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FUXURLRERFHEESAXEBRELME Pseudoaltermonas sp.
SM9913 Fi-REREOMANAN R, SR THRRATEIEZNBNRBREERS
HEZES EAM N ARXRBEE, RET —ENER.

EEX P.sp.SM9913 EXAEBEBMRBTBE&ATHT T, FREREE
9, EREBEFERRN—EESERMEHTRESE: ZRRALEYRD
. S EAEREER, BARKRAMEE, WEHM/KER. BE
iR, RE. 5%, NEBREWEER: 5. 8B TXN~BE8E —ENREER,
e W RETHTEREMSIER; REFENLE 80 M SDS H3 =HHE
HEH: BRRERSBOFN: KREBECHRETETSRE, ERERISHTHBLET
H; REEHEVISE pH7.0 U LB Fr=8. MILBEHBIRETY 65%, HiRE
B E~RER, | —PXNEEMUEE, UREESEUE,

R *t P.sp.SMI913 EAEHBEHEB AABAAREEES BT THR. &
REH, P.sp.SM9913 EAE A B X AIRERT AL B ER, #AREHR
=. AMBEZER (20~25C) F 30°CTRE 96 PR EEE S HIE R 83.6%H!
94.9%, ZEBEHEEAE 30°CT 60min AEVEIER 40.3%, 7 40°CF 20min BFFEER
68.9%. RMTRER P.sp.SM9I913 EAECBHANNHNEFTRIFNIZEN, B
BESEN VCTFRESAH, BEEARHER, HREHTATUAHNT
WL AETREHFIME K. SRR RER, H—PR¥ P.sp.SMI913 EAE
EMERARSTHASRNTERER %, MR, RitanEEibi3d
wEOMABERFFEEBRRPIRERR R,

W T ARNARGE (ISR, M. 38, 8. 5858 THBRE
EHRRFER, BERNRFERAZAIEE. PR THERBETRREE
FHF—207C. 30C. 40CTARARREMBEBIHBEPERFER, 42
ZH, ARREE (20~40C) F, BEFENTEBRAEEESTRENHRITEA,
- TEXMMEIE T ERBERNAE, THEFES, XMHEPERR
BEE. BEENEBEARENRPERNRERES 10~15%. BHEA
TEABOBAMREERFRERE TRFOHE, MAEERSE NS
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W 40°C R 30min, BEHFEAEFER.

H— SR RERPEARAEE M EHRTTEHI. AARREATR
¥ (HPCE) &%, HREayse s, SSuRfl T P.sp.SM9913 EXR RO 40
CTHBENDAIRURERENBREONREREFER. SRRW, BRE
ARG, P.sp.SM9913 EAEAMMEATHIKITARETHENEWL. BE
BWHAE, TUE—EREMRLESMESHEBENRE, EIREEAERMERE
WEIMER . B8 HPCE KB, S4B EERNLREGE. URGR, N
BREEENEAEEOIRET T o, HNSEENEL FREEERT
R AT R E RSN STIRI . XM SRR 1%E TR
BEEAAFEKE U REEERAKAESYE, SEE5BEEaZEMUTATER
FERER.

XRiE: EAEOE KEAMF BEN BERE RNBHREREK
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ABSTRACT

There are two key limits when cold-adapted protease is used in industry, one 1s enzyme
production efficiency, and the other is its stability. We have studied the cold-adapted
protease secreted by cold-adapted Pseudoaltermonas sp. SM9913 preserved in our lab
and made some achievements to solve the above problems.

First, the fermentation conditions of the cold-adapted protease secreted by P. sp.
SM9913 were optimized. The results showed that citrate would increase the production
of protease. If bean-bits and bean-cake powders were added to the media as nitrogen
sources, the yield of protease increased. While the nitrogen source that could be
absorbed easily, such as bean-bits hydrolysate, peptone, urea and ammonium,
restrained the production of protease. Some metal ions such as Mg®, Ca** promoted
the P.sp.SM9913 to secret protease, while others such as Zn™, Cu™, Fe*" have negative
effect. Surface-active agents, Tween 80 and SDS, could increase the production of
protease. Phosphate was necessary for P.sp.SM9913 to secret protease. Oxygen was
strictly needed in fermentation, less liquid culture medium was beneficial for
production of protease. The initial pH of the medium above 7 was good for protease
production. The yield of protease had increased by 65% after optimized, which still not
accord with the standard of industrial production however. Further efforts like strain
engineering needed to improve the enzyme production efficiency.

Second, the stabilities of crude and purified cold-adapted proteases secreted by
P.sp.SM9913 were studied respectively. The results showed that they are all
thermolabile. The activity of crude cold-adapted protease decreased 83.6% at room
temperature for 96h and decreased 94.9% at 30°C for 96h. The enzyme activity
decreased 40.3% at 30°C for 60min and decreased 68.9% at 40°C for 20min.
However, the crude enzyme was stable after freezing-dry or being dried at room
temperature. While the enzyme powder was stored at room temperature and 30°C for
three ‘months, the protease activity did not decrease, which accorded with the standard

of industrial enzyme preparation. According to the research results before, cause of the
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protease thermolabile in solution is further indicated to be “autolysis”, not denaturation.
So, the key to keep protease stable in solution state 1s to prévent its autolysis.

Several sugars were used for stabilizing the crude protease. Trehalose has remarkable
effect compared to other sugars. So the stabilized effects of trehalose at various
temperatures were further studied. The results showed that trehalose could stabilize the
crude protease effectively and its protective effects would increase when temperature
rise. The optimal concentration of trehalose to stabilized crude enzyme is 10-15%.
Trehalose has the same effect on stabilizing the purified protease, which could remain
activity constant at the presence of trehalose at 40°C for 30min.

Last, the autolysis processes of purified protcase with and without the protection of
trehalose at 40°C were detected with capillary electrophoresis. It showed that the
results were different in two conditions. Trehalose could inhibit autolysis and stabilize
the protease. The stabilization mechanism was inferred according to the recent research
results of home and abroad, that trehalose stabilized the protease by act on its
integrated structure. The impetus of combination of trehalose and protease comes from
hydrophilic property of protease surface and hydration of trehalose. There seems no

hydrogen-bond action between them.

Key words: Cold-adapted protease; Fermentation; Stabihty; Trehalose;l HPCE
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1.1 AARNEFR

BERANEBUAFRNERNEHEE. BERRSHERERER 71%, &
KB A IR EKER 97%, EREFEFEEE 20 F&NEY,. FEZEN
HEEYRREA ANFRR. BERL, MEAANXENEGRALZER
M, EEEYRATY, B3 ALRESIT BRI YRR I AR LN
PRy BEEABRERANESRE, BHEFERETFAFERELRENER
CHREW 1994). 7 “21 HARBEFRNFHL” WITEH, REEREEY
BR, MREEEYRENTRAHER, BT A5 FHRARA KRR
i, HRTHERAEERAMXSELFRRHSIEESZ— (KEX, 71

—

F 1996).,

BEEYEARRZZRAALEY Y. WENTEENTFR, MHEBEEYE,
EaRmBEmitE, £EFFRAERN-TIERARE SREDREEE
EERT XY, & 80 EHLCRRBERMFNBZUARTL. BEEY
HARMRBEHFAXEFWMTREFEYRE, SAZHPONEESFNRE
EFREENL, BERRMREFHERHE.

