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Studies on the Induction and Repression of Serrapeptase in Serratia Culture. Yong-Taik Rho.
Genefic Engineering/Faculty of Life Engineering. Institute of Yondong Technology. Chungbuk,
370-800, Korea -1t was studied in order to improve the yield of serrapeptase production in fer-
mentation that organic mnitrogen sources play important roles not only as inducer, repressor and ac-
tivator, but also nitrogen sources. From the investigation of the effect of Na-caseinate on the induction
of serrapeptase production, it was elucidated that real inducer was leucine and strong repressor was cys-
teine, which were produced through hydrolysis of proteins. Serrapeptase production was strongly in-
duced by Na-caseinate in culture time 12 hrs, but was weakly induced before and after that time.
Therefore fed batch culture where partial amount of Na-caseinate is added in 12 hrs, is better than
batch culture where total amount of Na-casecinate is added at the beginning. Cysteine, methionine,
MgSO0, and so on, sulfur-containing materials, repressed the serrapeptase production. In the addition of
mineral salts, chlorinated salts is better than sulfated salts because of sulfur repression. The synergic ef-
fect of soybean meal with Na-caseinate on the serrapeptase production resulted from Mn* contained in
soybean meal, of which the optimal concentration is 4 mM in enzyme production.
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Serratia marcescens ATCC 210740 Eedo] F- A
2l nitrosoguanidine(NTG)-& *&] 3t nd7} S
o]Fal Serratia marcescens YIT-15 delA], £ 19
452 A3 TH(15).

sjeke 500 mI AgZeka=d] wix] 50 miEs ¥
30C, 150 rpm 22 ZE}7)ellA] ufeksigict. 57 AR
(F=TEZ](F)el vk A9 3mixE 93, 30T,
500 rpm, 1.0 vviS.& sk},

HHAI =4
ZFll Al glucose 20 g, 10 g peptone, 10 g yeast
extract, 5 g NaCl& 575~ 1 /ol Fo34 2 B3hu)=]



5 ARS8 (pH 7.0). & ¥R wx]= Miyata(6)8]=]
5 HF 3t glucose 20 g, (NH,),HPO, 5g, KCl 0.5g,
NaCl 1 g, CaCl, 0.2 g, MgSO,-7H,0 0.2 g, KH,PO, 2 g,
K:HPO, 4 g& S5 119 =of 2t AR S A&
7 (pH 7.0), *7]°ll Na-caseinate 30 g% soyhean
meal 15 g= H7Ig B3RS AME-3leick(14, 16). 51
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Abz g LS Vel =% 2 o))y ,4-5}0:] o33} zho]
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< AF F 10217re] RAvbA o serrapeptase BAlo] T
A= G1a, vief 33417 e Hflol| 2dalede}. 1 o)Ak o
A ufoFs A E A4 3A o] A4S 74V A%rs HBaksl
At Bado s Hriy zeghe wiok &7) 12417
goll FA8] 2EFHUT o] 7|7F Bl {r]4ke] &
Mo 2 ujetole] pHE 6.5712] 23] J_Lﬁ}eitlr. F
o 127 o] Fol= thiAlgl FHHQUEES 7)A R B
Ao B A wljofde] pHE thA] AbEslr] X A}she]
AAZ] e =2@Sule 8.07H1] A3ttt A A7) o]
F Azl 713 37 iﬂi "rﬁﬂ =l 2|& A 4313}
€9 £A42% pHeE A%
Wittt ofu) T4 AAJ o] 7&4...51; 1
e e Aol A 2] v|FAE £rlEo] thulzlql F

i—g-_g 3}7} r—-sﬂa‘}Oi .PL_L.“’:‘?]- =+733] 71:1" 23tA ==

_{J
N
e
H
_%J.,
X
.._E'L
i?.,
%
[
&
oft
s
[ e
r')-d
of
=
2
i
)
e,

A 2] catabolite repressiond $% 97, %71"&0” of{gh

[
o ]
Dissoved Oxygen Tension

=

25 ~

§

1011

_.-'
R YUY . W
%

g

7
A
g
Enzyme Activity {.nits/ml)

10t

10*

Glucose(g1)
=
Viable Cells, CFU/ml

0 5 10 15 20 25 30 35 40 45 S0
Culture Time (h)

Fig. 1. Time course for the cell growth and and serrapept-

ase production in batch culture of 5/-jar fermentor using

Serratia marcescens YIT-1.

