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ABSTRACT: In order to expand upon the d~scovery that specific proteins survive in seawater as 
dissolved protein and that the ongin of these proteins is bacterial porin, we surveyed marine environ- 
ments and cultured bacteria for the presence of homologues of 2 kinds of bacterial porins. Antisera 
against the N-terminus of the OprP porin of Pseudornonas aeruginosa and against the whole molecule 
of the Omp35La porin of Listonella (Vibdo) anguillarum were prepared and used as  probes in Western 
blot analysis. In all samples collected in the subarctic and subtropical Pacific Ocean and the Antarctic 
Ocean, proteins reactive to the antisera were detected. The molecular ~nasses  of OprP and Omp35La 
are 48 and 33 to 37 kDa respectively; detected proteins In seawater samples were generally also of 
similar molecular mass. However, dissolved proteins as  well as  outer membrane proteins from cultured 
bacteria with different molecular masses were detected using the antisera. This indicates that dissolved 
proteins and bacter~al outer membrane proteins distinct from OprP and Oinp35La contain similar anti- 
genic structures to OprP and Omp35La. Fluorescent-antibody staining revealed that bacterial cells tha.t 
\yere stainable with antisera were present in natural bacterial assemblages throughout the entlre water 
column. Present observations strongly suggest that bacterial porins are a major source of dissolved 
proteins. 
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INTRODUCTION 

Dissolved organic matter (DOM) in seawater is an 
important pool of organic matter in the global carbon 
cycle (e.g. Hedges 1987). Although the majority of 
DOM is marine in origin (e.g. Lee & Wakeham 1989), 
DOM is thought to be a complex mixture of diageneti- 
cally altered organic matter (e.g. Cauwet 1978). DOM 
is perhaps the most poorly characterized organic pool 
on the earth. 

Research on microbial food-web processes (e.g. 
Pomeroy 1974, Azam et al. 1983) has revealed that 
50% of organic matter (Ducklow & Carlson 1992) 
generated by primary production is transferred to 
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DOM and then utilized by heterotrophic bacteria. The 
bulk chemical analyses in the 1990s also demonstrated 
that polysaccharides and combined amino acids com- 
prise substantial portions of DOM (Keil & Kirchman 
1991, Benner et al. 1992, Pukulski & Benner 1994) and 
that these organic constituents are more dynamic than 
previously believed (Amon & Benner 1994, Guo et al. 
1994, 1995). Since such chemical analyses were made 
by calorimetric bulk analyses, or by analyses at the 
monomer level after hydrolysis of macromolecules, it 
is difficult to deduce source macromolecules from 
monomer-level information. It is, therefore, hard to 
specify the source of detected biochemical compounds 
in DOM and the relationships between organic con- 
stituents in organisms and organic constituents in 
DOM are not well documented. 

Recently, Tanoue and his co-workers have discov- 
ered that a limited number of dissolved protein species 
account for the majority of the dissolved protein com- 
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ponents in seawater collected from the northern North 
Pacific, through the subtropical and equatorial Pacific 
and the Indian Ocean, to the Antarctic Ocean (Tanoue 
1995, Tanoue et al. 1995, 1996). 

The N-terminal amino acid sequencing of dissolved 
proteins revealed that a 48 kDa protein, one of the ma- 
jor components in dissolved proteins, had the same N- 
terminal amino acid sequence as the outer membrane 
protein OprP of Pseudornonas aeruginosa, which is a 
porin channel specifically expressed under phosphate 
deficient conditions (Hancock et al. 1982). The evi- 
dence strongly suggests that specific biomolecules can 
escape degradation and be stable in seawater as dis- 
solved protein. Proteins other than the 48 kDa protein, 
however, did not show any homology with known 
polypeptides cited in the database (Japan International 
Protein Information Database). The database of porins 
for comparison is still very limited. These findings led 
us to hypothesize that some other dissolved proteins 
might contain bacterial porins other than those of P. 
aeruginosa. Pseudomonadaceae belongs to the y sub- 
class of Proteobacteria. Although detailed study on this 
particular group seems to be scarce, the y subclass is 
usually found as one of the major constituents of marine 
microbial populations (Giovannoni et al. 1990, Schmidt 
et al. 1991). P. aeruginosa is thought to be distributed in 
soil- and freshwater environments, but its occurrence in 
the sea is questionable. Therefore, P. aeruginosa is not 
necessary the sole candidate for the production of the 
48 kDa protein. 