FEEEEYETREENE 20278 F, 28 44 1, HA R ATTEEE
R K CENFIFE 1999). 1996 4, REBUFHEFEDBRIIAN 863 HE
BRAKEIT Y. BiiEEEYEAR—FHERTRARENT R, Hn—HEA
Hahge. REesRelrEsldsyliash. BEEYESHERNMR. &
FEAEYRAEWE. WE. Wi, WE. XE8k BE. BRTR. #Fi. XCH
WA, AMBSEREATE EHXEHEEHMURA,. BT, &8
=R T MRS RASHEYRR T/E, S THEE 863 iTRIRIHEBS. &
BRI R AL EAMBAEE 863 RE— “FREEAEABNMA” Mo
N,

FEE - MERMNASHE, XEAKAMKE (kLOogsh)., &E. BE.
AR IR R T L R B RN EBAGHUR, STREHMEDRb
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RAANEBHTERNTREANEE, AL TSR EYR L ERE,
FBTRATHAEMEDRFEO TR . FEPHEYHRNFEZ BT A
TIMESR, EFREHEKPFEESHHBZHHEY, BRIIBYTRHEDRIHM
KT X2 (Norkrans and Stehn 1978; Vetriani 2 1999). Takami % (1997) @
3 AR IEFREE 10898 KIFHBRITBY T RAKFHIMEDEEREE. KHE.
FERRBENZ PR ANERE. BAE. BEE. BXRHES, @ 1651DNA
REFILEERREF AT ERERNE ., B TFREBEEREISLT
LB, TTUEE, EXEEKNHEYKE AHEARIAE. & 2500~6500 K
FEHEBETRYYT, 2BERNHEY T UELX—m—HPRKEAEAR, 7£20
CLAEARGEAEK., FlaEEEK DB67 £ 1 MRKRETE 10CLL EMAREK,
BEEGET, HAKBENES % (Kato & 1995; Kato % 1996, Isaksen and

Jorgensen 1996).

1.1.1 &AHED

LLITREX

EAMAY) (Cold-adapted microorganism) HIFREHMEY, BEAER M
PR B Forster KILE), T 1887 EHE T HEARRFHAS T BFREE 0C
THEERFMAE. k5, KEHRERERERPEFNTIEDAERI, £E
2. B, AAMRES. BB (Russell 1992; Gounot and Russell 1999). 7&
1902 %€, Schmidt-Nielso B HRE 0CTERKNHED T ATRMED
(Psychrophiles). LAJS, Ingraham FI Stokes (1959). Stokes (1963) #H!i—4
FAMBMEN, I E—RAEBAAE OCTHEAERKD AR AEEN
WA AEAMEY, HXTREERETHEY (obligate psychrophiles) F
HEE NS EY (facultative psychrophiles). THEAMEYRIEREEKEE
{ETF 20CHM4EY, MHRHBAMEVREBEEEKERRESRT 20CHEED.
HFEXAMEXF, #UEEAMEYFEEERBNRE, SHEBEDHEUX
%), FEith, Morita T 1975 FEFLH T —MEAMEYRE N . MEERRHE
o RF RS EAMEY (psychrophiles) FiE ¥ MA4) (psychrotrophs). ¥E
Ak B e A KB ERET 1SC, BEEKEERET 20008904
A BE RIS OC TRBAEKEE, BEEKEREN 20-25CHIRED. N
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£ Morita X TEL AR E X DS ZEKH.

1.1.12 o R ED L N

BT HEREDEBR) 85%NELBERSHI SCUT, 15%EELT SCLT
(J.A. Baross, R.Y. Morita 1978; Peter P. Sheridan, Nicholas Panasik, Jonna M.
Coombs, Jean E. Brenchley 2000), H @A REMERER BT 2 4Mm, WMEEllH
WK KE. Sl BENEAEFREXREFHBEERHEYHFE. B Forster
RIERREDUR, FEBEFHEERE TERMEINSHYE, ERHE
MBS BESE . AR, BEBEELT T ZNTR. WEAREDNTIN
AMIEB RN TRESMEYESEMEIE T EY . ERAIY R

BRBEVEBARFATHFHRMESL,

BEVGAERE. BHEH, NEERE.

EREH, MEAAXNAZXEEAREDARIREET 7EMM.

HAMZAREYR R, CRIAER

LY M-

LEMBERLEHNE. AEFHIEF

TEREFNSERRE, AENEERK HEbLEL. EEEZERUEET, $E
BE. g WEBBAKRER, HRE Achromobacter. Flavobacterium .

Alcaligenes. Aeromonas. Xanthomonas. Serratia % . RIBHNE=ZKHABEFR
Arthrobacterium. Bacillus 1 Micrococcus % . EAEBTEERATHRIBEEL . X
KB £ Toralopsis R Candida &2 MRHOK. T, TIRF BRHE P EEIN.
Hht, WNABRSFPIBEINREABEEE Candida. Cryprococcus. Rhodotorala.

Toralopsis. Hanseniaspora ¥ Saccharomyces

Ko Candida RFEER N EENE

ABE. BNCOBHANEAEEZELRT 8 MR, HERS. HHBENE

Penicillium M Cladosporium (Margesin and Schinner 1994).

75 A st R 4

o1 B B — B R KRR B, IX A9 4R W] RE B R 1E ¥ 7 A ( Danovaro and Serresi 2000;
Fuhrman 1999). EFBHPEFEEEL KA HMEE (Jannasch and Taylor

1984). AZEEFHFENELY “4F” R, LHFLRH/LMESHEESE

B, B¥ERE—FE Chlamydomonas nivolis. XEEEL 10C UL EAREAEK,
FEAFARMMRTEAMERN “4F”  (Brock 1979).

MARIB IR 57 4 B BB B S A -

441, thin Kobori (1984) MEHE#EK R

1, S REYRREEESZ TR

RS BEE] 155 BRYI S

1, IWEHE S 77%.

MrEREL 23%, XZ2ATRABEENEEREIZULNARFTEFYN
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FIR EE AR, XEES MY SR REHERE SR TRV RIEH L
YRR LA EERA. BT RENERUREFEARNRE, BirHE
ZIRES M AEDHISE R RAFERHEY P RO —H -
1.1.1.3 &R HLE

EA YA K BRBHMLGEN, BRT —EENREH R IITRE AHFT
BRAICBIPLE.

(1) ERHEDHIER EH

FHEABENBA ST RARSNELENEN. —7H, SPRHEEDHN
AR AE AL S, EA AT AR LBl R, FRERT
R LB, AT SEEMER ARE, SEEERETREFES, RAERED
#, X HES B KR T AR IEE EE (Bhakoo M, Herbert, RA  1980; Marr and
Ingraham 1962; Suutari M, Laakso § 1993; Neidleman 1990, Russell and Fukunaga
1990); B—HE, BHEREXR, FEREAMEDERERETETURKRE
ZBEF (Russel and Fukunaga, 1990). #inE~ R RIS &M T ZEK
) 5 MY R B A E IR B SRR . —, BHIFERRIESK . % E.coli B Salmonella
TR RESFEREN RO EFEPLFRXEHNRRE KRR EE, o
MEEAYE (Marr and Ingraham 1962). Canillac % (1982) # R, W HT.
W =4k Arthrobacter M FIEFRARTHBERENERET, SR=KE
RS RS MM & BENE . WP OARAIEN R R B A MRS
Bo i, MYEA B Bacillus. Listeria. Pseudomonas. Brevibacterium FW&R
BERHORIA R, RERBESAEAEIRERBHNER [REEAHERES
B SBRERIE. FHEA EESER T & LR B AR AR T R
A8, AR EEAEIWREMNREZ— (Gounot 1986).

BT EABBRNEHHARE 2, EEEAFENEAMNEHEST
MR METT, AN B RNSHS T EREABER T LR,

EAMEYGRBERETEEREK, BRTEENRENBEEHNBELEHL
g, TEHRERARTHESEGRMEDERBSA.

(2) EABEDREREH

EAMEYRBENMESKNESNE, RTHERNRENEREML
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4h, FEENETENKEMNSFHAENIG, REHXERBTHERERK. X&
LI BFREE T EFY AWK MEZEE. DNA MEHISKR. ERANER. &
RAHAHERHES#IT. RERENESHIT. HRMNIRE (FHF,
LFER 1996).

a. DRIFEAXT MU SNE SR PR IE % ¥ 12 IR X

FRBEEDERT STH—BAAEREAHINEY RTE ENBARED
B, ERBHEARBTEKNREZ —. MEARAMENETREE 0CEZE 0
CUTHEERME, REENIE OCEZE 0CUL T AR MINE FFHIR .
Morton & (1978) 3T THEX. FRAWERM Torulopsis JREEEEXT AN EE R D
¥izht 1, RASREELEEREBE 2CHKE THZEHEE. Herbert F (1992)
B 9T LG e 4 BN S B R 4 P B B B B E A B T o BT A i R AL R R TR B R
MR, BANEREFIREEENIAELE OCHEIR, TE 15~20°CH BE;
TMRARBREE 0CHBREHEENAESS. AT, SRHEYEN
BEME, ERETEREENRCEFYRNOGEIBE. ERBEDITEERTE
K8 T REFEN R EFY RS HERIWIEEN, AHERE TREEERERT
Yy R

b. R T ERXEAFRKE A

FEHHER, EXREYVNBES~BEEEREELEKEELUT (Hoshino
% 1997), BEAMEY LB ERRERKEERTMARERKERETH.
BEBAMEDERETAE ST UAMZRE TESERISKSRE, REESY
FHF A REREFRERYRE (Burini % 1994; Guillou F 1995).

