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We cloned and sequenced the structural gene for Aeromonas hydrophila porin II from strain AH-3 (serogroup
0:34). The genetic position of this gene, like that of ompF in Escherichia coli, is adjacent to aspC and
transcribed in the same direction. However, upstream of the porin II gene no similarities with E. coli were
found. We obtained defined insertion mutants in porin II gene either in A. hydrophila (0:34) or A. veronii sobria
(serogroup 0O:11) serum-resistant or -sensitive strains. Furthermore, we complemented these mutants with a
plasmid harboring only the porin II gene, which allowed us to define the role of porin II as an important surface
molecule involved in serum susceptibility and Clq binding in these strains.

The complement system plays a key role in humoral defense
against microbial pathogens and has been reviewed extensively
(33). Its importance is clearly seen in individuals with comple-
ment deficiencies because they are at increased risk to develop
severe and recurrent microbial infections (7). Resistance to
complement action is thus a requisite for pathogenic microor-
ganisms, which have developed a variety of mechanisms to
ensure survival in nonimmune serum (7). Gram-negative bac-
teria activate complement via the classical or alternative path-
way (CPC or APC, respectively) which is required for the
effective elimination of serum-sensitive strains (37). In previ-
ous studies (19, 22), we focused on defining the mechanisms of
complement sensitivity in mesophilic Aeromonas. Only the
CPC is effective in the elimination of Aeromonas serum-sensi-
tive strains in nonimmune serum, as we previously reported
(19, 22). Activation of the CPC by these strains led to the
identification of a bacterial outer membrane (OM) protein,
presumably porin II (13), that binds Clq and activates this
pathway in nonimmune serum and in agammaglobulinemic
serum in an antibody-independent manner (24).

Mesophilic aeromonads are increasingly being reported as
important pathogens of humans and lower vertebrates includ-
ing amphibians, reptiles, and fish (11). Aeromonas strains have
been serogrouped on the basis of the O-antigen lipopolysac-
charide (LPS) (30), the polysaccharide chains in the smooth
LPS, also known as the somatic antigen. Recently, a group of
virulent Aeromonas hydrophila and A. veronii sobria strains
isolated from humans and fish have been described (12, 15),
serologically related by their O-antigen LPS (serogroup O:11)
with a known chemical structure and having a surface array
protein of molecular weight of ca. 52,000 (termed S-layer) (26).
The S-layer-expressing (S™) strains from this serogroup are the
most frequent isolates from septicemia caused by mesophilic
Aeromonas sp. (12). Serogroup O:34 strains of mesophilic
Aeromonas, recovered from moribund fish and from clinical
specimens (21, 25), represent the single most common Aero-
monas serogroup, accounting for 26.4% of all infections. Pre-
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vious investigations have documented O:34 strains as an im-
portant cause of infections in humans (21, 25).

We cloned and sequenced the structural gene for A. hy-
drophila porin II, which allow us to obtain defined insertion
mutants in this gene, and complemented these mutant strains
with porin II. With all these strains, we were able to study the
role of porin II in serum susceptibility and Clq binding to
whole cells.

MATERIALS AND METHODS

Bacterial strains, plasmids, and growth conditions. Bacterial strains and plas-
mids used in this study are listed in Table 1. Escherichia coli strains were grown
on Luria-Bertani (LB) Miller broth and LB Miller agar, while Aeromonas strains
were grown on tryptic soy broth or tryptic soy agar (5). Ampicillin (50 pg/ml),
chloramphenicol (25 wg/ml), kanamycin (30 wg/ml), and tetracycline (20 pl/ml)
were added to the different media when needed.

Cell surface isolation and analysis. Cell envelopes were prepared by lysis of
whole cells in a French press at 16,000 Ib/in>. Unbroken cells were removed by
centrifugation at 10,000 X g for 10 min, and the envelope fraction was collected
by centrifugation at 100,000 X g for 2 h. Cytoplasmic membranes were solubi-
lized with sodium N-laurylsarcosinate, and the outer membrane (OM) fraction
was collected as describe previously (24). OM proteins were analyzed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) by the Laemmli
procedure (17). Protein gels were fixed and stained with Coomassie blue. LPS
was purified by the method of Westphal and Jann (39). For screening purposes,
LPS was obtained after proteinase K digestion of whole cells according to the
procedure of Darveau and Hancock (6). SDS-PAGE was performed and LPS
bands were detected by the silver staining method of Tsai and Frasch (36).

