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EFEHR GS-17 AL TS FMNRANMER
WEE EIH- BEY KRK

(HERERBEDTRAA LR 100080

ME EEEEM GS-17(Nocardia sp. GS-17) 1 it 4.7 % & DERE (Pullulanase EC. 3. 2. 1.
AW S D2 4 S R VR L S W 3K HE R AT #1 Pullulan-Sepharose 6B R R 7.
PR ER B -, IR 204 F, RMERREEE Y 55C, BE pHe- 2, 2T R
140000, 2565 & pl 2y 6.0, HMKREBEH . IHEHATRERR . EFARER. ME
SOCHRATHELHEEEE Ka X 0 90mg/ml, BKENEE Vo 5 57pmol » min™! -
mg~'. Zn™ . Fe'* .Hgt* .Cu®* .Pb** SRR MBI AT S0 4 B, Ca* A WIS ). B &
BENBELSENFIEEY . G ERRES T MM EEA X, R R 1129 M A ERRES
LAY BBREE , BEEY N R M FI LW N Ala-Gly-His-Gly-Pro-Asp-Val-Glo-Asp-Gly-
%WiE EFEEREGSIT.NEZHN. RANEE

¥ £ B8 (Pullulanase EC. 3. 2. 1. ADE—-HABREBEE EhLIHEERST
Y o, 6-EETRER, B I RS 1 AN G B TR A KRR, By TRER
FRALSHERHR. BLNEXERERETH REFORBEHEMERED EER
T A EEGN MY, FAEREAREAEFAREY I E T RANESER,
M HAYERHT T R,

KMNTRENEME D HA -BRERAEELWROHF GS-17. BRFERENF
+ B & (Nocardia sp. ), 3347 T BSR4 R BT 5.

1 HEFH*
1.1 S EOMmEN

SRR (a/L) N S WRW 10, K T F A% 10,NHCI 5,NaCl 5,Mg80,
TH, O 1,K,HPO, 1,FeS0O, » 7H,O 0.01,pH7. 0—7. 2,

HEHEHT LREAER, T 50C 200r/min { R BIEKFES 24 HRLAT
4000r /min 8008 % @K, WA WEBERG BT ¢ CRIKAET,

» RREANEZERHEESTIY.
ES TR
DEPC.: Diethylpyrocarbonate
NEM :N-Ethyimaleimide
NAL; N-Acetylimidazole
EDC: 1-Ethyl-3-( 3-dimet} ylaminapropyl Jcarbodiimide hydrochlaride
NBS;N-bromosuryinivaide
T 1992412 5 14 D H.
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12 BEHNHANE

REWER 3.5- R EAKEHEEET., 0.5ml 2UHHBEEMEBH,0. 1m] BEME Ak
(0. 1mol/L, pH5. 8)0. 3ml FM KR &S, FE SOCKBPTI 5 44480, 11 0. 1ml L5852y
BEHBEH 50 CR R 30 4340, KPP & 10 & IERN, FMA 3ml 3,5- K
RilH, 100CH KD B A 15 5815 HZEZE BRI 20m] HiB/K, 7 550nm ¥ & IR
B. £ LR &S FE44 7™ E lpmol KRR (LIMHE AR FENSER Y — T8
hefi,
1.3 RefhAE

BEOANEA Lowry 3B, D4 M EA SR, BrEEREEE RS Davis
B, A FRNER SDS BEa Kk, FhalleARNERRERSERE AR,
ENnBRECRMERNE ¥k —_SREanmga,
L4 1t

HBEZE o« B . BRY-HREEIHEAREAR =R, RS TRENE . SHEE
R A B AR 14 B 87 R (Pharmalyte pH3—10) ,Sepharose 6B 124 Pharmacia £ 7]
i 1,4-T B 45K H W%k (1, 4-butanediol diglycidyl ether), H & IE¥ . T HIEH.
DEPC % Sigma 2 8] 7 & ,NEM.NAI.EDC 3 E. Merck 24 8 7= & ,NBS Rt 54k T =
W RER KA P E R LT 8 AR R D A

2 HERAHe
2.1 ENpoiRsh

HMELT T4 BB ESKE 2 FEEBN 1/10,F 4°C 10000r/min 8.0 10 2608
FLULE , T8 0 %1 B B 42 ¥ (Smmol /L, pH7. 0)3E 47,

ENREHYEREHTLHERR MRS oS EERK G H (1. 6 X 20cm), B
Gk 2R R M H B, 400ml B H R MW HAT 0. 2mol /L A5 pH $EERZE nb W88 Bt
B, H % 20ml/h, 4 30 3B E—F . GBS EEKE S 20mmol/L BB M H
(pH5. 8)&Hr. LF WA 1.

