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Abstract

Two commercial enzymes, amylase and glucose isomerase, were applied in sequential and simultaneous enzyme
reactions to produce D-fructose from starch. 80 U/g Fungamyl 800L, 35 U/mL glucose isomerase, and 20% of
starch were the most effective concentrations for this reaction. In the sequential enzyme reaction, Fungamyl 800L
maximally produced 56 g/L. D-glucose from starch at pH 5.0 and 55C for 2 h. Consequently, glucose isomerase
was reacted with D-glucose produced from starch by Fungamyl 800L at pH 6.0 and 55C for 2 h. This resulted
in the production of 18.5 g/L. D-fructose, however, the production of D-fructose did not increase any more after
a 2 h enzyme reaction. In the simultaneous enzyme reaction, Fungamyl 800L and glucose isomerase were simultaneously
reacted with starch at pH 5.0 and 55C. In the simultaneous reaction, D-fructose production continued to increase
as the reaction time increased and finally 39 g/L. D-fructose was produced from starch after 18 h. Based on these
results, the simultaneous enzyme reaction was found to be more efficient than the sequential enzyme reaction with
respect to the production of D-fructose from starch using amylase and glucose isomerase.
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TFH(D-fructose T+ levulose) X EFH(D-glucose)] ©]
A A G FolA 7 =2 AEE Bl Qe
keto-hexoseO|H, =& Z~247} H|ZAAAJQ] EXJOoZHE
Al AFAGolA AR TiA] m|E2A] oot A 9 &
=50 11 E-8490] AKH o= Frlekl Qe A G A
o]ti(Hanover, 1993; Parker 5, 2010). X AZA]oA=
A tiA ArEe] F24d0] vdo] Skl Qlof A4
[0 B ohegRt oA el =Tt iEEA et LS
A% £3] D-fructose”} 3521 High-Fructose Corn Syrup

(HFCS) &tf] AlFA4lolA &2 A4 &-842 HR5t
I Sle AT Av|EEA] B 55 9 glon,
o= AAAI] mFo = EASHARE AR w2 AT
S RS 8l4T % shRl D-allulose?} AR HiA] 2
vERA RS HAY BEMIE REST B A2A
T2 AR e T Q. 34 D-allulose®] AJAk
D-fructose®] ofjajmikZo] ofsf| AAito] o]Fofz|1l Qloms
A AFAOIN w2 F5S ¥ Ql= High-Fructose
Corn Syrup(HFCS)¥} D-allulose®] AJAto]| QlojA] D-fructose
= AR YeEdEN FES ¥l QJTH Amaral-Fonseca
5, 2021; Takeshita 5, 2000; Zhu 5, 2019). ShAEAA
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of o] kg s Zulze) o] Fads g
oA v 20] diet AR14 7 AsH o Zokeka o)
O u = D-fructose?] B4 71=2] S Al AlEARI9] A2
Sl ez o] QojH U FRd a4 T 4
At

ARFH 0 & D-fructose= ALY, HE, A4 & Aot
22 BAhEo] 8 Yol ARt D-glucose?] o3} Wk
< 5519 D-glucoseZH-E D-fructoses AJASH = Ut
123, o A1ZAMA01A D-glucoseE D-fructoseZ A3H
S @ 7162 o) RS PAA AT A8TE
AA7) A e BA BEET QoH, &
2 4114 80| BE D-fructosee] WA 7|42 B8
T Q= ARE g/go] =2 A 7ol T 4 itk
(Kaneko 5, 2000). o]&st #HoA] D-glucoseZHE D-
fructose®] A4S PlollAl= D-glucosed] TH7} A= I g
7} Q7lol 2 Aol D-glucose THE 95t} D-
glucose”t 7 TIOE o|FojA Q= HFAIRl HE
(starch)of] FE35FHTt