In this study, we surveyed the presence of 2 bacterial 
porin homologues in seawater columns to test the 
hypothesis that bacterial porins are major sources of 
dissolved proteins. OprP and Listonella (Vibrio) anguil- 
larum Omp35La porins were the target proteins in this 
study. The survey was performed by Western blotting 
probing with antisera against the N-terminal 14-mer of 
OprP and the whole molecule of Omp35La. L. anguil- 
larum is a well-known fish pathogenic marine bac- 
terium (Holt et al. 1994). The biochemical and serolog- 
ical properties of Omp35La, one of the constitutive 
porins of L. anguillarum, have been relatively well 
characterized (Suzuki et al. 1993, 1996, S i m ~ n  et al. 
1996). 

MATERIALS AND METHODS 

Sampling of seawater and analysis of disssolved 
protein. Samples analyzed in this study were collected 
at Stns A (45" 10.3' N, 165" 34.4' E; subarctic Pacific) 
and B (24" 35.0' N, 170" 0.1' E; subtropic Pacific) from 
18 October to 1 l November 1993 on a cruise of the RV 
'Hakuho-maru' (cruise KH-93-4). Samples of seawater 
were collected with a diaphragm-type air-driven pump 

at Stn A (at depths of 5, 50 and 200 m) and with the 
Niskin-type bottles mounted on a CTDO-rosette mul- 
tiple sampler at Stn B (at depths of 75, 100, 200, 500, 
1000 and 2000 m). Each sample (ca 20 1) was passed 
through a GF/F glass-fiber filter (Whatman) irnmedi- 
ately after sampling. Another set of samples named 
JARE 34 was obtalned from 20 November 1992 to 
19 March 1993 during the cruise of the 34th Japan 
Antarctic Research Expedition (JARE 34). Seawater 
pumped from below the ship (-5 m below the surface) 
was continuously passed through a GF/F filter and was 
collected twice per day. Individual samples (ca 5 1) of 
filtrates were pooled to yield 1 composite sample. Sam- 
ples were named 34-14 (sample volume: 17.4 1) and 
34-1 1 (27.8 1) and were composed of 3 and 5 individual 
samples collected from 38" 10' S, 151" 15'E, to 35'38'S, 
151°34'E and 63"00'S, 127"27'E to 64"57'S, 148" 
18' E, respectively. 

Dissolved proteins in the filtrate were concentrated 
using tangential flow ultrafiltration systems (Pelicon 
and Minitan; Millipore) with a filter with nominal 
molecular mass cut-off of 10 kDa (the filter material 
was low-protein-blnding regenerated cellulose) after 
addition of sodium dodecylsulfate (SDS; 0.01 % in final 
conc.). The concentrate was desalted with 35 mM 
ammonium bicarbonate buffer (pH 7.8) that contained 
0.01 % SDS. The dissolved protein in the concentrate 
was further concentrated and purified with trichloro- 
acetic acid (TCA; 5% in final conc.). The TCA- 
insoluble fraction was obtained by centrifugation at 
14 000 X g for 30 min at 4OC and was then subjected to 
sequential washing with TCA ( 5 % ) ,  ethanol ( loo%),  
and diethyl ether (100%). The final pellet on the 
bottom of the centrifuge tube was air-dried. 

Each dried pellet of the dissolved protein samples 
was redissolved in a sample buffer solution of 62.5 mM 
Tris-HC1 (pH 6.8), SDS (2%, w/v), 2-mercaptoethanol 
(5 %, V/V) and glycerol ( l 0  %, w/v) and heated to 100°C 
and maintained at this temperature for 3 min. This was 
then analyzed by SDS-polyacrylamide gel electropho- 
resis (SDS-PAGE) and subsequent Western blotting. 

