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Abstract

Streptomyces shows a eukaryotic characteristic that vegetative cell can grow into mycelial form and has
morphological and physiological differentiation at a certain period during its life cycle. Streptomyces has been
used for the production of many biologically active compounds, such as antibiotics and pronase. Production of
second metabolites and differentiation of the vegetative cell share the certain period of its life cycle. Therefore,
second metabolites may affect the differentiation of the vegetative cell. One of the microbial hormone, called
A-factor, regulates the production of second metabolites, sporulation and differentiation of the cells. Strepromyces
griseus produces streptomycin as well as many different kinds of proteinase. As mentioned, period of proteinases
production overlaps with the period of differentiation of the vegetative cells. Protease may play a important role
for the differentiation of the cells. In this paper, function of the SGPD gene cloned from S. griseus IFO 13350
tested whether it affects for the differentiation of A-factor mutated S. grisews HHI1 and S. griseus IFO13350.
pWHM3 and pWHM3-sprD plasmid was transformed into S griseus HH1 and S. griseus IFO13350.
Chymotrypsin activity of the cultured medium of the transformants with pWHM3-sprD plasmid didn't show any
change with that of the transformants with plasmid only. The transformants with pWHM3-sprD plasmid didn't
show the increase of the production of actinorhodin as well as morphological change in S. griseus IFO13350
and HHI, as well. The promoter sequences of the SGPA and SGPB gene which encode chymotrypsin-like
protease, were compared with that of SGPD gene. Regulatory mechanism of gene expression of proteinase genes
will be studied for the development of high production system for protease as well as the function of the

proteases.
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A& A-factor(2-isocapryloyl-3-R-hydroxy-methyl-y-but-
yrolactone)2] o] 3] &y Y. A-factor=
10" Mo|gh= ZA 54 2419 streptomycin A &}
A3 9 EAHAYM olfa} streptomycine]] thek 2 gH/g
T fEshe aEAAQ A EA] B inh

o2 gt A-factor®] YFA 2 S. griseus WRF oh]E},
S. coelicolor & S. IvidansZ ¥ 33} L2 HbA
MZ ERIE 1, o]9F FAFSE v-butyrolactone g 2t
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S. griseust= streptomycing | £33k TRkt
OIAALE S AArE B ol ojet 3
©2 ALEEE pronase’ 2R 0| BB Hujy]
94 Rel g g YAshet] ol e AESE B
T protease®] EF=Z TAHC] sl o 10 T/
o]} endopeptidase 2 exopeptidase S EgHgic}. 1
AN protease WAL BE 9ol o] oAb
Eol A=AV FESIT fFEE A7l A
AT A4 protease7} o] ttiAbEE AT 9
A aEstol] 4% 715E AT Aolds A= A
Absta Aok, obzl7kA] FejEstel BA s AT
o] Rl ©hul A o 7 2] 7} intracellular proteinol] 3+gF <1
e},

S. griseusel| 2|8 AArE] = extracellular protease$t
Fejsiete]l AAE Aslr] Hdted, S griseus
IMRU 34999l|& R SGPD(Streptomyces griseus
protease D)E 4533t [FHXE S griseus TFO
133502 2 5E] cloning &ttt SGPDE  serine7|
chymotrypsin-like protease'”o|m, sprD H-AAH= sprB
9} 7] Mgo] wl-$ %2 homologyE Heltt =3
T gA4 2% oildg e of hydrophobic side
chain®] peptide A3 A2t} Protease D2| pre-pro-
mature proteine 392712] olulAlto g Hof Q=d]
1 Zol] §42] preregion< mitochondrial import signal
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sprD -7 AFe] 33 o] Swrepromyces griseus HH12] F-3lol] v = 43 365

1 hsp60%} =2 homology7} Sl ZHo= ¥raxrh
w38l SGPD+ SGPA, SGPB, SGPC, SGPE % Lyso-
bacter enzymogenes2| a-lytic protease2}%. -2 homo-
logyE HolE Aoz BuHut”.

