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ABSTRACT

We present the sequence of gene malK which encodes a component of the system for
maltose transport in E.coli K12. We also determined the position of deletion ($50) which
fuses malK to the following gene lamB ; the malK-lamB protein hybrid contains all of
the malK protein. The mRNA corresponding to the last two thirds of gene malK could
form stable stem and loop structures. The malK protein, as deduced from the gene
sequence, would include 370 residues and correspond to a molecular weight of 40700.
The sequence as well as sequence comparisons with the ndh protein of E.coli are
discussed in terms of the location and function of the malK protein.

INTRODUCTION

All of the known binding protein dependent transport systems in bacteria appear to
require several proteins (1). The molecular mechanisms underlying such systems are not
yet well understood. The active transport system for maltose in E.coli K12 includes at
least five proteins encoded in the genes of the malB region i.e. the malK-lamB and
malE-malF-malG operons (2). All these proteins, except the malG product, have been
identified. It is generally believed that the lamB protein forms a partially specific
transmembrane channel which facilitates maltose and maltodextrins diffusion through

the outer membrane (3,4). The early steps of transport also involve an interaction
between the lambda receptor and the maltose binding protein (3). Subsequently, the
malE gene product (5) would be involved in the concentration of the substrate into the
periplasmic space (6) and would allow their capture by a group of proteins located at
the level of the inner membrane. This group is likely to comprise the products of the
malF, malk and malG genes (7,8,9). One hypothesis proposes that these inner membrane
components of the system constitute an energy dependent pore which would allow the
translocation of the substrate through the cytoplasmic membrane (10,11). However,

nothing is known on the exact enzymatic function of these inner membrane components
including the malK protein.

We present here the complete nucleotide sequence of the malK gene. We discuss
briefly the results in terms of the structure of the malK-lamB operon and of the
possible location and function of the malK protein.
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MATERIALS AND METHODS
E.coli strain pop 2044 (12) was used for plasmid propagation. The plasmids used for

the isolation of DNA fragments were pHCP2 and pHCP3 (13) carrying respectively the
EcoR 1 (0)-Bgl II (+3168) and EcoR I (0)-Sal I (+993) fragments of the malB region
cloned in pBR322. Deletion S50 is carried by the phage lambda aph80malB13S50 (14).
Plasmid DNAs were purified from clear lysates by using one cesium chloride gradient
centrifugation (15) followed by one 5% to 20% sucrose gradient in Tris HC] 10-2M pH =
7,4, E.D.T.A. 10-3M, NaCl 10-1M. The phage DNA was purified as described (16).

All enzymes used were bought from Biolabs and Boehringer. Reactions were carried

out under conditions described by suppliers.

DNA fragments were separated by polyacrylamide gel electrophoresis and isolated
by electroelution followed by a step on a DEAE cellulose column. The restriction map
was established by partial hydrolysis of labelled fragments (17).

DNA fragments were 5' labelled with (gamma32P) by the kinase exchange reaction
(18) and sequenced as described by Maxam and Gilbert (19).

The EcoR I (0)-Hinf I (+1078) fragment which we have sequenced was obtained from
a functional malB region (13). In addition several lines of evidence confirm that it
corresponds to a functional malK gene. Firstly, the nucleotide sequence data presented
here correspond well to the size and the position expected for the malK gene. Secondly,
deletion S50 verifies the translational phase at the end of the malK. Thirdly, the molar
ratio Tyr to Arg deduced from the malK gene sequence is in good agreement with that
of the malK protein (9).