HEL D-glucose FHA7T 0-1,4 133, a-1,6 glucosidic
bondE Sl A= Q= &5 HHFAEA] amylose(20-
30%)2} EXHE]Q] amylopectin(70-80%) 2.2 AT o] QL
o, 53] FARE] BHYsH EAcks HA G a0l
TH(Shofiyah 5, 2020; Luz 5, 2008). o]|2{3t AR O ZHH
T4 AR 9] E291 D-glucoseS EH35t0] D-fructose®
ARt Al starch 258 AFGE] B840 =2 D-
fructoseE Aok AF4A @140 =2 A+ 7|&o] &9
2 £ QS FoZ 7|ttt A AlEARoA = trekst
FAES 283t AlENEo] EeHA JFE 9lom, o]
3t AR AAke] At ZEo] 2Rk wAF FANES] HAY
T AEHo= Frlekal Qirk 181, of=gk AEAe] w4t
AR 7= AR HBEAR1 Aol T -S4t
FARES] AP E fIsto] vt A A7 Tt
(Takeshita 5, 2000). wehA], W34 HEAAQA G444
= &-8510] starch25E D-fructoseS AT 4= Q= A
71e2 w4t BARES] HECRERE AIE 8ol w2
D-fructose S JAFoH= AAESH] 71€0 824 w4t FAES
ARAOR AR RN TRt BARAE 7447
% sloml, ol 4t 4kge) Alme B7PAe) 2E
o= 7|0 & = AF7IEEAN 7|H= Rt (Kohli -5,
2020; Luz &, 2008).

AEOoZHE A thidQl D-glucoseZ 2] HalS QaiA]
LA 972 483 SRt o st AR Befadl
a-amylase(EC 3.2.1.1), B-amylase(EC 3.2.1.2), 18|21 a-
glucosidase(EC 3.2.1.20)5 #-83t 42 #5f {Ho] QU=

2

o], @A AFAtdolA= Bt JebgAo|m kgt AQigt
A= ASE & e 5aF HiRo] dukd o= A{E 1 9l
Th(Priest, 1977; Van der Maarel¥} Van der Veen, 2002).

J12]a1, 8.0 2 HE] AAFE D-glucose= glucose isomerase
(GI, EC 5.3.1.5)9] 7}99219] o]AJ5} k30| 2J5}o] D-fructose
2 AeAE 4 o, ol 84A F72 AEARIoA
High-Fructose Corn Syrup(HFCS)Q] 4] LA o|H, S|4
I D-allulose®] AJAF AAQ1 D-fructoseE D-glucoseZH-F
SEsk=t] HHA BAAE 7= FEA UtkBhosale
S 1996). A EaE]o]A] Q= vPRIE f2f glucose isomerase
T 2 AFoME AFLoR AW|EIL Q= Streptomyces
murinus 32f glucose isomeraseE ARE-5M3THKaraoglu 5,
2013; Lama -5, 2001; Lee¥} Zeikus, 1991). 0]} Zo| t}dA|
9] starcho]] AE7|<ETAQ] amylaseS Z-25}0] D-glucose
£ AYA51AL, glucose isomerases starchZHE| AYAHE D-
glucose®]] -3t thgA|Ql starchZ5-E 7|54 Tl
D-fructose & H4%] WHOZ Y 5= 32 A0 = 7|5
o, o|AY ZHzt AJolgh Ba B3 HRJ AAES H85
of 52 AES Aol d77le FF EHQl a4 vt
SZ A&t Tt w4 FAREERE 715 AE A
ARt 5= Yl A= 840 AR VeEAE &8 5 s
AOE 7| Er:. Uo7t w4t FAbEol s Ae-g
94 PR e 7eEAE HEE o S AR TdE
THLee 5, 1990; Mukesh &, 2012; Xu 5, 2021).

uebs], B Aol F4 E/go] Aolgt F FF9] A
P& A AR 7R Bl (amylase)ot SFI A O]
A5} G4 (glucose isomerase)S Z-25}10] starchZHE D-
fructoseE A4tol7] 915 B4 28 7]& SE 9ol &
& §Rgof 845 A 1EEE, E45%, 75 pH, ¥hE-
AlZhHel 11783} A starch=2F-E D-fructose A4t &-&24
ol &4 Hhg WA 84 5RE 2 BA] 84 FRE)0
gt E4<& 8t

