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Abstract

The extracellular subtilase synthesized by a straih.aintarcticum isolated from the Admiralty Bay waters (depth of

200 m) was purified to homogeneity by means of 3-step column chromatography and characterized. The enzyme appeared to

be kinetically and thermodynamically adapted to calgh(25°C, poor thermostability, high catalytic efficiency at 525 low
values ofAG*, AH*, AS* andE,). The sequence of 35 N-terminal amino acid residues df thetarcticum proteinase shows
31and 37% homology with that of proteinase K @ndligosporasubtilase, respectively, thus indicating thatlthantarcticum
serine proteinase belongs to the subfamily C clan SB. It is the first psychrophilic yeast subtilase in this subfamily.

© 2002 Published by Elsevier Science B.V.
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1. Introduction low-temperature biocatalysis (it is believed that true
psychrozymes are synthesized by microorganisms,
The perspectives of biocatalysis have been which permanently exist at low temperatures). On the
markedly widened, due to investigation into various other hand, only two enzymes from Antarctic yeast,
areas, including studies on enzymatic apparatus of such as an aspartyl proteinase from a psychrophilic
extremophilic microorganisms, the most numerous strain ofCandida humicola [3], and a xylanase from
group of which are psychrophiles (>80% of biosphere psychrophilic strain oCryptococcus adeliae [4], have
is the psychrosphere, characterized by an averagebeen purified and characterized to date. An extracellu-
temperature below BC). Though cold-adapted en- lar serine proteinase from psychrophilic marine yeast
zymatic proteins, synthesized by psychrophiles, act Leucosporidium antareticum, presented in this com-
according to the same catalytic mechanisms as homol-munication, is the third reported enzyme of that type.
ogous enzymes produced by other organigthsthey It is a particularly interesting enzyme since it is pro-
display some specific kinetic and structural features, duced by the Antarctic endemic species of ygakht
which confer efficient function in energy-deficient Furthermore, the only two extracellular yeast serine
environmentg2]. proteinases (neutral and alkaline), which have been
Enzymes from Antarctic psychrophilic bacteria described to date, were synthesized by mesophilic
are the main objective of studies in the field of strains[6]. One of these enzymes (an alkaline serine
proteinase ofvarrowia lipolytica) has been classified
* Corresponding author. Tekr48-42-631-43-40. into the group of subtilases of thgitirachium album
E-mail address: mtur@ck-sg.p.lodz.pl (M. Turkiewicz). proteinase K subfamily7].
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2. Purification and general characterization Table 1
of the proteinase Properties of the proteinase frolm antarcticum
Molecular weight (kDa)

The enzyme was isolated from the culture broth  SDS-PAGE 35.0
of L. antarcticum 171, which was isolated from MALDI-TOF 34.4
sub-glacial waters (depth of 200 m) in the Admiralty Isoelectric point 5.62
Bay (Antarctica) and classified by Donacli@. Sub- Carbohydrate content (%) 25.0

H %0
merged cultures of the strain (12 days’@ have  APsorbancy index Ag 11-12

been run in the medium containing 0.5% bactopep- Specific activity (Umg* of proteir?)

tone, 0.3% yeast extract, 1% saccharose and 3.5% Urea denatured hemoglobin (pH 6.5) 84.70

i It. The homogeneous proteinaBey.( 1) Casein (pH 7.0) 28.20
marine sait. 17 9 P a56y. BZTyrOEt (pH 8.0) 8.84
has been obtained by means of a multi-step proce- syc(alaypNA (pH 8.0) 0.30
dure, including precipitation of proteins with acetone,  z(Gly),Leu pNA (pH 8.0) 0.27
gel filtration on Sephadex G-75, ion-exchange chro- gimal pH
matography on DEAE-Sephacel (pH 5.69) and molec-  Hemoglobin hydrolysis 6.5-6.8
ular sieving on Sephacryl S-100. The homogeneous Casein hydrolysis 7.0-7.3
enzyme is a serine proteinase since it is completely BZTyrOEt 8.0-8.5
inhibited by 1 mM PMSF. It is also partially inhib-  Effect of temperature
ited by 1 mM chymostatin (60% of inhibition), 5 mM Maximum activity (C) N 25
TPCK (45% of inhibition) and SBTI (50% of inhi- Percentage of maximum activity
bition corresponds to the concentration of 0.125m ALO°C () 25

P ' 9 At —20°C (%) 18

ml~1). EDTA, iodoacetate and pepstatin do not affect » ,
the activity, similarly to C&+, Zré+ and Mg@+. The ~ Thermal stability €12, min)