—(O—, viable cell; -®—, s

pH; —W¥—, dissolved oxygen
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& pH7F EA4e] AlEe] BHE YJAE 5 gt A
Z+e)t}, Bromke and Hammel+= glycerolol| 2] &) serra-
peptase 3ol A=)l 5 mM butyryl cAMPE
#74sb catabolite repressione| 3] 85+ 71-4 ¥ 73}
Ath(10). Pseudomonasoll A= acetate, citrateZ-= 7|
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Ol

SER(inducer)t AKX (represson=Z2A{C| F71&A
& 51}

Fig 1.0141 84088 = oF 334171 Yies =t
3 A v Aol A= vk 244 kel 2] E A7)
E wlasledcl. Serrapeptased] Y= = Table
13} 7o) FUg U8 fdle Aozl ozl §
rrEdeR, FESME el g vl HEloR,
Al 7R EES 2319 iAo g3t &

Table 1. Effect of organic nitrogen sources on the produc-
tion of serrapeptase in synthetic medium

Organic nitrogen Serrapeptase activity  Viable cells

SOUrces (units/ml) (CFU/ml)
no addition 560 8.3x 10’
soybean meal 1,560 7.3x 10"
soyprotein 1,220 8.5X10"
soytone 960 1.3x 10"
skim milk 2,150 8.7x 10"
Na-caselnate 2,470 1.5x 10"
milk peptone 1,260 1.3x 10"
casein hydrolysate 880 2.1 10"
gelatin 1,540 7.5%x 10"
corn steep solid 1,160 6.6x 10"
cottone seed meal 1,270 7.9x 10"
beef extract 1,060 1.8 10"
yeast extract 1,340 1.4 x 10"

*Basal medium; Glucose 20 g, (NH,),HPO, 5 g, KCl 0.5 g, NaCl
1 g, CaCl, 0.2 g, MgSO,-7H,0 0.2 g, KH,PO, 2 g, K,HPO, 4 g,
and organic nitrogen source 10 g/l in DW 14 pH 7.0. *Culture
for 2 days at 30°C.

3] ola1dh FARE H-(milk)FH #7]-H US4l skim
milk, Na-caseinate, milk peptone, casein hydrolysate
oAl S5l c). Aeromonas proteolytica®l 73-5= At
gk dAlo] ¥y =9lE=d], o] #AMS- Hanson e al.,
Cohen, Egorov ef al.-& olv]iAkell 2]k catabolite re-
pressione |2k dF5ivH(19-22).

Al 2L E2) thilde] A2 FoeEe], Aa
AL AR 71 oF7] Wi 1 Tk R
AFE-Ql olu] - AkSo]| serrapeptase?] A¥HAdO] v H =
od k-2 ZA}aleith(Table 2). Leucined 2% 9&-
&l B4 serrapeptase AEA-E 7FE] E318H3, cys-
teine& Eol& gl A2 2 serrapeptase?] WIS
72l A skA) b otnliAbE2 oFskR|ut v 50|
A oA} J&E = 7S ¢ 4 ek w=bA cas-
einAtA7} FEeo] opdz} 2718 #all4bE4l leucine
o olsl HE53, ezl A &= o E ofn Al
52 Fxr) oA A7 vz 53] cys-
teineoll 2]3l] AgFAlo] 73| QA== A= A7HE
o} 2y Expdiell A4fabrl @el % gluta-
mine, arginine, lysine 53} o] &Y o2 o]8-% 7
- A3 Ry eolE wEdle olnx A2 A
A APAS A8l EA) Qle AR Hol FHAm
Rof| A= Aol AlgE 2 429-S o 4 2ok Druck-
erv =3olal Neurospora crassal A= Al E9] &
ME A4 A e AA 52U leucineo| vt X5}
ATH(23).