ERTRT

2=z

& Aol ARG -84 Ai(starch)y= EHIPFAIF (Seoul,
Korea)o|A] 5140 ™, amylase(BAN4S0L, Fungamyl S800L,
Dextrozyme)+= Novozyme Nordisk (Bagsvaerd, Denmark), 1
2|3l Streptomyces murinus -3 glucose isomerase=
Sigma-Aldrich Co.(St. Louis, Mo, USA)ollA Lufjs}3ict. 1
9ol Zlet el A8F AASL BE @HARETY
(Ansan, Korea), Sigma-Aldrich Co. (St. Louis, Mo, USA)O]|
A Fufsigi
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amylase0i| 2|5t starch
BAN 480L, Fungamyl 800L, Dextrozyme 3&°] ARE-% AT}

StarchZX-E] D-glucose AAHS 9Jolo] AFH-8 amylase?l
B fLof| A} ARRSE amylase®] starchof tigt G484 =7

< fJot] Eae BF 4 UmlE FU5H 3145130t 3

A3t B4 150 uLE 1% starch(50 mM citric acid buffer,

=
Hhgol o5 B Y-S Millerof| oJsf A7 3,5-
dinitrosalicylic acid(DNS)A]2KSigma, St. Louis, MO, USA)
=

< o]83t DNSHO]| 9J8] HAEsIFTHMiller, 1959). £ AT

pH 5.0) 714 150 pLe} 37CoA 1087t BkS3t & a4
o A19] amylase A4 1 unit(U)2 Novozyme?] E4E

427 B
fohe agrom Holsieltt
Starch 23{0f| 0|x|= pH ¥ 2&2|
Fungamyl 800L°] starch £5fo] ©]%]
24>

O

E5}7] #f5te] pH 3.0-7.0 9lollA &
Buffer 50 mM citric acid buffer(pH 3.0-6.0)2} 50 mM
phosphate buffer(pH 6.0-7.0)5 ©]-85}o] Z+ pHY] 1% starch

(o]
2 72

mM citric acid buffer(pH 5.0)5 A &3t & 20% starch®} &

A EAR-ESHR]A] A28 A5E (2021)
=] FFE HEsP] fst, 1, 5, 10, 20, 30, 40, 12|31, 50
gslo] 7|22 AZotHH. 80 Ulg 2] Fungamyl 800L
9] 714o]| 7Fsto] 50T A 4A7F B2t vRE-S ZIget &
Fungamyl 800LO] ]3] starch25 & H3] AJAFE D-glucose
2 $I8t glucose

]
2

£ B4sioch
LS SIstel

D-Glucose25E D-fructose 4
isomerase ¥z £

H ALo)|A D-glucoseZHF-E D-fructose

0]} glucose isomerase~= Sigma(St. Louis, MO, USA)9]|

A S, murinus 2} glucose isomerases Yot Ao A

251}, S murinus 32 glucose isomeraseE- 3.5-35 U/mL
Hof| 271510 glucose isomerase X% |t

Ulg)e] 4X12E 13
2519 D-fructose S F|2 Aglok= glucose isomerase

Hoo] Tt 55 20% starch®} Fungamyl 800L(80
o] 54 BES P, 22e] BABE WSo] et uh

791 pH 7.5(100 mM phosphate buffer), 55COlA] 205

o =
(9]
4

X

o= AAH Sl Al 5.26 g0 AEE

rﬂ:

o JFL 4
2+

13z

pHE]
HESIA

3
L
=

$ERE HF BT 200 mM HCIE F7Iste] a4nhse &

2794 D-glucoseZH-E 1871 1
AR

oo © ©
e otoil < o]&sto] AT} & AFo|A glucose isomerase2]
e iU 24 98
umol2] D-fructoseE AlotH= GAFOE A olsi3]rt.
HtSAIZHo| 2|5t D-glucoseZHE
S. murinus 2 glucose isomerasel] WRS-A|7H] tjgh
A=sl7] Sfsto] 20%
[

