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SecY is an integral membrane protein which participates in the translocation of proteins through the bacterial cell membrane. We have cloned

the secY gene of Lactococcus lactis, and found its deduced protein sequence, 439 amino acids long, to be similar in length to the previously deter-

mined SecY proteins of Escherichia coli, Bacillus subtilis and Mycoplasma capricolum. Comparison of the L. lactis SecY to the 3 other SecY proteins

revealed 90 conserved amino acid residues (21%). Nearly half of the conserved residues are clustered in 2 of the 10 transmembrane segments, and

in 2 of the 6 cytoplasmic regions. Some of the conserved regions are apparently responsible for the interactions of SecY with signal sequences,
and the proteins SecE and SecA.
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1. INTRODUCTION

SecY protein is an essential component of the protein
export machinery in E. coli. It was first identified as
priA mutations which suppressed defective signal se-
quences [1], and as temperature sensitive secY muta-
tions, which showed a block in protein export at
elevated temperature [2]. Accordingly, SecY appears to
interact with the signal sequences of secretory proteins,
but it has also been shown to interact with at least 2
other components of the protein translocation system:
the peripheral membrane protein SecA [3-5], and the
integral membrane protein SecE [4-6].

The protein transport system of Gram positive
bacteria has been studied less intensively. In B. subtilis,
a complex of 4 proteins was suggested to directly par-
ticipate in protein secretion {7], but this complex was
proved to be pyruvate dehydrogenase, which undermin-
ed its proposed role [8]. Recently, a gene with substan-
tial sequence similarity to the secY gene of E. cofi was
cloned from B. subtilis [9, 10]. This suggested that other
B. subtilis secretion components may also be similar to
those of E. coli, since SecY interacts with SecA and
SecE. Subsequently, the secA gene of B. subtilis has
been identified [11], indicating close similarities bet-
ween the translocation machineries of Gram negative
and Gram positive bacteria.

Lactococci are an important group of Gram positive
bacteria, which are widely used in the dairy industry,
and thus their molecular biology is of importance. Here
we report the sequence for the L. lactis secY gene and
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compare its deduced protein sequence to 3 other SecY
protein sequences, in order to infer regions of func-
tional significance.

2.MATERIALS AND METHODS

2.1. Bacterial strains, plasmids and culitivation conditions

L. lactis subsp. lactis MG1614 [12] was the source for chromosomal
DNA. L. /actis cells were grown in M17-glucose medium [13). E. coli
DHS5aF’ [14] was used as a cloning host for pUC19 plasmid construc-
tions. E. coli cells were grown in L-broth [15], and transformed by the
method of Hanahan [14].

2.2. DNA methads and sequencing

Plasmids werc isolated from £. coli by the alkaline method [15].
The chromosomal DNA of L. lactis was isolated according to Mar-
mur [16]. Restriction enzyme digestions, ligations, gel electrophoresis
and Southern hybridization were performed by standard methods
[15,17). [a-**P)dCTP radioisotope, for nick translation labeling, was
obtained from Amersham International. Polymerase chain reactions
(PCR) were done as suggested by the supplier of the AmpliTag en-
zyme (Perkin Elmer Cetus). DNA was sequenced directly from
alkaline denatured plasmids by the dideoxynucleotide chain termina-
tion method as previously described [17,18]. Protein sequences were
aligned with the GAP program [19].

3. RESULTS AND DISCUSSION

3.1: Cloning of the L. lactis secY

The 3’ end of the L. luctis sec Y gene was identified in
a fragment of DNA containing the genes for adenylate
kinase (adk) and initiation factor ! of ribosomal protein
operons spc and o (Koivula and Hemild, submitted).
The secY gene was located upstream of the adk gene, as
it is also found in B. subtilis [9).

The 5’ end of the L. lactis secY gene was cloned by
PCR. Southern analysis of L. factis chromosomal
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DNA, using as a probe a fragment containing the 3’
end of secY and the 5’ end of adk, revealed HindllI and
Pvull fragments of 1.7 and 1.1 kb, respectively (data
not shown). These enzymes appeared to be suitable can-
didates for inverted PCR. The chromosomal DNA of
L. lactis was digested with HindllIl, and ligated at low
concentration to yield circular molecules, which were
then used as templates in PCR (Fig. 1). The PCR
fragments were cloned into the Smal site of the pUC19
vector and sequenced. To make the sequencing of the
complementary strand easier, the PCR fragment was
digested with HindlIIl, and the fragment containing the
3’ end of secY was isolated using agarose gel elec-
trophoresis, and cloned into HindIII-Smal digested
pUC19. Three independent HindIll clones were se-
quenced to reveal possible errors produced by the
AmpliTaq enzyme during the PCR reaction. A similar
cloning strategy was used for Pvuii digested DNA (Fig.
).

