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Streptomyces griseus IFO13350 w2l sprA ¥ sprB |REXIE 0|25t
Protease M4k Jjat

EX|EH - O[RHA! - 01ZR - T - WS - Y
HECED AEAYBSR, TS Hjo]@ Al-os) oS

WA Streptomyces griseuso] M A4} A E-H 02 AYAE L proteased] pronasel serine protease, alkaline
protease, aminopeptidase R carboxypeptidase2. T-4 5 o] gl B34 2.4 o) oF4- A 9A 2 ) AL HelA T
At & AT A= 712l s o] gl A #-4 integration vector?] pSET1522 %€ 54 AME-¢] o g a)
< 91#) W74 promoter ermE7} cloning ¥ A 2-$- integration vector$] pHJ101-2 75} 31, protease®] AJ Ak
% Fdl o] ALg-8tgl ol A 2 AL integration vectorsl] S. griseus protease AS TES}T 9l G- AL, sprA¢) S.
griseus protease B -§-A 2}, sprBE 27} cloning}o] plasmid pHJ2015} pH)202E 733} o} o] S plasmidS-L S.
griseus IFO13350)) 83214 845} o] 148 4- plasmid7} chromosome®]] integration¥ &) 2§ F3 S, griseus HA 2} S.
griseus HBE A A . o] & M ZFTFFZHE A protease?] A F-E 58 A5}, v F5 ¥} 47§, griseus

RN
Lo

oF 5.3 W, S. griseus HBE ¢ 5 v} A= AAtgo] ZAHJL. o] A2 R S FAAL) a4

integration vector2] A|z}e] Q1= ] n], AA| proteased] AJALF Zd o] 7154 o] AAFH I}
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EF w8ER] WA Strepromyces griseus\ A 7FRF o=
AEe @9 74Esl 2249 pronase [EC 3. 4. group]s
serine protease, alkaline protease, aminopeptidase %! carboxy-
peptidase & & 1159] proteaseZ 7= o] 9l BE4(10, 16)
EA o8 29AIR da] AMEEHAAX T Q) 8. griseusTHE]
olE EA9| AEE 9% FF A os GAE ey
UV 3 XA 2AF 28], Edde] B 93 1iks
HolF2o] 5 Fo] g2 o)gEa gk M2 YE Kaken
Chemical Codl4= o] HWhHE ©]-8314 pronase YA ¥
o|]F s griseus K1o] Ba1Eo] slem(1g, 19, 20) =] 233
o= Fog vMER AYs Hoh aet ofE WhHEL
FAAHR] 1AL WolFe) Agupgog o A7 =Y
o] Badiy A Felx A7 ok HE EAAYESHA
ANE ZAZ F FHA AZH7eY W2 F-2E5H] 74
e Y NS B B9 A nAANs dFA by
o] ZAHES RIS {42 22phYE0] o] o)1 gk
Hag 2156 W2W S griseusol A protease®] ABAFEFL- =)
A1717] 43ed serine protease (1, 2)9 &3he F2FH2L spra
2RE FTE= S griseus protease A(S.GPA.; ©]3} SGPA) (1,
4, 5), sprB2RE} IS S, griseus protease B (S.GPB.; ©|3}
SGPB) (1, 4, 6), sprCEH¥E] ZEE|= §. griseus prowease C
(S.GPC.; ©]3} SGPC) (9, 15), sprDEY-E] ZEHE S. griseus
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protease D (S.GPD.; ©]3} SGPD) (2) 59 #+AXZS plasmid
FHE =4t Arkdo] FdE FFE0] MEEo] glom, o]
= a2 3§ Aol A dyse] gtk E3] 11%9]
T FRTANE 9 2 ¢=A U= SGPB (6)
amino acidell A3} SGPASF F 61%2] AEAE 71A3L
ATH4, 6). Fo]H o2, SGPBY urca®t guanidine hydrochloride
E5EHN WA o o]RAL sGpast tE & B4 &
o shto]7] el ole] MFAYLE BRHow FAX ANEF
TFE°) Bol 7BE=o] Avhe). 23 A5 015 plasmidE o]
& A T e plasmide) P FRE 9
S AL ALS F Ak o] WE Fo] we EAFEC] YT
HoR|AL JUTk@®). o]#]dt BAHEE ZBE7] 9feia B A7
Me dA7A Bzl muEk S griseuse] DA DNAGY o]
E FAAE AH integrationdle] 14Ny FFE Adelaiat
sttt webA A TS -8 integration vectorS 72}
o, protease FHAL, sprA B spreo] HFFRHLS £33 A
pronase A s @] J 2 At AER ASHQ)
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ATNA protease BAF FFE S, griseus IFO133508 A}
AT E coli ET12567/pUZ8002 (7)= S. griseus IFO13350
o] HIALE FAAFR o) EHUT plasmid DNASY] A2} 2
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plJ40902 ermE promoters U7] /g PCRE| template DNA
Z AMEEIRIAL, plI86062 thiostrepton WA XS A7) 30
AFE-H ATHT). pSETI52 Qe 23 §HAZ cloningdte .
griseus TFO133509] TYE 4 UL integration vectorZ 53}
71 A8} AREHEATE T3 7§ integration vector pHI201
2 pHI202< protease AJ2HE 213t plasmid® ¥ AFellA A=
3Tt