Pullulan-Sepharose 6B [ ¥f #{ {£ Sepharose 6B fI i B £ 2 B H I, F H ik
Sepharose 6B £ 88 Lars Sundberg A7 B H145 . ¥ 10g Sepharose 6B /K ¥eikbhTF, 0
10ml 1,4-T Z 8 45 K H W& A 10ml0. 6mol/L NaOH (& 20mg WS L#),.F 25C
100r/min 8K KLY 8 /Mt , ZAB KR & L 25, RE LAY Sepharose 6B @ T 60ml
B 872 »P HE (0. Imol/L pH11.0), 10 60ml 4% M B LW H R (F pHI11. 0 IR A B
WD, 40CEE P KA 16 /it pH11. 0 SRERENE Ml RIB K T4 BE ik, ¥ FJ5 0 50ml
HEZBMBRB (Imol /L pH10.0),30 CRBSHBREZRE N WA EE, BB KT RES
¥ (2. 5X10cm) , I RGRR & ™ ¥ (20mmol /L ,pH5. 8) -4 .

REFRKAHEH SR _LH T Pullulan-Sepharose 6B 21 Z#7#E, L 5ml/h,
BHEZEWH . 1mol/L NaCl ERMEES . H 1 YN ESRAM R TESREWRONE,
WERE NN S RRE 2,

R4S H RN 1mol/L i CaCl, Z& B 5Smmol /L, 45 CHR IR T8 4 98 % 3 5t
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1 HESHRURERKOERN

Fig-1 Chromatography of pullulanase on hydroxyapatite
1. 280nm WL Aseos

2 MBEWMWIET) Activity,

3. W8R8 ¥ % Mk B Concentration of phosphate buffer.

w7 5 Activity (A )

FAK S BV BN, SH RS R LE 1 ERKST R, WIERE 264 fF WS
B Y 33% . SRR BRERR Ak EZ NN -EAR.

¥ HARRSEMRRS

Table 1 Purification of thermostable pullulanase

- 3 RIS BER 4] i E L
Step Volume Totsl activity  Totsl protein Specific activity  Activity recovery Purification
(ral} (unit) {mg) (u/mg) (%) fold
e
Crude enzyme 384 284 1422 0. 29 100 1.0
b4 1
Ultrafileration i6. 7 233 273 0. 85 82 4. 25
REBKGEER
Hydroxyapatite 213.3 201 B7.3 Z. 30 70.8 11.5
chromatography
FHE
Affinity 37.5 93 1. 76 52.8 33 264
chromatography
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22 BHR

221 BFAMREREMR
BEpH: EARRBER pH T
WEME S BEANBERE
X55C, B pHEN 6. 2,
222 MR BREH - BHEE
10mmol/L pH5.8 K& 8§ 28 o W
(4 Smmol/L CaCl)) ¥, FE#
- ETRE 0 SHEMERNREE
BN URLRBEHE R
100%, M8 50CH W &E HH
96%, 55'CRf o 85%, 60 CHF R
9%,

22.3 B pHBREH . BHEAM
AR pH EHE W7 30CHE
30 444 )5, A 0. 2mol/L pH5. 8
R HGEE pH, B E 85
5. EMEEE pH5.5—7.6 AN

BE.

MEH ActivinviA L)

¥ ¥ Fraction number

B2 HBLEMHEME

Fig. 2 Affinity chromatography of pullulanase
on pullulan-Sepharose 6B
1. BEYEHE Azpo:2. MBERME N Activity.

22.4 BMHEWL —HEKBTYER . URFOBKLEYDEY 8B HE
7 U B AR 1007 (& 2), BKBARIKY (1 % &Y . 10mmol /L pHS5. 8 &
BREWH. 0. 1 ILERE) ,SOCRIY 12 /Mt , R LA ETH.ZB. k(@2 1

DRF X —EEB AR BA 3.

¥ HRSMMB BRI

Table 2 Substrate specificity of pullulanase

E @ X E A
Substrate Relative activity(%)
LBEWR Pultulan 100
RN Amylopectin 40.5

Gk i34 0 Soluble starch 35.0
HEt R Amylose 8.0
» B Glycogen 4.2

WKW GS-17 M SRR K 1 B 25 08 | 52 58 58 B 6] B 45 3 40 W0 S K el IR 0
E®Eh. KREESENWHEF=HRVBEE AW, Plant I8 5 v # 5% 5 8
(Thermoanerobium Tok6-BUM M BE WM T KBEBEZ RS T o« 1,6 HHE, &
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LA 7K 4% B 6 0 Y R S BT TP Y -1, 4 R BRI R EF R (DP2—DPY) , M £
REGS 17T BBLRMBAKBESESR  KRIHER D PEARI TEER, XY
ZEMAREATES T 1 e BHR. MAEMT « 1,4 8.