B Ao A= S griseus IFO 13350004 S 2%t
SGPD protease”} Z} strainol| ] Hefdhad o 2} AHe] =
o8 ofn)@ gene dosage ETE HAEA FAbshe
Aol wabr] £ Swrepromyces lividans TK240l]
transformationd}$ 1, 1 tH-&- 0. 2% FE| 37} Lo
Uz = A-factor 2EF9) S griseus HHIZ wild
type?l S. griseus IFO133509]] transformationd}te] 1 &
HE 2AFSIATE

T W e

1. AI2 73 2 Plasmid

S. griseus IFO 1335001} 4] chromosomal DNAE 2]
&to] AL8-819 3 protease activityE 74 317] 913 &
AAG FF2 S lividans TK24, S. griseus HHI, S.
griseus IFO13350% protoplast® AF8-3}93 ¢} 3 o
o] AAAS-E 93 competent cell e Escherichia
coli DH5aF #5358 A-8-8ttH?. S, griseus IFO 13350
2] genomic DNAE template 2 A}-8-3F PCR product®
cloningd}7] 93 vector¥ PCR vector?] NovagenAl2]
pT7 Blue vectorE AME-SFAT Strepromyces-E. coli
shuttle vector2= pWHM"V2 A1&35t4th

2. ALZAlSk

YA = Sigmart A FS AL D A Y ThE
TaKaRaA}$} Promegarl #| &g Alg3lgon nA&E
o] wjg WA= F2 Difcorts} Sigmarl A F-E At
43+

3. ALSHIK] Y BF HExA

E. coli DH5aF'-€- Luria-Bertani(LB) BjA] & o] &3}o]
37CNA  wjoFslTt. Protoplast A ZE 918k S
griseus HH13} S, griseus 1FO 133502 YMPD X &
Abgale] 30°CollA 2~3UzE wjFelSin). S. griseus
HH13} S, griseus 1IFO133509] transformant&<2 R2YE
1wl ] (sucrose 103g, KoSO4 0.25g, MgCl; - 6H0 10.12g,
glucose 10g, casamino acid 0.1g, yeast extract 5g,
KoHPO4(0.5%) 10ml, CaCl, - 2H,0(3.68%) 80ml, 20%
L-proline 15ml, 5.73% TES(pH 7.2) 100ml, trace element
2mhE AFE3lHTE ProtoplastE 9%+ S lvidanse
YEME(malt extract 10g, MgCl, - 6HO 2g, glucose 4g,
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sucrose 300g, yeast extract 4g, glycine 10g, pH 7.2) 8%
oA vjFs}l 1, protoplast®] regenerationd 93+ Hl|
A& R2YE #jAlel] 1.5% agarE Zd7}ste] AL&-slith

14,16)

4. WMTo| HEME

S. lividansE YEME®|A] 100mlol|A] 2~347F vpek
3 F, 2,800rpmol|A 5EZF celld AAA|A 0.35M
sucrose 2 0 2 MojF UhE, thA] 2,800rpmoll A SE
7t QAREsle] FAE ATk P buffer'” 10mlo)
lysozyme 20mgs =91 8-N-E 045um filterZ fil-
tration ¥+ ol A& FE3t] 1A ¥H-SA] AT ¥t
S 5 5% AT ol ubed 3~43] EE0] lysozyme
Hei7t & HES itk of 8¢ 2800pmolA] 4
AE2]dke] 1 pelletg P buffer 2mldl] =t Hid
tubeol] 200 ¢ 1¥ EZ=3ta] —70°Col] Bbsle] AHes)
At} S griseus HH1-& YMPD Hlj & oA ujjoksle] 22
2 WR 2% protoplastE A 28T HA gl A}
88 P buffere} T buffer' = filtrationdted W &ae] B
Bated ALggtl. —70Co] RHE S lividans proto-
plast 200415 =91 &, P buffer Iml& H7}8tn
2,800rpmoll A A1 E-2]8ke] protoplastE A=t} Clean
benchollA] AEAE wet Wi, tubed] dolsle
buffer2 A2 A A @8t Ligation mixtureE 4
I 283 U} T buffer ImlS ¥ 3 pipetingd}ed
thA] 223t Eot vl #8149 RIR2 plate 5~67]¢]] ¥
Falo] AR ek the 30 Col A v Fslith RIR2
plate= SHF F = Z&3] w2 deje] Ho] Eut 12~
15A)12F ol A7} TEE SF ImlS overlays}
1, A 3] ukE Zof 30TlA 3~4U7 o] v dskd
t}. dojA transformante &8 A 7F E3HE RIR2 plate
o %7 #9133t} Thiostrepton 20 pg/mle] %
= A}%é}ﬁqll.lé).