EABAREEFEAFRYYALE, MAXERTEHAREEANR,
Brenchley & (1996) Efﬂ-—-ﬁkﬂ%iﬂ%ﬁ?ézﬂ@B-fé?Lﬁﬁﬁrﬁ?::mﬂﬁmﬁﬁﬁ%
EEE. FERRLENFE L TREREAMEYWENRENTRZ

c. REREEETHEELEE

HFEAMEYFENEABNSHEELEYE, MHABRSRERHTAEN
R, H, EABAE Kmn €. Eafk. Kat HEFA, FREGRETRFER
BRI E . W Hoshino (1997) M@K 4r AR Pseudomonas sp. PL-4
PEEREAEOMEEREEBENR 25C, F 0CTAREBIE AN 15%, M+
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mEOBAREEEE KA 50~60C, £ 0CTRAFAR 1% ESEE
71. REBARE THOECHEGREAREDENKERENRRZ —.

d. MREEHEERE, REEKEE

ERHMNREEEREREET 15C, MABNBREEKBRELR RN 200K
A. AEERAEERETRESESHAERKEER. AREIL, BEEEEREE, &
SAENERKERFERBLTREE. EAFENEERE Q10 M TFHEEN Q10,
BIEREATLUERKE T REBHAERKESR (Margesin and Schinner 1994), —i&
MAKRY, WAENEERMEREELTEFNERRBE (Potier & 1985; Araki
1991; Araki 1992). HEHRHNBAEEXREEAFEFNTARENREZ — FHEE
REESHEREFUERT, IMREQREHTLREARL W& REHRE
R,

e. ERBER (CSPs)

REER (CSPs) T EFETEZKHAMREMAMES, RABENITA
RIS ER—FRS 7kb EEHEER. JEKEBEERRBRKN, TRREE
WHEYERFPERHMEVEEFR=EALBED (Mayr % 1996; Whyte and
Inniss 1992). ¥EELEEERE Trichosporon pullulans WA KIRENT 21°CHEHR 5C,
CIE 12/ ABFEMT 26 A BEH (Julseth and Inniss 1990). AEEATF
F R, m5ARBEERE T 2 & SHEBHHERXN L ENEEZ(Russell NJ and
Fukunaga N 1990; Russell NJ 1992). #8E B EEABEY KIS FE BENT
EHEEEEEER, TERFTELFMNEAM mRNA K&,

bR & FTHE A A YRR A R XTE A PE A VIR R AR, S
RN S SHRETZ

1.1.2 EA K

TR IEA BRI RS ZERA. HTEARAEEEERENINE,
EMRBNEHS5EENBENME, HtiEEXNTR ETEME THEITEAE
ZHEIhHENXER. ERBERE TRESEARBANG], FRNERELEE
Ban. e, ﬁ%ﬁ]&ﬂ:iﬁ{%f?%ﬁ‘ FH N A (Gerday & 1997; Gerday %
2000),
1.1.2.1 KR
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HAaFrt R ER R R -2 HEAATEN, TF —HoELBER
TRMEITYTIEERUERE S RZTEM~EN (Demirjian 2 2001; Feller
F 1996; Kano & 1997; Roovers and Sanchez, 2001; Taguchi & 2000; Wintrode %
2000). HATEREREABEMLEIEL (Ishi % 1987, Iyo and Forsberg, 1999;
Ohkuma % 1996; Ochial % 1979), HFHMRBELMEELE™ £ K RIIEINE
WH o -EREE. ERECOE. SATERE . dRREA B Alteromonas haloplanetis
A23 AR o EMEBREE—MESRNIEXE.
1.1.2.2 F#

EABRSHREERFEEREUT =M.

(1) (KB TR EMENEE

ENENRER IS — R BRT AT ARARAR. 1S4 E B0
RIEEARE—RA 30~40C, MTBELBMBEEHILEE BN 50~607C.
EREE—HE 0CEZ OCUTRAEREMENRE, BiRENEAEYIR
FHAFIE. EABAE OCTHRAMELAELREPEES LG, W, &
¢ B Fibrobacter succinogenes S85 P FIEAH IR, 7£ 0C AT 710%HE&ES
B35, TRKRFEEE OCRAEFR 18%FESBEE (Iyo and Forsberg, 1999). i&
RENZ—REIERHTEABERETRBRFESNERLE (Keat), &
REE T HNEYELKE, FETEAEYERE THRENE. mbhfkEk
P& Bacillus TA39 P4 K Subtilisin 2 L4 Suc-F-A-A-F-pNA A EYRT, 7 4°C
¥4 R ¥ Keat 4 328, TR E Bacillus subtilis M REREYE, 1F 4°CHf
B Z ¥ Keat 4 185" (Feller % 1996). iR 1 P4 B B R 5 B UL L-PABA
AR, 7E 5°CHH Keat 24 29min”, T4 HIREEE A BEAEDE 4 CRE
Kcat 4 54min" (Genicot 5§ 1988). LKFRM, FHAELEAHMEMRETH Km
HRR{R. Km ERBEEEABSEDFERN KGR ZEEABEKETRSE
WHEN—MER. KM EABETEE IR Km ZH Keat I ”EHHHE
RESEBEMRE THEALNE, EERY KcavKm EEHEEABIIERRIE.
GBI ECE I BT hiEAE, RAMHTEARNFENERED>, RVEE
R T#HT, BEECEEEBRSEKE T RN ENIERZ — (Feller and
Gerday 1997). EABZLUGRERKE TREREAEE, URBESTEWT
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HWRERE. F—ROAHERHEN, VEEHEHMNEARETHE. BEXKEWR
=¥, IESESRNNEERREEEABOTERTHE™RETH (Qian
F 1994; Fields and Somero 1998; D’Amico % 2000). EM, EXEFHIAEN 4
TEELAFITHRE.
(2) BB
BRLEEABRBEAMEMNEE TRERELNE, BEEHSIRERE
i, RIVBEERAERE. EABNAEHEEILREHEEMK 15~207C.
REEFERFMARFARAKAEABRETHRELEESEARREZ BIFER
FUEXRER, HEXMERRLEBRAFTPLEFE. BERANEHRTALE
RENARBEEBTRZEEES, MAREABAN TREBRE EILEETIE
SRR DEERILEARAER (Miyazaki % 2000), Wintrode %A (2001)
BIEHEA RS EEARE 41 HTE AR RANEREEREE 3207 K
FERBEOMENEEER. FEEs, SRHEESHFFE-ERLIHEN. B
LB 4 AR LRRBHURERERNT—PHALKN, REAFEOBRE
£ 10CH XMy TRYFEAEFEEHESTPE BPNHEFEESR, BHEK
R FHBREAKMBEEME (Taguchi & 2000). MH, AEFBMEEATE BPN
FEAREFRTEEARATREERENAR. EF - M5EAREFEEAR
S41 HKRRIER T, AERBHPRIEGEE Bacillus sphaericus BB SII EKIE T
FHEIEE, TRBHENMEARTZEPH=ARMHEIZEEEE (Wintrode
F 20000, Ft, ERSEABNGENESARBREZBHNTERXR, TFE
EZHKRIEE Ll EA,

(3) Ftt

B EEEI0BRRIAA, EABERNEEEE TRANELEERE
BB SEARSEAEERRBEEMHER (Fields PA, Somero GN 1998;
Zavodszky P, Kardos J, Svingor, Petsko GA 1998). X CIRIEREA o -JEHEE. +
EHEEON. B-ABKE. RBRBSNEHUTHARYE, EABERETRRA
K EMAFRERETERHNEMY (Feller and Gerday 1997). 7EEABHIEH
P, BFOHERLD, BARAFERNALAERES, HERSEERREL
Bi/D, BEBRKERT, FKEEE, FEEEFNMILERME, XSEy

;—I
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HECEHER TESTERENEIN (Marshall 1997). B4 FHEEIFBLME
R, HRTEELSSEYOBENMEEERUE=DRBER, XC®XK
B RATIESE (Aittaleb 2 1997; Russell & 1998). WHEFRTEELORE S41
SHEETEEMEL, EYLESSVERNEEBRBREEIN, BOT BT
ANOFEAE, FsTEBEARNE, BRTHEATETHAZRIRERTY
fef. 7E S41 F, BHESSEFREMEIERNBDBERS TRYEEM,. S41 By
FRAEAANNMKENESERRED R AEMNREEERZE, TEARLER,
RS FREAOKE SR, MET BT SERNNEEAR, EHEAR
¥, RINEERTES TFREEENRENE (Davail % 1994).