A BRS2
Glucose isomerase

D-fructose 44t
€ }\(])q =

soluble starch®} 80 U/g Fungamyl 800L2] 4A]7t Wh-3-oHo]|
A

ARo
S. murinus 32 glucose isomerase(35 U/mL)E #7151
& s

7148 Azstom, 714 150 mLoj| 4 U/mL &4 150 mL
E Z7I5te] 37COIA 108 T4 WhEo] o)
A E FUFS DNSH o g HEsIgth 181, 257 &
= FFE AESH] flsto] a4
oA 70C 2= HANA AP=J o™, 1% starch 7] & (pH
E Z7Isto] ZF 2EofA
& SIF-S DNSH
D-glucose 2 5-E| D-fructos
pH 7.5(100 mM phosphate buffer), 55C XA A4S
BAZ|HA Z1219] BES-AlZHe]
LlgSaesi=a

2 B0 mlA]
5.0) 150 pLofl 4 U/mL 84 150 pL

1087} ¥k 5 Fd Whgo] oJs) A3
al

4 J[dsE
7+ A5y
A& 10 uLE YF5Ho] 200 mM HCIL: 0|85
Bio-LC £40] 5]

3 2
|

t

o= HESH
Starch28E{ D-glucose 4Ho] CH
EAsE 23
Fungamyl 800Lo]| 2Jgt starchZ5-E] D-glucose Z|tf AJAt
= $I3F starch 5% % Fungamyl 800L 5= 8= $I5},
(o)
1,5, 10, 15, 20%2] starch 0] Tha}o] 400 Ug®) Fungamyl = 10180
800LE o]85}a] pH 5.0, 50T ZFZo)|A 4417F B9t vke-S
o FSAI7tol TRt D-fructose AJ4kS

AT F, Ak D-glucosed EASHIT) Starch 27 € Tjﬂh—}cﬂr%
ek

=

qgs

84 SAEE0IM pHel I &4
StarchZX-E| D-fructoseS Fungamyl 800LI} glucose

isomerase + G49] SA|GARFREO] Qlsf AAkstr] Hsto]

23] o} Aol T B49] EANKSO] pir} ulAlE G

2 HESIYT). Fungamyl 800L 80 U/ge] &AL} glucose
isomerase 35 U/mLE pH 3.0-9.0 H9]9] Z+2}+9] buffer= A

=7t Bkeskoict & vt

AN

[e)
D-glucose AJ4tof| 2ol gAews 7517 95to] 10,

20, 40, 80, 160 U/g®] Fungamyl 800LL 20% starch®} pH
5.0, 50C 27904 10A]7F 52t ¥Eg5to] BESAlZH] T

BNt & Aol A4 D-glucose A3
Z3F 20% starch 7|23} 55CoA 20
20fA pH 3.0-6.0 50 mM citric acid buffer, pH 6.0-8.0->

¥ 2%y
ol |3

D-glucose
240 njx= g
xe]

=
=

RS
AFRFE BIO-LC system(Dionex 1CS-3000, Sunnyvale, CA,
Thermo Fisher Scientific, USA)9]|A4] CarboPac PAI column

off ofal ZAsHA-

Buffer =7} amylase
Buffer9] =7} Fungamyl 800LY] starch &
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50 mM phosphate buffer, Z12]37 pH 8.0-9.02 50 mM Tris
buffers: ol8sto] ZAHsIct T ae] FAE] o]
starch25-E| D-glucose?} D-fructose AJAH] T]X|&= pHY
32 G537 Gkl Uakg 43 40 A0z 104
A AF3E 5 200 mM HCIE 71510 W8 8471 &
Bio-LC A|AH0] 98 AJAFE D-glucose?} D-fructoseE
g3jqick

Ol

4 SAIS0| 2|5t D-fructose ‘44t
20% starch(50 mM phosphate buffer, pH 6.0y 7]& = 0]
25}0] 80 U/mL Fungamyl 800L 12]1, 35 U/mL glucose
isomeraseS E-AJ0] A7}5t0] 55CoA G4 ZAMES] 9
S} starch25F-E] D-fructose AJAHS HESIFLE. F 849 &
A0SR U WA QAOR 10 L AR 75
Z%=1 200 mM HCI9] 9J3f v-3 Z Bio-LC A|AE0]
o5t} BAFe D-fructoseS 1410}9&“%-

