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Overproduction of Bacterial Trypsin in Streptomyces - Optimization for Streptomyces griseus Trypsin
Production by Recombinant Streptomyces. Kim, Jong-Hee and Soon-Kwang Hong!*. Department of
Food and Nutrition, Seoil College, Seoul 131-208, Korea, 'Department of Biological Science & Institute of Bio-
science and Biotechnology, Myongji University, Yongin 449-728, Korea — The expression vector (pWHM3-
TR1R?2) for sprT gene encoding Streptomyces griseus trypsin (SGT) followed by two regulatory genes, sgtR1
and sgtR2, was introduced into Streptomyces lividans TK24 and Streptomyces griseus IFO 13350. Various
media with different compositions were used to maximize the productivity of SGT in the recombinant strains.
The SGT productivity was best when the transformant of S. lividans TK24 was cultivated in R2YE medium
(0.74 unit/mL}) at 5 days of cultivation. C5/L (0.66 unit/mL) medium also gave a good productivity, but Livid
(0.08 unit/mL) and NDSK (0.06 unit/mL) yielded poor productivities. S. griseus IFO 13350/ pWHM3-TR1R2
produced SGT by 1.518 unit/mL (C5/L), 1.284 unit/mL (R2YE), 0.932 unit/mL (NDSK), and 0.295 unit/mL
(Livid) at 7 days of cultivation, which was much higher than those from S. lividans TK24/TRIR2. The SGT
protein was purified from the culture broth of S. griseus IFO 13350/pWHM3-TR1R2 in C5/L to homogeneity
via ammonium sulfate fractionation, and CM-sepharose and SP-sepharose column chromatographies. The
specific activity of purified SGT was 69,252 unit/mg, and the final purification fold and recovery yield were
6.5 and 1.4%, respectively.
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1A v} o Benedict's Wl A] (yeast extract 1 g, meat
extract 1 g, casein hydrolysate 2 g, glucose 10 g,
agar 15 gyl WATE E9sle] 27°CelA] wiFaisdct. W
A wieell ARS8t HARAIE Table 1] FAISIHAS. 5
Al Streptomyces 55 10 mLe R2YE ¥|X| & 28°C
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Table 1, Proteinase production media used in this study.
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Protoplast &&%&t

S. griseus®}t S. lividans TK249] protoplasts Kieser 5
o] WP [131% oFzF WA |8t} Strepromyces T
FE5 10 mLe R2YE WiAellA 28°CellAl 29 o3t
250 mL baffled flaskol] A 0.5% glycineS ¥33 50 mL
2] R2YEel] AHEA 24 wjekstadc}. Lysozyme (1 mg/
mL)S E33F 20 mLY P buffer (sucrose, 103 g; K;SO;,
0.25 g; MgCl,-H,0, 2.03 g; trace elements, 2 mLE& 800
mle] FFell HedA Fde F, 0.5% KHyPO,, 10 mL;
3.68% CaCl,-H,0O, 100 mL; 5.73% TES (pH 7.2), 100
mLE E3HE 9T 30°CA 15-60% A= AfslmA ub
5% 74l protoplast ¥4 AEE dAv|A o2 izl
protoplast (10% cells)el] plasmid DNA (1 ug)E pipette2
2 40F & 1¥ Fol 1 mLY P buffer (25% PEG
1,000 £3HE H713190h 5 mLe] P buffers A ¥ F3
oA 1 mLe} P bufferel] FEE F, 330 LA F530A 2
samples]] 2.5 mL2} 0.6% soft R2YE agar® & 4= ¥
R2YE A Aul=lel] FU3lA =2alsict. 28°CoAlA 24-484]
Zb wleF %ol thiostreptons % 25 pg/mL FT=. 7 3hi)
A 91l @3 F 28°CellM 3-59 F<F wsled HEAR
AE Adslelet. 3, shuttle BEIE ATl Felehe
HP-e- Sambrook ] b L2 Faaleirt19).