Table 2. Effect of amino acids on the production of ser-
rapeptase in synthetic medium

Serrapeptase activity Viable cells

Amino acids

(units/ml) (CFU/ml)
no addition 420 9.2x 10"
glycine 580 1.3x 10"
alanine 610 9.5% 10’
valine 520 1.2x 10"
leucine 2,680 9.3% 10°
i1soleucine 610 8.9 10°
glutamic acid 680 1.6x 10"
glutamine 1,150 2.1x 10"
arginine 1,380 2.5x% 10"
lysine 1,170 1.6 < 10"
tryptophane 610 8.9% 10’
tyrosine 650 1.8x 10"
serine 510 9.4x 10
cysteine 130 1.1x 10"
methionine 220 1.6x 10"

*Basal medium; Glucose 20 g, (NH,),HPO, 5 g, KCl 0.5 g, NaCl
1 g, CaCl, 0.2 g, MgSO,-7H,0 0.2 g, KH,PO, 2 g, K,;HPO, 4 g,
and amino acid 1 g in DW 1 [, pH 7.0. *Culture for 2 days at
307TC.
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Fig. 2. Effect of Na-caseinate and leucine as inducer on the
serrapeptase production.
—(O—, leucine; —@—, Na-caseinate.

T RS A=AV
Fig. 2& =224 7H4 538 7h4 Qv EE3}
leucine®] =¥ BALAFY F X EFAE ARG ol
o} AA FE%9] leucineS 2 g/ of HYEAAZ e}
Wiz, 7 ESE 25 g/l"’é EH ) AAE el
A Al FHH| AU EE-S ot e E ook ALE-
HEg 7ErcE 8.—‘;16}‘3#%%.‘.:. /H/H 3 2| &5Hql F=d
o] EH= :3-';‘:"3 |71 vrehllo] AAl]l 22 leucine
ol x|vl 17]e] A<l ?}xﬂﬁlu}ﬁi-ﬁ‘a] ] aapdael &
o]t FHAIIVE S-S Al A el H 3 AAY,
& 4> serrapeptase?] :f"’ﬂ 0}“ AP e R % o] SF oo}
87| ool AAZE A]7]ol] 2Rg7jabel] 2HA|, g kol
A AH7)E]ojo) & Zlolr}, fFrMejwA] FAo] g4
Z|"el7| & 3tE R & Aol olsf A A Ealwmd o4
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Fig. 3~ 7HA|IGER2] H7FR| 7)o & F4A AAA]
Mg S Zlolv) AAFE 25 g/Le sjdaks A
+FE ARE3E 92 xgoll 15g/L, #iFF 10g/LE
vrol tiekgh Al7]el] Az 958 vlZE Aolo)
ARG EE H7FA7]= A4 Aol A=k & 24
?} Z e 128 3ke] 7 A e]dv) A-8-5e Hrt
747 Ba A ] AR wieF 641 7R o
t A A EFe] Bl ol Fallmir) 3fe] AA
x4l leucines WA= AE7) 7] wFolv, By
F E7|HE EAEH FEYLEM Bojes AAReR
AHE-E 7| 7ke] A7) wielth. AsAA el A3 &
sl 18417 ell= 7HAI)] HEES Hrele &4 A
FA F7E7F o viekR|be] AR A X odghe},
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Fig. 3. Effect of the addition of Na-caseinate as inducer in
the various time on the serrapeptase production. Na-case-
inate (5 g/l) was added at 0 h and 10 g// of Na-caseinate was
added at 6 h, 12 h, or 18 h.

-@—,0h —-O~,6h; -B—, 12h; -0, 18 h.

dHeze #AA7} AHdv}, ufe}r] serrapeptase o)
A FEERA 7R slokE 1241700 &3 =2
7 Follie s ate] vlekgt ez AztEL & A4
AT BHE mRNA 52 AgHAde] o)n] Hut Ao
Z A=} et ek Es) e FHAIRIVGE o) Mok

Ao viopdrle] el G40 Artis @idol
F43) £asle] Aol Frlels A B 4 e
AL T1Ae] EER AEY B3 KovmAs )Y
S ZEe) AAR wheo 2 Ha whale] s4rar)
T35 7] wfFolc) o]# g A= & 4o A Ao
A 71 e A AR AR A A S ST

H o2 -g-8o)

754t oo},

izt 2320 CI8 S8 =&

B2 opu| Al 7EEH] EolE)A cysteinedl] 23] A4
o AgAde] JAlEH, DA JpEESdd 23 A
Al repressors= cysteine?! 7Zl¢] #2lxglc} Table 3-&
cysteineRrg 74H3EA] = 242 methionine, K,S0,, MgSO,