BHX| S HHRk=ZA

S. griseus TFO133508] ¥AETE 135l SFM (mannitol 20
g/l, soy flour 20 g/l, agar 20g/) SHHMRAE AME-31 1, S.
griseus®} FAFFIre) HFAAEE 43 A= 10 mM MgCl,
7} - SFM A E AHS-8HTE. Protease A4HE- HIA| R
= GSS (glucose 10 g/l, soy flour 15 g/, NaCl 5g/l) BIX|E A}
B3k, AFoA o]83 BE WMo 944 DNA &8
23 AAuIRS TSB (pancreatic digest of casein 17 g/l, papaic
digest of soybean meal 3g/l, NaCl 5g/l1, KHPO, 25¢/l,
glucose 2.5 g/) WX Z o] 8&IHTE E coli B FoTTo] Uyt
ik 2@ A3 Luria Bertani (LB) Wi o]-&3}dch.

Protease A4S 913te] 100 mle] GSS iAo ZAlHEAS
1x 10* CFUml®] HE2 #ZF8}51, 28°ColA 180 mpmlE 3
i FEATt. E coli B FobdFe] AL 37°CH A 180
pm 2 247} gl kst

DNA =2t 3 22|

E. coli2%E plasmid®] £2] AAe 223 F2H13)e A
g3laen, wdge] d4xd DNA B plasmid®] FEL
Hopwood(7)59] WS wigtt) o 9, 2% AFdE L A,
plasmid®] 314 52| DNA 223 Y¥-EQl E coli competent
cell AZ 2 HAAEL Sambrook(13y5-2] S wsich

HEngo| ofst 7ol AT

E. colilX S. griseus IFO133502.2 plasmid®] HPHAEL
Simon(7)s°] &yt Wy met +33tTh. Kanamycin (25
ug/ml; ©]&F Km)3} chloramphenicol (25 pg/ml; €13} Cmyo]
4% LB ¥l E coli ETI12567/pUZ8002T52] competent
cellZ TSSE(Mo 28 ZASaL, 239 integration plasmidS
FAAFA AT FAEHo] TR vl A AE FAAEA
2 Km3} Cm 2 plasmid #2019 apramycin (25 ug/ml; ©]3}
Aprel Z7HE 10ml9] LB #iAlell HFstd oF 154 B A
djorsti, Y £719 100 me LB vix|ol AL 1% 3
238 3 600 nmoA EFFE7} 04~0.60] E wi7tR] 37°Cel A
180 rpm & NefokslgTt. S, griseus IFO133502] Ao A
37t H= ABAE AAN7] Aot FFe 4144% LB viAR
AL F i AHS F, 01 w9 LB B E A@EsS S
griseus TFO133509}2] HFALE A3 FATF= o] 8319t

