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Thermostability and Resistance to Proteolysis of L-Asparaginase Purified
from Streptomyces lincolnensis M-20
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Abstract — Thermostable asparaginase was purified to homogeneity from mesophilic Streptomyces lincolnensis M-20 by
30~70% ammonium sulfate precipitation and asparagine-Sepharose CL 6B affinity column chromatography. The apparent
molecular mass of L-asparaginase by SDS-PAGE was found to be 47 kDa, whereas by its mobility on Sephacryl S-300 col-
umn was around 180 kDg, indicating that the enzyme at the native stage acts as tetramer. The purified enzyme showed a
single band on acrylamide gel electrophoresis. The optimum pH and temperature were pH 9.5 and 55°C, respectively.
Chemical modification experiments of purified asparagines implied the existence cystein residue located at or near active
site. Purified asparaginase retained the 85% of the initial activity after incubation at 90°C for 30 min. A correlation between
themostability and resistance to proteolysis of commercial asparaginase and purified asparaginase from Streptomyces lin-
colnensis M-20 was investigated. Purified thermostable asparaginase was resistant to trypsin and chymotrypsin treatment,
while the commercial asparaginase was not themostable and was susceptible to proteolytic treatment with trypsin and chy-

motrypsin.
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A 4 =38 o]}, L-asparaginase= Hodgkin's disease,
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w2 579 YME7} L-asparagines A3 Hast 9403 @
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L-asparaginase, asparagine, aspartyl B-hydroxamate, Sepharose
CL 6B, phenol red 5 Sigma(St. Louis, USA)°l 41, 1.2] Hj
A& A]eke Difco Lab(Detroit, USA)IAM, 28] Ayt SullF
= Merck(Germany)ollA] T8kl

L-asparaginase 42 o50] &2

L-asparaginase A+ 455 Halsl7] st} A nas
2l oJ8] B|AME-S5-S Lasparaginase detection 33 ¥iA|2Y (g 1)
L-asparagine, 10; D-glucose, 2; KCl, 0.52; MgSO,* 7H,0, 0.5;
FeSO, - TH,0, 0.01; CuSO, - 5H,0, trace; ZnSO, - 7TH,0, trace;
agar, 20, pH 6.2 o} T3 5 30°CellA] 7437t wiekeisich. 1
3 0.001% phenol red £%-& Fol| Ak vix| el Fof Y=
gkmiijolo]] 2J3) phenol red®] wm#o] H2M o7 Wl o
FZ L-asparaginase A4 A8 #F2 A

o5 HiF =2

Chitinase At TF& AR M| B3k v} Q= Streptomyces
lincolnensis M-20 T5-7} asparaginase detection 3E 8l=]el|A]
72 Aoz wilEol Ay gz Adsith L-
asparaginase A4t HiRE RS9 2 2438 7 v E o] &
stgick ASP ¥R @ (g 1Y) : D-glucose, 5; Na,HPO, - 12H,0,
1.6; K,HPO,, 1.0; yeast extract, 0.5; KCl, 0.5; MgS0, - 7H,0,
0.5; FeSO, - 7H,0, 0.01, pH 7.0. 75 ulo¥ale 30°ColA 160
pmO.2 4U7t vioFsiSict.

. HydroxylamineZ O|&8} L-asparaginase &4 £3H
L-asparaginase Z73& ¥H-SNPE 40 mM L-asparagine, 100
mM hydroxylamine hydrochloride, 100 W/ #2293} 50 mM
sodium borate buffer, pH 955 #HE %7 L0m/=E WHE F
55°CollA SA|7E wRSAIZT) 1 F 125 ple] chromogenic iron
chloride A]¢k [FeCl,, 100 g, trichloroacetic acid 33 g& 0.7M
HCIl 521 Alel] & 37ksid W5 W3l 5,000X goflM 102
7+ 94 Haslo] AHSA9) aspartyl p-hydroxamated ¥33%
AE 0183t 500 nmoll A FTFEE S vlF Ade=
A Al s Arlsle] 9o} 2 vhe-g sl
T2 238 5 A8 FE=AA wE gow a4 B4E A
ARSIt 4 241 Units 1329 A€ 1 pmold) aspartyl p-
hydroxamate®} S4%E 32 BF FX02HE F3lo] At

B0 |

e A ES 4°CollA] esich

Streptomyces lincolnensis M-20 F+& L-asparaginase J 4t
HjA] o] 447F HoFsh TS 8,000X gl A 10 min ¢4 F2]8h
252 38 Ak 2 F 2589 AEE 50mM sodium
borate buffer, pH 9.5 @&5}4] vibra-cell sonifier(Sonics and
Material INC, model VC 130)5 ©]£3}] 6 WellA 1#3 64
A 2gukE Hesisich 259 X ¥ oA] A Eelsie] A
SAE ZHEANCFE Fal B o] &3t B4 v