RESULTS AND DISCUSSION

In order to determine the complete nucleotide sequence of the malK gene, we have
sequenced a DNA fragment between the EcoR I (0) site and the Hinf I (+1078) site of
the malB region (Figure 1). The sequences at the left of EcoR I (0)(20) and at the right
of Sal I (+993) (21) were already known. Plasmid pHCP3 (Materials and Methods) was
used for the determination of the fine restriction map while both plasmids pHCP7 and
pHCP3 were used for the determination of the sequence. Figure 1 shows the map and
the strategy we adopted for sequencing this region. The restriction map was confirmed
by DNA sequencing except for one Taq I (+657) site (TCGA) which had not been found
by the mapping. This site corresponds to the recognition sequence of the dam+ function
(GMATC) (22) and thus was presumably protected against the Taq I enzyme.

Since the EcoR I (0) and the Sal I (+993) sites are expected to be located within the
malK gene (20,14), we have looked for one reading frame beginning on the left side of
the EcoR 1 (0) site and ending on the right side of the Sal I (+993) site. Indeed, there is

an open phase from nucleotide -194 to +1021 (Figure 2). Three ATGs and one GTG
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Figure 1. Restriction map and sequence strategy for gene malK.

The locations of restriction sites (Materials and Methods) are displayed at the top of the
figure. The middle part of the figure shows the sequencing strategy with the region of
the plasmid pHCP7 used in this work. The nucleotides are numbered from the EcoR I (O)
site in malK. Arrows indicate the direction and extent of sequence obtained from the
labelled end of each fragment (@). In the bottom part, the malK-lamB operon of the
malB region is represented. The heavy box 5' to malK represent the regulatory region of
the malB operon.

belonging to this phase are possible translation starts for malK (20). However, it has
been determined that the 5' end of the malK-lamB mRNA is located after the
GTG (-182) and ATG (-158) but before the ATGs (-137) and (-92) (23). Of the latter, the
ATG (-92) which is preceded by a sequence complementary to 3' end of the 16S rRNA
sequence (24) is the most likely translational start for malK (Figure 2).

To confirm the phase at the end of malK we have determined the localization of
deletion S50 which results in the formation of a malK-lamB protein fusion (25). In this
fusion malK and lamB are expected to be in the same translational phase. The
sequencing results (Figure 3) fulfilled this expectation, thus confirming that the open
reading frame corresponds to the malK gene. It is worth mentioning that deletion S50
fuses the malK gene to the lamB gene within the stop codon TAA of the malK gene
(Figure 3). Thus, the hybrid protein malK-lamB should contain all the amino-acids of the
malK protein.

Special features of the sequence
Genetic evidence suggested the existence of a low level promoter located before the

distal structural gene lamB (12,13) in the malK-lamB operon. A search for a DNA
segment containing homology to the -35 and -10 regions known as consensus promoter
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-194 MMGCCAGGGmAOGAmMGCCATC‘I‘CCT(mCGCATAGTCAGCC!A@ANTTGCT
125 GTCGATGACAGGTTGTTACAAAGGGAGAAGGGC [ATG] GCG AGC GTA CAG CTG CAA AAT GTA
Met Ala Ser Val Gln Leu Gln Asn Val

- 65 ACG AAA GCC TGG GGC GAG GTC GTG GTA TCG AAA GAT ATC AAT CTC GAT ATC
10 Thr Lys Ala_Trp Gly Glu Val Val Val Ser Lys Asp Ile Asn Leu Asp Ile
Eeoal W

- 14 CATGMGG‘I‘&ATI‘CGTGG‘I‘GTITGTCOGACCGTCTGOC'I‘GCGG‘X‘MI\’I'CG
27 His Glu CGly Glu Phe Val Val Phe Val Gly Pro Ser Gly Cys Gly Lys Ser

+ 38 ACT TTA CTG CGC ATG ATT GCC GGG CTT GAG ACG ATC ACC AGC GGC GAC CTG
44 Thr Leu Leu Arg Met Ile Ala Gly Leu Glu Thr Ile Thr Ser Gly Asp Leu

+ 89 TTC ATC GGT GAG AAA CGG ATG AAT GAC ACT CCG CCA GCA GAA CGC GGC GTT
61 Phe Ile Gly Glu Lys Arg Met Asn Asp Thr Pro Pro Ala Glu Arg Gly Val

