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Production and Characterization of B-amylase from Saprolegnia ferax. Suk Bai*, Nam-Chul Cho'
and Soon-Bai Chun. Depariment of Microbiology, Chonnam National University, Kwangju 500-
757, Korea., ‘Department of Food and Nutrition, Dongshin Junior College, Kwangju 500-714,
Korea - The Oomycete Saprolegnia ferax produces an extracellular B-amylase. Maximum enzyme yield
was attained after 7 days of growth in YNB starch medium (pH 6.5) at 25C. The amylase was pu-
rified 24-fold by ultrafitration, HPLC DEAE column and HPLC gel filtration. The purfied enzyme was
a monomeric glycoprotein with a molecular weight of about 44,000 dalton. The pH and temperature
optima were 6.5 and 50°C, respectively. The enzyme was fairly stable up to 50C and at acidic pH re-
gion (pH 4.0-7.0). The apparent Km and Vmax values of the enzyme against soluble starch were 0.77
mg/ml and 2,174 umoles/mg protein, respectively. Amino acid analysis indicated that the enzyme was
enriched in alanine, glycine, leucine and acidic amino acid. Starch hydrolysis with the enzyme released
maltose but not glucose, whereas maltotriose, Schardinger dextrin (ot-cyclodextrin) and pullulan were
not hydrolysed by the enzyme. The enzyme was inhibited by Schardinger dextrin, p-chloromercuriben-
zoate(PCMB), Cu™ and Hg”. Inhibition of the enzyme by PCMB could be reversed by the addition of

cysteine and mercaptoethanol.

B-amylase (ot-1,4-glucan maltohydrolase, EC 3.2.1.2)
= AR2] o-14-glucosided §H-& vl gt o 2 B g 3]
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Bacillus cereus(3), B. circulans(4), B. megaterium(5,
6,7), B. polymyxa(8, 9, 10), B. stearothermophilus(11),
Clostridium thermocellum(12) 123 C. thermosulfuro-
genes(13,14) 3 2& HldFgo] AAFIE B-amyl-
ases’7} AA =] 21 EAJo] Ba¥l b} )31, a-amylase
v} glucoamylaseS T2 A4ibshs FFolo} & 2 FolA
= Aspergillus oryzae(15), Emericella( Aspergillus) nid-
ulans(16, 17), Hendersonula toruloidea(18), Phaffia
rhodozyma(19) 12|13 Brettanomyces naardensis(20)°l
A} B-amylasesel] #&F A7} ldet.
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Folvt F710lv BT AEA 22 FEA st
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2 Ao x] AL’ FF Saprolegnia ferax ATCC
36051013t FFEREL GYWR|(0.25% yeast extr-
act, 1% glucose, 2% Bacto agar)®} 3% soluble starch
E 3-8k 2 4280 2](0.67% yeast nitrogen base [YNB],
2% Bacto agar)ellA FAFAE 25CE 5-7U 7 wjekgt
F 4ol B s eor 45wk} Aldiuleksisict. 6
Aol AR8-gF A]2F2 Difco Laboratories(Detroit, Mi-
chigan, U.S.A)ellA Flstsd o o] Fe] #HA|, of
v Al 24 Bl 83 /‘}"ko Sigma Chemical C().
(St. Louis, Mo., U.S.A)A &L A18-3lsde}. 7]e}t 7}
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S. ferax®] FAREEN(1-2x10°/ml) 1ml& 0.1 M
sodium-phosphate $+&-8-H(pH 5.0-8.0)° 1% solu-
ble starch®} 0.67% YNBE &7}t 50 mlui =] ol A F3}
o] 25CellA 5757 7kR (7)) ﬂﬂ“ﬂ‘f’fﬂ 2084
01 7]"201' '?'6‘5‘\0:‘ HHOO]: pH —7!3—/‘]'6}' -‘4;\4 HHO}: pHEﬁﬂ
olA] w252 F 10-40TE 5]'0:} ﬂ&ll W f2 T F F A}
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S. ferax £A} 88N-S 1% soluble starch 3% YNB
X (pH 6.5) HF3w 257TAA 7] F7|7%] 2]
Bl k(120 rpm) 3 o FAAIZE 2% nlloFd-E o
HAIA AR E A A AFS-N-2- ultrafiltration (10,000
molecular weight cut off, Aminco Co., U.S.A)3}] ¥
23 & o]F 10 mM Tris-HCl 589 (pH 7.6) 2%