Detailed descriptions of SDS-PAGE of the dissolved 
protein samples have been reported by Tdnoue (1995). 
Proteins were stained with Coomassie blue R-250. 
Western blotting was performed basically according to 
the method of Towbin et al. (1979) and Morita et al. 
(1996). Detection of the antibody reactive proteins 
was done by using an Immunostaining HRP-1000 kit 
(Konica). 

Preparation of bacterial outer membrane proteins. 
Bacterial outer membrane proteins were purified from 
10 strains of cultured bacteria, Pseudomonas aeruginosa, 
P. nautica, Deleya marina, Marinomonas communis, 
M. vaga, Alteromonas macleodii, A. haloplanktis, Vibno 
parahaemolyticus, Photobacterium phosphoreum and 
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Aeromonas caviae. Purification was performed using the 
method of Kragelund & Nybroe (1994). 

Antisera. Two antisera were used as probes for the 
Western blotting analysis. Antiserum against the N- 
terminal 14-mer of a 48 kDa protein (a-48DP N-14) 
was prepared as follows: (1) N-terminal 14-mer 
GTVTTDGADIVIKT was chemically synthesized. (2) 
Cystein was added to the N-terminus of this oligomer 
in order to cause a reaction with the carrier protein 
with the disulfide bond. (3) This 14-mer was then con- 
jugated to maleimide activated bovine serum albumin 
(BSA; Pierce); non-reacted oligomer was removed by 
dialysis against phosphate buffered saline. (4) Of the 
conjugated product, 2.7 mg was mixed with Freund's 
con~plete adjuvant and injected into a male New 
Zealand white rabbit. (5) After 2 wk, a booster injection 
of the same amount of the conjugated product was 
given to the rabbit. Antiserum displaying specificity 
against the N-terminus of the 48 kDa protein as judged 
using Western blot analysis was from rabbits 2 to 3 wk 
post boosting. From this antiserum, anti-BSA antibody 
was removed by an  immunoprecipitation (Harlow & 
Lane 1988) by mixing with l % BSA. This antiserum 
could detect the 48 kDa protein as a single band with 
1:100 to 11500 dilution in Western blotting when cell 
homogenate of Pseudomonas aeruginosa was em- 
ployed in the analysis. This indicates that the anti- 
serum is specifically reactive to OprP. 

Antiserum against Omp35La of Listonella (Vibno) 
anguillarurn (U-Omp35La) was prepared as has been 
described previously (Suzuki et al. 1993). We prepared 
antisera against Omp35La of L. anguillarum serotypes 
J-0-1, -2 and -3. Of these, the antiserum against 
Omp35La purified from a strain serotyped 5 - 0 - 2  was 
used throughout this study because of its broad spec- 
trum in reaction (Suzuki et al. 1996). This antiserum 
could detect Omp35La of L. anguillarum and similar 
porins of bacteria belonging to the genera Vibrio and 
Photobacterium (Suzuki et al. 1996) with 1:200 to 
1:1000 dilution as a single band in Western blotting. 
This indicates that the antiserum was specific to 
Omp35La and related porins as has been reported in a 
previous paper (Suzuki et al. 1996). 

Detection of a-48DP N-14-reactive bacteria. For the 
detection of the a-48 DP N-14-reactive bacteria in nat- 
ural bacterial assemblages, samples of seawater were 
collected from January 30 to February 2, 1996 during 
the KT-96-2 cruise of RV 'Tansei-maru' off the coast of 
Japan. Samples collected at Stn 3 (34"42.073'N, 
137O06.993'E; middle part of Mikawa Bay), Stn 4 
(34'33.961' N, 137" 09.459' E; outside of Mikawa 
Bay, 2 km from coastal line), Stn 7 (35"01.646'N, 
138"3?.486'E; inside of Suruga Bay, 10 km from the 
innermost part) and Stn 8 (34" 49.943' N, 138" 25.973' E;  
middle part of Suruga Bay) were employed for the 