+140 GGT ATG GTG TTT CAG TCT TAC GCG CTC TAT CCC CAC CTG TCA GTA GCA GAA
78 Gly Met Val Phe Gln Ser Tyr Ala Leu Tyr Pro His Leu Ser Val Ala Glu

191 AAC ATG TCA TTT GGC CTG AAA CCT GCT GGC GCA AAA AAA GAG GTG ATT AAC
95 Asn Met Ser Phe Gly Leu Lys Pro Ala Gly Ala Lys Lys Glu Val Ile Asn

+242 CAA CGC GTT AAC CAG GTG GCG GAA GTG CTA CAA CTG GCG CAT TTG CTG GAT
112 Gln Arg Val Asn Gln Val Ala Glu Val Leu Gln Leu Ala His Leu Leu Asp

J—
+203  CGC AAA CCG AAA GCG CTC TCC GGT GGT CAG CGT CAG CGT GTG GCG ATT GGC
129 Arg Lys Pro Lys Ala Leu Ser Gly Gly Gln Arg Gln Arg Val Ala Ile Gly

+344  CGT ACG CTG GTG GCC GAG CCA AGC GTA TTT TTG CTC GAT GAA CCG CTC TCC

146 Arg Thr Leu Val Ala Glu Pro Ser Val Phe Leu Leu Asp Glu Pro Leu Ser

Y
+395  AAC CTC GAT GCT GCA CTG CGT GIG CAR ATG CGT ATC GAA ATC TCC CGT CTG
163 Asn Leu Asp Ala Ala Leu Arg Val Gln Met Arg Ile Glu Ilc Ser Arg Leu

+446  CAT AMA CGC CTG GGC CGC ACA ATG ATT TAC GTC ACC CAC GAT CAG OIC CEX
180 'His Lys Arg Leu Gly Arg Thr Met Ile Tyr Val Thr His Asp Gln Val Glu

S
+#7  GCG ATG ACG CTG GCC GAC AAR ATC GTG GTG CTGC GAC GCC GGT CGC GTG GCG

197 Ala Met Thr Leu Ala Asp Lys Ile Val Val Leu Asp Ala Gly Arg Val Ala

+548  CAG GTT GGG AAA CCG CTA GCT GTA mmcc#ww
2% Gln Val Gly Lys Pro Leu Ala Val Pro Leu Ser Gly Arg Pro Phe Cys Arg

+509 cccfﬁrﬁtﬁcmcccmcmcmn'ccmccccﬂmcmmcccc
Arg Ile Tyr Arg Phe Ala Lys Asp Glu Leu Leu Pro Val Lys Val Thr Ala

W
ACC GCA ATC GAT CAA GTG CAG GTG GAG CTG CCG ATG CCA AAT CGT CAG CAR

Thr Ala Ile Asp Gln Val Gln Val Glu Leu Pro Met Pro Asn Arg Gln Gln

GTC'I‘GGWEAaﬁmAGCCGTGATGTCCAGG‘H‘GCAGCCAATKTGEE
Val Trp Leu Pro Val Glu Ser Arg Asp Val Gln Val Gly Ala Asn Met Ser

TTG GGT ATT CGC CCC GAR CKT GAT ATC GCT GAC
Leu Gly lle Arg Pro Glu His Leu Leu Pro Ser Asp Ile Ala Asp Val Ile

CTT GAT GGT GRK GIT CAG GIC GIC GAG CTC GGC RAC CKK ACT CAK XTC
Leu Glu Gly Glu Val Gln Val Val Glu Gln Leu Gly Asn Glu Thr Gln Ile