Astal s&3te] vle] T gsgddez HIH A
HPLC(Waters Associate Co., U.S.A) DEAE column
(TSK DEAE-5PW for HPLC, 0.8x7.5 cm)ell 713k 3
0.0 Mol X4 0.4 M7}A]2] linear gradient® &% 1 ml#
253519}, £-55 E£8S amylase@ o] 9= 3-8
Qol F%3}3 centricon 10(Aminco Co., U.S.A}S ]
43} &3 gt 3 HPLC gel filtration{Bio-Sil TSK-250
for HPLC, 0.75%60 cm)-& 3tich. HPLC gel®d 3=
10 mM HEPES b3589 (pH 7.0)2% 3 A7 Abel
of A ¥t 0.5 mle] 522 AAskeic)

240 ®M Gl cHEixat =X

49 ZALE 540 nmollA 2,4-dinitrosalicylic acid
(DNSHPH(22)3 Somogyi-Nelson(23)8HH 0.2 &34
stodrt, E4w = 187F 1 umoled] maltoseE 8 A
Tl A4S 1 unit® 3p\ch 42 hllAlRkE ho-
vine serum albuming ZFMAZsle] Lowry %
(24)e] Wk o2 FAsIH T FFE=H (280 nm)(25)%
B s gl o}

HI|HS

Laemmli{26)2] wWel] wle} sodium dodecyl sul-
fate polyacrylamide gel electrophoresis{SDS-PAGE)

5 12.5% gelollA] AAI313 2
phare51s apparatus(Hoeffer Scientific Co.,
o) 4515}, geldd A&
2 sigo.

vertical slab gel electro-
US.A)E
0.25% Coomassie blue R-250.2.

Gel filtration 3 El<-EI2 m}ak =P8

Native 4 wruale] Ex12k2- B-amylase (200 KDa),
alcohol dehydrogenase (150 KDa), bovine serum albu-
min (66 KDa), ovalbumin (45 KDa), carbonic anhy-
drase (29 KDa)5 #ZEHA R 3o HPLC gel fil-
tration columnell4} Cho 5(27)%] vbdl ulel F49
S-S0 2 SA3 ol W32 38 Dubois 5-(28)
o] whol ufe} AAT FA4WA 100 ugel FE Al
E. 1 mlell 5% phenol-8<% 1 mlE £33 ¥ 34k 5ml

= 414538 HUESET 108 3 490 nmoll A hexoseSFS &

st stedts s B3 EA S

& pH % pH QHE Y

T40 A pHE FAKSY7] 98 pH 34 871+ 2+
ZF AZY hEfole] EAE 78I 50 CAlA] 307t
7143 WAl A A =5 wiskset. pH 3.0-6.0-2 50
mM citrate-phosphate $+58-8.& 7e]3 pH 5.0-8.0

2 0.1 M sodium-phosphate 2+&=-8-H-& AL&-slgc}. 7}
pHC’ﬂH 249 LS AP Hd8 ¢ 5899 1
mlell 1 unit®] E45 H7Fshar 30CollA 2447 A4
7 3 ZbE BAaRA L S5

A 2 Y HokMY

A 3 258 dgEs TABP] A8 0.1 M
sodium-phosphate $+5-8-A4(pH 6.5)o &9} 7|A &
A7FeE 885 20-80T Abele] 2 T=ellA 308k Rbe-
AR F B4R A0 HA) Dhe) G
2 0.1 M sodium-phosphate £+58- (pH 6.5) 1 miel|
1 unit®] E4F 717 3 30-70C 2% HHY N 30%
7} A XA 7|HA] sE7PH e 2 F-Bo0e] A=A S &
A sted et

Kmgtd} Vmaxgt £5

B-amylase®| 7]Z =& soluble starch® F%¥H(0.5-6
mg/mDE 50CNA EA49} HESAIF] 5= 7; 2ol A A
A=l 3H(maltose)®d] oE FAIMHS FA sl
Lineweaver-Burk(29) plotel €3l MichaelisA+<=(Km)
o} Z thuk-8-4r % (Vmax) & AArslad )