BB AT EABMTIARER, ATLHAKNEASBE R ET RS T
BIENFHE, AEBEABEHANRES AR —RERER B RN
(Zecchinon 3§ 2001).

(1) REEME |

T E AR H B (PGK) i DSC (ERAMEH) BIFRIN, &% PCK
FEASSHAEHRE (FME), MEBERRETFEBRE TR, &® PCK
AN EHE SRS TR RENE X, FRMXEFRSHORME, AT
R EAEALEE, B EHBAREREES TEYSTE PCGK, HHETH
— NGRS EMBHAREN. & PGK AIMEHE BT RITERIESR, A
RE R MR R GAKHEERARSESIEN. £EA/LT R DSC AT HE
BTRENER: BEFRBRIMBREHBASRANEHNR, TEERM AT
EtEEREHED . Gast BA (1995) WESRFETEE#THRZN, FR{E
BETEARBIE, XFEABERL DS FRAE, WRENENROSHE
Ftt; MURLSEB Km EAR, #EEEBEREDRERPECER. kF
— AR K RIHE T DL (RS (ground state) RIRME, FREVMERRE S MEIE
RERELE M.,

(2) BEEH

SHEA o -ENBHTREI (Feller % 1999), RE o -EHBEFE N EH
%, BREMSFARERESIBURERFE—SHL. THENE, BRBY
B—AmediifdiE. BEAHERE R, FUEABEARIALN o -EHE

-r!IH
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FRLUCRERIERN, MESRRER (B MREMEER) AL
ERWEEMAIETRMEN. 5 L@ PGK FJLT —HEEARKNE, o 3828
BHOARBEYERT TRYR, XRATREEBRI FTRAEERNEATRE, UF
TEE T SRYNEG G-
1.1.23 MHBIE

ERBHTHARE TRESMELEEU AN RERERNTR, EF21T
W BBEEMNANE (Gerday % 2000). Q& & Llk. Fim7EgHl& Tk
B, AL AEA B -FLEEE A TR HIm R (ER LY 23 A0
MNIABEEAWEZE); ERIT AT AT LUR L 7 0 2R i 8 LA TR RT3 EL
ERRITHEURRRESYENEHFERE: ERGIRIYY, EREQERFERHT
U ARB[EMNER: dEmETwd, EriEnis. EEBMAREEREAHRE
WA RENE., REXENECLSER, FRkFFANESREEE. TE,
BT XJLAEERAS RE, FEIET AR (kR A B < S B8R R i el
¥ A, EBRE L. OEEFURSIHERETE, SREBREEERIT
NMA®ES; Qagk. EHRMEFTS, SPAEAEFHFEPBTER TSR
REAYRICIEREE T EmX PRSI W. FIHSAERZEE &M TR L)
PRiX M RAERm, REHAMNHHAENRRE. EEEHRAERTZ
F, ATEHSTERBRERE, MUSSIBEFEEHREENRE. FHE
R AT LB X E R R GUERAI Tk, ERGAFRmME R #
EEEE. EEE. o -iERBBLIRAEREE, nJLUETRKtE, THRAESFBE
DRYIER: QEDERE. EFMXETHEERLK, BETHREDREES
PPN E. WREHBENEFNELSHEY. BEDTREHXEMELF
SRR EYEEEE. i, FAEAMEYERFEELEDNHELY. &,
HERLEY. EERFUREMRSFNGER. LT R, ARE. KN
HEKHAECL T REFR (Timmis KN, Pieper DH 1999; Margesin R, Schinner F
1997; Margesin R, Schinner F 1998).,

g

1.2 SRR
EOMEERINARA  ZN—RELEZENTLAERE, S5 ZHTR®.

k. HE, MESFETL. BiidaEoE—SEETREOHE, dPERH
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i FRFH L FE e X

EY A

E, FEHMAYNEEEKEFBEE BT 30CULE, REMERE

—REE S0CAE. ATFEEOBMNREECERE R, £ ERERLD
BPEAIRERR. BAEOBNRERGERRE —BE

YA,

XEEAWEVHRBEERKEBRE KT

40°CRLT, HIEAMH
20°CLLTF. EAEG

BrrERER, ERETEUMESEN S, fREREaBEEETEEAEL

EHEREE, RERFMNEGHR. i,

W 11 A

PR EEE, REBRRERE—-BRE S0CLL, B,

AR TFHESE R

HIEFBERR, Bt

FAKERE 50-60°C. MREARBREHELEESE OCUTHEREDRS, WiH#EZ
ARk, PERREEERFAR, MAEVWETRE EAURETE

E:‘U[Efﬁqﬂ
MANR. WBRABREHEEBELE 35~40CHERS

REOR, BTHREER ATRERAIZIES, HHERRRE
T, etk

TEECAIEYEOMEFELIRS, NTTEAIIRENAZR: ENE. F3.

HEERKEDFT T L, MRAGEAE
HEER X TTEMMR,; HTERE
HAEBRFERYS15KAEETT E A B tin

FEBAURSENMRERERD, T
EOMEERIEAMERENEEELERE, B
REOBHNANRES, XXHER

PHEEEEMNEL. TEHEESAaNTIAEFEEHBETEFR, EREH

R ULERFE
B IR A (o

“BZTi RHzTh”. 5t ERE

EEAWE, AMEFTTLUHERRIGSR, MATUEBTES. KREXS

WORIF, sl ERl, BT RS A IR F AP R 3REY

FABE R RETELREEETEAN
EEMB A EARKE RURSEARKSE R XREHarER LR

ENENHALE, UERNERZEMH—IIRTH. BTFKHXREE

"

TRERARE, WRKERNERFREHR-2-0C, FiRs

E AESTE 0C TEBFRER

€, FEHBEBHFRENK 1%, FHFATESSBEEAN R BRIKERR K HER
BRAEMKBRNAR, 46 RSARKERHRK,. EXERBHRTRER
BTEASERNFS, £ OCTRETLARLRERGRETH 10~25%,

RERALE E LA T RENESR.
mEi R, EAEAMERETHESEBURERSES THEEVIARXE,

11
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WIERAKFMEEM IR

EABHEELWHIERES TEMEFTHTBRANEDE, UBRAFEESO
ERB&G THERIFHEL. EREY. 7 TFASHIERARRSE. S8R
EAREERIRIE0R. SR EREY BERNRSS, UERETZRMAEERIR
59, XERFEMMNTEABEIINNRN, BEBETEHNEESE, FBXYAEH
FIEMEE, pH. BFRESTHRAGE. BUARENE, XKXRBTER
BomE A brgmf. Bt BREABARERNRFEERTES
EAETE AR EELL .

BASERER %E%ﬁ@?@ﬁ?seudmkermoms sp. SM9913 Brr=RIE&E#R EH
B ek, FZRATLAEOBRFETHEE—R, T ARENHRAZE
5. AERIREETH—8oTH, BRETAEAEOEEIRVESTH
I N EIEREE, MRRFTAREEAEAR VNN ANRE: —RES
EABABNEENE, _REIRHRMHFEER. A RRNEATES
s BRI 7%, #F%Eiﬁﬁ%b@%Eﬁ%*@ﬂiﬂiﬁﬁiﬁ%\ﬁﬂﬁiﬁﬁﬁhﬂq
BE, UL “SHEETZ”, BRBRRBERESBEEEN .