2 BIO-RAD protein assay reagentZ ©]£3}o] bovine
serum albumin(BSA)YS EF ©dFE EF F4-& 28
Bradford(1976) 12 2. #sigith.

L-Asn-Sepharose CL 6B affinity adsorbent £

L-asparaginase= 2] 2 93} L-Asn-Sepharose CL 6B
affinity adsorbent'”E The3} 28 WrHoR st WA
Z842 M2 3 Sepharose CL 6B, 10 g= NaOH(0.6 M, 10
miyg-8el A7l 4A17F B Aol F]Uth. o] &) 14-
butanediol diglycidyl ether(10 m/)¢} sodium borohydrite(20
mg)E A7ksle] 3] A oA Ad2elA s FUTh 84
3 Ag st 2e o 200w FHTE AL L
asparagine(1.2 g& 20 m/2] 0.5M Na,CO; €59, pH 1021 3
Q1 A Arsle Aol 72A17E B9t A AojFAAM HE
So] AALEE st yhgo] ¢HEE AL 400m FFHRT
2 AT 20% ool go] 4°Coll Basiict.

L-asparaginase &2/, M| -

Streptomyces lincolnensis M-209) ZEANOZHE] 3 4=
Ug AW @B0~70%)7 L-Asn-Sepharose CL 6B affinity
column chromatographyH& ©)-83l¢] L-asparaginaseZ A8t
gtk At 4RYE 30~70% FE3} e FAE 2FgAY
& 12,000x gollA] 303 A4 ®eElete] S Fof 50 mM
Tris buffer, pH 8.5¢] #E F #2 dFHo2 FHA|A 34t
AU S-S AASG. T3 FANS T gFdo HY
3A17) L-Asn-Sepharose CL 6B affinity column®l] 3 7}s}31
0~0.7M KCI& &5t 502 S Azt &4 23S &
o} FEHA7|L gFHor FAGI

SDS-polyacrylamide gel F7|¥S2 2X12 &3

2, AT A NS Laemmli(1970)8 4 el @} 10%
SDS-polyacrylamide gel 271 9%-& F3t3lor], EF &
© 2 BIO-RADAS] BEF S ARSSIITH 49 AR
2 Sephacry S-300 column chromatographyS -3} bovine
throglobulin(669 kDa), horse spleen apoferritin(443 kDa), sweet
potato B-amylase(200 kDa), yeast alcohol dehydrogenase(150

kDa), bovine serum albumin(66 kDa)#} carbonic anhydrase(29
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L-asparaginase0]| L8t pH2} 2x°o] A&

azol ek pHe) YL pHh O THe T 2L 50mM 5
£ gFAA Tk WL FYstel 2ARHATh Sodium
acetate buffer(pH 4~6), phosphate buffer(pH 6.5~7.5), Tris-
HCI buffer(pH 8~9), sodium borate buffer(pH 9.5~10.5),
Glycine-NaOH buffer(pH 10.5~12). &%2] 432 20°C~80°C
oA 1A WS FA3l] ZARISIH

L-asparaginase®| S{2}% Hy ¥

2eje ke B Aele] Boldhe ofelicAt WY FRHE
TAREL] 913t 57 A7|sp5eld oz AHsl] shEy iy
% Yo7 AOS 0~10mM FEZ A whsAo] Hrlst
o &2 B WEE 2AIIAT. A ASHEE Diethyl
pyrocarbonate(DEPC), phenylmethyl sulfonyl fluoride(PMSF),
Phenylglyoxal, N-bromosuccinimide, Chloramine T, Woodward's
reagent K, Todine, 5,5-Dithiobis-(2-nitrobenzoic acid)$} Picryl-
sulfonic acid2 &4F $h3-3 50 mM borate buffer(pH 9.5) 1l
F7¥ele] 4°Cellx] 3087 RhAI] = 71 S Arlete] &4 wb
& S48 &8 ¥y Aoks ArkekA] & a4 84

2 B 2N 2ste] vy S0 wlmalgict

L-asparaginase?| 24084 =A}

Streptomyces lincolnensis M-2025-8] &2, AA" L-
asparaginase®} ABE I Q= Escherichia coli®] L-asparaginase
9] A4S vlm 2AEH] Aste] 50 mM sodium borate

Fig. 1- Detection of L-asparaginase production of Streptomyces
lincolnensis M-20 grown on asparaginase detection medium
by color change of phenol red solution.
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buffer(pH 9.5)°1 6 unitsy/m/®} FEZ. HAF Hrlstn of2 7}
7] &5 A 3083t E v 9o EF 951 EF W
o olAste] ik BYS SHAc