Olo|'cit 2N 24

AAE &4 olvxil AL Axd AEE 6N
HCIZ 110TColA 24417k AMelste] 7hRaiA 7]
PITC(phenylisothiocyanate) w-= A4 {42 AZ
HPLC Pico-Tag column(3.9 X150 mm)2 ]88} &
Asledet. Cysteined} cystine2 performic oxidation
reagent 2 AF3}A| A cysteic acid2 A3}

— ]

=5l AF22| thin layer chromatography(TLC)

Soluble starch, pullulan, Shardinger dextrin{oa-cy-
clodextrin, cyclo-Gs), maltose(G,)-maltoheptaose(G,)
S 0.5%7} %% 0.1 M sodium-phosphate 9*—%—%—"-‘-1
(pH 6.5)°l d=A|7] 71281 1 mle] ?4:&1161 R
ng= #E|3k] 50CANA 307 5H5-A1F] F vbe-H S
Silica gel plateell A |A1Z o = 7]]%—"]11*]‘“ -but-
anol:ethanol:water(5:3:2) £34< 23153 AgNO,
-NaOH-&-94-8 #-A}3ted B-amylasesl-83] AHES 3
SISy =4
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Saprolegnia feraxg 1% soluble starch® iy o=
&= YNB #iA| |4 olu] A3 -g Ea) &elgt 434 0)
7B =2 7] dier)(79)7HA] wiekgl A3} Fig. 13}
ol HAokk = 25Tl o] Aok pHE 6.5
~7.001 ). =3 vk ML = F 4 23] soluble
starch®} WHg-Al#4 AA &4 thin layer chromatogra-
phy®= &<lsl] 2 A3 maltose’} 2 A =2 mal-
totriose?} RES-A1Z-& ol & 7lpef-a5 R o= ojeF
o529 amylase= TZ B-amylase] ¢ tHdata not
shown). 18] 7}2] BFAfde] amylase A4bel] v]x]&= &
5 BHi(Table 1), starch®} amylopectin®] amylase
Abel] A o|glot, Ml7A] B-amylase A Aboll = star-
che} A8 FY3A maltose® A4 Q] inducerzgts= X
a7} 1212, 13), S. feraxel A= 2o Fdo] Em-
ericella nidulans(16)°N A2} o] maltosed ©hUo =
g2 We glucoseE BARICZ S oo -GAlEHA
amylase A4ke]| 78HAl A E gbglc}.

2aL| A
S. ferax2] wWoFAHS- A== B-amylaseE ultrafiltration,
HPLC-DEAE column Z28]3% HPLC-gel filtration®]
IAE E3}ed A Asted(Table 2) ol HE g4yt
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Fig. 1. Effect of cultural temperature and pH on amylase
production of Saprolegnia ferax.
Culture conditions were described in Materials and Methods.

Table .1 Effect of carbon sources on the production of
amylase by S. ferax

Carbon source Amylase activity (Units/ml)

No addition (

Soluble Starch 8.32
Amylopectin 8.15
Pullulan 5.90
Maltose 0.6
Glucose (.03

Saprolegmia feraxol| S|3t B-amylasesf MA 2 EA 111

Mze] Fegst e 47 35.4%2 24.3u0)%ic)
AAR A2 2218 SDS-PAGES} HPLC-gel filtr-
atione 53] =33 2 A3}, SDS-PAGEeA] 245 &
ApeEL- oF 44 KDaelsl (Fig. 2.), gel filtrationdl] 2]3}
of A% Bl m7|= o 37 KDal® ek gl&
o 4 Asdnh £ HAE AhE BeslE gake] oF
9% wbiAolglnt. ok ow giwizle] g
SDS-PAGE®] &% Exjet F2& ZAgs &= 51'501
Ao AART 2 e wolnz A A B
zlo)7) gl Ao AlgEch B F 40 Xxpeke] =)
v Bacillus cerens(3)2 B-amylase (35 KDa)ZS A 23]
T+ W52 A2l B-amylases (51~68 KDa) (4, 6, 7,
8, 10, 14)%} F3°| Hendersonula toruloidea(18)2] B-
amylase (60 KDa)el v} zkgic)

i

T

B0 B

AAR S, ferax B-amylase?] &4 Aol gt A
pH+ 6.5¢1¢l=0l], ol& AdaF Ewmericella nidulans
(16) B-amylase®] pH 7.0~7.55.c}= ez} vtolsr B gl