1.3 WFFTERE

A LR FR L ILERNEBEA X SR B AE Pseudoaltermonas sp. SM9913
EAEEBOTR, WEAEEBNELENEE TRESN T .

P. sp. SM9913 /& 5 1800 LK FEMBEHRERIPE, & —HRAKNERH,
ERBTEKERGE, EBEICTERAK, BEEAKERE 15C, BREK
EEH35C, BIEIREE 10C. FIEEABHEBER MEREY &AM,
ERETEEEHMELNE, £ 0CAETR 31%HNEHE ), REBERE 35C
(BRFH=%F 2001).

%t P. sp. SM9913 Bk FT =& FMEHEAT T 4k, RI Psp.SM9913 /D43 AN
MEDE, o4&k MCP-01 1 MCP-02.

E 5% MCP-01 2— 4 FEH 60.7KD. SHAN 3.0 LAMMHEELDRE. #
fREE. EIFRISCI AR AR MCP-01 MEMFLEH L EMAENGET: &
Ak A RENREN, FEARFMM S, £ 6% NaCl +1E7F 75%
ESEN. BREBEEER 30~35C, K—BNPRESEK 20CEE, BY
EAELT, AN RIEEEUR, RRBAEASN, EE8 MCP-01 HLZ MR SDS

12



WARKEMEFEN I

fIRE IR E, EWEE. Trs. BER. RN ARNEFETHEE pH. RE
BeiERE. £ OCTHEE . {BEHENAR, Hd, ERBREMNRFXTH
BB, 7 Tris. BT KR, EMREMBRTHREEHEF. IR\AEQE
MCP-01 HJ7 A& RELLEI RN, AR, SZZEARTE T RENENERER
fIZ W . SDS-PAGE Ei% 8/~ E HE MCP-01 B FERFE A B% (Chen
XL % 2002). MESE MCP-01 MEEBRAMSTERY, B THFRERNE
BIRK, FEBEOEHETENFRD, FRTES THHERIE.

i

85 MCP-02 M4 T8 36KD, MHIFSSR R0 E B MCP-02 (0I5t

FLA A EERET, BEBFEEN 50~55C, MAFENERE, SFHtb
wEE, BrEEAN. B, iAgR%EH, EHE MCP-01 1 MCP-02 BT

o

AR RRIERE .

1.4 2% TRk

1.
2.
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SB_EF Pseudoaltermonas sp. SM9913 ES EHME B ML
7Nt

HFEAEEAMAT T HEER, CRETEANESSES, FUEETR.
75, SR, BE. EN. kR U REYABET S E R RR.
EHEAHGEARABE TV ER P SNANEEIETRATE: —£EAE
BAEBNASAREN. REESEABERETESRSENEANE, BETHH
PR, EHENTEEE FRIE AR, RIS HES & HE R
HEMEARY, R TEAROMEYS ZHT NARNETE, XA EEE
T—& kit —SHiT. HESBEBLUNANE - EERE L TNE
RIE. ATEAMEDEFRSEEAHEYWERFENEEE, TRE, 8
. RESE. BE. BE. BEESKEEENRS, F8EAMEYTBNE
Bif. Bl REEABAMERE T AE PR EART o i s E,
EREBERABNE AL, KRS T EEEFHNA.

FESEEE SRR REER M RIRS Pseudoaltermonas sp. SM9913 =g
M., BEELEERERITESE OB BEENTFIEE (Kristansson
F 1999: Taguchi % 1998; Secades and Guijarro 1999: Kz, #hik, FHKE
F 20000, AREEFEBEFENBE. BIE. L&, €EBEF. THEFHEN.
pH L REREZ LA P.sp.SMO913 P BERMMUAAF, LU & KR
RS H P RRE,

2.1 MEINFE

2.1.1  HEEHEER

L BREMBE Pseudoaltermonas sp.SM9913, M 1800 Z KEMEERHEF
[GECH
2.1.2 HEFEE

AK LB #HHEHRE: FEKE 1%, B 03%, WHE 1%, 3AE 1.6%,




R RFMEFMIRL

FE/KECH, pH7.2—7.5
WA REBERE SRR KM 2%, K 1%, EiH 2%, Na,HPO, 0.1%, KH,PO,
0.03%. CaCl,0.1%, FBR#EKAECH], pH7.5

2.1.3 &5, #A&H

Folin iR AYBCHI S 5k EL (BslH Tk —45
REFRSEFER. WEATBIAEANLEMRIrel (i 80 AN FH)

2.1.4 X3

HZQ-Q %%, WM/RERBKETHRATLAARLH
7228 sr e, LERERFESSERAHE
5804R ¥4 B ML, Eppendoff 2 F]

TGL-16G & B LM, LlEEZFRENSE

DK-8 Rl B #EIRKIE, LEBFELRREFRAT

2.1.5 KRB

P.sp.SM9913 LB &I XZk, 15CTHEFr 48 /NET, EEMWMEREETRBRFE,
12°C., 200rpm KB 72 /A, KEEE 4°C. 10000rpm BSC 10 -8, LEWEANN
FHE .

2.1.6 EREEHRE

Folin % (KB, 1984). BB EIME, I 1ml, MA 1ml 35CF
MRER 2%BEAB®E, 35°CKERN 10min 5, MA 2ml 0.4M HI=FH LK
Kik M, EFBYIE 10min j5, 10000rpm FEE/EZE L 10min, B 1ml EFHF#
A Sml 0.4M FIEREEDS, BAIEMA 1ml Folin RAF, BSEE 40CKAERE
20min, W% 660nm LLH) OD {H. SHHA 1ml & SHEEBELN 2ml 04M =
FZE, 35C{RE 10min 7, MA Iml 2%BEEEEER, %ERFRE 10min, HE
FRAR ., prE 2k A R R IR R B B E

WS R A B EREAR =R ZMTEY, K Folin AMEEE
51 MEBEEALTRNEER 1 8.
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2.2 &R 50

221 JLFBEN BRI

EBHWRTEE. EX&. €. BEE. BSsn. RHER. TERNFK
BN EREm, £RE 2-1 frox:

140 -

|
120 lr
100
50
60 I
40 |
20
| | e |

0
B+ EXE EH HEE R85 REM TREW

relative enzyme activity (%)

B 2-1  JURBRIEXT P.sp.SM9913 KB =B 5 v

Fig. 2-1 Effect of carbon sources on P.sp.SM9913 protease production

MERTTLUE S, EXJLMBEYRT, FERMNx =AW ErE3HE
., INE 0.5%fT MM R B LR A, HEGBEL T RE A S 30.8%: M
R B RS MR, MRS TS 4 Ok 3T B ERIE 0 19.1%M 6.1%,
A B R AR IR T B0 & E 4 RIS B R REEMMY RV SRR BN R
BBk 7 K K BRIERS 2, (BB LI RS

222 EBESEABEERNZENER

WA SFEDEE SEARGELL 238 (%): 02, 1:2, 2:1, 2:0,

KEE, MENEERNE 2-1.
R2-1 BREESERXGBECHLA P.sp.SM9913 KEESEBEHIE N

Table 2-1 Effect of the ratio of bran and com flour on protease production

5 5 FRMED L, B (U/ml) "’55(‘?: f‘;'*ﬁ
4]
0:2 264.96 90.61
1:2 292 45 100
2:1 311.17 106.4

2:0 255.42 87.34




i IR KRR -S4 X

HERTUEY, BE. EXEXNTBEEREER, SEEEXNACLEHN
2:1 B RBHTF .

223 BEENEXNTEEW

B, EXRBMESAER 1%, BIEEK 2%. EXf 3%, EBEEBET{,
£ BRETE M 260.8U/ml £\ E] 354.6U/ml, ZEERE T 36%, HEABREINEKE
ax e a8 F, REACEBH—/EERE.