Antiserum. Antiserum against purified porin II was obtained as previously
described (24).

Western immunoblotting. After SDS-PAGE, immunoblotting was carried out
by transfer to polyvinylidine fluoride membranes (Millipore Corp., Bedford,
Mass.) at 1.3 A for 1 h in the buffer of Towbin et al. (35). The membranes were
then incubated sequentially with 1% bovine serum albumin, specific anti-porin II
serum (1:500), alkaline phosphatase-labeled goat anti-rabbit immunoglobulin G,
and 5-bromo-4-chloro-indolylphosphate disodium-nitroblue tetrazolium. Incu-
bations were carried out for 1 h, and washing steps with 0.05% Tween 20 in
phosphate-buffered saline (PBS) were included after each incubation step. Col-
ony blotting was performed with porin II antiserum as indicated above.

Bacterial survival in human serum. Bacterial cells (10° CFU) in the logarith-
mic phase were suspended in 90% serum-PBS and incubated at 37°C. Viable
counts were made at different times until 3 h by dilution and plating as previously
described (19, 22). A pool of nonimmune human sera (NHS) was obtained from
healthy volunteers. Control experiments using heat-decomplemented NHS were
also performed (19, 22).

Binding of Clq to bacterial cells. C1q was purified from NHS and tested for
purity in PAGE as previously described (2). Iodination of purified Clq was
carried out with lactoperoxidase-glucose oxidase as described previously (34).
Mid-logarithmic-phase bacterial cells were recovered by centrifugation, washed
with PBS, and examined with radiolabeled Clq as described previously (2).
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TABLE 1. Bacterial strains, cosmids, and plasmids used

Strain, cosmid, or plasmid

Relevant characteristics

Reference or source

E. coli
DH5a F~ endA hsdR17 (v,” m") supE44 thi-1 recAl gyr-A96 $80lacZ 9
XL1-Blue recAl endAl gyrA96 thi-1 hsdR17 supE44 relAl lac (F' proAB lacIZAMI15 Tnl0) Stratagene
MC1061Apir thi thr 1 leu6 proA2 his4 argE2 lacY1 galK2 aral4 xyl5 supE44 \pir 27
SM10Npir thi thr leu tonA lacY supE recA::RP4-2-Tc:Mu Km" \pir 27

Aeromonas sp.

AH-3 A. hydrophila wild type, serogroup O:34 20
AH-405 Rifampin-resistant mutant derived from AH-3 23

AH-53 Serum-sensitive rough mutant derived from AH-3 24
AH-330 Porin II insertion AH-405 mutant obtained with pFS-POR3 This work
AH-336 Porin II insertion AH-53 mutant obtained with pFS-POR3 This work
AH-334 Mutant AH-330 complemented by plasmid pLA-PORG6 This work
AH-338 Mutant AH-336 complemented by plasmid pLA-POR6 This work
TF7 A. veronii sobria wild type, serogroup O:11 24
AH-408 Rifampin-resistant mutant derived from TF7 This work
AH-26 Rough S™ serum-sensitive mutant derived from TF7 24
AH-331 Porin II insertion AH-408 mutant obtained with pFS-POR3 This work
AH-337 Porin II insertion AH-26 mutant obtained with pFS-POR3 This work
AH-335 Mutant AH-331 complemented by plasmid pLA-POR6 This work
AH-339 Mutant AH-337 complemented by plasmid pLA-PORG6 This work

Plasmids

pLA2917 Tc" Km" 3
COS-POR2 pLA2917 with 20-kb chromosomal AH-3 Sau3A insert (porin II gene) This work
pLA-POR3 pLA2917 with 7.8-kb Bgl/II insert from DNA insert of COS-POR2 (porin II gene) This work
pLA-PORG6 pLA2917 with the single porin II gene This work
pFS100 pGP704 suicide plasmid, Apir-dependent, Km" 27
pFS-POR3 pFS100 with an internal fragment (996 bp) of porin II gene This work

General DNA methods. DNA manipulations were carried out essentially as
previously described (28). DNA restriction endonucleases, T4 DNA ligase, E.
coli DNA polymerase (Klenow fragment), and alkaline phosphatase were used as
recommended by the suppliers.