5. HEMTO|A] Plasmid DNAS| A2H2a|

1.5m19] B oFol-g 10,000rpm e 2 SE-7F A 2] &}
o FAE 4L g, lysozymeS TES(S0mM Tris - Cl,
10mM EDTA, 25% Sucrose, pH 8.0) bufferel] 2mg/ml2]
=52 =d 500 41 A7Fehe] vortex 3t ThE, 37°ColA
5~15%7F wkex)Zch 184 x19] alkaline SDS (2%
SDS, 0.3M NaOH)& H7}ste] REgA 412 55T
oA 5~1583F §EAIZ] Th, d-5oll 24 Yol 38
7+ 2181 3280 11 7.5M ammonium acetateS ¥ 11 B =
HA 4301 10823 Dol Fr}. 4CollA] 15,000 rpm e
2 1083 948 & 42N $7A phenol/chl-

A s

o

ERELDLER

oroform }&]3til, FEH 850 wlell 510 .12] isopro-
panolS A 7}sted -0 158-7F & 2, 15,000rpmoi] 4]
152 Ay Eefste] ARES 70% ethanol 2 |25t
o &Y &, RNase(20 £ g/ml)7t E3HE TE 20 p 1] =
o —20Cel| B,

6. Protease &M &3

Seed culture 1ml-& AA| vl =)ol HZF3}d 30T sha-
king incubatordl] 4] WS A1 ZHEti T} Datad) 24
= A8l 2 FFE 370 ZetaTo] A wl
Eli=g

1,3,5 7, 94 "t vk ol smi & 3t uj
okl 30mI¥ S FHE T A1 E-2](3,500rpm, 2083+
5 TAS FEFAE 212 20T stk 4=
AE T4 S St AMEsIUTE T4 B
Bl 2F8-ol 28] Z}z+e] artificial substrate(N-Succinyl-
ala-ala-pro-phe-p-nitroanilide)si| 4]  p-nitroanilide”} 2]
He A& 405nm FFENA Fgste] A
wk-2-0] A3l 98] A}8-& reaction buffer®} subs-
trate= RE-3- Zol] 377 nlg] 583 FY7t A18-S
g} 37T AA 557 TR W reaction buffer 890 y 19|
artificial substrate 10 4« 1& 4332, £H]¥ A& sample
100 £ 15 718t vortexsh & Awe] 37C ¥Hg-AlZ]
t}. Dioxane2 £v|Z 3} 30% acetic acido. 2 €F2-2
ARG,

At 3 &

1. sprD SEXIQ| S. griseusOf|AM2| CHEHS

S. griscus IMRU 3499l 4] H ¥ sprD §-2 %219
sequence data (accession number L 29018)o)] &7 &}<]
2 AHE T8k HES 4E F YIRS
primerE 2tAJ3}o] PCRE A A8+ A} o4} size 1.4kb
©] PCR bandZ &R13} o, o] A|e &4 EcoR T,
Sph 122 Heldle] insertE  Streptomyces-E. coli
shuttle vector@]l pWHM3o|| cloningdle] pWHM3-sprD
2 AU}, pWHM3-sprDE S, lividans TK24o] &2
ABAIZ A3} prD FAAE HHOR BA 0
™, S lividans2) silent -2 #}21 actinorhodin AT &
WAle] B g BAskeE Ao Uehdn. ey
B SFATL AN e dad g4z
undecylprodigiosin A3+ - zte] 47} FeEs)
o & 9L AR Rate Aoz BRI}

sprD 5-AA7Y S, lividans S 4552 AFE3F Al 2H]
A thakdde] AFAH o7 Hle= AL &% &, B
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FAAre Al 715 Bolslr] Hle] ¥
el = %‘i‘é?} S. griseus 1FO13350 3¢} olg]
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Fig. 1. Overexpression of the SGPD in S§.
griseus HH1(A) and S. griseus 1FO 13350(B)
transformed with pWHM3-sprD. The transfor-
mant was cultured in YEME broth as described in
'Materials and Methods'. The SGPD activity of the
cultural filtrate prepared from the transformants( ® --
® ., pWHMS3-sprD; ©--0, pWHM3) was expressed
in unitymg of cellular protein.