“._f% H(23) 24

aaRkgol s ik Bk At WS SR F dHE
ALZ0H-2

2](10,000 xg, 10 minyE &9l AU 3oL, JSHS
1,0008] 3]A45}o 0.2 um filter(ADVANTEC, Japan)©] S}
AlZ1 ¥ BIO-LC system(Dionex 1CS-3000, Sunnyvale, CA,
Thermo Fisher Scientific, USA)O]|4] CarboPac PAI column
of oJsf] BAE ALt A4 AL distilled water?} 200 mM
NaOHE 75:25 v &2 &39ket 828u|E 0.5 mL/min 8-&
o7 A4 EASHI
am o oy
*o*%‘% amylase0| 2|3t starch &3i
2 A= starchZHE D-fructoseE A4 o]
amylase«] 7leEe] Whgof oloto] starchZ2H-E 74 T2l
D-glucoseE AJAKS}L, D-glucoseE 7122 &-gslo] o]Xds}

(}(}D{H}DOD—'ED

Amylase

O D-Glucose
O D-Fructose

A49] glucose isomerase®?} HF-E51o] X|EF& 0 & D-fructose
2 ke o Eavkgo] FHEoM SlckFie. 1. 1
U2 starch2FE] 2 A9 2T 54 ARER] D-fructoseS:
Aarsl7] YollAE starch2FE D-fructose A§4t0] &&=
D-glucoseE 88207 AJASH= amylase A7J0] Z£23F A
T2t g & QU Starch®] 7R RO 2= A 7R
f(Lee 5, 1997), Z2UA A7 7IEs(Miyafuji S, 2005;
Nakata 5 2006) 5l SJet 7hpEs7t HarE oA O‘X]”}
Aol M= A AEARAONA] starch 7Eslol] =4 A
—Q-E]_TL Q= gAHRS-S E5fo] starchZHE D-glucoseS
AArsE7] leto] 821l Sl 359 amylase(Fungamyl
800L, BAN 480L, Dextrozyme)2 0]85}o] starchof sk
52 lRe) UL HAT bl T AES A%
t}. 11 Ay}, Fungamyl 800LO]| starchof tolo] 7F =2
78l &S YERZ 2™, BAN 480LY} Dextrozyme>
Fungamyl 800L4 starcho]| tfgt 7}$Baf EAJx) v slo]
Z¥Z} 33%, 9%9] a4 TS YER|QITHFig. 2). StarchZ
EE D-fructoseZ A= WRSL2 starchZF-E] D-glucose
£ AAstaL, glucose isomerase®]] 93] starchZ 5 AJAHE
D-glucoseE D-fructoseZ AZFol= 2THA G4 ¥R3o0=2 Z
|70l starch=2HFE] D-glucoseE Ftfet B F= A4t
St 4= Q& starch 7[R EA4Jo] =2 amylaseo] A7FS
T Fa%F B4k 7§°ﬂ gt AEAL & o QU o
A, starcho]] tist 71 =2 715BaeAdS B89 amylase
& starch25¥ 4 T2l D-glucose S Ft|= AJARE 4= 3L
£ 84 S HR2 gael wgEo], B ¢ALojlA= starch
ZHE D-glucoseE AR st amylase®A] Fungamyl
800L Aot

Starch2%E{ D-glucose 4
H oA=& Fungamyl 800LO] 2J5f] starch25E D-
glucoseS PAHS A3t 49 starch =0 it HES X

Mol ohet 2[4 7|RsE 2

Ho-{
l
-C-0H — O H-C-OH
D H- E; oH Glucose O H-C-0H
1
CH,0H Isomerase CH,0H

Fig. 1. Procedure of enzyme reactions to produce D-fructose from starch.

Starch is decomposed into D-glucose by hydrolysis reaction of amylase and then D-glucose is converted to D-fructose by isomerization of glucose

isomerase.
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Hydrolysis relative activity (%)

0

BAN480L Fungamyl800L

Dextrozyme

Enzyme (amylase)

Fig. 2. Hydrolysis activity of amylases (BAN480L, Fungamyl
800L, Dextrozyme) on starch.