224 \EENTEBREW
ZE T JLHEED RN SM913 PR M, BIEAR EEETE LB

%ﬁﬂ 2'2 Efﬂ_{-n
&R S kA
SHREEHRE
SHARE I THERE

140
Nitrogen sources

B 2-2 FIEX P.sp.SM9913 K BEF<BE i1

Fig. 2-2 Effect of nitrogen sources on protease production
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80 |

60

enzyme activity (%)

40 I

Relative

20 -

FELREREY, BENANEEYRNEN. SUHEBRTRiEE
fl: MBSBREREREVRE MSHAEE. B9k, RES, X HE0
HER. BARKEBERTEMARYSSFMARENER—FETEAEAK
BYEMNHEORNTER, B—FETEEEE RN BOESER R & L
FRIFLRME, UG EHRGBEERSR, SSERNBREARETE, 5
L, B IXA LKW P.sp.SM99I3 FiEMEA EEMMRTHA-HESR
B, RAYAERERFEYRLEEUNANAFHEESSRIE. NRB LT
RE, EEETIHEE 2%0MER EFRM 0.5%0 S 9m =E (ieH,
HU e ERERREFFEE (58 HSEFE, Si—SHRsREmeEni
3 LR .

197%]

—1
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225 SEHmErIRW

ZBTHMERBERETSESHNN 1. 2. 3. 4%EMHBHEM, &8
W 2-3 fiors, 2 RN 4% R R T i 40%.

Relutive enzyme activity (%}

1% % 3% 4%
Concentration of bean-bits

B 23 KREEFEPTHEES Psp.SMI9I3 *BERIH N
Fig. 2-3 Effect of concentration of bean-bits on protease production

22,6 SBREFHFEHEW

EHTAEEBEREDEM Ca¥, Mg, Mn?. Zn?. Cu¥'. Fe" M —#HE
FRHBAER, NAETFTEEFETEEN 0.0IM. ABTBIILEBERNA
2-4 Fim, BASERETFHNEAL, 5. EETRNIANFERE —ErE
HEER, T8, §. B THTBENEER, BNEE T4~ BERAZRA.

120

1llr...

no metal ions Ca2+ g2+ Mn2+ Zn2+ Cu2+ Fe2+

[
o=
L

o0
-

"5

Relative enzyme activity (%)
oo
L

&
L

24 EBRRETI P.sp.SM9913 RREFETIEN

Fig. 2-4 Effect of metal ions on protease production
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227 REFEEAEREN

EREEEFETMA—EEMNREFMHENLE 80 M SDS (+ ZHREMBRS),
EERMNHEW, SEWE 2-2. REEEMLE 80 f1 SDS #xf =M (€1
fEH, WB— 7 EHREEEANNA, RET7THAREREERE, BETEHESEE
MOsrEI i, RA—HHREEEFFRENMNERSRAARRANE, B
kR FREED, |

#2-2 RENEMFXT P.sp.SMII3 EREF BRI
Table 2-2 Effect of surface-active agents on protease production
Surface-active agent Concentration (%) Enzyme activity (U/ml) Relative enzyme activity (%)

. 0 292.03 100
/280 0.1 304,37 135.04

SDS 0.02 343.2 117.52

228 XHIENTENEN

ERERBEFERFERM L, RN Nal,PO, 1 K,HPO, X HF o] LL 5458 1
ERITIERETLE. Na*. K'eTLUEEE/KRE, BEATHER AR ETRE
GREEX I, H00.1%8 KNO,. HBItBRERNR 2-3 Fix, ASBEREN
REERESEKETRAE, SHAREHMERNSE FEMRIEE, EEEX
PR —E{RHEER R,

%23 THLEL X Psp.SM9913 B EE BRI
Table 2-3 Effect of inorganic salts on protease production
Concentration(%) Enzyme activity(U/ml)  Relative enzyme activity(%)

NaH,PO, 0.1
Control K.HBO, 0.03 292.03 100
Test KNO; _ 0.10 185.54 63.53

229 HBEXNERIEM

EHEZRARTREEFENSERRENBHIEW, SRR 2-5. GR
£, Psp.SM913 REFBREFELRE, ZREBOXNEBILRAR. BEH
TRESEFAEFTERYDSTREKR, NEBSEE=ARTRRNEBEERE, ¥
BERD, KotRER. Hit, ZRIEEHEE 25ml M 50ml BEHEAK (R
HE 6.6%), BRXE S0ml HHEHLREE.
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R 2-4 REIEFEEHREST P.sp.SM9913 F=EE K] & T

Table 2-4 Effect of soluble oxygen on protease production

Liquid volume (ml) Enzyme activity (U/ml)  Relative enzyme activity (%)
25 334.46 106.63
50 313.66 100
1060 205.09 65.39

2.2.10 REEFEYIE pH XA W

EBE T REEFFRYISE pH 254 6.0. 7.0, 8.0 H =B LiER, &2
R® 2-5, REEEFFEVIG pH AR, Xre8EE0HE ErMmEtER, ¥4 pH7.0

A L EEBEH F T8

£ 2-5 REEFEYINE pH X P.sp.SM9913 F=ER W
Table 2-5 Effect of initial pH on protease production

Initial pH Enzyme activity (U/mi)
6.0 22.67
7.0 26541
8.0 270.61

2.2.11 FIRMREBEFERS

Gal LRERFEANNIRER ERRABEFERTEMLE, MAT
—EETLHEHENTrERU LR 80, A AHAZFEETERYSES
WENXR, WEEZESHMERT AL, M€ TOTFANMET#ITRESE,
LEB-BERUR, SRwE 2-5.

AL 1: BK¥ 3%, B R 2%, T4 2%, FFIREREN 0.5%, i 80 0.1%, Na,HPO,
0.1%, KH,P0,0.03%, CaCl,0.1%, FBRE/KECH|, pH7.S;
HIRC T 2: THM 2%, ER R 1%, T4 4%, FriRest 0.5%, tig 80 0.1%, Na,HPO,
0.1%, KH,PO,0.03%, CaCl,0.1%, F&iE/KEC%HI, pH7.5:
WAL 3: TR 2%, BRFE 3%, G 4%, FrERE 0.5%, 1 80 0.1%, Na,HPO,
0.1%, KH,P0O,0.03%, CaClL0.1%, FRr#E/KEHI, pH7.5;:
AL 4: EK¥F 2%, BREZ 2%, © 41 3%, B ERST 0.5%, iR 80 0.1%, Na,HPO,
0.1%, KH,PO,0.03%, CaCl,0.1%, MEs#KAcEl, pH7.5:
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600 -
500 -

100 -

Enzyme activity(ll/ml)

Control 1 2 3 4 .

® 2-5 FrRBEr-EEFERT LR

Fig. 2-5 Comparison of several fermentation media

MEERATLUF M, FBCT 4 MBS, HWRETERS TH 65%. Fik
BB KRB BB RE SR BB 7 0 : KB 2%, 5REE 2%, S8 3%, FTIRERN 0.5%,
3 80 0.1%, Na,HPO,0.1%, KH,PO,0.03%, CaCl,0.1%., FMc#Eg/KEH], pH7.5,
S E S0ml/S00ml =K.

TS

2.3 ihig

H T REEA T BB BB Pseudoaltermonas sp. SM9913 Fi & TR LIRS
Frke sk, DAREKBHIREPRR T — SN0 7190, MRG0, 43
EAFFAERCIEHLE, RAITAEMBFF P.sp.SM9913 £ FHIEFHREER (W8T
FriRBRERE. B, B, &5, THET. BEFE) AT, HI—EENHN
rRER . HZLRAHHRE, RINTECSEURERBEDHERIFE, W
BENMEAK B EZmMEUEATE TR FERTEHTHR. FENXL
NMIREMNERFEIT TR, BREKEEEFENRE. &, L&, &R
BT REGHEN. #9146 pH UEKRBES. BEHE T — 41BN E-EE
FEARM: XK 2%, BRI 2%, ZH 3%, IT7HE 0.5%, HiR 80 0.1%, Na,HPO,
0.1%, KH,PO, 0.03%, CaCl, 0.1%, FFF#E/KES], pH7.5, FEHE 50ml/500ml
=AM, BREBEE (477.150/mD BEXK (290U/ml) RET L 65%, RFEKIE
BT EFRER, AMEEAERBERE M ENANE#RT — KD, b8
EFLUEHRMEAN, NMREBFAERTESFERERAEEEK, BFHHEEE
NEBAEM, EAECEBHNNALEEIEENEZAL FEER.