Construction of an A. hydrophila AH-3 genomic library. A. hydrophila AH-3
genomic DNA was isolated and partially digested with Sau3A as described by
Sambrook et al. (28). Cosmid pLA2917 (3) was digested with Bg/II, dephospho-
rylated, and ligated to Sau3A genomic DNA fragments. DNA packaging by using
Gigapack Gold IIT (Stratagene) and infection of E. coli DH5a were carried out
as previously described (8). Recombinant clones were selected LB agar plates
supplemented with tetracycline (20 pg/ml).

DNA sequencing. Primers used for DNA sequencing were purchased from
Pharmacia LKB Biotechnology. Double-stranded DNA sequencing was per-
formed by the Sanger dideoxy-chain termination method (29) with an ABI Prism
dye terminator cycle sequencing kit (Perkin-Elmer).

DNA and protein sequence analysis. The DNA sequence was translated in all
six frames, and all open reading frames (ORFs) greater than 100 bp were
inspected. Deduced amino acid sequences were compared with those of DNA
translated in all six frames from the nonredundant GenBank and EMBL data-
bases using the BLAST network service at the National Center for Biotechnology
Information (4). Multiple sequence alignments and determination of putative
terminator sequences were done by using the PileUp and Terminator programs
from the Genetics Computer Group (Madison, Wis.) package in a VAX 4300.
Prediction of the secondary structure of the porin II sequence was performed
using the H’s program based on the prediction of beta strands of porins (31).

Construction of porin II-defined insertion mutants. To obtain defined inser-
tion mutants in the porin II gene, we used a method based on suicide plasmid
pFS100 (27). Oligonucleotides 5'-TCTGGCTATTGCTATCCC-3" (initial base
3283) and 5'-GCTAACACCGTTGATTTTG-3’ (initial base 4279) were used to
amplify internal fragment from the porin II gene (996 bp). The amplified frag-
ment was ligated to vector pPGEM-T (Promega) and transformed into E. coli
DH5a. The fragment was recovered by restriction digestion and was blunt ended
with Klenow fragment; finally, it was ligated to EcoRV-digested, blunt-ended,
and dephosphorylated pFS100 and transformed into E. coli MC1061(\pir), se-
lecting for kanamycin resistance (Km") to generate plasmid pFS-POR3. Plasmid
pFS-POR3 was isolated and transformed on E. coli SM10(Apir). Plasmid pFS-
POR3 was transferred by conjugation to mesophilic Aeromonas sp. rifampin-
resistant (Rif") strains to obtain defined insertion mutants in porin II gene,
selecting for Rif* and Km".

Nucleotide seq e accession ber. The nucleotide sequence data pre-
sented here have been assigned GenBank accession no. AF183931.

RESULTS AND DISCUSSION

Cloning of A. hydrophila AH-3 genomic region encoding
porin II. A cosmid-based genomic library of A. hydrophila
AH-3 was constructed and introduced into E. coli DH5«a as
indicated in Materials and Methods. Tetracycline (20 wg/ml)-
resistant (Tc") clones were immunoscreened by colony blotting
using specific anti-porin II serum. We found several recombi-
nant clones, a representative one being COS-POR2. Analyses
of OM proteins by SDS-PAGE with Coomassie blue stain and
Western blotting of OM proteins with specific anti-porin II
serum revealed that E. coli DH5a harboring COS-POR2
showed an extra band of approximately 39 kDa, which reacted
with specific anti-porin II serum, in comparison with E. coli
DH5a or when cured of plasmid COS-POR?2 (Fig. 1).

To localize the gene responsible for the production of porin
II, Bg/ll fragments of the recombinant cosmid COS-POR2
were subcloned into the Bg/II site of the same cosmid vector
and transformed into E. coli DH5a. The recombinant trans-
formants were immunoscreened as previously mentioned. It is
important to point out that we use as plasmid vector in order
to subclone the same cosmid vector (pLA2917) were initially
was cloned the gene, because none of the usual plasmid vectors
(pBR328, pACYC184, or pWSK) was able to maintain the
DNA insert encoding the porin gene. The initial smallest stable
recombinant plasmid (pLA-POR3) exhibiting porin II produc-
tion (either in SDS-PAGE or Western blotting with anti-porin
II serum) was found to harbor a 7.8-kb Bg/II insert fragment
(Fig. 1).

