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Abstract Protease-producing bacteria are known to play
an important role in degrading sedimentary particular
organic nitrogen, and yet, their diversity and extracellular
proteases remain largely unknown. In this paper, the
diversity of the cultivable protease-producing bacteria
and their extracellular proteases in the sediments of the
South China Sea was investigated. The richness of the
cultivable protease-producing bacteria reached 106 cells/g
in all sediment samples. Analysis of the 16S rRNA gene
sequences revealed that the predominant cultivated
protease-producing bacteria are Gammaproteobacteria af-
filiated with the genera Pseudoalteromonas, Alteromonas,
Marinobacter, Idiomarina, Halomonas, Vibrio, Shewanella,
Pseudomonas, and Rheinheimera, with Alteromonas
(34.6%) and Pseudoalteromonas (28.2%) as the predomi-

nant groups. Inhibitor analysis showed that nearly all the
extracellular proteases from the bacteria are serine proteases
or metalloproteases. Moreover, these proteases have differ-
ent hydrolytic ability to different proteins, reflecting they
may belong to different kinds of serine proteases or
metalloproteases. To our knowledge, this study represents
the first report of the diversity of bacterial proteases in
deep-sea sediments.

Introduction

Abundant particulate organic material from marine crea-
tures deposits to the sea floor and has an important
influence on the chemical composition of deep-sea sediment
and on global biogeochemical cycles. The sinking of
particulate organic material to deep-sea sediment is influenced
by many factors, such as water column production, season,
location, and planktons [4, 11]. It was estimated that the total
input of particulate organic nitrogen (PON) to the deep-sea
sediment is 24–80µmol m−2 day−1 in different area and time
[3]. The PON is first decomposed into dissolved organic
nitrogen (DON) and then is ammonified, nitrified, and
denitrified, which is mainly performed by bacteria and their
enzymes [3, 12]. Bacterial enzymatic activity in deep sea is
generally considered as the initial and rate-limiting step in
carbon oxidation and nitrogen recycling [20]. Ectoproteo-
lytic activity in deep sea has been studied in some area using
a fluorogenic substrate analog [2, 11, 20]. However,
diversity of the bacteria and their enzymes participating in
the degradation of sedimentary PON and DON are relatively
unknown. Since proteins are the important component of
sedimentary PON and DON, protease-producing bacteria
should be the important decomposers on them.
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Some bacteria from deep-sea sediments, such as Pseu-
doalteromonas [6, 7, 21], Pseudomonas [23], and Alka-
limonas collagenimarina [16], have been demonstrated to
be protease-producing bacteria and some proteases form
them have been studied. However, there have been only a
few studies on the diversity of sedimentary protease-
producing bacteria. By far, the best investigation on the
diversity of protease-producing bacteria was performed by
Olivera et al [17], who screened 14 protease-producing
strains belonging to the genera Pseudoalteromonas,
Shewanella, Colwellia, Planococcus, and the family
Flavobacteriaceae from sub-Antarctic sediments. Up to
date, no investigation on the diversity of the bacterial
proteases in sediments has been reported.

The South China Sea is a marginal sea of China. It
extends from the Strait of Malacca in the southwest to the
Strait of Taiwan in the northeast and covers an area around
3,500,000 km². The South China Sea has a remarkable
amount of biological diversity, including over 30% of the
world's coral reefs and many valuable fisheries. However,
microbiological study, especially on the functionality, has
seldom been carried out in this area. In this paper, the
sediments of eight stations in the South China Sea were
sampled, representing several distinct geographical charac-
teristics and biogeochemical backgrounds. By cultivation
and screening, 78 protease-producing strains were isolated
from these sediments and their diversity was studied by a
phylogenetic analysis of their 16S rRNA gene sequences.
Moreover, the diversity of the proteases secreted by these
strains was investigated by using different substrates and
inhibitors.

