, in addition, very ba-
sic. Protein p3 shows a cluster of basic amino acids at the ami-
no end, then the number of nositive charges diminishes in the
middle of the molecule and near the carboxyl terminus a cluster
of negative charges is present. We still do not know which seri-
ne residue binds to the initiating dAMP. We could speculate that
a good hydrophobic environment to bind the nucleotide (43) is
present near the carboxyl terminus and that any other part of the

molecule with positive charges could bind to the DNA strand that
will serve as template.

The sequence of the adenovirus 5' terminal protein has also
been reported recently (44). We have not found any similarity

p3
Residue distribution

Amino acids 20 40 60 80 100 120 140 160 180 200 220 240 266

Hydrophobic (%) 25 25 30 20 25 35 20 30 35 35 45 30 42
Charged (%) 45 40 35 30 35 45 20 40 40 15 45 35 31
Net chorge +3 +6 -3 +2 +1 +1 +2 +4 -2 -1 -5 -5 0

Predicted secondary structure

*MV- * *m w *=V I.-VI
20 40 60 80 100 120 140 160 180 200 220 240 260

p4
Residue distribution

Amino acids 10 20 30 40 50 60 70 80 90 100 110 125

Hydrophobic (%) 30 30 40 50 30 40 50 30 30 50 30 26
Charged (%) 30 30 10 30 50 30 20 50 20 40 20 53
Net charge +3 -1 -1 -1 +3 +1 -2 +1 0 +2 0 +6

Predicted secondary structure

20 40 60 80 100 120

Fig. 8. Distribution of hydrophobic residues (Met, Val, Ile,Leu,
Phe, Tyr and Trp) and charged groups (Arg, Lys, His, Asp and Glu)
along the sequence of proteins p3 and p4. The lower portions sum-
marize the predicted secondary structure for the two proteins
using the Chou and Fasman method (40) (see text) : coil, a-helix;
sawtooth pattern, 8-strand; straight line, aperiodic structure,
arch, 8-turn.
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between that sequence and the sequence of p3. For the adenovirus

terminal protein the Dosition of the serine residue that binds

to the dCMP is known and in agreement with the above speculation

it is located in a hydrophobic environment (44).
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