& AA-EAS L]rEJr‘*H"“’“"'L’Jr wheba] 2] o) A7} = Ca®™,
Mg*7e F71dF < #3t8-& 9382 wAshd 2
A7HE o + ‘il?«iﬁ]' x4l odl7F 24H 4l Mg
° g MgSO,2t} MgClLE A& A5 oF 14% <77}
A5}t Braun and Schmitz{(11)9l] 213t Serratia
marcescens ATCC 254192 Al ¥ o] chil B g 4-2] o}
o A 24 ¥AAE 3 cysteined}d methionine®] $ltle=
YW el & -7 Aol 25 o] A x| vl g 49
A=A QS 5 4 gldnk zbed AQefA|ollA] o]




Table 3. Effects of sulfur-containing compunds on the pro-
duction of serrapeptase in complex medium

Sulfur-containing compunds

Serrapeptase activity (units/ml)

no addition 2,370
cysteine 1.0 g/l 480
methionine 1.0 g/l 1,250
K,SQ, 0.5 g/l 1,960
KCl 0.5 g/l 2,120
MgSO, 0.2 g/l 2,250
Mg(Cl, 0.2 g/l 2,580

*Basal medium; Glucose 20 g, (NH,)},HPO, 5 g, Na-caseinate 10
g, NaCl 1 g, CaCl, 0.2 g, KH,PO, 2 g, and K.HPO, 4 g in DW 1
I, pH 7.0. *Culture for 2 days at 30T.

M-S Bo| A4
7122 e 33 S

H==0 2l &s=1)
7ot d5or fr|dades 3o s 7
UUEFETH: 84 Aol Aglent F fridade

ok ¢

?/“}4‘3—‘% 735 A& (synergic effect)”} 2l 4] 7}
Aot ES THE o g AMas W Wb dEE 15 g/iS
X718 73—% oF 22%°| MAEH7} Aol AUt
(Tabie 4). ZHIIESS frEdd A= g g x| w)
522 JE2 Fr]Eadelt o] obd o& §
Z}E FA =it} Table 4 ole{’t w2 AeEst
o] QIAE #Hlslr] H3te] U] HIS AR Zlo]
oh, R §-E9e] dAEE ANl AeaI)
R, 278l AddsEAs Melsled s EAES

A A g AFS-elo]] Al E 37} Qle= Zlo 2 "o} ] Ghuy
A, Z2=gA] BExle] Alezalzlely AzrEYc) & O FR

Table 4. Effect of soybean and soybean components on the
production of serrapeptase in complex medium

Soybean and soybean Serrapeptase activity

components (units/ml)
no addition 4,460
soybean meal 5,480
soytone 4,140
aqueous extract 5,220
TCA* precipitate 4,210
TCA supernatant 5,070
ashed soybean 5,170
MnCl, 4 mM 5,860

*Basal medium; Glucose 20 g, (NH,}),HPO, 5 g, Na-caseinate 30
g, KCl 0.5 g, NaCl 1 g, CaCl, 0.2 g, Mg50,-7H,O 0.2 g, KH,
PO, 2 g, K;HPO, 4 g, and soybean meal 15 g or equivalent com-
ponent in DW 1 /. *Culture for 2 days at 30C. *TCA: Trichlo-
roacetic acid.

< 33 A 7S F4kell Fof uiR| o] H7HE A5 A
&7 Qlens %?]%B’_ﬂ% T ]°3Tra]' A2 9
o}, T2 a5 Tl =2
AlEg A3 Mn*'7F A7 Axfehe Zlo] &l
T, Mn®e] &3 Yol A¥E7 4 mMide| WA
t}, Table 4049} Zo] FHA|UUEE 522 H7IgE
A2} v]TA| Mn*" 4 mMS 83718 ARt
ol La A7} oF 30% As3tart. ol2dk Mn*'e| &
¥H= serrapeptase”’} metalloprotease]| =2 EAAA]
Hols F43AEE SN FE Aow AzE 4 glo
L, B AnkSAlee 288 ok7ke] AR} =)
7 2A HFA wjofdel Hrleojol A4 J7E FA
A7l 72 Hol 4 AP T 3}=7], A4 7
T o] = ZoE A O]Eﬁﬂ HAFL-
peptide#] 3442 bacitracinZ & E B o gl=d
A7) 2t EAARA dHAe 2 28517 ﬁ.t}-:.—f Al
¥ue] ByAd Svlely B s Qlrh(24, 25).
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7']-i vhepdoh apebd] FRAIIVER-& A Hs] vl E3}
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