Methods

Sampling and the Geochemical Characteristics of Samples

Sediment samples of the South China Sea were collected
using a 0.1-m2 stainless steel Gray O'Hara box corer or a
deep-sea sediment grab sampler during the South China Sea
Open Cruise of R/V Shiyan 3 in the August of 2007
(Fig. 1). Only undisturbed samples were used to ensure the
integrity of the surface sediment structures. Replicate
surface sediment subcore samples down to 5 cm depth for
microbiological analysis were taken aseptically with sterile
60-ml syringes (luer end removed) and stored in airtight
sterile plastic bags at 4°C. Sediment samples for environ-
mental analysis were taken with the same manner and
stored in airtight sterile plastic bags in a −20°C freezer
during the cruise and −80°C after returning to the
laboratory. Surface sediment temperature and pH were
measured in situ. Sediment organic carbon (OrgC) and
nitrogen (OrgN) contents were measured in the laboratory
with a PE 2400 Series II CHNS/O analyzer (Perkin Elmer,
USA).

Cultivation and Screening of Protease-Producing Bacteria

One gram (wet weight) sediment of every sample was
serially tenfold diluted to 10−6 dilution with sterile
artificial sea water. Aliquots of 100µl diluted deep-sea
sediment samples (10−2–10−6 dilution ) were spread on
screening plates with a medium composed of 0.2% yeast
extract, 0.3% casein, 0.5% gelatin, 1.5% agar powder, and

Figure 1 Geographic location
of sampled sediment stations in
the South China Sea
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artificial seawater (pH7.0). The plates were then incu-
bated at 15°C for a proper time to form detectable
colonies with clear hydrolytic zone. Morphologically
different colonies with or without hydrolytic zone were
selected and further purified by repeatedly streaking on
the same medium. The purified strains were stored in
15% glycerol at −80°C for use.

Amplification of 16S rRNA Genes and Phylogenetic
Analysis

Genomic DNA from isolates was extracted by using
BIOTEKE genomic DNA purification kit. The 16S
rRNA genes were amplified from genomic DNA by
polymerase chain reaction with two primers (1492r: 5′-
GGTTACCTTGTTACGACTT-3′, 27f: 5′-AGAGTTT
GATCCTGGCTCAG-3′) [1]. These genes were ligated
into pGEM-T cloning vectors (Promega) and sequenced
by Biosune Inc. (Shanghai, China). Sequence alignment
was performed using CLUSTAL X (v 1.83). Isolates with
two or more than two different bases in their 16S rRNA
gene sequences were taken as different strains. Neighbor-
joining trees were constructed using MEGA version 3.1
[15] with neighbor-joining method and Kimura two-
parameter model.

Analysis of the Hydrolysis Ability of Proteases to Casein,
Elastin, and Gelatin

Plates were prepared with three media: basic medium (0.2%
yeast extract, 0.5% gelatin, 1.5% agar powder, and artificial
seawater, pH8.0) with 0.5% (w/w) casein, 0.5% (w/w)
gelatin, and 0.5% (w/w) elastin powder, respectively. The
strains which produced hydrolytic zone on the screening
plates were streaked on three kind plates, respectively, and
incubated at 15°C for 4 days. Then, for each strain, the
diameter of its colony and the diameter of the hydrolytic
zone it produced were measured, and a ratio of the
hydrolytic zone diameter to the colony diameter (hydrolytic
zone/colony, H/C) was calculated.

Analysis of the Inhibitory Effect of Protease Inhibitors
on Protease Activity

The protease-producing strains were grown in the liquid
screening medium at 15°C, 200 rpm for 4 days. The culture
was centrifuged at 12,000×g, 4°C for 12 min. The protease
activity of the supernatant was measured as previously
described [5]. One unit of enzyme activity was defined as
the amount of enzyme that catalyzed the formation of 1μg
tyrosine per minute. The supernatant diluted appropriately
with 50 mM Tris-HCl (pH8.0) was pre-incubated with
1.0 mM phenylmethylsulfonyl fluoride (PMSF; Sigma),
1.0 mM 1,10-phenanthroline (OP; Sigma), 0.1 mM E-64
(Merk), and 0.1 mM pepstatin A (Merk) at 20°C for
20 min, respectively. After incubation, the protease activity
of every sample was measured. The activity of a sample
without any inhibitor was taken as 100%, and the relative
activity (%) of samples was calculated. The inhibition ratio
was taken as the result of control activity minus the relative
activity of a sample.