His Ile Gln Ile Pro Ser Ile Arg Gln Asn Leu Val Tyr Arg Gln Asn Asp

GTG GTG TTG GTA GAA GAA GGT GCC ACA TTC GCT ATC GGC CTG CCG CTK CAG
val Val Leu Val Glu Glu Gly Ala Thr Phe Ala Ile Gly.uu Pro Pro Glu
TCT TOC CAT OIC PR “GAT GAT GGC ACT GCA TGT CGA CTG CAT AAG
Arg Cys His Leu Phe Arg Glu Asp Gly Thr Ala Cys Arg Arg Leu His Lys

GAG CCG GGC GTT TAA GCACCCCACAAAACACACAA. TGTCAC AAAAAG
Glu Pro Gl "lul e

231
+650
%8
+701
265
+752
282
+803
299
'.;‘w EATA‘ICCAGA‘ICCCTTCCA"CG‘I‘CMmmGTGTACCGCCAGAMGAC
+905
333
+958
350
+1007
367
+1080

AAAAGCAA’ TAGA ATG ATG
Met Met

Figure 2. The nucleotide sequence of gene malK and its flanking regions

The sequence extends from the first nucleotide of the malK open reading frame (- 194)
to the second codon of the lamB gene. The sequence at the left of the EcoR 1(0) site
was determined previously (20) including the sequence through the EcoR 1(0) site (H.
Bedouelle, unpublished data). The three ATG's and the one GTG, which are possible
initiation codons for malK, are boxed. The heavy lines at positions -170 and -99
indicates sequences complementary to the 3'OH end of the 16S rRNA. Transcription
initiation occurs at position -140 (23). The amino-acid translation is shown from the
ATG (-92) to position (+1021).

The thin lines above the nucleotide indicate palindromic sequences in the malK gene.
The calculated "delta Gs" of these structures are : I -25 Kcal/mole ; II -14,6 Kcal/mole ;
III -22,5 Kcal/mole ; 1V -18,1 Kcal/mole ; V -14,4 Kcal/mole ; VI -9,3 Kcal/mole ; VII -
4,3 Kcal/mole ; VHI -8,9 Kcal/mole. The dashed lines represent the loop of each
structure.
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+1

000
malK CATAAGGAGCCGGGCGTT[TAAJGCACCC
Arg Lys Glu Pro Gly Vel

molK-1omBS50 CAT.AAGGAGCCGGGCGTT.TCTAACGTG.
Arg Lys Glu Pro Gly Vol Ser Asn Val

+133
lomB AAGAACTTCTATTTCGACACTAACGTG.
Lys Ser Phe Tyr Phe Asp Thr Asn Val

Figure 3. Position of deletion S50

The upper and lower lines display the wild type DNA sequence at the end of the malK
gene and a part of the lamB gene starting at nucleotide (+1333). The middle line is the
sequence corresponding to deletion S50. The deletion removes the nucleotides from
+1019 to +1351.

sequences in E.coli (26) was carried out. However, no such sequence was found in the
DNA from the EcoR I (0) site to the beginning of the lamB gene.

We have also looked for chi sites, known to increase recombinational activity in
lambda and E.coli (27). A region homologous to the GCTGGTGG octamer, necessary for
the Chi+ phenotype was found in the DNA sequence of malK gene from position (+350)
to (+358).

The codon usage in the malK gene is shown on Table . The pattern is not random :
most of the codons corresponding to major tRNA species are preferently used (Leu, Pro,
Lys, Arg, lle, Gly), while for a few codons this preference is not observed (Ala, Val, Ser,
Gly). Such a codon choice may be characteristic of intermittently or moderately
expressed genes in E.coli (28).