L-asparaginase THY 7| 28 §40) Cfst Mgy oiF

A=l L-asparaginase$} 2], A A|$t L-asparaginase®] &
W 2 mae] g A o5& vlxaty] 9k 7 L-
asparaginase 5 units 2 50 mM Tris-HCI buffer, pH 7.0° 37}
Sla o 23] 5491 chymotrypsind} trypsing 2z} 2} 2 7}
2] FEZ sl 37°CelM WhSAIZIHA IS 7uiA L-
asparaginase Z4S ZALSIGICE, vl go80 2= ol B3
BE4E HVIBHA & AJElelA] L-asparaginases 22 272
2 Agste] n)wsigith

L-asparaginase 24 #Fo| £2|

L-asparaginase® AAitehs & @87l 939 L-
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1 L-asparaginase©]] 2}3l A48 = 1jo}E phenol red &
& Fo| F20F FHol 7 go] Wikl g A¥ 45
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%713t phenol red?] o] HE&M 02 HIESIS-S AT

L-asparaginase2| 22| % H|

L-asparaginase “J4F wix]ol|lA 4UZF 712 Streptomyces
lincolnensis M-202] MXE 253 Mg & & Ay 23s
30~70% E3} 34t FRLE M7} L-Asn-Sepharose CL 6B
affinity column chromatographys <335l Fig. 2014 R u}
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Fig. 2 - L-Asn-Sepharose CL 6B affinity column chromatogram of
L-asparaginase from Streptomyces lincolnensis M-20.
Enzyme activity, (): Protein concentration, (@).
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Table I - Purification steps of L-asparaginase from Streplomyces
lincolnensis M-20

Total Total  Specific e
Step protein activity a(I:)tiVity Punffl) ?gtlon
(mg) (Units) (U/mg)
Cell free extract 4546 500 1.1 1
Ammonium sulfate
Precipitation 230.7 450 1.95 1.72
L-Asn-Sepharose
CL 6B Affinity column 56 1725 308 28
chromatography

9} 7+o] L-asparaginaseZ 0.3 M KClolA] €& A7t} Table I
oA R vlel o] 2882 A€ 30.8 U/mg - protein®] 2HA]
& 712 L-asparaginaseS A&t

SDS-polyacrylamide gel X7 |¥Snt 22k &5

¥, AAE L-asparaginaseS SDS-PAGESF Z 3} 47kDa
(Fig. 3014 @ WI=E 1 o, Sephacryl S-300 superfine
columns ©|§3sle] B AT §& FulE n|wslo] A=
< AR A3 180 kDa® Z AXIESIch ol2fet AnE n)Fo]
L-asparaginaset= 4719 ATAAE HASS 4T = ok
olg] g AYET} [ WYHof|A] KalE L-asparaginase”} 271,
PN FL 6709 APz T Ee] Qrh= Bugl U
sk Zo® vERtt.

=X pHel 2=

“dA9 L-asparaginase®] # 2] pHE pH 4.0¢14 12.0 9]l
Al FAKSE A3 pH 9571 549 A pHel 2o ettt
(A3} vAA). pH 95% Serratia marcescens®(pH 8.5)F
Saccharomyces cerevisiae®(pH 8.6)ol4 Ha® EAE9] H3Z
pH B} o & A0 7 o] thg oMz 4ved
M98 pHellM 47k H2& vehlie 2e2 dAsIth &
29 HF &EE 20°C to 80°CollM 2ANsH Ao} 55°C Ao

SDS-PAGE
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Fig. 3 - SDS-PAGE of purified L-asparaginase from Streptomyces
lincolnensis M-20. M : protein standard marker from BIO-
RAD, A : cell free extract, B : 30~70% ammonium sulfate
precipitation fraction, C : L-Asn-Sepharose CL 6B affinity
column fraction.

2 ZAMQ e m A2 vlA|A) Candida wtilis'®2] G204 B
17 29l X3

L-asparaginase?| 2} 83

229 540 A Aelo fdoldle ofn|vAl 2|9 BHE
AR Slstol 53 7195018 0w Agtslo] gshA Wy
& doNE A2k 0~10mM FEZ J4 whglo] Hr}alod
B4 WH3kE ARSI Table TlA Bz vle} 3o} %
A% L-asparaginase+= diethyl pyrocarbonate, phenylglyoxal 2k
iodine §-ell SJjAli= FAo] AAEA] = Aoz vERTh
o] A¥}E w|Fo] histidine, arginine®} tyrosineS- &4 x}2ol

Table II - Chemical modification of L-asparaginase from Strepiomyces lincolnensis M-20

Relative activity (%)
Final concentration of modifier

Modifier Modified amino acid

10 mM 1 mM
No add - 100 100
Diethyl pyrocarbonate (DEPC) His 103 100
Phenylmethy! sulfonyl fluoride (PMSF) Ser 63.5 88
Phenylglyoxal Arg 102 100
N-bromosuccinimide Trp, Cys, Tyr 66 105
Chloramine T Met 90 98
Woodward's reagent K Asp, Glu 71 79
Iodine Tyr 100 100
5,5"-Dithiobis-(2-nitrobenzoic acid) Cys 115 56
Picrylsulfonic acid Lys 88 99

J. Pharm. Soc. Korea
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Fig. 4 - Thermostability of commercial- (@) and purified L-
asparaginase (W) from Streptomyces lincolnensis M-20.