Nucleotide Sequence Accession Numbers

The 16S rRNA gene sequences resulting from this study
were deposited in GenBank under the accession numbers
FJ169962–FJ170039.

Results

Station Description and Sample Characteristics

The sampling stations with variable water depth (154–
2,456 m) were located in different areas of the South China
Sea (Fig. 1; Table 1). The Xisha Trough (station E422) and
the Jiulong methane reef area off the Southwest Taiwan
Island (stations CF4 and CF6) were previously identified as
gas hydrate prospective areas [5, 10]. The existence of gas
hydrates in the Shenhu area (stations CF11, CF12, and
CF14) southwest of the Dongsha Islands was inferred from

Table 1 Characteristics of the sampling stations

Station Location (E, N) Depth (m) Temperature (°C) pH OrgC (%) OrgN (%) C/N

E505 111°29.029′, 18°59.897′ 154 17.3 6.94 0.47 0.06 7.83

CF11 114°34.477′, 19°43.341′ 1,050 5.2 5.9 1.32 0.16 8.25

CF12 114°44.956′, 19°44.946′ 1,153 8.5 6.93 1.32 0.16 8.25

CF14 115°12.971′, 19°54.256′ 1,220 3.6 6.94 1.32 0.15 8.80

CF4 118°57.042′, 22°0.545′ 1,632 2.8 6.97 0.65 0.07 9.29

E407 112°0.017′, 18°29.810′ 1,800 4.7 6.97 0.67 0.06 11.17

CF6 119°30.060′, 22°0.316′ 2,441 5.5 6.90 0.63 0.08 7.88

E422 112°0.793′, 18°0.341′ 2,456 3.8 7.09 0.94 0.11 8.55
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the evidence of seep carbonate nodules and was verified by
direct sampling during a recent cruise [8].

All sediments displayed nearly neutral pH, with the only
exception of station CF11. The content of OrgC and OrgN
in the sediments was in the range of 0.47–1.32% (OrgC)
and 0.06–0.16% (OrgN), with the highest values in the
sediments from the gas hydrate-bearing stations CF11,
CF12, and CF14, and the lowest values in the sediment
from the shallow-water station E505 (Table 1). The highest
C/N ratio was observed in station E407 (11.17) and the
lowest in station E505 (7.83).

Screening of Protease-Producing Bacteria from Sediments

After cultivation on screening plates, a lot of colonies
appeared on the plates with 10−2–10−4 diluted samples
(Suppl. Fig. S1). Quantitative statistic by manual count
showed that the abundance of cultivated bacteria reached
106 cells/g in all sediment samples, and more than 90%
colonies produced obvious hydrolytic zone in all samples.
The difference of particulate organic material content and
C/N ratio among the stations could not lead to obvious
difference in the riches of cultivable protease-producing
bacteria. One hundred two colonies were purified for
diversity analysis.

Diversity of Protease-Producing Bacteria in the Sediments

Nearly complete 16S rRNA genes of the 102 isolates were
amplified and sequenced. Isolates with the same (or only
one base difference) 16S rRNA gene sequence were
considered as the same strain, and consequently, 78
different strains were got. Based on the sequences of their

16S rRNA genes, the phylogenetic affiliation of these
strains was analyzed. Except that one strain (E407-10) was
a gram-positive bacterium belonging to genus Bacillus, the
strains were mainly affiliated with the class Gammaproteo-
bacteria and grouped in the genera Pseudoalteromonas,
Alteromonas, Marinobacter, Idiomarina, Halomonas,
Vibrio, Shewanella, Pseudomonas, and Rheinheimera.
Alteromonas (34.6%) and Pseudoalteromonas (28.2%)
were the predominant groups. The other genera comprised
between 2.6% and 7.7% of all strains. However, the result
also showed that the predominant bacteria in the sediments
of different sites and depth were different. In the shallowest
sediment sample (E505), the predominant protease-
producing bacteria were Shewanella (60%) and Vibrio