. . . 30°C 147.6
most substantial properties of the proteinase are sum- zgoc 528
55°C 0.6
pH-stability range
5°C 4-10
25°C 6-9
35°C 7-9
Kinetic constants (BzTyrOEt, 5-2%)
Km (mM) 0.18-0.16
Keat (S71) 3.4-59
keadKm (MM~1s71) 19.1-35.6
Thermodynamic constants (BzTyrOEt; G)
Ea (kJmot?t) 225
AG? (kJmolt K1) 52.4
AH2 (kJmol1 K1) 23.1
AS (kIJmoF1K-1) —95.5

2Note: 1unit of activity (U) corresponds topdmol of the
reaction product released from substrate for 1 min &G0
b But the activity is 30% lower than at°&.

Fig. 1. SDS—-PAGE protein patterns of culture broth (lane 1),
solution of proteins precipitated with acetone (lane 2), fractions
after: gel filtration on Sephadex G-75 (lane 3), ion-exchange chro- marized in theTable 1 The enzyme displays a broad
matography on DEAE-Sephacel (lane 4), and molecular sieving subtilisin-like specificity and splits peptide bonds on
on Sephacryl S-I00 (lane 5). Molecular mass standards: BSA the carboxyl sides of Tyr (preferentially), Ala and Leu

66,000, ovoalbumin 45,000, glyceraldehyde-3-phosphate dehydro- . - .
genase 36,000, carbonate anhydrase 29,000, trypsinogen 24,000,(Table ]) Like the true subtilisins, the. antarcticum

trypsin inhibitor 20,000,a-lactoglobulin 14,200, aprotinin 6500  Proteinase shows a wgak ?-CtiVity against elas_tine
(lane St). (Img of the enzyme liquefies 0.1 mg of elastine
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for 1min at pH 7.0 and 30C) and Suc(Alag pNA
(Table ). An interesting feature of the proteinase is

its halophilic character, since the enzyme is stable in

7.5% NaCl, and retains 50% of activity for 30 min in

15% solution of sodium chloride. NaCl is also essen-

41

e a dependence of pH-stability on temperature
(the lower the temperature the broader range of
pH-stability, Table J),

e high catalytic efficiency K:a¢fKm) at physiological
temperature oL. antarcticum,

tial for the enzyme biosynthesis. The highest yields of e low values of free energyAG*), enthalpy AH*),
the proteinase have been observed for 2.5-3.5% salt entropy (AS*) and Arrhenius energy of activation

solutions, corresponding to the natukalantarcticum

habitat. The enzyme requires no protectants and re-

tains its total activity at-22°C for 5—6 months.

3. Cold adaptation

The L. antarcticum serine proteinase is a true psy-
chrophilic enzyme, both kinetically and thermody-
namically adapted to cold, typical of the natural habi-

tat of the yeast, as proved by the following properties:

e low optimal temperature (25C) when compared to
not only the mesophilic subtilisin Carlsberg (8D)
but also to the Antarctic subtlisin S41 (40, [9]),

e a high relative activity at 8C and below Table 1),

e a high degree of thermolability,

Table 2

(Table 1.

Moreover, the yield of proteinase biosynthesis is
also temperature-dependent and twice higher°a 6
than at the optimal temperature &f antarcticum
growth (Topt = 15°C). At the higher cardinal tem-
perature of the strainTfax = 20°C), the proteolytic
activity has not been detected in the culture broth.

4. N-terminal sequence and initial classification
of the L. antarcticum proteinase

The sequence of 35 N-terminal amino acids of
the proteinase (the analysis was performed at the
BioCenter of the Jagiellonian University, Cracow,
Poland) using a gas-phase sequencer (Model 491,

Comparison of N-terminal amino acid sequence of lthentarcticum serine proteinase with that of two typical subtilases

L .antarcticum QQ- -
Tr .album ST- -
A. oligospora HE - -

EKLDNTD@'ALTYEYP FVE]

.......... S TSTYE]YDES-
DYS AP Y[T YE YPE T[]

SUBTILASES (CLAN SB)

—(A) SUBTILISIN
—(B) TERMITASE
—(C) PROTEINASE K

L (D) LANTIBIOTIC PEPTIDASE
—(E) KEXIN
L~ (F) PYROLYSIN

Fungal and yeast proteaes protease K, R, T Tritirachium album

protease Arthrobotrys oligospora
extracellular protease Yarrowia lipolytica
extracellular protease L. antarcticum

Fig. 2. Proposed position of the extracellular serine proteinase froamtarcticum in the subfamilies A—F of clan SB.
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