The sequenced region contained an open reading
frame of 1317 bp starting at the nucleotide 138 (Fig. 2).
A ribosomal binding siie is located upstream of the
putative initiation codon of secY. In B. subtilis a gene

0.5 kb
L15 SecY Adk
3>
L ] 1 ¥ B )
PuUll Hindill EcoRl €D py > Hindlll
T4 T7 T5 T3

\l/Pvull digestion Hindl!i\l/

\l/ ligation i,
Ts\yO\yw 'ra\y Q\yn
Pvull HindlH
| e
_— —_—r

A Pvull Hindlll

T3: 5'-GTAAATATGCAGGATTTA-3'
T4: 5'~AGGAATTTCAGATGGTCTT-3'
T5: 5'-CCAACAAGTTCGTACTTACC-3'
T7: 5'-AATAATGACAATTGCTGAC-3'

B

Fig. 1. (A) Cloning of L. lactis sec ¥ by inverted PCR, ADK indicates
the gene for adenylate kinase and L15 the gene for ribosomal protein
L15. (B) Oligonucleatides used for the inverted PCR.
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for ribosomal protein L15 is located immediately
upstream of the secY gene [9,10], and upstream of the
L. lactis secY gene we found an open reading frame
coding for a L15 honioiogue (Fig. 2). No obvious pro-
moter was found immediately upstream of the secY
gene, which apparently is transcribed from the pro-
moter of the spc operon.

3.2. Amino acid sequence of the L. lactis SecY and
comparison to other SecY proteins

The secY gene of L. lactis encodes a protein of 439
amino acids, which shows a close similarity to the SecY
sequences from E. coli [20], B. sub:ilis [9,16] and M.
capricolum [21] (Table I). We have compared the 4
SecY sequences in order to identify the conserved
residues (Fig. 3). Although several mutants of E. coli
secY are available [22-26], the gene is essential for
growth and therefore identification of residues essential
for function may be an unattainable goal using a tradi-
tional mutation analysis. Accordingly, the identifica-
tion of conserved residues may yield better indications
of the essential regions and residues than random
mutagenesis of the sec ¥ gene in vivo. In the 4 SecY pro-
teins 90 residues (21%) are conserved.

The mutants that have been obtained of the E. coli
secY gene are either temperature sensitive (Ts) [22,24],
cold sensitive (Cs) [25], or they have altered interactions
with the signal sequences (SS) [23,26]. Only some of the
E. coli mutations correspond to conserved residues: one
Cs-mutation (sec Y40), one Ts-mutation (sec4700) and
three SS-mutations (priA4-2, secYi2l, secY161) have
affected residues conserved in the 4 sequences (Fig. 3).
This is consistent with the notion that changes in totally
conserved residues have a high probability of making
the protein nonfunctional. Some of the mutations have
affected a residue that is neutral in all 4 proteins and
changed it into a charged one (secY24, secY39,
priA401).

Topology analysis of the E. coli SecY has indicated
10 transmembrane segments [27]. The alignment of the
four SecY sequences shows that the same transmem-
brane regions can be identified in all of the 4 proteins
(Fig. 3). Two of the transmembrane segments (TM2
and TM?7) contain a high number of conserved residues,
while 3 (TM1, TMS5, and TMI10) contain a medium
number of conserved residues. Conservation of a
residue in transmembrane regions may indicate par-
ticipation in protein-protein interactions [28]. Accor-
dingly, some of the 5 regions may interact with the
signal sequence and/or SecE, but apparently some of
them are essential for the structure of SecY. Four of the
SS-mutations are located in TM7, and this segment has
been proposed to play a crucial role in signal sequence
recognition [26]. However, the signal sequence appears
to first interact with SecE and only thereafter with SecY
[(6]. Thus, mutations affecting the SecY-SecE interac-
tion may indirectly affect the signal sequence recogni-
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GTATCTGCT&CTGCCAAAG&TGCARTCGAAGCTGCTGGT&GTTCTGTAGAAGAAGCTTAATTTTTACATTTCAATTGGC&GTTGAATCTTCAACCGCTTATTGTCTATTTACAATYAAAA 120
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CGCTTTAAG&AGATTTTAT&TTTTTTAAGACGCTTAAGGAAGCCTTCAAGGTAAAAGACGTCCGAGCAAGAATTCTCTTTACGATCTTCATTCTTTTTGTTTTTCGCCTAGGTGCTCACA 240
M FFKTLZEXKTEATFIEKVEKDVRARILTFTIFILFUVFRLTEGAH