analysis. Samples were taken using ethanol-washed 
Niskin samplers, and seawater treatments were initi- 
ated within 1 h of being on board. For direct viable 
count (DVC) (Kogure et al. 1979), the seawater was 
incubated with 100 mg 1-' of yeast extract and 20 mg l-' 
of nalidixic acid at 20°C for 6 h in the dark. Increase of 
nalidixic acid resistant bacteria is negligible in this 
incubation. Formalin-fixed samples (2 % in final conc.) 
were stored in a cold room until use. Both total count 
and DVC were enumerated under epifluorescence 
microscopy (Olympus BH-2) with a 100 W mercury 
lamp after staining with DAPI (Porter & Feig 1980). 

Subsamples of the seawater incubated for DVC were 
used for indirect fluorescent-antibody (FA) staining 
with the a-48 DP N-14. In general, in the natural 
bacterial population, cells were too small (less than 
0.5 pm) to recognize their cellular shape. This was also 
true for coastal samples obtained by the 'Tansei-Maru' 
cruise. Without confirming cellular shape, it was 
difficult to differentiate positive reactions from the 
non-specific adsorption. This is why we used DVC 
samples for FA staining. Of the sample seawater 30 to 
50 m1 portions were filtered through black Nuclepore 
filters (diameter 10 mm, pore size 0.2 pm), and all 
staining procedures were performed on the filter as 
described by Xu et al. (1982). Instead of rhodamine 
isothiocyanate-BSA, however, partially hydrolyzed 
gelatin was applied to reduce the non-specific adsorp- 
tion of the antiserum (Bohlool & Schmidt 1968). Bac- 
teria which displayed staining along their cellular 
margin were counted using a fluorescence microscope. 
At least 100 fields were counted in each filter. Prelimi- 
nary experiments indicated that the sample size was 
too small to be employed for detection of a-Omp35La- 
reactive bacteria. 

RESULTS 

Detection of OprP and Omp35La homologues 
in the seawater column 

The dissolved protein fractions at Stns A and B and 
in the JARE 34 samples were analyzed by SDS-PAGE 
and by Western blotting. The results of these experi- 
ments are shown in Figs. 1, 2 & 3. The dissolved pro- 
teins at the subarctic Stn A in the Pacific (Fig. l), 
obtained from depths of 5, 50 and 200 m, gave banding 
patterns in SDS-PAGE indicating that specific proteins 
were present in these samples. In particular, bands 
migrating to approximately 34 and 48 kDa were 
observed at all 3 depths (Fig. 1A). The proteins on 
these gels were transferred to nitrocellulose filters, and 
used in the Western blotting analysis. When the a-48 
DP N-14 was used as a probe, the 48 kDa band was 
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detected at depths of 50 and 200 m (Fig. 1B). A positive 
signal was not detected at a depth of 5 m; however, this 
might have been because the amount of protein was 
not sufficient for this assay. On the other hand, a- 
Omp35La reacted to 34 kDa protein at depths of 50 

Fig. 1. SDS-PAGE ( A )  and 
Western blotting (B. C) of dis- 
solved proteins obtained from 
subarctic Paclflc Stn A. In West- 
ern blotting, a-48 DP N-14 (B) 
and a-0mp35La (C) were used 
as probes. Molecular weight is 
indicated as kDa for each lane, 
M (size marker) and sampling 

depths are indicated 

and 200 m (Fig. 1C). The 48 kDa protein was also 
detected at all 3 depths, although the signal was weak. 

Dissolved proteins obtained from subtropical Pacific 
Stn B (Fig. 2) did not possess the same banding pattern 
observed in the samples from Stn A. Several clear 

Fig. 2. SDS-PAGE (A] and Western blotting (B, C )  of dissolved proteins obtained from subtropical Pacific Stn B. Antisera used 
in Western blotting and presentation of results as in Fig. 1 
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bands were observed In samples from all depths, 
although the banding patterns were different for each 
depth. Western blotting results obtained with a-48 DP 
N-14 showed immunoreactive bands at 48 and 60 kDa 
(Fig. 2B), while those obtained with a-Omp35La 
showed positive bands at 38 and 70 kDa (Fig. 2C). 