S. griseus TFO13350°1 E-&3< ATALE 218t 1x 10°9]
S. griseus A 2X YT broth 0.5 miE 743 &, 50°Cl A
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108 53t A28t ZAE oAzl &, ¢°collA] 1083 &
AR Ex2R A4 0.5mig 7o 2A1gE A
FATF 05 mE F E3F the, 10,000x g2 383 9
gated FAE 35T DoIR pelletrs AAE3NA, 10
mM9] MgCL7} ¥ SFM u) Aol =dste] 28°Cel| A
16~20717-5<F A st FAADAe] AFL 9sle]
nalidixic acid (50 pg/ml; ©]3+ Nah)$} Apr (100 pg/ml)o] i
1 ml9] A E3rEAS A 9ol FHAIZ F, 28°CollA Al
vjeFetsct. AuE AFASAE Nal 25 pg/ml) 2 Apr (25 pg/
ml)°] e A= wjR)o] AldjujoFste] Aozl FFE9] A
DNAE F&3}3l PCRY| o3 FAAE F%5 AT F,
protease A34HE 93 A TFE ARE-SFATE

-

]

3
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<
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Polymerase Chain Reaction (PCR) % protease FXIXIQ
cloning

Protease A4Hd B FAZ Az 2F AEE sl
protease A}, sprA (Genebank accession No. A24972), sprB
(Genebank accession No. A24973)9} ©]& -FAAE2] 1ilHS
8 ermE promoter (14)2] 50142l primerS DNA database?]
AHE ZAR Table 13 Zo] AZSIAUTE ol primers &
&} thermal cycler DNA ZZ72]|(GeneAmp PCR system
2400, Applied Biosystems, USA)oll 9J3)] PCRS 4-83}90).

Southern blot analysis

spraSt sprB F-3A7} 242 integration HolE AZIAFE
o] A4 DNAS %3} Sall#h EcoRICE 247} Bajet &,
1% agarose geloll 719535k o|AS wWAE90.5 M NaOH,
1.5 M NaClell 30, F8-8°8(1.5 M NaCl, 0.5 M Tris-HCI, 1
mM EDTA, pH 7.2)0] 1584 2 A2)3}}r}. ©]F agarose gel
2] DNAE nylon membrane (Hybond-N*, Amersham Pharmacia
Biotech, UK)Z transferdlal UV illuminator 3ol 5% A% Z
Atsle] DNAZ 1433t

Probet signal®] So|dS &o|7] At HAFHARA spra
& HinclIZ(A probe), sprBE BamHI-EcoRIS.Z (B probe) 2zt
A3t thE, Random Primer DNA Labeling Kit, version 2
(Takara Shuzo Co., Japan)E AME-3lo] HPAMY F€49Q) [o-
32P] dCTPE labelingA| ZATF Hybrid bagoll Rapid-hyb buffer

Table 1. Design of PCR primers for cloning of S. griseus sprA and
sprB coding regions and ermE promoter

Primer Sequence (Igl)
sprA-F  5-ATACCTCGGAGGATCTCGIGACC-3' 61

sprA-R  5-GTTGAGIGAGGGCTTCCCCAG-3'

sprB-F  5-CGGGATCC'CTCGGAGGAACCCGAAGIGAG-3' 61
sprB-R  5“CGACATCCTCTCAAGAGCTCCC-3'
ermEp-F 5-GCTCTAGA"TCTGGGGAATTCGAGC-3'
ermEp-R 5-CGGGATCC*TCAGATCTGCAGCCAAGC-3'
¥BamHI restriction enzyme site

®Xbal restriction enzyme site

60
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(Amersham Pharmacia Biotech, UK) 25 ml®} membrane2 @il
1582} prehybridizationS: AAIBHYTh o] % AR FHUA [o-
P] dCTPE EAIE probeE 23 65°Col|A] 2413t hybridization
2 AAIEIEL. hybridization®] EY membraneS H]E-0]Z <]
signate A H3}71 8| FE-3] washing $F F-, X-ray film (Fuji
Photo Film Co., Ltd., Japan)ll k=&3}) @Asldch.