Table 2. Purification scheme of B-amylase from S. ferax

Purification Total  Total Specific Purification Yield
step activity protein  activity (fold) (%)
(Units)  (mg) (U/mg)

Culture filtrate 32,884 474 694 1.0 100

Ultrafiltration 25,059 85.4 293.4 4.2 76.2
HPLC DEAE- 22201 167 1,329.3 19.2 67.5
SPW

HPLC gel 11,655 6.9 1,689.1 24.3 35.4

filtration

Fig. 2. SDS-PAGE of B-amylase from S. ferax.

Lanes: 1. purified enzyme, 2. crude enzyme, 3. molecular size
markers.
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Table 3. Amino acid composition of -amylase from S. ferax

Amino acids Molar ratio (%)
Asx 14.5
Glx 7.1
Cys 2.1
Met 0.6
Ser 7.7
Thr 7.4
Arg 38
His 1.7
Lys 5.2
Ala 13.9
Gly 10.2
lle 3.2
Leu 9.4
Pro 4.0
Val 6.8
Phe 2.0
Trp 0.3
Tyr 0.1

A5 Hendersonula toruloidea(18), 5 Phaffia rho-
dozymaS} Brettanomyces naardensis(19, 20)oll 2] B-
amylase #7A pHel 5.0~6.08c} =gt} &3, pH 4.0
~8.08 9 ell 4] E2o] Balo] 80%eld F7) = e,
ol AEA B-amylases(7)2} €F FFo] B-amylases
(16, 18)2] pHFE A= FAFSERAE 4+ pHellA &4H3
g Al B-amylases(4, 7)2b= Abol7} Qisdct, 4 €
gl HA 2= 50Tl R, 50T/ S FA
kA w55 Ce el = 308 Foell &4 Aol HA)
71.,2\ '—]_r.:.\:l 70°C°ﬂf\+}—'~ X o]-cq] i]-ﬁ%% %Z‘j@] ;\LAEP
A=, ol -2 A= P. rhodozyma®t B. naarden-
sis(19, 20) B-amylasedll = FAFSld o), H toru-
loidea(18)2] B-amylase A% 60TC7} A 2xolgly
70°ColA 3027 AMe|gle o AE EAdo] 74%etar B
ol wvl Qlch g, AlFF B-amylases(4, 6, 12) ol %
B. polymyxa(7, 10) PB-amylases (A X%, 37~45TC;
AFAA e, 40To3hHE A3t W B B4
_“i?-‘:)r A 2x 2 Aol sAbslAY Fhrh 1]

7 & Ao AHE-ol NI Kmira Vmaxdt= 2+t 0.77
rng/ml—?] 2,174 umoles/mg protein®|}+=dl Odibo %
(18)¢| H. torudoidea B-amylaseZ %] 23 < Kmat 0.3
mg/mlEth= FA|RE Al B, circulans2}t C. ther-
mosulfurogenes(4, 14} B-amylases®] Km3ral 0.93 mg/
ml#} 1.68 mg/mlEt} e} A F42) ofw| x4l
ZA-& E43 A3 (Table 3), A25A olvixAbe] 49.9%
£ 21x|3lgd 2.0 o] & alanine, glycine ¥ leucine®] &
< v &2 EAsid 2 A op|nAke 2 asxV Wd
2 & 7 %ot o)l= B. polymyxa(30)2] B-amylase ¢}
v Al AT frARSEE ot dobRiAlell reigicle <k

Fig. 3. Thin layer chromatography of scluble starch and oli-
gosaccharides hydrolysing products by [(-amylase from S.
ferax.

Experimental details were described in Matenials and Methods.
Lanes: S, standard oligosaccharides (G, glucose; G,, maltose; G
3, maltotriose; G,, maltotetraose; Gs, maltopentaose; G,, mal-
tohexaose; G., maltoheptaose); 1, enzyme plus soluble starch; 2,
enzyme plus G;; 3, enzyme plus G;; 4, enzyme plus Gg; 5, en-
zyme plus G,; 6, enzyme plus G;; 7, enzyme plus G,; &, en-
zyme plus Schardinger dextrin {a-cyclodextrin).