The malK messenger RNA
An interesting feature of the product of transcription of the malK gene is the

presence of a potentially stable stem and loop structure in the middle of the gene
followed by a stretch of five uridine residues (Figure #). This structure is analogous to a

Table1. codon usaade in the malK aenc

UUU-PHE 5 UCU-SER 2 UAU-TYR 2 UGU-CYS 2
UUC-PHE 5 UCC-SER 5 UAC-TYR 3 UGC-CYS 2
UUA-LEU 1 UCA-SER 2 UAA- . 1 UGA- . 0
UUG-LEU 3 UCG-SEP. 3 UAG- . O UGG-TRP 2
CUU-LEU 2 CCU-PRO 2 CAU-HIS 7 CGU-ARG 12
CUC-LEU 8 CCC-PRO 1 CAC-HIS 2 CGC-ARG 10
CUC-LEU 4 CCA-PRO 6 CAA-CGLN 9 CGA-ARG 1
CUG-LEU 22 CCG-PRO 12 CAG-GLN 13 CGG-ARG 3
AUU-ILE 7 ACU-THR 4 AAU-ASN 5 AGU-SER 1
AUC-ILE 14 ACC-THR 4 AAC-ASN 7 AGC-SER 4
AUA-ILE O ACA-THR 2 AAA-LYS 14 AGA-ARG 1
AUG-MET 10 ACG-THR 4 AAG-LYS 1 AGG-ARG 0
GUU-VAL 7 GCU-ALA 5 GAU-ASP 11 GGU-GLY 10
GUC-VAL 9 GCC-ALA 9 GAC-ASP 6 GGC-GLY 13
GUA-VAL 8 GCA-ALA 6 GAA-GLU 15 GGA-GLY 2
GUG-VAL 19 GCG-ALA 8 GAG-GLU 11 GGG-GLY 2
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AU Figure 4. A terminator like potential stable RNA
G secondary structure in malKk The "delta G" of
&d this stem and loop structure (I in Figure 2) is
GC -25 Kcal/mole. Numbers indicate the positions
LGJ LGJ as presented in the DNA sequence (Figure 2).

U
G U AG=_254kcal /mole

+313 CG +375
ucuc UAUUUUU

classical Rho-independant termination site for transcription (29). It is followed but not
preceded by a series of stable potential secondary structures (Figure 2). Such secondary
structures have been implicated in the stabilization of mRNA and/or the control of
translation for membrane proteins (30). Another although less likely possibility is that
they play a rdle in the differential expression of the malK and lamB genes. Indeed the
lambda receptor is produced in larger amount, up to 105 copies per cell (31), than the
malK gene product, between 103 (8) and 104 (9) copies per cell. For example, these
secondary structures of the RNA could reduce the efficiency of translation and/or
transcription in certain conditions. Under these conditions, the secondary promoter
(12,13) could be unmasked and thus allows an efficient transcription of the lamB gene.
The malK protein

The coding sequence beginning at the position -92 and ending at the position +1021
corresponds to a polypeptide of 370 amino-acids. The sequence of this protein is shown
on Figure 2 with the nucleotide sequence. The molecular weight calculated from the
sequence is 40700 daltons. This size corresponds well to the values of 40000 and 43000
daltons determined by polyacrylamide gel electrophoresis ufider denaturing conditions
(8,9). Furthermore the molar ratio of Tyr to Arg in the malK protein deduced from the
nucleotide sequence (0.19) and the one estimated in_vivo (0.24) (9) are in good
agreement.

From the predicted amino-acid sequence of the malK protein, a number of
observations can be made concerning its function and localization.