Skim milk plateE 0|28t protease &4 Hlm

Skim milk ®{%] (skim milk 0.5%, peptone 0.5%,
glucose 0.1%, agar 1.5%)2 THE H 2 v=] $jol] pWHM3
== pWHM3-TRIR2E 3d A3k A7) W52 A58}
31, 28°Cel| A 3-5¢ efoF3t ¥ proteased]] ]3] skim milk
7b B} Vet FHEE WA

Medium Ingredient Amount (g/L) Medium Ingredient Amounts (g/L)
NaNO; 4.28
K>HPO4-3H,0 0.23 glucose 125
HEPES 4.71 yeast extract ’
N{?;K MgSO,7H,0 0.12 e L[(gYE) CaCo, g'g
trace element 2 mL Na(Cl 5' 3
skim milk 10 pH7.2 )
maltose 45.04
Sucrose 103
K,S0, 0.25
MOP.'S 1.49 MgCl, - 6H,0 10.12
Nutrient broth 10 lucose 10
CaCly2H,0 0.735 Easamino acid 0.1
Livid KH,PO, ) R2YE '
(1] K,HPO, 0.5 [13] yeast extract 5
fructose 05 K,HPO, (0.5%) 10 mL
skim milk 0.25 CaCly - 2H,0 (3.68%) 80 mL
H72 20 L-proline (20%) 15 mL
P TES (5.73%, pH 7.2) 100 mL

trace element 2 mL
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MzZzofekey F=H| A EEW A

Zpzte] wiR|ol| A -5 wiokst ¥, YAE2)(7,000 x g,
10 min)3le] FAE 11]713}9&‘:}. AbZol & 25%~60%
ammonium sulfateZ %A A]7]311(20,000 X g, 60 min), 3
AE-S buffer A (10 mM sodium acetate [pH 8.0], 10%
glycerol, 1 mM EDTA)| £-3l3l5ict. A7) dhd 893
buffer AollA FAAA 2E A|H3}AL, ©]E buffer AZ
&3} AlZ] CM column (HiPrep 16/10 Sepharose CM FF,
Amersham Biosciences Inc.) =+ SP column (HiPrep 16/
10 Sepharose™ FF IEX Column, ID 1.6x10 cm,
Amersham Biosciences Inc.)ell loadingd}3ich. wHf=le) &
Z2 buffer A 100%4-€ buffer B (buffer A + 05 M
KCl) 100%7}A] 308 AA H<4 2.5 mL/minZ gradient
elutiong- AA] 351t 4549 vr‘él% 2.5 mL¥ FH3H
ERAl A7) &4, @A A, SDS-polyacrylamide gel
electrophoresis ¥4 5ol AM-4-3tic), @A e] A
Bradford ¥} -& A}£3}9) 1L, standard®= bovine serum
albumin (BSAYS °]-8-3Fa=H1].

BANPE 0|88t trypsin &4 &X

Trypsin activitys= EA%3)] 2h8o] 2]l N-a-benzoyl-
DL-arginine-p-nitroanilide @41 p-nitroanilide”} &=l 7
o A% FF=E SAF=2N FAstsil6]. WA
reaction buffer (50 mM Tris-Cl [pH 8.0], 20 mM CaCly)
9} BANP solution (50 mM BANP in dimethyl sulfoxide
[DMSO)Z 37°C water bathol|A] 5 ojA} ¥lx]3l & AL
9o}, ¥k-$-2 reaction buffer 890 uL2} BANP solution
10 uLE ¥ oh&, sample solution 100 uL (negative
control 74 100 uL AHHHE Hrlsle] we] 2318k &
37°C water bathol| X 30:¢ 8 RH-A1ZT 30 F 30%
acetic acid (in dioxane) 400 uL¥ S A7}5te] W& A~
A7l F 405 nmellM BBREA 2 FREE 2AsY. &
A Az, FRES 0.5 FRI7IE 548 84S
2 A3l

