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The Korea Polar Research Institute (KOPRI) has assembled a culture collection of cold-adapted
bacterial strains from both the Arctic and Antarctic. To identify excellent protease-producers among
the proteolytic bacterial collection (874 strains), 78 strains were selected in advance according to their
relative activities and were subsequently re-examined for their extracellular protease activity on 0.1X
ZoBell plates supplemented with 1% skim milk at various temperatures. This rapid and direct
screening method permitted the selection of a small group of 15 cold-adapted bacterial strains,
belonging to either the genus Pseudoalteromonas (13 strains) or Flavobacterium (2 strains), that showed
proteolytic activities at temperatures ranging between 5-15°C. The cold-active proteases from these
strains were classified into four categories (serine protease, aspartic protease, cysteine protease, and
metalloprotease) according to the extent of enzymatic inhibition by a class-specific protease inhibitor.
Since highly active and/or cold-adapted proteases have the potential for industrial or commercial
enzyme development, the protease-producing bacteria selected in this work will be studied as a
valuable natural source of new proteases. Our results also highlight the relevance of the Antarctic for
the isolation of protease-producing bacteria active at low temperatures.
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Table 1. Protease production by cold-adapted bacteria in the
KOPRI culture collection and its relative activity at various
temperatures

Score of protease activity at
5°C 10°C 15°C 20°C 25°C 30°C

KOPRI
number

Isolation site

21125 Barton Peninsula, 1 2 4 4 4 4

Antarctic

21129 Barton Peninsula, 1 3 4 4 4 4
Antarctic

21130 Barton Peninsula, 1 2 4 4 4 4
Antarctic

21138 Barton Peninsula, 1 3 4 4 4 4
Antarctic

21141 Barton Peninsula, 1 3 4 4 4 4
Antarctic

21145 Barton Peninsula, 1 3 4 4 4 4
Antarctic

21146  Barton Peninsula, 1 3 4 4 4 4
Antarctic

21153 Barton Peninsula, 1 3 4 4 4 4
Antarctic

21154 Barton Peninsula, 1 3 4 4 4 4
Antarctic

21159 Barton Peninsula, 0 2 4 4 4 4
Antarctic

21717 Barton Peninsula, 1 3 4 4 4 4
Antarctic

25467 Ny-Alesund, 1 1 2 3 3 3
Arctic

26323 Barton Peninsula, 1 3 4 3 4 4
Antarctic

26332 Barton Peninsula, 1 2 3 4 2 0
Antarctic

26336 Barton Peninsula, 0 1 2 2 0 0
Antarctic

X2ty o202 M
KOPRI culture collectionol|A] A3k 157019 #2284

Score: 3 4 2 1

Fig. 1. The formation of a hydrolytic clear zone on a skim milk
plate. The 0.1x ZoBell agar plate supplemented with 1% skim milk
was inoculated and incubated at 10°C for 48 h. The magnified field
shows an example of the clear zone and its activity score.
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Pseudoalteromonas nigrifaciens NCIMB 8614
KOPRI 25467
Pseudoalteromonas haloplanktis ATCC 14393T
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| Alteromonas  fuliginea CIP 1053397

— KOPRI 21717

Pseudoalteromonas arctica A 37-1-2T
KOPRI 21153
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= KOPRI 21125

KOPRI 26323

93 Pseudoalteromonas atlantica 1AM 129277

Pseudoalteromonas espejiana NCIMB 21277
Pseudoalteromonas elyakovii KMM162T

Pseudoalteromonas paragorgicola KMM 3548T
KOPRI 21154

KOPRI 21159

Pseudoalteromonas distincta KMM638T
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91

// Capnocytophaga ochracea ATCC 278727

Flavobacterium omnivorum JCM 113137

86 Flavobacterium fryxellicola LMG 220227

KOPRI 26332

100

|: KOPRI 26336
52

Flavobacterium frigidarium A2iT

Flavobacterium xanthum ACAM 81T

i|7 Flavobacterium psychrolimnae LMG 220187

0.01

Flavobacterium limicola ST-82T

Fig. 2. Phylogenetic tree for Pseudoalteromonas (A) and Flavobacterium (B) species based on the almost complete 16S rRNA gene sequence.
The tree was reconstructed using neighbor-joining method and the bar scale represents 0.01 substitutions per nucleotide position. Bootstrap
values (expressed as percentages of 1000 replications) higher than 50% are shown at the branch points.
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Table 2. Identification of cold-adapted bacteria and protease characterization

Egbii Closest relative (% similarity) ACth(lg /::1)30 C Re;?tls‘iec a(ct;:)‘)]lty Protease type
21125 Pseudoalteromonas arctica A 37-1-2" (100) 3.1 46 ND*

21129 P arctica A 37-1-2"7 (99.9) 4.5 51 Serine

21130 P antarctica CECT4664" (99.4) 3.6 39 ND

21138 Alteromonas fuliginea CIP 105339 (100) 5.6 38 Cysteine

21141 P nigrifaciens NCIMB 86147 (99.9) 43 37 ND

21145 P nigrifaciens NCIMB 8614 (99.9) 5.0 48 ND

21146 P arctica A 37-1-27(99.6) 35 44 Serine

21153 P arctica A 37-1-2" (100) 2.6 31 Serine/Metalloprotease
21154 P distincta KMM638" (100) 4.8 40 Serine

21159 P distincta KMM638" (100) 2.7 42 ND

21717 P arctica A 37-1-2" (99.9) 4.5 44 Serine

25467 P haloplanktis ATCC 14393 (99.6) 1.3 44 Serine/Metalloprotease
26323 P elyakovii KMM 162" (99.9) 4.2 43 Serine/Aspartic

26332 Flavobacterium frigidarium ATCC 7008107 (99.4) 3.0 39 ND

26336 E frigidarium ATCC 700810" (99.6) 1.3 32 ND

? ND, Not determined, but later could be classified into another type.

ol LRHoHE aae] Ful BE Fe &y Felol EA)
e 28710 satE Aol wel TRew} o] = 4% R
A4 %(enzyme type)o-Z EF3l3L JTh: serine protease,
aspartic protease, cysteine protease, ~1Z]Il metalloprotease.
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Aol o] F7H=EIA7] wWiEel, o] F ZZH|OMAE serine-type
metalloprotease 2 72 4 ATK10, 14). KOPRI 263232
PMSF 24t o2} pepstatin Aol 2J|A= 80% 2] SAdo] 7+
A5 7] Wl aspartic proteaseZ -F%ATH14). KOPRI
21138 ZZH|oA= cysteine protease2] 4] JAA|QI Hg2+
(HgClyoll &3l 50% 1 &2do] AA=UTKL7). TFH o=,
1570e] ZZE|olA] FollA 77]7} serine protease (47%)©|™,

120
100
S
< 801
=
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S 60
L
2
= 40 1 Vg
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20 1 ——-y-—— KOPRI 21153
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— -8 — KOPRI 26336
0 T T T T T T

5 10 15 20 25 30

Temperature (°C)

Fig. 3. The temperature-dependent relative activities of the extracellular proteases produced by cold-adapted bacteria. An aliquot (200 pl) of
each culture supernatant-containing protease solution was added to 900 pl of a 0.65% azocasein solution in standard buffer, and then incubated
at different temperatures (5-30°C) for 1 h. The proteolytic activities were measured as described in the enzyme assay section.
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KOPRI number

Fig. 4. The effects of protease inhibitors and activators on the proteases produced by cold-adapted bacteria. The residual proteolytic activity was
calculated as a relative ratio of its activity to the activity of an untreated control reaction that was taken as 100%.
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