A computer search has suggested a potential internal homology of a NH2 terminal
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258 Pro| Met|{Pro|l Asn —|Arqgl— — Gln Gln|Val|Trp Leu Pro —
71 Pro] ——|{Pro|l Ala Glu|ArgjGlv Val Gly Met |Val|Phe Gln Ser Tyr
269 Val Glu —— Ser Ara Asp Val Gln[Val] Gly Ala[Asn Met Ser|Leu
85 Ala Leu Tyr Pro His —— Leu Ser|Val| Ala Glu|Asn Met SerjPhe
283 GIV! Ile Arg[Pro] Glu His Leu Leu Pro Ser Asp|Ile|Ala Asp —
9 Gly] Leu Lys|ProjAla Gly Ala Lys Lys Glu Val|Ile| Asn Gln Arg
297 val| Ile Leu Glu Gly|Glu Vall Gln val Val Glu Gln[Leu| Gly Asn
114] Val| Asn Gln Val Ala({Glu ValjLeu Gln Leu Ala His|Leu| Leu Asp
312 Glu Thr Gln Ile His Ile Gln Ile Pro Ser Ile[Arg Gln|Asn Leu
129 Arc Lys Pro Lys Ala Leu Ser —— CGlv Gly Gln|Arg Gln|Arg val
327 val Tyr ———[Ara] Gln Asn Asp Val Val [Céu Val] Glu[GIu]Gly Ala
143 Ala Ile Glv|Arg| — Thr — —— ——|Leu ValjAla|Glu|Pro Ser
341 Thr!{Phe| ——— ——- —- —— Ala Ile Gly — |Leu|Pro Pro Glu —
154 Val {Phe| Leu Leu Asp Glu Pro Leu Ser Asn [Leu|Asp Ala Ala Leu

350( Arg|Cys His Leu — Phe Arg GmAsp Gly Thr Ala Asp Arg :rg
l ! ra

169| Arg| Val Gln Met Arg Ile —|Gluj—— —- Ile Ser — ——
364 Teu His Lvs| Glu Pro[Gly]val
179 Leu His Lys| Arc LeulCly|Arg

Figure 5. Possible internal homology in the malK protein

The three short, homologous segments (residues 92-102 vs.276-286, residues 148-155
vs.335-342, and residues 178-184 vs.363-369) are approximatively in register with each
other. When the alignment score (37,38) was calculated for the match involving
residues 92-185 and residues 276-370, as well as 20 matches of the same sequences
randomized by computer, the difference between the score of the real sequences and
the average score of random matches was found to be 4.4 times larger than the
standard deviation of the random matches. This "alignment index" of 4.4 means that the
probability of this match occuring by chance is of the order of 10-5.

region with the CO2 H terminal region. An alignment was generated as shown on
Figure 5.

Membrane fractionation experiments established that the malK protein is bound to
the inner membrane (8,9). Genetic evidence suggested that it could be peripherally
bound to the membrane by means of the malG protein (8). The fact that the malK gene
does not encode a typical NH2 terminal signal sequence (23) is not very informative
with respect to the localization of the malK protein since most known inner membrane
proteins are not made with an NH2 terminal signal peptide (33). The malK protein
includes 42 acidic amino-acids (Glu, Asp ; Table 1)and 43 basic amino-acids (Arg, Lys ;
Table 1). The average length of peptides devoid of such amino-acids is thus
(370/85 =4.35) amino-acids residues. The distribution of these polar amino-acids is not
random. On one hand there are 20 occurences of two consecutive such polar amino-
acids. On the other hand there are a few continuous stretches of apolar amino-acids
with more than 10 residues. The largest includes 17 residues (residues 76 to 93) : its
average hydrophobicity index calculated according to Segrest and Feldmann is 2.1 (34).
Shorter stretches, residues 31 to 41, residues 274 and 284 and residues 339 to 348 have
average indices of 1.2, 1.9 and 1.5 respectively. All these average hydrophobicity
indices fall within the triangle determined for apolar peptide from soluble proteins,
while indices of apolar membrane spanning peptides usually fall outside (35). Thus the
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4P Leu - - [Lys Lys|Ile val Gly Gly Gly Ala Gly Gly beumc Ala
102 Ala Gly Ala Glu{val Ile{Asn Gln Arg Val Asn Gln Val Ala{Glujval Leu
22 Thr[Gln Leu|Gly Lys Gly[Arg Lys|Lys{Lys AlajLys Ile Thx - - =~ -
122 - |Gln LeujAla|Bis| Leu Asp|Arg Lys|Pro|Lys AlajLeu Ser Gly Gly Gln Arg Gln