B3 MBEZHKBRIRKEDHEREEGH
1 HEAREH: 2. XN NBEM 4 AT ER
¥ std. HIEEEERSH (G -G G1,G2,Gi, Gy

G RS P T R EL = R T R
G: EWRET AR,
' GB:_ @' L Fig. 3 Thin-layer chromatography of hydrolysis
:G‘u : products produced from different substrates by purified
% pullulanase
¥ lane 1,amylose; lane 2,amylopectin; lane 3,
pullulan; lane 4,souble starch. Abb reviations: std. ,

standard mixture of oligosaccharides(G) —Ge), G1+Gzy

Gs, Gys Gs. Gg are glucose, maltose, maltotriose,

maltotetrose, maltopentaose and maltohexaose

respectivily.

2.2.5 BEATHESEMRREEMBARNER. UAHEESE KD EARKE
FTRIEMIE S, ULEARRR N EE, # Woolf-Hofstee YfEEl. ZBER THESEHN
K EHB Ko K 0. 90mg/ml. BK R EE Vo ki 57pmol » min~™" + mg™',

2.2.6 MNATE -MHSTFEASDS-ERESBBERBKENE, hirnEEa YRS
FHBEEEN N TEA 140 000(H 4).

2.2-7 RIS pL. IR PO B2 B B 5 b B AR B E , PP R ik pHIB-10. BERY
S Hpl #6.0, _
2.2.8 FHALBEFEBKLEYMEEINEN. AEERE TR ERNFETS
SENETE J1, LASLRETE /1 20 100% i W AEXTIE S, 1. Ommol/L i Pb** ,Cu®™ [Hg’" .Fe®",
Znt AR BRI R B MR E AR 10%, 1. ommol /L #) Ca®* X R¥H B KMIE
Ve, RSO A IE 510 105% . a- B Y-SR MRS X GG 0 A — MBI 1E AL, b Y- 3R M)
WVE R K, ZEWE S 10mmol /L B REHI R ARIE 14908 50% .

2.2.9 ARREEAFMELE S EE I GTR . BEARE N E S RN L2 B
#IF 30°CARE 30 24, LU ISR 9 BEXE 10k 100% , FERRER S TR R RARTE (R
3). BRF ¥ A NBS #5400 K8 W I 2 8 & 66, A BB A 280nm (B 5) . &
BEREFEBHN NEM, BERMRZEMHH NAL A& B E M7 DEPC Z£#E N 10mmol /L
w6 REHE T B BN VE FH , S R EDC MBS A — i1 A . f S AR M fH NBS X
BEIE A R B 4R L M2 NBS v, SRR A D REAE, 61T 335nm BB HMRE
B S S AR B BRI , 24 NBS 2 10pmol /L BHUA 6. 4% B9 IR 45885 /1,3350m 4bM)
RSB NE, BT 2R pH BEMERH,NBS BHM KN &K FES pHS. 0, HEf
R R0, @ W . MR R R RS A RRBRE SRS T LR/ EA.
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%3 EORMSLESARNMNEHRES

Table 3 Effect of modification reagents on the activity of pullulanase

M K BB A Relatve ety
Reagent Concentration Condition
§.9)
None - - 100
NEM 10mmol /1. 50mmol/L phosphate buffer pHS. 0 90
NAI 10mmol /L 50mmol/L phosphate buffer pH8. 0 95
DEPC 10mmol/L 50mmol/1. phosphate buffer pH6. 0 79
20mmof/1. TEMED-HCl+ 10mmol/L
EDC 10mmol /L . 69
glycine ethyl ester pHS. 0
NBS 1. Opmol /L 50mmol/L acetate buffer pHS5. 0 97
2. 5pmol /L 50mmol/L acetate buffer pHS5. 0 84
5. O0umol /L 50mmol/L acetate buffer pH5. 0 61
10pmol /L 50mmol/L acetate buffer pH5. 0 6.4
s() -

2% Y. % & Relative fluorescence intensity

300 , ‘ 3‘5;0 400
#  Wave lenth (nm)