Figure 2 Relative percentage
abundances of the phylotypic
groups of cultivable protease-
producing bacteria recovered
from eight sample stations in the
South China Sea

bFigure 3 Neighbor-joining phylogenetic tree of the protease-
producing Gammaproteobacteria recovered from eight sampled
sediment stations in the South China Sea based on the 16S rDNA
sequences. Branch 1 included Alteromonas strains of 407-1
(FJ169962), 407-3 (FJ169964), 407-4 (FJ169965), 407-5
(FJ169966), 407-6 (FJ169967), 422-2 (FJ169974), 422-4
(FJ169976), CF6-3 (FJ169998), CF11-1 (FJ170008), CF11-2
(FJ170009), CF11-3 (FJ170010), CF11-4 (FJ170011), CF11-5
(FJ170012), CF11-6 (FJ170013), CF11-7 (FJ170014), CF11-
8 (FJ170015), CF11-11 (FJ170018), CF12-1 (FJ170019), CF12-2
(FJ170020), CF12-3 (FJ170021), CF12-4 (FJ170022), CF12-5
(FJ170023), CF12-6 (FJ170024), CF12-7 (FJ170025), CF14-2
(FJ170032), CF14-3 (FJ170033), CF14-4 (FJ170034), Alteromonas
macleodii LMG24082 (AM885870), and Alteromonas marina SW-47
(AF529060). The neighbor-joining phylogenetic tree of strains in
branch 1 based on the 16S rDNA sequences was shown in
supplementary Figure S2. Branch 2 included Pseudoalteromonas
strains of CF6-8 (FJ170002), 407-2 (FJ169963), CF14-6 (FJ170036),
422-3 (FJ169975), CF6-13 (FJ170006), CF4-2 (FJ169989), 422-5
(FJ169977), and CF4-1 (FJ169988). The neighbor-joining phyloge-
netic tree of strains in branch 2 based on the 16S rDNA sequences was
shown in supplementary Figure S3
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(30%). In contrast, the predominant protease-producing
bacteria in the sediment sample deeper than 1,000 m were
Pseudoalteromonas and Alteromonas (Fig. 2).

A distance-based neighbor-joining tree was constructed
with the Gammaproteobacteria-related sequences from this
study and reference sequences from the GenBank database
(Fig. 3). The closest neighbors of most of the strains still
lack taxonomic standing or belong to uncultured bacterium
clones and in most case from marine sources. Isolates
related to Alteromonas were the most frequently recovered
isolates (recovered from six sediments) and formed the
largest group in term of abundance (27 of 78 isolates;
branch 1 in Fig. 3, Fig. S2). Twenty-two Pseudoalteromonas
strains recovered from five sediments were closely related
and formed a sister group of Pseudoalteromonas byunsa-
nensis FR1199 and Pseudoalteromonas agarovorans
KMM255. The phylogenetic relationships of the other strains
to their closely related species were also shown in Fig. 3.
Several isolates, such as CF12-14, E505-2, E505-8, and
E407-8, exhibited a distant relationship with any of the
previously identified species. They may represent potentially
new species, which merit further study.

Diversity of Bacterial Extracellular Proteases
in the Sediments

The diversity of the bacterial extracellular proteases in
the sediments was investigated with protease inhibitors
(Table 2). PMSF (serine protease inhibitor), OP (metal-
loprotease inhibitor), E-64 (cysteine protease inhibitor), and
pepstatin A (aspartic protease inhibitor) were used to inhibit
the activities of the proteases secreted by the screened
strains for identification of these proteases. Among the 78
strains, 16 of them did not produce enough proteases for
inhibition analysis. PMSF inhibited the activities of the
proteases from all the detected 62 strains by 23–100%,
showing all the strains produce serine proteases in different
proportion. Among them, the activities of the proteases
from 13 strains were inhibited by PMSF by more than 90%,
which indicated that these strains mainly or only produce
serine proteases. Of all 62 strains, OP inhibited the
activities of the proteases from 47 strains by 20–84% and
had a little or no inhibitory effect on the others, showing a
majority of the screened strains produce metalloproteases.
Moreover, the activities of the proteases from most of the
screened strains were inhibited by both PMSF and OP,
indicating these strains simultaneously produce serine
proteases and metalloproteases. E-64 and pepstatin A only
had less than 10% or no inhibitory effect on the activities of
all proteases, showing that these strains hardly produce
cysteine or aspartic protease. Therefore, nearly all the
extracellular proteases from the bacteria in the sediment
samples are serine proteases or metalloproteases.