Pl = A0 7 FHEU E. coli®) L-asparaginase I
= arginine®o] #A z}E]o] HoJsh= Ao ® B uHIL) 5,5-
Dithiobis-(2-nitrobenzoic acid)®] &A= AAE &4 FAo)
Ao} 12% HE2) ks vehd 2= cystein 3717}
24 Alel Aolsle Zo® JZE]c

L-asparaginase®| 20HHA

E. coliolX Ee]® A|#-g& L-asparaginase®} Streptomyces
lincolnensis M-200114] ZJA1= o] &42] AWYAGE ofe] =0
A1 Blagt A3, Fg, 404 B vle) Zo] Alig A 75°C
A 8] gdo] A= LY, Sheptomyces lincolnensis M-20°
A AR S 75°C7H) B3-S ebds] A8 e, 90°Cell
ME 8% BdE ARlshe AoE de st 547 FYH
et FEatelx] Fel 540 P 2 Lol uist v
Ze] A=l tigt 712} A+l FQgt 207 A1 vk 4
QFgAdel B3t 7|Z0 2= WA A AT 2, o33} A3, &
T3 A AUE opn|xAizte] A Zg50] fofshs 207
iz Qltk welE &40 oA M@} 725 FARB o
Yol Bofsls 71ake k= Zlo] o o7 Algr).

L-asparaginase®| tHY Foll S0 CHEE X&H =A}

E. colidllA 22}® Al$§ L-asparaginase$} Streptomyces
lincolnensis M-20°14 A o] &2 A= vy R
#5491 chymotrypsin®} trypsin®] thdt &) o3H & Al
o}, Table IMeIA 2= vk} o] Al L-asparaginase= %ol
QA 2 Aoz Yehton, ol Rl Fie] X3S
7EAA] dgket, wbel] ol 8%t Streptomyces lincolnensis M-
200014 AR o] Ea W 28l ae] AP e A

o7 AT daAAE 71X Ao B3R glutamine
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Table III - Comparison between proteolytic inactivation and themal
stability of commercial L-asparaginase and purified L-
asparaginase from Streptomyces lincolnensis M-20

Proteinse used Susceptibility to proteolysis
(incubation time) (% of activity remaining after proteolysis of enzymes)
Commercial L-asparaginase purified L-asparaginase

Chymotrypsin
1h) 25 100
(4h) 0 87
Trypsin
(1h) 17 100
4hy 0 92

Proteinase concentrations were: chymotrypsin, 0.05 mg/m/;

trypsin 0.05 mg/ml.

synthetase$} 6-phosphogluconate dehydrogenase2] 73-9- ©¥
TR faol A0S JiE Aoz deA Qo dula
o] Zojzlo7 aia vl 714 B3l Aol A vh3slEE o
g 7R DR Aol Fu Dt TS 7HAY
1Ql F2E 7H ReE FHHI vk
< | =

o]l F7J3t asparaginaseS 2! Sireplomyces lincolnensis
M-209] AMxu] EZellA ik R FRH(E0~70% 3}
2oy} L-Asn-Sepharose CL 6B affinity column chromatography
£ o] &3] ATt 549 FAEE SDS-PAGEE ©]| &3]
o] LSt A3 47kDal 2 e or, Sepharose S-300
column chromatography Z3} 180kDal @ i}epi} A
asparaginase= 4719 AR F49E A o=E FAHCh

&0 33 pHe} A 2% 247} pH 959} 55°CQ1 AL
2 FAEQeH, 24 Aol digt 3182 Wi Ads 3 A
cystein?7 |7} EAdAtE] ol Holdh= oz vEksitt.

gk E4F 90°ColA 303 & 3 4 S Ak A
7 85%9] A BYE FAIBHE 2o E YERKTh o] §49 o
P whal e ol it Aglel A WS zAlEH
AT} E. coliolX] A =lo] Al asparaginase®} Streptomyces
lincolnensis M-2014 2], A A3} asparaginase?] d+44dz}
v 23] F2 trypsin® chymotrypsindl] that A oJRE
Hlwet A, A2h= Gof] EqPYsigion v el G4 o

o]
2AFE FA9] 7o trypsindh chymotrypsinel Tt A5
o & F0% ek,
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