Sequencing of the DNA conferring porin II production. The
complete nucleotide sequence of the 7.8-kb DNA insert was
determined in both directions. Because we could not use the
typical vectors for reasons cited above, we started the sequenc-
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FIG. 1. Coomassie blue-stained gel (A) and Western immunoblot using spe-
cific anti-porin II serum (B) of OM proteins from different bacterial strains.
Lanes: 1, A. hydrophila AH-3 (wild-type, serogroup O:34); 2, size standard (20,
31, 43, 62, and 97 kDa); 3, E. coli DHa5 harboring cosmid pLA2917; 4, E. coli
DHS5a harboring pLA-POR3 plasmid DNA (carrying the porin II gene); 5, the
same strain as in lane 4 lacking the pLA-POR3 plasmid DNA. The arrow points
to porin II (39 kDa).

ing on the same cosmid vector, pLA2917, with the oligonucle-
otides previously described for the Bg/II site of this cosmid;
other sequence-derived oligonucleotides were used to com-
plete the nucleotide sequence. Analyses of the deduced se-
quence of pLA-POR3 showed three complete ORFs (Fig. 2).
ORF1 and ORF2 are divergently transcribed; between ORF2
and ORF3, a sequence with characteristic features of Rho-
independent transcription termination signals was found.
Analysis of deduced amino acid sequences. Proteins similar
to each ORF gene product were analyzed to determine the
levels of similarity and identity. As shown in Table 2, ORF1
was found to be similar to DING from both gram-positive and
gram-negative bacteria. DING proteins have been proposed to
be ATP-dependent helicases. ORF2 was found to be similar to
several porin proteins of different enterobacteria and Vibrion-
aceae. As expected, the deduced amino acid sequence from
ORF?2 showed a putative signal sequence of 20 amino acid
residues. On the other hand, the signal sequence characteris-
tics and the first N-terminal amino acid of the putative mature
protein strongly suggested that the AH-3 porin II is processed
by a signal peptidase I. The sequence of the porin II gene
predicted a protein product of 351 amino acids with a 20-
residue signal peptide, whose sequence (1 to 20, MKKTILAI
AIPALFASAANA) was previously confirmed by N-terminal
sequencing of the purified porin (24). The mature protein
deduced from the gene sequence consists of 331 amino acids

Xholl Xholl
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with a molecular mass of 36,237 Da and has some features in
common with other porins: a theoretical acidic pI (4.57), lack
of cysteine residues, a regular peak and, as indicated by the
Kyte-Doolittle hydropathy plot (16), a predicted structure with
16 beta strands, and a hydrophobic carboxy-terminal sequence
with a final Phe that is crucial for the localization in the OM of
OmpA and porin PhoE (14). Database comparisons showed
that the highest scores of porin II were with porins OmpN,
PhoE, and OmpF from E. coli, with porin PhoE from Enter-
obacter cloacae, with porins OmpK36 and OmpK37 from Kleb-
siella pneumoniae, and with the OmpL protein from Photobac-
terium sp., resulting in identity percentages of 27, 25, 24, 27, 26,
26, and 27, respectively. Detailed alignment of porin II amino
acid sequence with those of enterobacterial porins with known
three-dimensional structures is shown in Fig. 3. Given the low
homology with other porins, many insertions and deletions
were observed in the predicted loop regions, but the secondary
structure of porin II could be predicted due to its beta strand
content and to the presence of amino acids Lys-16, Arg-48,
Glu-68, Arg-83, Asp-114, Glu-118, and Arg-129. These resi-
dues are well conserved in enterobacterial and nonenterobac-
terial porins (32) and in the known porin structures are dis-
tributed across the pore, resulting in a pronounced charge
segregation: Asp-106, -113, -106, -114 (sequential PhoE,
OmpF, OmpK36, porin II numbering); Glu-110, -117, -110,
-118; main carbonyl groups from L3 on one side of the pore;
and basic residues Lys-16, Arg-37, -42, -37, -48, Arg-75, -82,
-75, -83, and Arg-126, -132, -125, -129 on the other side. These
residues seem to be important for the function of porins, since
they are also observed in the three-dimensional structure of
the Rhodobacter capsulatus porin (38).