The surface samples in the Antarctic Ocean (JARE 
34) showed several malor bands along with a smeared 
SDS-PAGE pattern (Fig. 3A). Western blotting with 
a-48 DP N-14 showed a slngle band with molecular 
mass of 48 kDa (Fig 3B), and the 34 kDa band was 
detected when a-0mp35La was used (Fig. 3C).  These 
results were simllar to those obtained in samples from 
Stn A. 

Antisera reactivity to bacterial outer membrane 
proteins 

Outer membrane proteins of cultured bacteria were 
purified and employed for Western blotting analysis. 
The bactei-ial outer membrane protelns derived from 
each species exhibited a specific profile in SDS-PAGE 
(Fig. 4A), and Western blotting using U-48 DP N-14 
(Fig. 4B) In the case of Pseudomonas aeruginosa 
(lane l ) ,  a single band was detected at the anticipated 
position of molecular mass of 48 kDa after Western 

blotting, thus verifying that the reaction of the a-48 DP 
N-14 is specific for OprP. However, a-48 DP N-14 
reacted to 18 kDa outer membrane proteins prepared 
from Alteromonas macleodii (lane 6) and to 78 kDa 
outer membrane proteins from Aerornonas caviae 
(lane 10). In the 7 other bacterial outer membrane 
samples, no positive bands were detected at all. 

In the case of a-Omp35La, the 33 kDa band of Vibrio 
parahaernolyticus (lane 8)  and the 40 kDa band of 
Photobactenum phosphoreurn (lane 9) were strongly 
positive (Fig. 4C). These results are consistent with 
previous results, i.e. that Omp35La homologues in the 
genera Vibrio and Photobactenum are reactable with 
a-Omp35La (Suzuki et al. 1996). Several positive 
bands were also detected in Pseudomonas aeruginosa 
(lane l) ,  Deleya marina (lane 3 ) ,  Alterornonas rnac- 
leodii (lane 6) and Aeromonas caviae (lane 10). It is 
probable that these reactive proteins have primary 
structures similar to Omp35La. 

Detection and vertical distribution of antiserum- 
reactive bacteria 

The Western blot results described above revealed 
that antisera a-48 DP N-14 and cc-Omp35La reacted to 
dissolved proteins as well as outer membrane proteins 

Flg. 3 SDS-PAGE (A) and Western 1 4 -  
blottlng (B, C)  of dlssolved protelns 
obtained from Antarctic Ocean surface 
by the 34th Japan Antarctic Research 

.. B P  , C ? ,  , 
3"' 3"' 3"' $' 

Expedition (JARE 34) Antlsera used in 
Western blott~ng and presentation of 
results as  In Flg 1 Sample numbers at  
the top of the lanes a l e  explained in 

the 'Materials and methods' - .  
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Fig. 4 .  SDS-PAGE (A) and Western blotting (B, C) of outer membrane proteins from 10 stralns of cultured bacteria. Lanes: 
1, Pseudomonas aeruginosa; 2, Pseudornonas nautica; 3, Delcxya marina; 4, Marinornonas communis; 5, Marinornonas vaga; 6, Al- 
teromonas macleodii; 7,  Alterornonas haloplanktis; 8, Vibrio parahaemolyticus; 9, Photobacterium phosphreum; and 
10, Aeromonas cavlae. Molecular sizes of positive bands in Western blottlng are ind~cated in kDa at the side of or in the panels 

of bacteria. The reactivity of the antiserum a-48 DP logue. N-terminal amino acid sequences of the dis- 
N-14 to natural intact bacteria was also examined by solved proteins other than the 48 kDa protein did not 
immunostaining whole cells. Bacterial cells which provide any source-related information because no 
reacted with the antiserum were detected in samples homologous sequences have been reported in any 
from all stations and depths examined as 
shown in Fig. 5. Their abundances were Log,, cell number / ml 
approximately 4 and 2 orders of magnitude 1 2 3 4 5 6 7  1 2 3 4 5 6 7  
lower than those of the total count and DVC, - 0 0 