7%l cysteine &2 £ 247 =l

7ol AE B

A H &4+ starch®} maltotetraose (G,)E 7r&
& A1 maltose (G,)= A3} 37 maltose, maltotr-
iose (Gs), pullulan, Schardinger dextrin (o-cyclodex-
trin, Cyclo-Ge)v= 753312l 8o} (Fig. 3). o]#{&t
S B. polymyxa2} B. cereus(3, 7)2] B-amylaseselA]
‘i_’ﬁ H‘rv‘ﬂr J x]3}sien], a-cyclodextring 748l
& 4= g]l= a-amylase?} B2 B 4= o] & sl
g - ¢loer R B-amylased & & 4 AU HH31).

_1

ARSEN O|X|= 0|Q Y BEF=C| gk

ANl ZkF o] 2 2 3HESE el 1 mME =43
T 50CeA 3087 Aelste] #AEA)-E 2% A
=, Table 42} #e] Cu*$} Hg*" o]& 12|72 PCMB A
2] Aloll 7F3A A &llE w3k a Schardinger dextrin# 2]
Alof 2 21 8)E wbglr}. g+H, mercaptoethanol, dithio-
threitol L2 1 cysteineS AH7}shd #Alo]l 3= <Q]
t} ol¢} 2H& A= PCMBE] od3ks HA] ¢be oy
o-amylases(32) 9= d2 B Tiel gL AEA B-
amylases(2)2} A& B-amylases(3, 6, 14)2F 2] PCMB
of &l3] «JA|E Wkl Schardinger dextring®] <33-%




Table 4. Effect of chemicals on -amylase activity

Chemical® Relative activity
(%)
none 100
EDTA 102
Mg(l, 106
CaCl, 8G
CuCl, 29
Hg(Cl, 3
p-chloromercuribenzoate 9
Schardinger dextrin 85
10 mM Schardinger dextrin 27
p-chloromercuribenzoate+ mercaptoethanol 128
p-chloromercuribenzoate+cysteine 141
lodoacetamide 103
Dithiothreitol 132
Mercaptoethanol 130
Cysteine 141

“Each compound was tested at 1mM final concentration.

k2] b= B. megaterium® PB-amylase(9)5 A &gk of
H-5-2] B-amylases(3, 7, 14)2} 3ro] Schardinger dext-
rinsell 23] A5 wtcl 3HH, mercaptoethanols}
cysteine 5ol &A= FAjo] FRIE(3,6,7) £ &
_IJP B- amylabe lo] Zhal=]gdct, &zl B-amylase A4

o] B} =58 Saprolegnia w55 Sy glo
[3-amylas«emw Azp -2 2 BAE glebs)r] ¢lsl NH,-#
t o}u = AF A -9 9} €} B*amylasevzﬁ}*‘}*ﬁ] HE
H.-2]-2 o]-&3}o] A2} cloningS Al £33 )& Foluh,

2 o

R Saprolegnia feraxe A2 B-amylaseS A4l
gho). #Ho &4 AR YNB starch#l 2] (pH 6.5)°ll4
25CE 747%F wieksted ezl Utrafiltration, HPLC

DEAE column chromatography % HPLC gel filtr-

ationel] &J&te] A= 24w FA =) AA = F 42
B aleke ok 44 000 dalton?! glycoproteino| i iL wte&k

Aol &AL A pH-‘?]" #HA &xx= zk7)k g 5ol
socolowvi 50C7HA] 2ELFAAE FrAlsked Ak
pH HH(pH 4.0-7.0)4 pHAHAS FAsH T
Starchell &t Km#ra Vmaxgdk2 2hzh 0.77 mg/ml,
2,174 umoles/mg proteine| . ofFl x4t 2A 2
A} o] Aoy alanine, glycine, leucine “Z2] 7 asx
7} w28 of = gloiv}t. AAE E4 = starchs 7Hr#
3131 glucose”} ol maltose”} 2 AJA =1 T mal-
totriose, Schardinger dextrin(a-cyclodextrin)¥ pul-
7heRa e R kvt wdl o] JAae] A2
Schardinger dextrin, p-chloromercuribenzoate, Cu®' <}
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