1 unit

SDS-PAGEE 0|28t tHiiEo| &Y

Sample £ 30 puL2 4xSDS loading buffer (20%
SDS 1 mL, B-mercaptoethanol 0.5 mL, 1M Tris-Cl [pH
6.8] 0.5 mL, glycerol 1 mL, 0.5% bromophenol blue 0.5
mL) 10 pLe} E3le] Fe 2ol 583 TR 2 &
WA sample 15% SDS polyacrylamide gelell 30 uL%
loading3}ted 10 mA, 300 Vo] Agte 2 chid S )59l
o} H7}d-Fo] £ gel staining solution (Coomassie
brilliant blue R 0.05%, methanol 50%, acetic acid 10%,
Z 40%)NA 30% F3eF 9ASIAL destaining solution
(methanol 10%, & 90%)1A 303 o] EAA|A e
band &<l3Hdet19].

=g WMol Ags EE (SGT) ik X M

o]e] AFelX spr7et 7 7He) 24 FAAR sgiRI
sgtR2E FAlel 2+ Q)= A 2F ¥ pWHM3-TRIR2E
S. lividans TK24 % 8. griseus IFO 133500 =4 3}
R2YE iAo A wiekgls o, sprT fr3lAbe] AAakege] 713
WAL trypsin®] AAME H S 2323k vl gle18]. vt
A & ATelME AETeEE pWHM3HES] JAA A
2 Apgatz, A4 FFE= pWHMS-TRIRVF 244 3

AAPAE AR Efale] AAS oL Fd A1
U WAE FAkKIH.

A 7 A7} protease BAE o= AE e
EAE ANAHLE v E}r] 913 skim milk hydrolysis
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Fig. 1. Detection of expressed SGT by skim milk plate assay
(A) and SDS-polyacrylamide gel electrophoresis (B). (A) The
extracellular protease activities of S. lividans TK24 and S. griseus
IFO 13350 transformed with pWHM3-TR1R2 were compared on
the agar plate containing 0.5% skim milk after 3 days of cultiva-
tion. The diameters of the clear skim milk hydrolyzed zones
around the colony were bigger than those of control (pWHM3
transformants). (B) The extracellular protein in culture broth of
transformants was precipitated with 100% ammonium sulfate at 5
days of cultivation in R2YE and analyzed by SDS-polyacrylamide
gel elctrophoresis. Lane M, molecular weight standards; lane 1, S.
lividans TK24/pWHM 3; lane 2, S. lividans TK24/pWHM3-
TRIR2; lane 3, S. griseus IFO 13350/pWHM 3; lane 4, S. griseus
IFO 13350/pWHM3-TR1R2. The SGT protein with a molecular
weight of 28 kDa is indicated by an arrow.



plate assayE 33t Mol A E1)31= proteasec]]
o8] Wizl whial AEel skim milk7} Ha=e] Ft
AL A 347 wiekat A, | AAH
pWHM3 HEjghe 7}2 F52ct pWHM3-TRIR29) 343
A3 7} o] Z casein B3l 39L AIsIE I, S, lividans
TK24 TFHTR= S, griseus IFO13350 F57) o & £3)
39E AR (Fig. 1A). ole} 2 ZH3}=, BANPE ©|
B3t wilell A EFA B4E A AR oAy
A7k sk gioH 18], =3t Zzte) A A} A
AFg Ef]4l-2 SDS-PAGE A M= &l 4= Sl
(Fig. 1B). 547k wi<Fgt S. lividans TK24 A58 75 4
AFElE= 28 kDa®] SGT whido] pWHM3-TRIR2 3243k
Ao Mgt elydew, S griseus IFO 133509 7+
pWHM3-TRIR2 AA 87} thzol| w3 oS @ o
9] SGT wiAo] &A1 HedFglr).