E respectively. Vertical profiles of the a-48 DP 5 5 
N-14-reactive bacteria were approximately 10 10 
parallel to those of the DVC and the total $ 
count. However, detailed examination revealed 15 15 
the occurrence of small subsurface peaks at  
75 m depth in the lower euphotic zone at 
Stns 7 and 8. 

DISCUSSION 

It has been postulated that in the production 
of DOM, organic materials derived from 
marine organisms are transferred to the DOM 
pool, and a small fraction of the degradated 
oligomeric products are transformed to humic 
matter. Therefore, a major portion of the 
DOM is refractory to degradation and consists 
of structurally unidentifiable molecules (e.g. 
Rashid 1985). However, the discovery of OprP 
homologues in seawater indicated the pres- 
ence of another pathway for production of 
DOM whereby enzyme-resistant biopolymers 
selectively survive and accumulate in the 

Fig. 5. Vertical distribution of 01-48 DP N-14-reactive cells at Stns 3,  4 ,  7 
Ocean et et and 8 (See 'Materials and methods'). Distributions of (a) a-48 DP N-14- 
al. (1995, 1996) also found several proteins reactive cell numbers, (b) DVC (direct viable count) and (c) total count . . 
other than the 48 kDa protein OprP homo- are shown 



Suzuki et al.: Immunochemic :a1 detection of dissolved proteins 7 

sequence databases. Since few porins have been char- 
acterized at the n~olecular level and have appeared in 
databases, and since those porins characterized to date 
have similar physico-chemical properties, there is a 
possibility that dissolved proteins other than the 
48 kDa protein are also porins. 

In order to test the hypothesis that bacterial porins 
are one of the types of specific biopolymers con- 
stituting dissolved proteins, we first surveyed for the 
presence of homologues of OprP and Omp35La using 
Western blotting. The antisera v.-48 DP N-14 and 
a-0mp35La detected the same size proteins as OprP 
and Omp35La m dissolved protein samples collected 
from quite different oceanic regions, subarctic Pacific 
Stn A and the Antarctic Ocean surface water. This 
suggests that the porin homologues of OprP and 
Omp35La are relatively ubiquitous in the oceans. 
However, the sizes of reactable proteins were differ- 
ent at subtropical Stn B in the Pacific. Further, in the 
outer membrane proteins of cultured bacteria, pro- 
teins having different sizes were also detected by 
Western blotting. These data suggest that there are 
antigenic structures similar to the N-terminus of OprP 
and the whole molecule of Omp35La present in both 
dissolved proteins and bacterial outer membrane pro- 
teins. As mentioned in the 'Materials and methods', 
antisera used in this study were relatively specific for 
the target antigens. An antibody reacts to the specific 
'antigenic structure' but not protein per se. Therefore, 
the detection of the bands with different sizes in 
Western blotting can be explained by this specific 
recognition of the antigenic sites. It is not surprising 
that immunopositive proteins of varying sizes were 
detected. Similar findings have been observed in the 
protein toxins of pathogenic bacteria (Suzuki et al. 
1994). It has been reported among Gram-negative 
bacteria that the primary structure of porins varies 
significantly (Gerbl-Rleger et al. 1991), but amphi- 
philic P-strands in the porin barrel are structurally 
conserved (Jeanteur et al. 1994). Antigenlcity of porins 
are also conserved In different serotypes of Llstonella 
(Vibrio) anguillarum and the genera Vibrio and Photo- 
bacterium, although the molecular sizes are different 
(Suzuki et al. 1996). Thus, the apparent discrepancy 
of molecular sizes among reactive proteins to the anti- 
sera can be explained. The possibility of an artifact 
due to proteolysis at a specific site(s) within the porin 
homologues cannot be discounted at this point. This 
might give small size positive bands after Western 
blotting. However, in the case of 2 dissolved protein 
samples and 1 of the bacterial samples, the immuno- 
reactive band of 01-48 DP N-14 was of larger molecu- 
lar mass than OprP from Pseudomonas aeruginosa 
(Fig. 2B; at 500 and 1000 m). So proteolysis cannot 
explain all of the observed size differences. 