Protease &4 &3

Protease assay™ Nomoto} Narahashi HPH(11)S W3l =
Aatatt 1 me] 2EANT 2% casein FHPH 74) 1 mlE
Z e o 30°ColA] 1087 w17 &, gl Al 8ol
(0.1 M trichloroacetate, 0.2 M acetic acid, 0.2 M sodium acetate)
< 2ml F7kst 30°CoA] 208 FF AABHATE AR A
ES filtrationd)] 93] A A8, ¥ 1mlo] 04 M socium
carbonate 5 ml®} 1/5 Folin-Ciocalteu's A1<F 1 mE 37} th&
30°CollA 208 FUA WA F, 670 oA FREE SAs)
Hrk. A4 1 unit©]3F PURE 30CoA 187 5o E48
A 1 mioll 23} tyrosine 1.0 uge] A= Ao Aottt

A o ¥

Protease T 4Hs AFIUS 28t 22F MY

Protease A4S A4 A2 w5 AL 9% 2F
Agetr] #ske) 7129 pronase AT FE DR S griseus
[FO136809} S. griseus IFO133508] protease YA~ ZHESIY
T} Portease A2F 2 A WSS 18te] G R) AT wiR)
R2YE, SFM B GSSH|A|el| A suldg-g A8t A A,
S. griseus®] FABEZ A4k Fol| o] 8E= GSSHiAA A A
S IAH43%5, protease activity 5] AthH s 95l
3 AR E Est % olF A BRI E ARSlVIE
Ee\=d

Fig. 19149} 2o] S, griseus IFO136898} S. griseus IFO133502]
protease 842 Z}7F vl 6dA o 5.3x10° PU/MILE, vl 5
Aol 1.1x10* PUmLE oF 28} oide] 2ol Yehliet. A
AHA T AEE JA| 8. griseus [FO133500] 5315101,
o8 ZARE 39 protease TN TF NS Y3 mEFE
S. griseus IFO133508- ARESH &2 SF T}

o

Protease 4t EAIZ 2|81 MER integration vector2]
TH &t

7184 o] le WS integration vector pSET152%
anP site® BASAL Qo] SFdFe] GAF Al e anB
site®}0} 280l 98l FEFHAES A Aol =AY
Ao F&HQ FAAZA ] ME L 3t apramycin FARNA
RS BA3EAL Th21).

Protease FAAE9] tiE S st whddelA f-xke]
g REdo=z o851 constitutived}) LHASE=
promoter® YA 4H33] F-RAPLH o) RE= Saccharopolyspora

Streptomyces griseus TFO133502 2K €] Protease AB2F 89
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Fig. 1. Comparison of protease activities produced by S. griseus
IFO13689 and S. griseus IFO13350. Each strain was cultivated at 28
°C in GSS medium. Symbols : @ - @ ; protease activity produced by
S. griseus TFO13689, O - O ; cell growth of S. griseus IF013639, I - A
; protease activity produced by S. griseus IFO13350, [] - [ ; cell growth
of §. griseus IFO13350.

ervthraeat2) 9] erythromycin WA3-73A12] promoter ermES A1
g3l o837 E SIATHT). WA ermE promoterE B35k
= plasmid plJ4090S 53 DNAZ 3l ermE promotere)
cloningg 913+ 50| 2 primer(Table 1)} PCR F7 02 oF
300 bp% DNA =& F53AThAS vAA)). Fig. 201419}
Z0] ermE promoter®] F-822] cloning ¥ WAL F7] 9J3)
primer TAIA 2t Tdol| AIFEA Xbal# BamHI site?} =Y
Holz QOB Z(Table 1) 015 AFEALES ©]835}] PCR 4t
5 HHgE %, pSET1522] Xbal-BamHI site®l] cloning3}o]
pHII01Z W3Sl o]F, protease?] A e 9T
integration vector2 &334} 31T}

Protease F8AE2] cloning & CHEFU S8 plasmid2f M| =}

FAk Azl 23 protease LY s TFNEES A3t
protease SGPA, SGPBY] 2R} sprd, sprBE: cloningd}7]1 2
Sk WA ol §AAES Ul IA=EE cloningdly) 9
3l DNA database?] B71MES EtHE E0139) primerE A
ZFslod (Table 1), S. griseus IFO133508] <A DNAS 3o
2 PCRO &J8t] 22} 1.2 kbt 1.0 kbe] HHIESES Ak
o] PCR AHEES AT S cloning vector®! pGEM-T easy
vector®ll subcloning 3tATHZAR vIAA]). Zb2te] FANSLS &
A3t A AL (sprA; EcoRl, sprB; BamHI-PsDE AY3}1 T4
DNA polymeraseE ©]-4-3}4] blunt end3}3t 3, H o)A A)
o] Mgk TS integration vector pHI101S BamHIC &
E3M3t blunt endd}sted 247t cloning dFETE HA 2 QL
plasmid®] AlZ L2 Fig. 2004 Jehlled, FEE oz
plasmidE-S 2 A3 A s 2 PCR Holl 3] SRFE &
QI ZEx ulAA), 42t pHI201, pHI202E Wl 4%}
Azl &3 protease A} FFINLE Y3 plasmide &
37|12 st