In addition, the bacterial protease diversity in the
sediments was also investigated by detecting the hydrolysis
ability of the proteases to different proteins casein, gelatin,
and elastin, which was analyzed by measuring the H/C ratio
on plates. Of the 78 strains, only 68 obviously showed a
hydrolytic zone, which were shown in Table 2. Since these
strains were screened with casein- and gelatin-containing
medium, all the extracellular proteases from these strains
could hydrolyze casein and gelatin with obvious hydrolytic
zone except for the protease from strain CF12-7 which did
not hydrolyze gelatin. However, these proteases displayed
very different hydrolysis abilities to casein and gelatin. The
extracellular proteases from strains E407-5, CF12-2, CF12-3,
and CF12-7 of Alteromonas and strains CF4-3, CF6-7, and
CF6-14 of Pseudoalteromonas had high caseinolytic activity
with H/C ratio more than 6, and the extracellular proteases
from strains CF4-3, CF6-2, CF6-7, and CF6-14 of Pseu-
doalteromonas and strain E505-3 of Shewanella had high
gelatinolytic activity with H/C ratio more than 6. In contrast,
only 47 strains could produce obvious hydrolysis zone
around a single colony on elastin plates. The extracellular
proteases from strain CF6-2 and CF6-14 of Pseudoalter-
omonas had high elastinolytic activity with H/C ratio more
than 6. A lot of strains produced proteases with high activity
to all three proteins. The good examples were strains CF6-2,
CF6-14, E505-3, CF12-10, and E407-8. These differences in
substrate specificity reflected that the proteases produced by
these strains may belong to different kinds of serine
proteases or metalloproteases.

Discussion

In general, cultivability (cultivable population vs. total cell
population) of the deep subseafloor microbial community
ranges from 0.1% to 0.001% [9, 13, 19] and the cultivable
populations from deep marine sediments number between
104 and 107 cells cm−3 [14]. The richness of the cultivable
protease-producing bacteria in eight sediments of the South
China Sea studied in this paper was ∼106 cells/g in all
sediments, which is in the average range of previous
demonstrations. This result indicates the existence of a
sizable population of protease-producing bacteria in the
sediments. Huston and Deming reported that total and
actively respiring bacteria in sediment have strong positive
relationships to POC and PON content, but weaker
relationships to C/N ratios [11]. Although there are some
differences in the OrgC and OrgN content and C/N ratio
among the stations, these differences can not result in an
obvious difference in the riches of cultivable protease-
producing bacteria.

Gammaproteobacteria are an important population
which is frequently encountered in the analysis of sedi-
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Table 2 Diversity analysis of the extracellular proteases produced by the screened strains

Genera Strains H/C ratioa Inhibition Ratioc (%)

Casein Gelatin Elastin PMSF (1mM) OP (1mM) E64 (0.1mM) P-A (0.1mM)

Alteromonas CF12-2 6.81 2 1.8 48.27 59.3 −0.21 −1.44
CF12-3 6.61 4 Thinb 45.52 61.11 0.36 0.6

E407-5 6.13 3 Thin 68.7 55.48 0.08 1.53

CF12-7 6 3.21 0 38.79 62.87 −3.26 3.07

CF11-7 5.94 4.1 Thin 70.94 53.17 6.53 −1.18
CF11-3 5.83 5.67 1.29 80.09 32.72 −6.13 −5.98
E422-2 5.63 2.75 1.2 64.78 29.44 −1.95 2.16

E407-1 5.47 4 1.46 75.81 45.39 2.36 −0.2
CF11-4 5.22 2 1.4 53.49 60.11 −2.9 2.66

CF11-11 5.18 4.75 1.62 79.28 35.54 2.71 0.69

CF11-1 5.17 4.42 1.88 41.33 58.78 1.82 −3.13
E407-6 5 4.08 1.99 61.34 54.61 −5.76 −5.98
CF11-6 5 3.33 2.17 83.32 19.4 −3.97 −2.13
CF14-2 5 2.67 1.4 73.82 50.58 3.07 9.27