ol
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2.4 2% CHk

1.
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Matsuzawa H (1999) Properties of a subtilisin-like proteinase from a
psychrotrophic Vibrio species comparison with proteinase K and aqualysin I. Eur J
Biochem. 260(3): 752-760

Taguchi Seiichi, Ozaki Akiyoshi, Momose Haruo (1998) Engineering of cold-
adapted protease by sequential random mutagenesis and a screening system. Appl
Envir Microbiol. 64(2): 492-495

Secades P, Guijarro JA (1999) Purification and characterization of an extracellular
protease from the fish pathogen Yersiria ruckeri and effect of culture conditions
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k=i, Al TERE, #XE, @R®R, @A, i ZRE AERTHE
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W IR KFEM L FA X

AEBHRSZHNETER. EZH. LEHFFES I,

3.1 MR A&

3.1.1  SREE. BRE

[Rl3E & 2.1.1,

3.1.2 #EL. &

2.1.2

(1) EaMrEaLT RS

BEHTREEEM K-

10000NMWL #7455, 3000NMWL EEEFUEIER (62mm),

3000NMWL i8R0, 398 Millipore AR £,

S Ak o

Pharmacia /=&

(2) A&

BB BB SephadexG25, HFEHESEE SephadexG100, ¥4

BEE (EWRAAD, EEEFUERFFRAF

BERE (Rm

3.1.3 {u3%

, HE96%), BREEFIREYLEHBRERAF

YC-1 EtrkiutE, ERBHERRALF]

M HBEESR (200ml), Amico Incorporation

E##E (100cm X 16mm. 50cmX26mm), L#EEHBENIE
FREEZE DRY SYSTEM, £E LABCONCO A H]

BSZ-100 B3 #Br i E4s, LEFHEII{EE

FE R, EREENEREE

HD21C-A ZB8%

SHB-B88 REHF KA LZHRETR, FMIMILES

3.1.4 BEE¥ERE

RIE _%F 2.1.6

3.1.5 @B EOENS B4

(1) HBBENERSLE_E2.1.5;
(2) BiskimiE: ZHBREMELIERESY, FLBERHTHREBENE,
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W R KEMEEAIR

WHRIE 55%. JLIEEEME 4°C. 8000rpm Z.0 15 441, JIEMTAE] 50mmol/]
pH9.0Tris-HCl MK EY, 4°C. 10000pm B 15 4040, FEBAEHEHE
o

(3) BSR4 ERFHNEREEA 10000NMWL FIEHRTT 4
CTH 50mmol/l pH9.0Tris-HCl Zmii#tiTENTRE, & 2~3 PMTHEHE KR
M, FE# 4~5 IKJG A PEG20000 7E 4°C FH#ATIRGE, HRBEREMERE D
i, SR 3000NMWL R BARB IR 31T BSR4

(4) BT IEEY: W EFSAK SephardexG25 5 G100 R-#EHK. #%.,
Sy B3R (50cm X 26mm 1 100cm X 16mm), A 50mmol/l pH9.0Tris-HCI 223
R, BIRYE S IR L #E . SephardexG25 £/ EFEE N 10ml, FHiE 15ml/h.
BIRAE G2s B IS, WY, L SephadexG100 . G100 #£H EHER 3~
4ml,  FHE<10mlh. LA EEHE 4~8CHREFHEFHAT.

3.2 R 59
3.2.1 P.sp.SM9913 FHAEOBENMIEHIR

3.2.1.1 P.sp.SM9913 & EAMAMRRAREY

RERDEMHEBBRAERE, 4AR7TFE 4C. EE (20~25T) # 30T
N, MEAFRE GRS, WE 3-1, HEEE 4 ClEEXEE, 96 )
G 33.2%. MBEERENAS, BBELAEEBBRER, EZRM 30
CTRIB 96 /Nt G BETE 7 BIRE K 83.6% 1 94.9%, HISEHBE.

120 1
3
X 100
2 _
5 80 +—4aC
- —&— room temperature
5 60 ——30°C
O
S 40
Z
= 20
=

0

0 24 48 72 96 120

Time (h)

H3-1 HARRENRRE T RERSHENRREE

Fig. 3-1 Relative residual activity of the crude enzyme incubated at different temperatures
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3.2.1.2 P.sp.SM9913 EA R A ABNNEE N

P.sp.SM9913 ¥ HEGAREHT pHO.1 BB E MRl AI7E 20C, 30°C. 40
CFRBRANAENELAREE, GRNE -1 Fr. BOBERRENE
RS T2 R, 7E 30°'CF 60min BEIETER 40.3%. 7F 40°CF 20min BHE¥ER
68.9%. ZARRPAEAFHMABERKEBETHREE, MERAR, BENX
HRBE.

F3-1 P.sp.SM9913 i&# & A B LLREZE R RHE AL T (R B B (3] /5 RUSR R BV
Table 3-1 Relative residual activity of the pure enzyme incubated at different temperatures for

different time
Temperature('C) Incubation time{min)  Relative residual activity (%)

40 96.2
20

80 89.9

30 74.4
30

60 59.7

10 65.0
40

20 31.1

3.22 P.sp.SM9913 @A E A MHEB B E R

3221 AGTFIESEERTEN P.sp.SM913 EAFTABMHMEEHNERFEH

KEFEREEEZ S5%RBENEEZRATE,2ER, MEINEERTE
RRTFFEFHETITAGTER, RAEHRNRER, &K lg EHFNEE
. EZEARRATRBEHEA 3235U/g, AGTRERNEEEAN 34670/g. W,
BRRTHERBEEAREER. STRUVEAEGHER FHEZREN 30C
TRE, W15 RME— KBS, 4RW% 3-2 A, Psp.SMII3 FiF=pEA
EOMUBRESEMN OCTRE=TA, BEEERFER,

%32 P.sp.SM9913 EAEOMEMETY S HEZRM 30C TRER RN E/G KRR
Table 3-2 Residual activity of dry crude enzyme preserved at room temperature and 30°C for days

ks

Time (day) 0 15 30 45 60 75 90

Enzyme activity Room temperature 3467 3605 3237 3318 3448 3215 3314

(U/g) 30°C 3467 3417 3269 3438 3309 3212 3288
3222 JUBAREMETEEREEENRITEREER
SRR 0.1M pHO.1 RMEPRE 10 18, SHMAEERE. BER. £
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i 2R KSR - A8 30

W, LBE. WERE (SNRE 10%), 30CTRE 2 MitE, MERKMEE. &R
RE 32, MEERE. EE. BEE. LB EFENEBERKREESINA
14.95%. 13.94%. 45.45%. 2.63%. 9.09%, "ALIEH, S5HE_HUREEH
HEML, BEETERRNEEERFEREANEE.

60 :‘
50 T
40 i

30

activity(%) =

20

““I l
|
. e .

glucoe surcose  trehalose  lactose  maltose (10%)

Relative residual enzyme

B 3-2  AFOEXERRRE SRR ER
Fig. 3-2 Effects of various carbohydrates on the stability of the crude enzyme

3223 ARBREFHFTERERETEBREEN R

HEERE 10 FEmMAEEREE (KE 10%), 73T 20C. 30C. 40C
TARBFRE—EHE, SLEIMAKBRILERRE—BER, MERKEE. 77
DLR MR, SR 0E 3-3. B 34, B 3-5. 20C T {RE 120min,
NS miEEREFHER R RBE TN 92.12%H 66.0%:; 30°C T {Ré&E 75min,
ME AR MR REEE 54 88.89%F1 18.91%; 40°C 4R 50min,
NS A e B0 A A AR R R BETE 0 A8 66.45%. 3.41%. ERETH, 7£ 20~40
CT, BRENEAZOBNAREHBARIFNRIFIER, A, EEES,
BEENRFIEREMES.
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110 -

—#— 110 trehalose
—— trehalose

50

Relative residual enzyme activity(%s)

]
140 -
0 20 40 60 80 100 120 140

Time {min)

M 3-3 20T FRBATEEE MR E L1 R
Fig. 3-3 Effect of trehalose on the stability of the crude enzyme incubated at 20°C

120 -

100 §

e _a
iy

oo
=

—ag—- no 1rehalose
—— trehalose

[y}
=

activity(%a)
s
[ ]