Finally, since the similarity and identity data strongly suggest
that ORF3 encodes an aspartate aminotransferase, the gene
was named aspC, consistent with its E. coli homolog. In E. coli
the ompF gene is found between asnS and aspC, all three genes
being transcribed in the same direction. The region described
here showed the porin, II gene and aspC being adjacent and
transcribed in the same direction (as in E. coli); however, no
asnS was found upstream of the porin II gene.

Construction of defined porin II insertion mutants and
complementation. Plasmid pFS-POR3, a replication pir-depen-
dent construct carrying an internal fragment of the porin II
gene, was transferred by mating independently to Rif" meso-
philic Aeromonas sp. strains AH-405 (serogroup O:34) and
AH-408 (serogroup O:11), and Rif* and Km" colonies from
both matings were selected. We obtained several mutants, AH-

Xholl

Xholl Xholl
Pstl BamHI

7.83kb

FIG. 2. Schematic of the organization of the three ORFs in the 7.83-kb DNA insert (from A. hydrophila AH-3) contained in pLA-POR3 plasmid DNA. Bg/II, PstI,
EcoRV, Xholl, and BamHI restriction enzyme sites are indicated. The two Xholl restriction sites underlined were used to clone the complete porin II gene to construct

pLA-PORG.
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TABLE 2. Amino acid sequence homology of ORF proteins from A. hydrophila AH-3 and other proteins

Protein, source

No. of amino acids

% Similarity” % ldentity” Accession no.

ORF1 (helicase), Aeromonas hydrophila AH-3 690 AF183931
DING (probable ATP-dependent helicase)
Escherichia coli 716 54.3 34.0 P27296
Mycobacterium tuberculosis 664 51.2 29.7 Q10640
Bacillus subtilis 931 49.8 28.5 P54394
Yoml1 (putative ATP-dependent helicase in 151 79.5 49.6 P29741
OmpH 5’ region, Photobacterium sp.
ORF?2 (porin II), A. hydrophila AH-3 352 AF183931
PhoE, Enterobacter cloacae 350 52.7 30.5 Q47490
OmpF, Serratia marcescens 374 51.6 29.9 033980
OmpN, E. coli 377 51.4 29.8 P77747
OmpK37, Klebsiella pneumoniae 374 50.4 29.2 €1325636
OmpL, Photobacterium sp. 341 48.7 28.9 Q52581
ORF3 (AspC), A. hydrophila AH-3 396 AF183931
AspC (aspartate aminotransferase)
E. coli 396 924 63.6 P00509
Haemophilus influenzae 396 88.6 60.8 P44425
Moraxella sp. 397 67.8 49.7 053137

“ Obtained from pairwise comparisons using the Gap program (gap weight, 12; length weight, 12).

330 and AH-331 being representative of serogroups O:34 and
O:11, respectively. The insertion of plasmid pFS-POR3 in
these mutants was confirmed by Southern blotting using ap-
propriate DNA probes. As shown in Fig. 4, no porin II could
be detected either in SDS-PAGE of OM proteins or in West-
ern blot analysis using OM proteins and antibodies against
porin II.

Complementation of these mutants with the single gene for
the porin II was accomplished as follows. pLA-POR3 was
digested with Xholl; a band of 2,732 bp was recovered and

ligated to pLA2917 previously digested with Bg/II and dephos-
phorylated, creating pLA-PORG6. This plasmid was transferred
by mating to mutants AH-330 and AH-331, selecting for Tc"
and Km’, to obtain strains AH-334 and AH-335, respectively.
Strains AH-334 and AH-335 exhibited porin II, as can be
observed by SDS-PAGE of OM proteins or by Western blot
analysis using OM proteins and antibodies against porin II
(Fig. 4).