Each reaction was performed in 50 mM citric acid buffer (pH 5.0)
containing 1% starch and 4 unit/mL enzyme and then the produced
reducing sugars by enzyme activity was measured by DNS method.
Data represent the means of three experiments with standard deviation
(p<0.05).

Y5}, Fungamyl 800LOf| ]3] starchZ2H-E] D-glucoseS
AAFSI= 2 glucose isomerase®] 23] D-fructoses AJ
AFst7] 91gk 7181 D-glucoseE ilshe aaHkg0 A
D-glucose®] Z iAol 714 E829 starch 7|29 5%
FHE HEHOR Dfructosed] I FHAIE ]S
203 4 Mok T 4 Atk & ATolME o)
starch 714 &5 FEsH7] flsto] 1-20% 5= Heo
starchE 7|42 0]-&5}o] Fungamyl 800L2] 7=25l &/go]|
oJ8f WA= D-glucoseS EAIGI9ITE Z4239] 714 &
starch®} Fungamyl 800LS 55C, pH 5.0 2Z)A] 4417t &
OF B35S ), 1%, 5%, 10%, 15%, 18]1l 20%9] starch
S|4 D-glucose= ZH2} 4.8, 20, 36, 48, 12|11 56 g/L7}
RAEIRON, starch] SE7h 7P T A
D-glucose®] ¥ A&H o0& F7lshz AAE HUrh(Fig.
3). ¥ JHoA= 20% starchZ2HE] 7 =2 D-glucose Y
Ato] &9l 9l o, 1% starch 7|3 =L} H|WSIHS o
20% starch FE=o4= 2F 11.78] 32 D-glucose JARS H
At ol2fgt AA=RE starch X7t 255 Fungamyl
800L2] 73l Aol 9J5 D-glucose AJAHEFo] S71sk
Zolgk= Zlo] A=A 2 AN VA= &85
starch 7182 20%5 Z2Foh= EolA= &g 857} o]
201207 glo} 200t} 1 starch 712S TANS] HS
SIA= Sotgint. s 2 Ate] AIERE 20% o)<
starch 7|& A 27} 7FsSt 71&A 2 HO] HE B Ik
L3]7} 7155t starch 7129 HEZ} o]Fo]RthH Fungamyl
800LS] 7his &/dell 9o Erh ¥ &2 D-glucoseE

60

50

40 -

30 -

D-Glucose (g/L)

20 - o

L

1 5 10 15 20

Starch (%)

Fig. 3. Effect of starch concentration on the production of D-glucose
from starch by Fungamyl 800L.

Various concentrations of starch were prepared as substrates for
Fungamyl 800L and then each reaction was carried out at pH 5.0 and
55C for 4 hours. After the reaction, D-glucose produced from starch
in each reaction was analyzed in the Bio-LC system using a CarboPac
PAI column. Data represent the means of three experiments with standard
deviation (p<0.05).

stacch2 58 4k 7Fsd A0 =2 7=, oj2gt A=
=220 2 starchz25-F D-fructose AJAH2] gFA}of| = 7|oJgh
T US Aoz 7t

E Ao|A g3 20% starchZH-E] D-glucoses A4t
skl Qi 2Me) mawES Tl skl 20%
starch®} 10-160 U/g 5= HYS Fungamyl 800L-S Z+z} €t
Soto] EANRg] o8] AJAHE D-glucoseE EAoH T 1
27, 84 57t 37 55 starcch= 7 e B4tE=
D-glucose®-2 AL O™, 80 U/gd}t 160 U/gd] 84 =
LoA= HES 4A)7F Fof D-glucose AJAFFO| 56 g/Lo] X
o Ao sk ACE ERIFITHFig. 4). 181,
10, 20, 40 U/g9] 84 FEoA= HRSAIZE 4417F o] %9
D-glucose AJAFFo] Z+z} 13, 24, 40 g/L& 80, 160 U/g9)
aAToA ERIE A D-glucose®] Xt FAikgol s}
A Fohs Aor HEEIHFig. 4). 2 ¥H3o] lojM a4
W82 10A1Z7HA] S7FA1AH Fungamyl 800L 7=23RH3-
of 93| AJ4t=l= D-glucoseE 4TSI, 441K A W
& & A4k D-glucose®t & $13} glo] YA5HA D-glucose
o] S BHS BE T4 5= Welold Hon
Z(data not shown), o]2|3t ZI}ZEE 80 U/gS] Fungamyl
800LE- 08510 20% starch®} 4A]7He] G A4HEZ0] starchZ
28] Dglucose® Al 0] 11 228 Sl