38 - Leu =~ Val Asp Asn - - - His Ser His Leu Trp -~ - - Lys|Pro
141 Arg val Ala Ile Gl Thr Leu Val Ala Glu Pro Ser Val Phe Leu Leu Asp Glu|Pro

50 Le - - - - - - Bis Glu - - - Val Ala Thr Gly Ser Asp
161 Leuw Ser Asn Leu Asp Ala Ala Arg Val Gln Met Arg Ile Glu Ile Ser Arg Bis
61 Glu Gly Val Asp - Ala Leu Ser Leu Ala|His|Ala Arg Asn His Gly Phe Gln Phe
181 Lys Arg Leu Gly Arg Thr Met Ile vVal Thr{Bis|Asp Gln Val Glu Ala Met Thr Leu

80 =~ Gln Leu Gly Ser[Val]Ile Ile Asp Glu - - - 'rhr Ile Thr
201 Ala Asp Lys Ile val Leu Ala Gly val|ala{Gln Val Gly|Lys|Pro Leu Ala
96 Ile Ala - Glu - - - - - Leu -~ Asp Glu'Tysicly [CIE Tea
221 val Pro Leu Ser Gly Arg Pro Glu Cys Arg Arg Ile Tyr Phe Ala LstAsp Glu Leu

107 Teu) val[Pro] Glu Arg[Lys|Ile Ala Tyr Asp Leu Val Het Leu Gly Ser Thr Ser
241 Leu -vu -Vu'rh: - Ala - - - Ile Asp Gln Val Gln

127 Asn Asp Phe Asn ‘l'thly val Lys Glu Asn Cys Ile Phe Asp Asn His Gln

255 val Glu Leu Pro Met|ProJAsn - Arg Gln Gln - Val Trp - - val Glu
147 Ala| Arg Phe His Gln Glu Met - Leu Asn Phe Leu Lys Tyr Ser Ala Asn
271 sexr Asp Val Gln Val Gly Ala Asn Met Ser Gly Ile Arg - Pro Glu His|

166 Gly Ala Asn Gly Lys Val Asn Ile Ala|Ile|val Gly|Gly|Gly Ala Thr Gly -
290 Leu Pro Ser Asp Ile Ala Asp Val - |Ile|Leu Glu|Gly|Glu Val Gln Val|val Glu{Gln

185 Ser AlafGlu} - -~ Leumuavu.l.yscl.nuuus - saz'l'yzGly
309 Gly Asn|Glu|Thr Gln Ile{Bis|Ile Gln Ile Pro Ser Ile Arqcl.na:n L:u v:l

202 Lys Gly Leu Thr| Glu Afa Leu Asn|Val|Thr|Leu Val Gluj|Ala Glu Arg Ile Leu
329 arg Gln - - Asp - =~ = {(val|val|leu Val Glu|Glu Ala Thr Phe Ala
222 Pro Ala|Leu Pro Pro| - E
344 Ile Gly|Leu Pro Pro|Glu g
23 Lys|Leu - [Gly]val uquumclnmm:vums.: mclucly
lAla‘rrpGl Glu Val|val|Val Ser Lys Asp Ile - - Asn LeujAsp| - -
Thr Lys Asp[Gly Glu|Tyr Ile Glu Ala Asp Leu Met Val Trp Ala Al.a
- - Glu|Gly Glu|Phe Val val - -- Phe Val Gly - Pro Ser|Gl
276 Ile Lys Ala Pro Asp Phe Lys Asp Gly[Gly Leu Glu Thr|Asn Arg Ile Asn Gln
40 Cys Gly Lys Ser Thr Leu Arg Met{Ilejala Leu Glu Thr]|Ile Thr Ser Gly Asp
2 val val Glu Pro Thr - Leu Gln Thr - - - -AlpPrOMlec
6 Phe Ile Gly Glu Lys Arg Met Asn Asp Pro Pro Ala Glu{Arg|Gly Val Gly Met
311 - - - - ITyr Ile - Gly Asp Cys Ala Cys Pro Arg Pro Glu Gly Gly
80 Val Phe Gln Ser|Tyr Ala|Leu Tyr Pro His -- Leu Val Ala - Glu Asn Met Ser
32 - val Pro AzqGJ.n Ala Bis Gln Met Ala Thr Cys Ala HetMn
98 Gly Leu Lys|Pro| - |AlajGly aj Lys Lys Glu Val - =~ - - Ile|lAsn|Gln
345 Ile Leu Ala|Gln|Met Asn Gly Lys - Lys Asn Tyr Gln Tyr Lys His Gly
113 Arg Val Asn|Gln{Ala Ala Glu Val|Pro| Gln Ala His Leu - - Leu|Asp|Arg Lys
364 Ser Leu Val Ser Asn Phe Ser Thr Val Gly Ser Leu Met Gly Asn Leu Thr
131 Pro Lys - Ala Gly - Gly Gln Arg Gln Arg Val - =~ Ala Ile Gly|