Relative residual enzyme

ra
= =
Cogp

0 20 40 60 80

Time (min}
& 34 30C MRrENERENBEREENRE
Fig. 3-4 Effect of trehalose on the stability of the crude enzyme incubated at 30°C

120
100

=
=

60 - —&— no trehalose

—&— trehalose

.
o]

20 71

Relative residual enzyme
activity(%o)

Time (min)

[ 3-5 40°C T {RIEBTIGEVERN BEIEE M RIRTF
Fig. 3-5 Effect of trehalose on the stability of the crude enzyme incubated at 40°C

3224 AFRIKERERENEBFRIFZR
HEGWRE 10 12, MAGEHE, FEEEXRKETMA 5%. 10%. 15%.
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20%. 25%, 30°CRIR 2 /N, WEBRREG. GRAE 3-6, BFEBIRERN 10~
1 5% B %o A B 9 ) 032 5E M BR 1P 1 FH B O

relative residual enzvme

] 5 10 15 20 23 30

Conceniration of trahalose(%)

B 3-6 AEREESEENHEREEN YR

Fig. 3-6 Effects of various concentrations of trehalose on the stability of the crude enzyme

3.2.3  EEERXT P.sp.SM9913 &4 E AN AKE IS B AR

ZREETE. ABERBETIE. B, 2T7RENE24E. S 0.5ml 40
M5, R RRBRENBANEEENEKRENE (0.5g/4.5ml) 4.5m! FHE 10 &
(BEBLKRER 10%). 40CKARE, TR Smin B 0.5ml, MeERE, F
SEEEANE, BENEAEAE, RAIHFERMARERE. BENEH
BREFME 3-7 s, 40CT, BEBENABNEEHGFEAEEESE, K
RN AR Smin NEBERENER, MMAEBEEENABEHERES
30min & IR RFFEFEEAKE.

120
& 100 r\,/'-\i——t\r
o
& 80 |
Q
i i\ _
A = B0 \ —&— no trehalosc
E E 40 \ —@— trehalose
.E ® 20
©

-20
0 10 20 30 40

Incubation time (min)

B 3.7 WHERES Psp.SM9913 EA EAMARIEEENRY
Fig. 3-7 Effect of trehalose on the stability of the pure enzyme
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ERFMAFMLBX

3.3 it

(1) P.sp.SM9913 EHAE

(2)

(3)

(4)

HAEFIEEFIREERE.

B AERBRAETREER, MTRZEHET

GE A HA1SE8 AT P.sp.SM9913 iER E H

BATFRS R (Chen XL & 2002), i#— /PR P.sp.SMPI13 EREHEE
EHEBRRSTHEESEANTERFEZ g%, mIEHEH. HicmEHE
IEZEAFEOEAEERFLEARTREERRE.

ABEEEXT P.sp.SM9913 Fi-EARABAREY EENRELRIIEA,
E—EREENELETEATABNEE. EFBTRISEHRERE
AR S R SEE TN AR T, A TSNS, BRENA
., RMETUREEATABGN, FxEmER0tREER, TTEESR
BAGHA LIRS ERAK. BFRME L RAREN 8],

ABFXS P.sp.SM9I913 iEA H H EEAIES I E M i B AR E R
PR R ERIEAFHBHEMERHA LS, EEeERAHEAA
BRE. ERSEETHEEARRINA, BEEAMRBENEERENE
YNEMY RN R ELERPIENTR TR, &8 T&MIALKF B
A&, LRFFHFREEEIBEOREENRPEM, BRAFER

BER. FAAPE. AXSFNA.

TERHE S A R P.sp.SM9913 & ¥ ] B R e E TE 0 L IO H03E B A1
R TIXHE—A . EEEFENAGFHESRE SN BENE S
B, RNESEENMANE> FREFEEEFEREEZWN. HILHENSE
EESHEAZBALSENECFEESDOZRTRIFTERNBAEE
A (maE%s). BEAMBEEREERR, X USMREEE O
Wb 3 T R R B I R, RIRA T S RS N E R
K. XARBBLTREEMEH—AEN, WFE#—PRLRIEEN

EASTFRRENE. TR NE 2 EIRR

CAUER]. Efr b, @EREEE

AEWFNMNELBS. EABERERNELNE, BHFREEERL
RENMTZYHZ MK FE (Gerday &F 1997). R KN, RA]
RO TEMNEERUBSEaNREYE, MRAELRrEHER
MR MG, MREEFEEAME Nainx 2 1997) H—HREE—HH

36



W R KL F AR

KB EER (Van den Burg B & 1998) ME SREBLR ARG
TiE#E. BiEEM SHEERBREMSR, T FXEBrEEERR
KigE, MEASEETUE —EREAMRFREEEAE. HERE.
hEFMERAEREENTREB A, BEANBAEWELRAREE
WP LR RN EEFHEEEE (Renter % 1993). H4t, BIH
R (GREE. CD i) HARMNA o —ENBREEIENTA,
MEEHE e R R RAE TR AN (Feller % 1994). XixBAEEE#
fE kAR SEARTRMEXEK, EBF T 45 REEXRAT
FREMERT, BS5REYZ BMAETERBETLIRENRZE. Fik, &5
ENBEASTREENRFRFIGHCHFEGDR LR T EHT—PW
FLHATE -

3.4 XENG

(1>

(2)

(3)

AEHX P.sp.SM9913 iEAFE EMHER AR AR E oy HiEIT T B
N. GRERYE, Psp.SMIS13 EAE S B RANERN AL R,
HREREE.

Fi (AGRTREEEBTER) 3 Psp.SM9913 EX EANHEBNIRERR
HIRGFHAFER, BHHRE TS LUAE] Tk /b4 7 8 & 57 1) 2
BT LA R (R, R, FE. LB, S50 XHBRH
BREMNGEPER, BEENRPERBAIESE. #—PPIRTERRERE
AERAE £HB—20°C. 30°C. 40CTURARKEREEEN RN
BiEm, SREYH, FENAE (20~40C) T, HEETHREREE
HEERFHEPER, TERERR, RFEARES. BRABEAHTE
AEABABOREE R RERSE TREFNER, MABEREGHIZAERE
W 40°C R 30min, BHEREABEEXR.

3.5 2R

1. Margesin Rosa, Palma Norbert, Knauseder Franz, Schinner Franz (1991) Proteases

of psychrotrophic bacteria isolated from glaciers. J Basic Microbiol. 31: 377-383
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Characterization of a protease from a psychrotroph Pseudomonas Fluorescens 114.
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W R K E {3

EME s Pseudaaitermonﬁs sp. SM9913 &% E LB
B EEFRPINE

MATERIL, Psp.SMI913 EXEABAEBBRRETEEEEERNEER
ARBTEAREOBNEE. BE B E BEIUE LR &3 0 H % ik
HEAENIERNAERE, XEEENEE, DuxhEdBEnEmmRReEER
PAEVEHY RV EMNRREFTEER L.

AEBRMHASNERE LK (HPCE) @M. REMNE SN EAEABAE
SRELBEBENESEOMEELERIIEHTENRNHAR, H3EHEFNE
E R IE ATV

.¢1Hﬂwﬁ&

4.1.1 HH. #a
BT R BRBEPHE: LETRAASRTEKRST LK pHY. 182 W E
MW, 0.044g/10ml

4.1.2 (3
DK-8 R Eid ki, LR ELREEARAE
P/ACE™ MDQ Capiliary Electrophoresis System, BECKMAN COULTER

413 BAEAMANFTELE=F3] “MEEHE” —

414 BHERERKFIE '
EHEEK S0cm, WF2 50um, 2EEH 15KV, FEFERE 5 &, #HEED
0.5psi, BT 202nm, HIKEE 15C.

4.2 GRSAH

4.2.1 HPCE B ¥ P.sp.SM9913 FEXAERANAK 0 C TH ERTE

P.sp.SM9913 ;& E AR K Tris-HC! BB H T 40CTRE, 8E S &
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Table 4-2 HPCE data process results of the effect of trehalose on the pure cold-adapted protease
incubated at 40°C
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B KRR (A ) A /A
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114208 6.45
124808 6.88
108760 5.94
194267 8.19
244451 10.20
246241 ) 10.53
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