To study the role of porin II in previously obtained serum-
sensitive mutants (AH-53 and AH-26 [24]), we performed the

PhoE AETYNKIBGNKLDVYGKVEKAMHY MEERInNE) Gt ) 49
OmpF AETIY ) 54
OmpK36  ENoERNNDONANRIN(EH SN EN:143S - DDKDV -~ ~ - — -~ —— 49
porin II 60
PhoE 107
OmpF 114
OmpK36 107
porin II BRIEIFNYRNTOWSAENSANKED~~—~~ 115
PhoE FPEFGGDSSAQTDNFMTKRASEFNEEINTD- - FFGVI DSBNSBRORLOSINIENR — ~ — — — — — 158
OmpF LPEFGGDT-AYSDDFFVGRV 164
OmpK36 LPEFGGDT-YGSDNFLOSRANGVENNSRNSD - - FFGL VDGR S NG SV~ — — — - - 158
porin II FNEWGSEG-----NFYDGROEESEINA - —--—— 163
PhoE = -———--——- 209
OmpF - 213
OmpK36 GEGATNNGRGALK 217
porin II GGIKTTVFPD 216
e ) /2. TG LK Y DARNN I Y LATF Y SETRESIUN o T 263
OmpF 273
€1 IR Y TCGLKYDANNI YLATQYTQT YNNIV -NeEEEE, 272
porin IT QRENESINSENINEIFNFNNFGYOINH/KNDTT - ~ - ~— —— 268
PhoE 316
OmpF 326
OmpK36 328
porin IT | CRYPEAGUENANLSGSSYEDLMDENRRAYON N T SINB O YU G ORNCV SG— — - —— —— ——— 311
PhoE NNDDIANV@UUR{OIE 330

OmpF [efsinie TV AVGIVYOFEET]

OmpX36 STDDRYSRGRRGeIY 342

porin II -KDDRpaipN¥eNeNiy 331
L8 816

FIG. 3. Alignments of the A. hydrophila AH-3 porin II sequence with sequences of PhoE from Enterobacter aerogenes, OmpF from E. coli, and OmpK36 from K.
pneumoniae. Protein sequences were derived from nucleotide sequences. Secondary structural motifs are those of OmpF structure. L1 to L8, loops 1 to 8; (in black
letters); T1 to T8, turns 1 to 8; B1 to B6, beta strands (in black boxes); *, main basic residue conserved in enterobacterial or nonenterobacterial porin (32).
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FIG. 4. Coomassie blue-stained gel (A) and Western immunoblot using spe-
cific anti-porin II serum (B) of OM proteins from different mesophilic Aeromo-
nas sp. strains. Lanes: 1, size standard (20, 31, 43, 62, and 97 kDa); 2, AH-331
(porin II-deficient mutant from strain AH-408); 3, AH-408 (TF7 Rif", serogroup
0O:11); 4, AH-335 (AH-331 complemented with pLA-PORG6 plasmid DNA [porin
1I gene]); 5, AH-330 (porin II-deficient mutant from strain AH-405); 6, AH-405
(AH-3 Rif", serogroup 0:34); 6, AH-334 (AH-330 complemented with pLA-
PORG6 plasmid DNA [porin II gene]). The arrow points to porin II; #+ denotes
protein S of the S-layer characteristic of strains from serogroup O:11.

same experiments to obtain defined insertion mutants in the
porin II gene (AH-336 and AH-337, respectively) and comple-
mentation studies with pLA-PORG6 on these mutants AH-336
and AH-337 (strains AH-338 and AH-339, respectively).
Serum susceptibility and Clq binding. Porin II-defined in-
sertion mutants (AH-330 and AH-331) from the serum-resis-
tant wild-type strains (AH-3 and AH-1, respectively) showed
similar resistance to complement-mediated killing. This result
suggested that when porin II was lost but other surface mole-
cules like O:34 antigen LPS in AH-330 (smooth strain) and
O:11 antigen LPS and S-layer in AH-331 (smooth S™ strain)
remained, no changes in serum susceptibility occurred (Table
3). However, strain AH-330 cultivated under conditions where
no O:34 antigen LPS is expressed (rough) (37°C and low os-
molarity [1, 20]) was resistant to serum, while the wild-type
strain (AH-3) and the Rif" mutant (AH-405) were serum sen-
sitive under the same growth conditions (1, 20). Complemen-
tation of AH-330 with pLA-PORG6 (porin II gene) renders this
strain (AH-334) serum sensitive under the growth conditions