@ ®)

SRR IAE o] Syeptomyces griseus HH19) E3lo)) p|z]e A& 367

2 o]z 9lsle] A-factore] o]gt J3-& W= strepto-
mycin A4r 9 A, I Aofl o2 ezt
blocking® F8 8-S 2=t} S griseus= S, lividans©l)
Hlgte] dFaAgo] ojgfgoz e DNAE
lividans Z8-6] B-8]8lo] Algslgion, S griseus HH1
off A FAAGAIN F Loj A plasmid DNAE o]-&
Bl S griseus 1FO 133500 B AR ES= w8 A}
£8FATh

pWHM3 S} pWHM3-sprD = 71 9] plasmidS z+z} S
griseus HH1Z} S, griseus 1FO1335090 & A0 8stgch
FAASH 732 27 MHsle] thiostrepton(20mg/
mlol ¥IE R2YE AAujz]of wioFstal ojEnjc}
A #8192, artificial substrateZ AFR-3d FAA7) o
Z8}8l= chymotrypsin activity S 274 31t). 2 A3,
sprD AR} S lividansE 32 A48 AL 84
3] overexpression=| A A= el S grisens HHI
3 §. griseus IFO133500) A = protease activity7} Wl
P = fzeT 2 Aol g 2ol FUTHFig 1).
I sprD FAHAE 2dFE S lvidmse) AL
actinorhodin®} Z-& ol attalel &A3}l o) Bake
RAANE gl S griseus [FO13350 2 HH1 R5olja] Al
elety - Jefety okl xolg sk Ralarh
(Fig. 2). o}2}gk AH 2 S, griseus JFO13350 2 HHIof
A sprD Rlapel o] JA|E 3 1 Ak of Al
o] U g 23h oA b Aoz Ad
o}

2. sprD §RXIS] Promoter 4

spriXchymotrvpsin-like protease D) f-A z}ol] )&t §.
lividans, S griseus HH1Z} S griseus IFO133500) 4]
gene dosage &, 7L B9 Oi-”yLE]O? £e chymotryp-
sin-like protease A(SGPA) 2 protease B(SGPB) H-21 2}

(8] (D)

Fig. 2. Effect of SGPD overproduction on S. griseus HH1 and S. griseus IFO13350. (A) S. grisens HH1
with pWHM3 (B) S. griseus HHI with pWHM3-sprD (C) S. griseus IFO13350 with pWHM3 (D) S, griseus

[FO13350 with pWHMS3-sprD.
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Fig. 3. Sequence homology of the promoter regions upstream the putative translational start sequences.
sprA, sprB, and sprD encodes for chymotrypsin-like protease A(SGPA), chymotrypsin-like protease B(SGPB),

1 10 20 30 40 50 60 70
I I
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{ |

GTCGA
G6~---GAGCGGARCCGGATCGACGCCTGACCCGLGLGAGGCCCCACCGGE——==~ CCCGRLAG~——————- LC---~GCACGGCTCCCGE
GGTGCGACCGGGGGAGG-TGAACGCLT--CGCGTGCGAAGCGTCGCTGTCGTGTGCACGTCTGGRAGTCGACCTTGTGTGCGTTTCGEGR
H.o £A,CEPe ... 22.b..aCECEL, O CH.BCRA, EC, CoC fiCareesCalE CofaresesasCloes EsoCEl. b, Lhg

181 190 200 210 220 230 240 250 260 270
| 1
CCCCCATCTCATTCCGGEGCTCG—==== CGGGCGCGHHT-CCGGCCTTECETCHGGGHCGGTCEC CGTCAR
GGCCGGTGACGGATGTGACCCG==—=~ CGTGGCCGAARGGCATTCTTGCGTC: C GTC. CGGCCCCCT
CGTCGGHHTHGTGEGEGCCCCHTCCTCCGTGTHCBGGCHCCCCHCTTBCTCEGTGCHCGGCCCCHCHGBHEGTCGHHGTTGHHGCHTEGH
cgclggt .begt, .g.6,Cclg.....C0LG, .Lhaa, .cC., .CTTGCgLL, g acgeclll, o vy eo2bChcneneaa.gC.Ll 8