384 Gly Ser Met Met Ile|Gl
147 - Thr Leu Val Ala|Gluy

Figure 6. Sequence homologies between the malK protein and the ndh protein

The ndh protein (434 residues) is shown on lines 1, 3, 5... while the malK protein (370
residues) is shown on lines 2, 4, 6... The first alignment (upper part of the figure)
corresponds to homology between residues 4-227 of the ndh protein and residues
102-350 of the malK protein. In this alignment 22 % of the positions are identical and
30 % are occupied by functionnally related amino-acids residues (37). The alignment
index" (37,38) for the match involving residues 4-34 of the ndh protein and residues
102-133 of the malK protein is 3,93. The stars indicate the residues of the ndh protein
which are homologous to the segment 181-195 of the hisP protein. This segment of the
hisP protein was found to be homologous to segment 161-174 of the malK protein (37).
The second alignement (lower part of the figure) corresponds to homology between the
residues 237-389 of the ndh protein and residues 10-151 of the malK protein. In this
alignment 20 % of the positions are identical and 30 % are occupied by functionally
similar amino-acids residues (37). The main regions of matches were also detected using
the Needleman and Wunsch algorithm (40) on the whole protein sequence although the
final alignments presented differences in the regions of low homology.
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predicted sequence of malK protein would be compatible with that of a peripheral
membrane protein. However we can certainly not exclude on this basis that the malK
protein could span the membrane. Indeed homology was found between the malK protein
and the hisP protein which has been assumed to span the membrane (36). This homology
will be presented elsewhere (37).

One hypothesis on the rdle of the malK protein proposes that it could function as an
ATPase (10) allowing "energization" of the malF and malG proteins acting as a largely
unspecific pore. We have compared the sequence of the malK protein with that of the
E.coli F) - ATPase subunit alpha (32) but found no significant homology which would
have substantiated this hypothesis. However we have found significant homology
between the sequence of the malK protein and that of the respiratory NADH
deshydrogenase of Escherichia coli (the ndh protein) (39), as shown on Figure 6. This
raises the interesting possibility that the malK protein may play a rdle in energization
through a mechanism involving an oxydo reduction reaction rather than ATP hydrolysis.
This homology may also (or alternatively) correspond to other similarities between the
malK protein and the ndh protein, such as membrane localization or interaction with a
common component. Finally such sequence homologies may have no functional
significance but reflect only the existence of a common ancestor to both proteins.

It may be relevant to mention on this respect that a comparison between the ndh
and the hisP protein revealed only homology between the regions of residues 205-220 of
the ndh protein and that of residues 181-195 of the hisP protein (Figure 6). However
each of these regions is homologous to a different region in the malK protein. Thus,
conclusions concerning the implications of sequence homologies should be taken with
caution in absence of further experimental data.
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