YTACTGCACETGGCGTTAA;GTAC&kAATéTACAACAAG;TGCGGATTTGCCATTTTTAAGCATGATG&ACTTGGTTTCTGGTAATGCAATGCAAAACTACTCACTCTTTGCAATGGGA& 360
1 T AP GV NVONLOGQYV ADILTPTFLSHMNLYVSGHNAMHOQNYSLFAMWG

TTTCGCCTTATATCACTGC&TCAATCATTéTGCAATTAT;ACAAATGGA;ATTTTACCAAAATTTGTTGAGTGGTCAAA;CAAGGAGAAATTGGACGTCGTAAGCTGAATCAGGCGACA& 480
VSPYITAS®I!IVR@LLGMWNDTIILPKTFVEUMWSE XOQGETIGRREKILNOGAT

1<
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P LETK

Fig. 2. Nucleotide sequence and the deduced amino acid sequence of the L. lactis secY genc. The ribosomal binding site is double underlined. The

upstream Hindl11 site is underlined. The putative fragment of L15 (19 aa) has 11 identical amino acids with the C-terminus of B, subtilis L15 [9,10],

The DNA sequence has been submitted to the EMBL nucleic acid database (X59250). Both strands of the DNA were sequenced, except for the
region of 1-53 bp.

tion. In fact, it has been found that the pri4A4 mutation
affects the interaction between SecY and SecE [6]. Un-
fortunately, priA4 has 2 mutations, one in TM7
(prliA4-1) and another in TMI10 (priA4-2) and thus
either of these regions, or both, may interact with SecE.
It is notable that none of the mutations have affected
TM2, the most conserved of the ten transmembrane
regions (Fig. 3). Whether TM2 plays a structural role in
SecY or has catalytic activities in translocation cannot
be concluded.

Table |
Percentage of identical amino acids upon optimal alignment of SecY
proteins
B. subtilis M. capricolum E. coli
L. lactis 48 39 39
L. subtilis - 39 41
M. capricolum - 33
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Two regions of SecY which are directed to the
cytoplasm, IN2 and IN35, contain a large number of
conserved residues, and they may correspond to the
SecA binding site of SecY. Antiserum against the N-
terminus of E, coli SecY has been shown to cause a par-
tial inhibition of the SecA binding, suggesting that the
SecA binding site is located close to, but not exactly at,
the N-terminus [S]. Region IN2 is most probably
located close to the N-terminus, but there are no data to
suggest the relative location of IN5 with respect to the
N-terminus. Interestingly, two Cs-mutations (secY39
and secY40), which cause elevated secA expression, are
located in the INS region. No specific interactions (i.e.
evolutionary constraints) are known for the regions of
the protein that point to the outside of the membrane
(OUT-regions). For the most part the known inser-
tions/deletions of SecY are located in the regions facing
the outside, and few of the conserved residues arc
located in the OUT regions. Although the conserved
residues give indications for the essential regions of the
SecY protein, there are not yet sufficient data to con-
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Fig. 3. Comparison of the SecY proteins of B. subtilis [9,10], M. capricolum [20) and E. coli [19]. Identical (i) and closely related amino acids

(:), with a comparison value = 0.5 in the GAP mutation data matrix [19), are indicated. The conserved residues are indicated by an asterisk,

Underlinings of the £. coli SecY indicate the putative o-helical transmembrane regions (TM) [29] for the 4 proteins. The regions between the

transmembrane segments pointing to the cytoplasm (IN) or to the outside (OUT) have been derived by topology analysis of the £. coli SecY [27].

The mutations in the E. coli SecY protein are marked by arrows and the names of the mutations are indicated in parentheses. References for the

mutations: Ts, secY24 [22], sec Y100 [24]; Cs, sec39, sec Y40 [25]; SS, priA3, priA40l, priA4-1, priA4-2[23), secY12] and secYi61 [26). The ompT
cleavage site [4,30] is also indicated.
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