CF14-4 5 5.17 1.25 93.02 14.49 4.76 −0.03
CF12-1 4.75 3.94 1.43 46.56 63.12 −1.44 −2.89
CF14-3 4.75 3.81 1.54 68.21 48.04 −9.42 −3.05
E407-4 4.72 4.38 Thin 66.24 57.49 −6.63 −4.17
CF11-8 4.67 3.67 2 43.75 69.34 1.05 −7.57
CF12-5 4.57 4.58 1.25 28.94 65.18 2.43 −2.06
CF6-3 4.25 4.5 1.33 71.78 45.85 3.81 0.53

E407-3 4.15 3.04 1.61 67.54 59.79 5.4 5.75

E422-4 4.04 2.89 Thin 69.95 44.69 1.6 7.47

CF12-4 3.91 3 1.75 88.19 20.55 −2.23 −8.23
CF11-2 1.45 1.83 Thin 94.29 1.66 −4.76 −4.7
CF11-5 1.3 2.22 1.6 91.7 20.28 1.62 3.61

Idiomarina CF11-10 2.08 2.67 Thin – – – –

CF14-12 1.8 0 Thin – – – –

CF12-14 1.39 3.06 Thin – – – –

Pseudoalteromonas CF4-3 7.83 6.8 0 92.69 35.17 −0.17 −3.17
CF6-14 6.67 8.15 6.71 90.91 5.06 −1.64 −3.67
CF6-7 6.46 6.67 0 94.91 18.83 −3.67 −0.2
CF6-2 5.89 6.5 9 93.92 15.53 3.54 −0.1
E422-5 4.13 3.39 1.79 54.23 48.87 1.91 8.32

E422-3 3.8 3.67 1.83 34.12 56.11 −1.72 1.7

CF14-7 3.8 2.3 0 39.81 49.93 3.85 8.31

CF6-8 3.69 3.91 Thin 54.68 31.41 3.26 2.89

CF14-1 3.57 2.63 Thin 43.63 62.97 8.59 5.02

E407-2 3.5 3.06 1.3 54.04 46.1 40.77 1.3

CF6-4 3.5 3.29 1.53 50.23 23.58 −0.63 −2.38
CF14-6 3.33 3 1.65 50.09 58.81 6.03 4.52

E422-1 3.21 1.9 1.38 44.93 49 −7.3 −4.88
CF4-1 3.21 3 1.58 43.71 58.33 −0.22 −1.09
CF4-6 3 3.35 1.58 48.33 80.53 0.79 0.95

CF4-2 2.98 3.69 1.38 47.44 54.04 3.73 4.77

CF4-10 2.83 3.39 1.78 40.63 51.14 4.82 4.04

CF6-13 2.81 4.6 1.56 69.69 36.01 5.97 3.4
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mentary bacterial diversity [12, 18, 22]. An analysis of the
diversity of protease-producing bacteria in sub-Antarctic
sediments shows that Gammaproteobacteria are also the
main protease-producing bacteria. Of 19 cultivable strains,
17 strains are Gammaproteobacteria, which are affiliated
with the genera Pseudoalteromonas, Shewanella, Colwellia,
and Planococcus [17]. Our result in this paper showed that
of 78 protease-producing strains recovered from the sedi-
ments of the South China Sea, 77 strains are Gammaproteo-
bacteria, affiliated with the genera Pseudoalteromonas,
Alteromonas, Marinobacter, Idiomarina, Halomonas, Vibrio,
Shewanella, Pseudomonas, and Rheinheimera. Among them,
Alteromonas and Pseudoalteromonas are predominant,
accounting for 34.6% and 28.2% of the total strains,
respectively. Although only a small portion of the cultivable
protease-producing bacteria was selected to study the
diversity, differences in the diversity of protease-producing
bacteria between stations still could be observed (Fig. 2).
However, no obvious relationship between the bacterial
diversity and the OrgC and OrgN content or C/N ratio

among the sites was observed. The predominant bacteria in
the sediments of different sites and depths are different. In
the shallowest sediment sample (E505), the predominant
protease-producing bacteria are Shewanella (60%) and
Vibrio (30%). In contrast, the predominant protease-
producing bacteria in the sediment sample deeper than
1,000 m are Pseudoalteromonas and Alteromonas.