Under microscopic observations, a-48 DP N-14 
reacted to the cell surface of intact natural bacteria, 
indicating that bacteria possessing similar antigenicity 
to the N-terminus of OprP are widely distributed in the 
marine environment. Measures of the exact number of 
FA-stained cells were not very reliable because of 
relatively low numbers of immunoreactive cells. The 
simple increase in the volume of filtered seawater, 
however, did not always improve counting accuracy 
due to interference by concomitant detrital particles. 
The FA staining was applied to DVC samples, and 
DVC counts were approximately of 1 to 2 orders of 
magnitude lower than total bacterial counts; thus, the 
actual numbers of the FA-stained bacteria could be 
higher. Methodological improvements and more ex- 
tensive field studies remain to be performed to clarify 
the distribution and dynamics of a-48 DP N-14-reactive 
bacterial cells. 

The FA staining of U-48 DP N-14 and the immuno- 
reactivity to dissolved proteins and bacterial outer 
membrane proteins after Western blotting in the pre- 
sent study consistently support the hypothesis that 
bacterial membrane proteins are the source of the 
48 kDa protein in the dissolved phase, regardless of 
location and depth. However, we still cannot rule out 
the possibility that proteins other than porin have the 
same N-terminal amino acid sequence and molecular 
mass as OprP. The antiserum U-Omp35La also pro- 
vided evldence that some of the dissolved proteins 
in seawater are derived from porins of bacteria that 
belong to the genera Vibrio and Photobacterium. How- 
ever, the occurrence of source bacteria producing the 
48 kDa protein was not confirmed, because the anti- 
serum a-48 DP N-14 reacted to a few proteins other 
than the 48 kDa protein. To date, it is not clear whether 
the FA staining is due to the 48 kDa protein or to other 
antiserum reactive proteins. Isolation of the a-48 DP 
N-14-reactive bacteria from seawater and characteri- 
zations of membrane proteins from such bacteria after 
culture may provide more accurate and detailed infor- 
mation on the source bacteria for dissolved proteins 
bearing similarity to OprP in the sea. Such an approach 
may be important in order to answer key questions 
such as why selective proteins from specific bacteria 
survive and accumulate and how they are transferred 
from constituents of living bacteria to the inanimate 
dissolved protein pool in the sea. 

The question why specific porin homologues can 
survive in seawater is not resolved at present and was 
not the aim of this paper. However, the recent dis- 
covery that Pseudomonas aeruginosa OprD porin has 
protease activity (Yoshihara et al. 1996) might provide 
an important clue. That is, some porins show protease 
activity and some do not. The porins that do not show 
protease activity might be able to survive, because 
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th.ey are not degraded by self-proteolysis. Physical 
interactions with other molecules such as lipopoly- 
saccharide and/or glycoproteins might provide resis- 
tance to porins. Keil & Kirchman (1993) demonstrated 
in the laboratory experiment that the turnover time 
of an enzyme, ribulose 1,5-bisphosphate carbohydlase 
(RuBPcase), was 2 orders of magnitude shorter than 
that of RuBPcase that was glycosylated. They sug- 
gested that glycosylated proteins were utilized more 
slowly than proteins that were not, because glycosyla- 
tion (Maillard-type reactions, amino-carbonyl reac- 
tions) has been thought to be responsible for formation 
of recalcitrant humic substances from biochemical 
molecules (e.g. Ishiwatari 1992). Such a suggestion, 
however, may not explain the persistency of porins 
because no glycosylated porin has been discovered 
so far. 
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