ole} 22 PAA g wAlFe] EA AAlel Hgat wiA|
£ A fa8) wpadah okl de] 2ol 471 wiAE
dxH o2 HAste] YAIS ARSI 72 wiA Y] 24
< Table 17} 7o, o] 59 AAYE oA Halel ARS-
Y R2YE wi#] ¢k v| 23l ek (Fig. 2). 22| wiA]el|A] 7
Az AT wiokse] wikdel e ERA Uk &
A&t A3} S, lividans TK24/pWHM3-TRIR28] 7% Wl of
5UE 71502 RIYEIA 71 22 AJAMA(0.74 unit/mL)
£ YERY I, C5/L (0.66 unit/mL), Livid (0.08 unit/mL),
NDSK (0.06 unit/mL) <=2 2 v}elyde} S griseus [FO
13350/pWHM3-TR1R29] 73S-oll= Hub o2 wjof 7de
E=2 g4o] 718 ¥kom, C5/L (1.518 univml), R2YE
(1.284 unit/mL), NDSK (0.932 unit/mL), Livid (0.295
unit/ml) £2.2 Vet ualx, B4 FAL S lvidans
TK24E == S, griseus JFO 13350 @57} Aol A48
SE wiAlof A 455 wa0er, W ZAL S griseus
IFO 13350 T5E CS/L(GYE) wiAlel A wioFl S of et

16
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Fig. 3. Purification of SGT from S. griseus IFO 13350 trans-
formed with pWHM3-TR1R2. The transformant was cultured in
2 L of C5/L broth in a 3-L jar fermenter at 28°C with agitation at
200 rpm for 7 days. The culture broth after centrifugation was
used for SGT purification by ammonium sulfate fractionation,
CM-sepharose, and SP-sepharose column chromatographies. (A)
SDS-PAGE analysis of the samples from CM-sepharose column
chromatography. Active fractions (number 14-16) were collected
for further purification. (B) SDS-PAGE analysis of the samples
from SP-sepharose column chromatography. Active fractions
(number 13-15) were pooled and stored for measuring trypsin
activity. Lane M, molecular weight standards; lane 13-21 in (A)
and lane 8-17 in (B), fraction numbers from each chromatogra-
phy. The SGT protein is depicted by a thick arrow.

14

12

Trypsin activity (unit/mLl)

R2YE CHL Livid

Livid

S. lividans TK24/pWHM3-TR1R2

S. griesus IFO13350/pWHM3-TR1R2

Cultivation media

Fig. 2. Comparison of SGT activity produced in various media by S. griseus IFO 13350 (right) and S. lividans TK24 (left) trans-
formed with pWHM3-TR1R2. The amount of enzyme produced was expressed in units/mL of cultural filtrate depending on cultivation
time because of insoluble ingredient in production media. Black bars; 1 day of cultivation, dashed bars; 3 days of cultivation, dotted bars; 5

days of cultivation, white bars; 7 days of cultivation.
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wieh. ool uje} 52 ERJA] AA| AP S. griseus IFO
13350 T+ CS/L wiA|ol|A] wiekated 218)3id.

=g ERdel |

S. griseus TEO 13350/pWHM3-TRIR2E C5/L j=]el| Al
747k vekst vkl 2 LE 25%~60% ammonium sulfate
2 A 73, AAEE buffer Aol S38)313ic}. A7 by
A $-9% buffer AZ 33} AlZ] weak cation exchanger
al CM-Sepharose™ Fast Flow columnol loading3}x.,
columnel|] ZA¥3F izl L 0 M-05 M KCIZ 2.5 mL/
min®] 422 gradient elutiond AA] §}g3c}. o]} e
FPLC 23}, 3719 main peak’} FAEHIL, I F A
peakel] 3= 14, 15, 163 fractiondl| A ¥ EF4A] o
7}2 Bedvk(Fig. 3A). Z2Y}, SDS-PAGE 84 A3}, oz
S A HErF AHeddle AlE el diiel, 2
&x2| EdAS AArsl7] 98)A strong cation exchanger
¢l SP-sepharose®. FPLCE 4=3J3}%it}.