PORIN II FROM MESOPHILIC A. HYDROPHILA 1853

mentioned above. This finding prompted us to examine the
porin II-defined insertion mutants (AH-336 and AH-337) from
serum-sensitive strains (AH-53 and AH-26, respectively) which
showed resistance to complement-mediated killing similar to
the initial wild-type strains (AH-3 and AH-1). However, when
we reintroduced the porin II gene in these strains (AH-336
and AH-337) by complementation with plasmid pLA-POR6
(strains AH-338 and AH-339, respectively), they became as
serum sensitive as strains AH-53 and AH-26 (Table 3). These
results indicate that when mutants lacking the O-antigen LPS
or the O:34 strains not expressing this antigen (serum sensi-
tive) are devoid of porin II, they became serum resistant, and
reintroduction of the porin II gene renders the strains again
serum sensitive. Because we previously showed that porin II is
able to bind Clq (the initial component of the CPC pathway),
we studied the Clq binding of whole cells in these strains. As
shown in Table 3, porin II-defined insertion mutants (AH-336
and AH-337) from serum-sensitive strains showed a large re-
duction in Clqg-bound molecules in comparison with AH-53
and AH-26 and became serum resistant. Complementation of
these defined insertion mutants (AH-336 and AH-337) with
pLA-PORG6 (carrying the porin II gene), i.e., reintroduction of
porin II, renders these strains (AH-338 and AH-339) serum
sensitive because there are numerous of C1q molecules bound
to their bacterial surface. From these results seems clear that
porin II is the major Clq binding surface on these mesophilic
Aeromonas sp. strains.

A confirmation of this point is that porin II-defined insertion
mutants from serum-resistant wild-type strains showed no dif-
ference, in either serum susceptibility or Clg-bound mole-
cules, because of the interference of the O-antigen LPS and
also the S-layer in serogroup O:11 strains. However, when
porin II-defined insertion mutant AH-330 of serogroup O:34
showed a rough LPS (growing conditions of 37°C and low
osmolarity [1, 20]), it was resistant to serum killing and exhib-
ited a great reduction of Clg-bound molecules in comparison
with the wild-type strains or the same mutant complemented
by porin II gene (pLA-PORGO6) in the same growth conditions
(Table 3).

It is important to point out that rough Aeromonas sp. strains
(serum sensitive, easily eliminated by complement), if they lose

TABLE 3. Serum susceptibility and binding of '**I-labeled Clq to mesophilic Aeromonas sp. whole cells

Strain Relevant characteristic(s) % Survival after 3 h in NHS® Bound Clq (molecules/bacterial cell)*
AH-3 0:34 (smooth)” 101 = 4 89 =17
AH-3 0:34 (rough)“ <0.1 304 + 37
AH-405 AH-3 Rif" (smooth) 103 £3 87 =18
AH-405 AH-3 Rif" (rough) <0.1 309 = 40
AH-53 O~ derived from AH-3 (20) <0.1 378 = 42
AH-330 Porin II mutant of AH-405 (smooth) 108 = 6 <30
AH-330 Porin II mutant of AH-405 (rough) 105 = 4 <30
AH-334 AH-330 + pLA-PORG6 (smooth) 99 *3 89 = 15
AH-334 AH-330 + pLA-PORG6 (rough) <0.1 317 =33
AH-336 Porin II mutant of AH-53 98 =5 <30
AH-338 AH-336 + pLA-POR6 <0.1 369 * 36
TF7 O:11, S* 145 = 12 <10
AH-408 TF7 Rif" 139 £ 8 <10
AH-26 O™ S7, derived from TF7 (22) <0.1 389 *+ 38
AH-331 Porin II mutant of AH-408 141 £ 6 <10
AH-335 AH-331 + pLA-POR6 143 =7 <10
AH-337 Porin II mutant of AH-26 129 £ 8 <30
AH-339 AH-337 + pLA-POR6 <0.1 376 = 35

“ Average of at least three independent experiments *+ standard deviation. Some of the data have been previously published (24).
b Strains of serogroup 0:34 showed O:34 antigen LPS (smooth) when grown at 20°C (20).
¢ Strains of serogroup O:34 are unable to show O:34 antigen LPS (rough) when grown at 37°C and in low-osmolarity medium (1).
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porin II by different mechanisms (for instance, by insertion
sequence interruption of the gene as happens in other gram-
negative bacteria [10, 18]), could became serum resistant, de-
velop antibiotic resistance, and emerge as a serious clinical
problem.
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