A2 plasmidE-E E. coli ET12567/pUZ8002¢) Ztz} =413t
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Xbal BamH1 EcoRV

pSETIS2
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Aafl Sphi

!

Xbal BamH1

ermEp
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Fig. 2. Construction of pHJ201 and pHJ202 for protease production.
Construction procedures are well described in the text.

dolx FAABAE - Awte] gD ol
. griseus TFO133500) FAAZs}4T}

FAADA o] 81 Apr (25 ug/ml) L Nal (25 pg/mi)°] 3
7He FRAu) Ao A dojR HAFHGAES] A DNAE F2
%, apramycin FAWAF-HA A thete] F0]4Q] primerS
£ PCR Hol| 9J3)] 39| cloneES AEaIATHEH v]A]
). LA, sprae} i DETTR] 8. griseus HASY sprBe]
gk AHTFQ S griseus HBE Gk o1& dFE9 g8t
A A3E HES AH, o]& dFES IXE AR 2= &
AL DYoo @ vAA)), ol& FejEsl oA Fag o
82 3} peptide, phosphorylate regulatory protein B! sigma
factor 5°] protease F-AAFES] YA ojs] P} W)
o #oleta AZ-Erhaz, 17, 22).

o

%}

ok

[e]

= =

A

integration &I 9|8t

S FEXI] Southern blot
analysis

AT HAAEA] S, griseus HA 2 HB Tl 3 vector
pHI201 2 pHI2022] A-AA AU integrationS: southern
hybridization® 2 #1312} AT Fig. 39] (A)9] 21 laned]]
X9} o] sprael Hincll probedll 28} vector pHI2012] sprA

GA2E TS 3.5 kb2 Sall DNA B8] 1=} o9}

Kor. J. Microbiol

3.5kb

(A) (B)

Fig. 3. Genomic southern blot analysis of sprA and sprB gene in S.
griseus HA and S. griseus HB. Genomic DNAs (15 pg per lane) were
digested with Sall and EcoRlI, respectively, and fractioned on 1% (w/
v) agarose gel and transferred to a nylon membrane. The filters were
allowed to hibridize with P labeled fragment of the sprA and sprB.
(A) Southern blotting for sprA; lane 1: wild type/Sall, lane 2: S.
griseus HA/Sall. (B) Southern blotting for sprB; lane 1: wild type/
EcoRl, lane 2: S. griseus HB/EcoRI. Triangles indicate the genomic
sprA gene(A) and sprB gene(B), respectively.

a7 Fig. 39 B)9 29 lane|XE sprBe] probed] 25}
vector pHI2022] sprB §AAE /-3 1.3 kb2 EcoRI DNA
@Ho] IR} o) AA=RE Z Wi FFHAEA s
griseus HA B 8. griseus HBOI= sprA & E vector pHI201
2 sprB L vector pHI2027} A/JH O E integration Fo]3)
-5 AR o] F o|E T FAXHTAE o83t A
A2 Q] protease B~ FA Q] 2712 HES A} 31T