Ectoproteolytic activity in deep sea has been studied in
some area [2, 11, 20]. Protease activity in sediments
correlates positively with the abundance of both total and
actively respiring bacteria, which play an important role in
the nitrogen depletion of sinking particular organic material
[11]. The total proteolysis activity in the sediments in this
study was not measured. However, the proteases-producing
ability of the selected strains was studied. Overall, the
Idiomarina strains and the Bacillus strain have relatively
low protease-producing ability, while the strains of the
other genera have relatively high protease-producing ability
at the experimental culture condition. The study of Xiong et
al. also shows that Pseudoalteromonas strains are the

Table 2 (continued)

Genera Strains H/C ratioa Inhibition Ratioc (%)

Casein Gelatin Elastin PMSF (1mM) OP (1mM) E64 (0.1mM) P-A (0.1mM)

CF14-5 2.81 1.46 Thin 37.4 66.78 1.69 −9.24
CF4-7 2.71 3.88 1.8 41.04 57.39 −4.16 0.27

CF6-1 2.61 2.5 1.52 43.86 52.31 7.46 9.26

CF4-8 2.57 2.69 1.42 47.02 66.06 −3.36 4.57

Shewanella E505-3 3.8 7.75 3.11 84.2 20.97 −2.33 3.49

E505-6 3.54 4.33 1.75 81.75 10.6 4.42 1.9

E505-8 3.25 3.36 Thin 91.8 3.92 −1.28 1.02

E505-7 2.77 4.5 1.75 63.21 24.2 3.68 2.28

E505-9 2.5 3.5 Thin 77.98 26.77 −1.89 1.56

E505-14 2.22 3.23 1.64 53.64 2.52 6.64 −1.82
Vibrio E505-2 4.15 5.33 0 – – – –

E505-1 1.63 2.73 1.53 58.55 52.5 10.62 7.76

CF4-11 1.62 3.33 0 99 −8.84 −1.48 −3.19
CF6-6 1.62 2.5 0 99.3 −9.18 −4.32 −5.99
E505-4 1.5 1.8 0 23.44 83.87 10.07 1.49

CF6-9 1.45 2.16 1.36 103.41 −0.3 2.18 0.34

Rheinheimera CF12-15 3.5 3.75 2.25 94.5 6.98 −0.84 −0.56
CF6-12 3.17 3.64 2.45 – – – –

CF12-10 3.15 3.5 3.25 100.07 5.51 −0.05 −0.95
E407-8 2.13 5.33 3.33 86.82 −3.51 −3.42 −3.63

Bacillus CF12-9 1.67 2.06 3.72 – – – –

PMSF phenylmethylsulfonyl fluoride, OP 1,10-phenanthroline, P-A pepstatin A
a H/C ratio is the ratio of the hydrolytic zone diameter to the colony diameter of a colony on the plate
b Thin represents a slight hydrolytic zone formed by the strain
c The activity of a sample without any inhibitor was taken as control (100%). The inhibition ratio was taken as the result of control activity minus
the relative activity of a sample with an inhibitor
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bacteria with high protease-producing ability in deep-sea
sediments [21]. Although ectoproteolytic activity in deep
sea has been demonstrated, there has been no report on
ectoprotease diversity in deep sea. Our results showed that
nearly all the extracellular proteases from the sedimentary
bacteria are serine proteases or metalloproteases. Moreover,
these proteases have different hydrolytic ability to different
proteins, reflecting they belong to different kinds of serine
proteases or metalloproteases. Studying these proteases
would be significant not only for clarifying the degradation
of sedimentary PON and DON but also for finding new
type proteases for a future technological application. Our
results in this study on the diversity of bacterial proteases in
sediments are preliminary. Detailed identification of these
proteases is being studied using molecular biotechnology
and biochemical technology.
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