A7) A gal(14, 15, 168 )& buffer Adl T4
AA d& AASG L, o] F buffer AZ H3 3} A[Z] SP-
Sepharose™ Fast Flow columnel] loading3}$ct. SP
columns 20009 buffer AR 23] A3 ¢ &, buffer A
100%%-¥] buffer B (buffer A + 0.5M KCl) 100%7}A]
2 2.5 mL/minZ. 25 gradient elution® AA] 31332,
2.5 mLA 3 5155 FPLC 23, 9 peakd FAE 4
UL, L peakel] |FSF= fraction (13, 14, 150lA EF
Al 9717 #A vielsie} SDS-PAGE Z 3, 13, 14, 159
fractionol| 4] 7]%3 ER4l =2 gelslgith(Fig. 3B). o}
2}A], CM-sepharose & SP-sepharose columns @&4H 02
ARl R EAS s e EE AT 4 3
At

MR o 0 25 ERIAS AAISHe 2 AAIGAE
8& Table 2 82F31de}. #F: purification fold= 3.27
g en, A" EFA specific activity: 69,252
unimge 2 FAREGIH h2F22 ARS3E SigmarlelA] A]
3} 9l EFAI(T1426, Trypsin from bovine pancreas)
< 13,500 unit/mg®E., £4AAR WA ERALE o|H
Sl o144 BAE 7Rl AR ettt o A4 I
oA WA EfJle] FEHANAM FE3 EFAN o
R N S L

o|H¢] dTolA ERA FAANHE =3 S. lividans
TK24/pWHM3-T JAAZA 25 ERAE A v} 9)
o [17]. o] EYA] AA| A = supernatantS 25%-
55% ammonium sulfate® HHA|Z) ohE-, CM-sepharose &
Mono-S column chromatography S A A3}l #F$H o2
Superose 12 HR 10/30 gel permeation column chroma-
tography® AA|sh= W Bake ARG AHEsiele.
2 AT AE . lividans TK24/pWHM3-TRE 453] A)
AbJo] E& S griseus IFO 13350/pWHM3-TRIR2 HAA
A 2N EFJA RS S5 & ¢ e iR 2AE
TR, w24 ERALE AASHs B A
g RS s 2, 2F AAAES] e8] A
A A wikRel F BN 249 14% wel HA gl E
Hale] A 3-go] 3] W A2 ZAE Y. v
< 5%317] $13F ammonium sulfate precipitation %A <l A]

F52] los} BAEA =Y, FF ol F M AT}
433 7o wgidd.

2 o

Streptomyces griseus trypsin (SGT)S T3} sprT F
Azl o Fel EA 7 A 2- FA-AL sgR] Y
sgiR2% EAlol 23 3lE A3 HE pWHM3-TRIR2E
S. lividans TK24 R S. griseus IFO 133504 =8)3}, E
il A E B2 S AR 4 e iR E AR
t}. S, lividans TK24/pWHM3-TR1R29] 7% wjf 592
71&22 R2YESA 718 =& XA (0.74 uni/mL)yS v}
el 3, C5/L (0.66 unit/mL), Livid (0.08 unit/mL), NDSK
(0.06 univmL) =22 e} S griseus IFO 13350/
pWHM3-TRIR2¢] 73-%-ll= At .22 v} 7o EF
Al &Aool 74 E9kew, C5/L (1.518 unimL), R2YE
(1.284 unit/mL), NDSK (0.932 umt/mL), Livid (0.295
uniymL) 22 et} S. griseus IFO 13350/pWHM3-
TRIR2E C5/L iAo} A 747t vl Fat v kel o2 58
25%~60% ammonium sulfate 3%, CM-sepharose ¥ SP-
sepharose column chromatographyS E3}ed E&A-g 34
E& AR 4= Aok #F purification fold= 6.54, 4
A EFA1Q] specific activity: 69,252 unit/mg, 315~&
< 1.4%°]$i

Table 2, Summary of purification steps of SGT from Streptomyces griseus IFO 13350 carrying pWHM3-TR1R2.

Purification steps Total protein Total agtivity Specifi.c activity Purification Yield
(mg) (Unit) (Unit/mg) fold (%)
Supernatant 811 8,704,260 10,732 1 100
Ammonium sulfate precipitation (25-55%) 20 676,998 33,849 32 7.8
CM-Sepharose 5.3 242,485 45,752 43 28
SP-Sepharose 1.8 124,654 69,252 6.5 1.4
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