8. griseus HA ¥ S. griseus HB2| protease 484

25ug/mle] apramycin®] #H7FE 100 mLe] GSS HIA|] S
griseus HAS} S. griseus HBS] TAFE 1X 10° CFUmI’} H =%
AZET %, 28°C, 180 rpmollA] 168417+ Bt R eu]F 1o,
DIRTE AFRE S, griseus IFO133502 FAERS H7)3HA &
2 100ml®) GSSHiA|Y] EAE 1x 10° CFUmMIZ} &8 HE
g &, 59 2004 -l sl Fig. 4A)e] aAHISA 4
H2HE BHFFQ] S griseus [FO133503} 2 oA 7akat
ANZF TF S, griseus HASF HBS AJS34ol tiste HES
Ax}, w735 vlEle] BT} o HojHL & 5= AT
ol viAd] A7} apramycin®] FFOE AlmEH AW, g
132A12E o] F FA3] gashe T S-S AYL2HE protease] F
o g FAEY AT S Aol a7Enh S 242 Wy
FAozRE HAHF A7t HE AFE AT F, A2
g FAE AASL AL o]43k] Nomoto2}t Narahashi
Do Wl proteased] §A48A3S ERISIHET. Fig. 4(B)2
Aol A protease®] Hh BAL 8. griseus IFO133507}F 1.3% 10%
PU/ml, S. griseus HAZ} 69X 10* PU/ml, S. griseus HB7} 6.4 x
10* PU/mI®) It} ©]& S griseus IFO1335034 ®Wu gl o, .
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Fig. 4. Cell growths(A) and protease activities(B) of S. griseus
IFO13350, S. griseus HA and S. griseus HB in Erlernmeyer flask
containing GSS medium. These strains were cultivated for 168 hrs at 28
°C, 180 pm. : -, O-O and [1-[ represent cell growths of S. griseus
HA, HB and IFO13350, respectively. : -4, @-@ and - W represent
protease activities of S. griseus HA, HB and IFO13350, respectively.

griseus HAT F 5.3802], S. griseus HBE 2F 5¥9] protease®]
AiHgo) adE T

A3 AARS 93 protease AT S, griseus K19] a2
Hj ol A EAZ/do] vil 1 mlF 7~10x 10° PUR B 11E 0]
JoH1), B A NEE TF S, griseus HAY Zdk~3
| ol Ae] EAEAI(6.9 x 107 PUMDETE & 108) o)43e] x}o]
7F ES & F AW S griseus HASl 739 protease®] FQ
TFAA4EQ serine protease®] FHA sprae] ILHE vector/t
integration® A=F wFo|ch WEFA protease?] AHZE RS
A= 9A, FRT4 proteaseE 2] FAA sprB, sprC 2
sprD 5¢] TpEE A 2FE FE3] A} HLHAZ protease
ARG Tl SARHF R U8k, o|F FHg uiA]e Hew
HiF 27e] HH3} o]FARITHH R} F& Ayt doid
F Ao /E ofE B deila] AFo] sEE el
integration vectore FAAdelAe] F-& B BEES A
2 A G dFE Rk glo] AkiFeR ol {8
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ABSTRACT : Development of a Recombinant Streptomyces griseus with sprA and sprB Genes for Pro-

teolytic Enzyme Production

Ji-Hwan Hwang, Chang-Kwon Lee', Kang-Mu Lee, Byoung-Kee Jo, Hae-Ryong Park,
and Yong-Il Hwang™ (Division of Food Science and Biotechnology, Kyungnam University,
Masan 631-701, Korea, 'Bio Food and Drug Research Center, Konkuk University, Chungju

380-701, Korea)

Pronase, a protease produced for commercial purpose by Streptomyces griseus, was composed of serine pro-
tease, alkaline protease, aminopeptidase and carboxypeptidase complex, and it has been widely used as anti-
inflammatory drugs for human therapy. In this study, we developed a new integration vector, pHJ101 derived
from pSET152, containing strong promoter, ermF, to overexpress a certain protease gene. Specific PCR primers
for cloning of sprA (a gene for S. griseus protease A) and sprB (a gene for S. griseus protease B) genes were
designed from the basis of nucleotide sequence in databases and amplified by PCR. Plasmid pHJ201 and
pHJ202 were constructed by inserting of amplified each gene in a vector pHJ101. §. griseus HA and S. griseus
HB were respectively obtained by conjugal process of a parent strain, S. griseus IFO13350 with the recombinant
Escherichia coli harboring plasmid pHJ201 or pHJ202. When protease activity was measured in flask cul-
tivation, produced protease levels of S. griseus HA and S. griseus HB increased about 5.3 times and 5 times,
respectively, more than that of parent strain. And, the constructed integrating plasmid pHJ101 was applicable for
overexpression of a certain gene in Streptomyces sp.