271 280 290 300 310 320 330 340 350 360
| |
CGATTC====== CAGCGTGCRACT-TGGCAGGTTCA--CGCCCACTCCCA=—==mmm= CTGGGTGAGARCCTC====~ GCGCACCARCGG
CGATACTCCGGTCAGCGATTGTCA--GG--GGCACGGC-GARTTCGAAAT —======= CCGGA--CAGGCCCCCGACTGCGC-CTCACGG
CGCATATCCAGGARGCGCGCGACGCTGECCGGLTCGGCCGTCGTCGCCCTGHTCHGCAGCGGGATTCACGTTCCAGACTGCGARCGCCAGT
Chattctce.g.cAGLG, gogal, .LG6c.GGetCogech.c tlgeect . o vavs L. G6ak , ca, geoel . gactGEGeal , cachy

361 370 380 390 400 410 420 430 440 450
1 |
CCCCACCTCACC-CGACCGGGCCGTCCCCCCATACCTCRGAGGATCTCG==—=== TGACCTTCARGCGCTTC~=TCGUC===GCTCA===
GCCCGCCACCCCACAGGAGGGCCCCCGRTTCLC~-~CTCGGAGGARCCCGAAGTGAGG~--ATCARGCGCACCAGCAACC -~~GCTCGAAC
GRCGATGTACCGGCGTTCGGGGCCARGRCCCTCAGCGCGGACGCGGCCGGARAGCTGGCCACCACCCTCGATCGTGACCTGGGCGCGGAC
geleacctecCe,Cg, .chGGele.cpaccl.ca, CLLGGAgGa, cclh. a. .g.th.ccatCRaglgl, ,c gt .alC, . . GCELg, ac

and chymotrypsin-like protease D(SGPD) of S. griseus, respectively.

7} B0zt A9 dx)3k= Azbo|th 28 trypsin- DNE AT Aoz dddrh

like protease (SGPT)E &3 3lsl= AAAE U

A= S lividans D S, griseus B 5|4 Q oF

dEo] FEHS Bug v AoH®. wabr, chymotry-

psinAl€ 2] proteased A EIEHE FRATo] S AR B &t EAske g
griseusol| 4] L& o] repressionHTHE AME S B A dzo g IO YA ARG AT Zo|AAKIE-E
ARE Foto] ¢A =k o] vpE o= sprD F4 ate A7 ZAb ZAfo] AlRtE = A 2RSS A
29} 2 LA D] chymotrypsin A|G Q] §HAEC] & 717} "gst wEo) 9tk S griseust streptomycin
BH O RS griseusl| A repression &= A¥HAEQ] 7)A H] 231 thk3l 79 endopeptidase B! exopeptidaseE
o] A& Ao Z ek A chymotrypsin A|E FHAE S AJArEiTE WA T A ] protease A L 73S

2] promoter F-E2] g7] FE5HE
AGNAF- vl
A3t Holw Aoy
o] EAES <A =AUk webA,

ZAF5}9) tHFig. 3). of olAthAiHEo] FAHAY et A=
PR GAARE FEHL 2 A7l B0 AzErke
o] drigel & Bed A AFEE A 9 A 3o

o]a}._ L

2} chymotrypsin A]

AR T 7| 5S

Aol A protease7} o] X}
288 7
S AlAFsta ek & AFolM = S griseus

2 protease F-AAte] promoter -2 Hoh A AAU
w0 2 H-Ad3le] repressionol] THE 24 Wi AS
E3ske dFE FAohH Pronase AL 5 TN
ol & 7|48 & Ao AgEth of&a, repres-
sione] A2 sprD 2] WEo) S griseuse] Az
& - Feld o nxe 9 1 olf-7 AtolE

LAA] ZIFA T, FF o5 LI 1@71

& ATF 224 protease?] 715 WI=H F

IFO 133509l 4] &8 3} SGPD protease”} Z} strainol]
A gejatd o2} Aeld o2 ojud gt gene dosage &
g B3R A ROl D FAATL S
lividans & <2 AH8-GF Al =Rl A tighddo] 4
x4c>§g He= AL §1o]s¢ - B gAAxE sijELqi¢‘$
griseus 1FO13350 32} O]«] A-factor Z&50] S
griseus HH10l| AAAZSAY. S griseus HH13} S
griseus IFO133509) 41 = protease activity”7} |E R =
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T3 sprD AR} Eo7b 32 3k of A
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