B4 SDS-RABBEEREANENS TR BS ARIENEGNBS SNEOIELN

1. BN 2. FEEAR Fig. 5 Fluorescence spectra of pullulanase after
Fig. 4  Molecular weight determination of NBS modification
! o oAG —— WBURRRE NBS Sl 30 0
pallulanase by SDS-PAGE R, NBS WA EFTHRKN
1. Pullulanase; 2.Standard marker 6,1. 0,5. 0,10. Opmol/L.
proteins; phosphorylase b (94000), Fluorescence spectra of pullulanase

after reacted with NBS for 30min.

albumin (67000) , ovalbumin (43000}, NBS co trations 0, 1.0, 5.0 and

trypsin  inhibitor ( 20000 ), e 10. Opmol/L ,down ward;
lactalbumin (14000). —H O 5UMBREMBRIRE AN
. NBS %/ % Spmol/L

Fluorescence spectra of pullulanase
protected by 0.5% pullulan ( NBS
concentration was Spmol/L).
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R -FRECERBRESHRENXR RITETT KR AR . EE TR ED

R5 T RE 10umol/L [y NBS 38815 1169 %%, L0048 45 ) 60 NG M %t I8, SR WA
& TR Yy o FE S8 TN T I8 00, 24T BE 0 0. S %), MRS 1 7695, X Mbek Rl
BERAMBRECFROBAGE. FEXRU BN AR NS LIENYIEER
BT, ERNHTREFHETREENH EDC MEENMIEE LR, XTS5 E N
PHRABAX. .
2.2.10 MR ERA - BHERL 100pg, 110CER KR 24 /at,  Beckman 121MB
HEERSATNE L EERAM.GIn 5 Glu &t K Glu,Asp 5 Asn &H K Asp, Trp
RWME . R 4. Suzuki FATGT T LA EENNB SR T ERAR 5K
BEAAXR, A THREREE SR BEAFREXE. S FK#E GS 17
MEBLEMABAREAKEERTELS ATERAGAB TR RGN ER 2 —.

x4 TESHRNHEERER

Table 4 Amino acid composition uvf pure pullulanase

AR HEESYR BX¥N

Amino acid mol % ¢+ Residues
Asp 9.5] " 110
Thr 5.32 61
Ser 14. 58 173
Glu 12. 81 148
Pro : 3.59 41
Gly 13.58 156
Ala 7.32 83
Val 3.36 39
Met 3.06 35
Ile 6.87 79
Lea 5.76 66
Tyr 2.37 27
Phe 2. 34 28
Lys 4. 46 51
His 2.BQ 32
Arg 1.91 22

2.2.10 B N EBEAF b  SiEE 549 30pg, i Edman %8 ¥:, Applied Biosystem
ATTAZBARF R (M B N K HED 25 Ala-Gly-His-Gly-Pro-Asp-Val-Gln-
Asp-Gly-,

B AFERENTERSFHECER ERERER SR E R, BEK
#t.

£ % X W
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PURIFICATION AND PROPERTIES OF THERMOSTABLE
PULLULANASE FROM NOCARDIA SP. GS-17

Bao Donghui Wang Zhengyi Yang Shoujun Zhang Shuzheng
(Institute of Microbiology , Academia Sinica, Beijing 100080)

Abstract A thermostable pullulanase(EC. 3. 2. 1. 41)from a thermophile, Nocardia sp.
GS-17,was purified to homogeneous by ultrafiltration, hydroxyapatite chromatography
and affinity chromatography on pullulan-Sepharose 6B. The enzyme was purified 264-
fold. The enzyme had a molecular weight of 140 000 by SDS-PAGE. The isoelectric point
was pH6. 0. The enzyme hydrolizied a-1,6 glucosidic linkages of pullulan,amylopectin,
soluble starch ,but not glycogen. The K, and V,,, values for enzyme activity on pullulan
at 50'C were 0.9%0mg/ml and 57pumol « min~' - mg™', respectivily. The optimum
temperature and pH for activity were 55°C and 6.2, respectivily. The enzyme was
activated by Ca’* and strongly inhibitied by Zn®**, Fe*', Hg**, Cu®*, Pb** and 7-
cyclodextrin. Modification of the enzyme with 10umol/L NBS led to loss of the activity
and substrate could protect the enzyme from NBS inactivation. These suggested that
tryptophan residue may be located at the binding site of the enzyme. The amino acid
composition and N-terminal sequence of the enzyme was determined. The N-terminal
sequence was Ala-Gly-His-Gly-Pro-Asp-Val-Gln-Asp-Gly-.

Key words Nocardia sp. GS-17 ,Pullulanase ,Purification and properties
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