Buffer =7t amylase 40| D|X|= H&
£ Aol a4EAo] Aoltt F T BAE HE
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70

D-Glucose (g/L)

L L L L L L
0 50 100 150 200 250 300 350

Time (min)

Fig. 4. Effect of Fungamyl 800L concentration on the production
of D-glucose from 20% starch.

The Fungamyl 800L activity was adjusted 10-160 U/g (10 (open
diamond), 20 (closed diamond), 40 (open circle), 80 (closed circle),
and 160 U/g (open square)) and then each enzyme was reacted with
20% starch at pH 5.0 and 55C for 10 hour. After the reaction, D-glucose
produced from starch in each reaction was analyzed in the Bio-LC system
using a CarboPac PAI column. 10 U/g (Data represent the means of
three experiments with standard deviation (p<0.05).

5to] starch2 58 D-fructoseS BASH] ffsto] & 245
SRR Wgal whla BA0] B4 WSS Wkl
21 R e WSS AT <AH Ak WS
ofl SJgk starch 23] D-fructose AAHPHIAE B WAl &
A HE-0 24 ARIE A2l Fungamyl 800LE: starch
9} g A7l ¥ Fungamyl S00L9] 7145 2] 2l
starch25-E D-glucoses AJAlotal, AJAFE D-glucose=
glucose isomerase2] 0]4JglHEgof 9J5}] D-fructoseS AYAks}
= 8349 AR §RgoE FHAEoj A St} & ALoflA
starch25-E| D-fructose s AJASH= 5-740] 4-85t amylase
Q1 Fungamyl 800LX} Streptomyces murinus -32j glucose
isomerase?] F| A2k = 55CE SLSIAAITL, 4 pH7} 2
7} 503 7554 vl AJoldt 42 Kol St 2 Wk
2 starchZHE D-glucoseE AJASH7] ¢ote] Fungamyl
800L2 WFS-A)Zl & A2 O & glucose isomeraseS A7o}
o] D-fructoseE AAFol= &R0 R P70 A HAY
45391 Fungamyl 800L2] H:30)|A #1'5=9] buffero]| A
3o AP Fo]o] H71EE glucose isomerase©] T
S H4 pH 2715 Hot ¢ golstA AA-T 4= SloiA pH
E/do] Aol 7l aie} o] dst aao] ARl A%
W82 53l starch25E] D-fructoseE Ht} B A&stA A
A S & Qe B4 B RS SEHE = U A= Y
Sttt 23y bufferd] s TAEYO] IS HA=
Z83 kg2 o2 H1E]of Ql7]of|(Reshmi 5, 2006), &

c

Ao A= Fungamyl 800LO| 2|3t starchZ5-E D-glucose
Aol AolA buffer w7t vlA= S HESITH
Buffer2A4] 1-50 mM 59 citric acid buffer(pH 5.0)E ©]
235}0] 20% starch 7122 A|Z3}0] Fungamyl 800LZ} 55CO]]
Al 4 h ¥FgAIX1 3 AAHE D-glucoseE HESHIH. Starch
ZXE D-glucose A4to] 91o] A Fungamyl 800L G4~ Hb
S 4417t 9] buffer O] LS WA R LE
buffer2 A|Z% starch 7| A ZHE D-glucose AJAFF] Hs}H
£ Holx]| ka1 o} At ok Ao SRlHT
(Fig. 5). °o]2|3t Z1}Z 5 E] Fungamyl 800L-2 starchZ5-E]
D-glucose AJAM] QloJA 1-50 mM buffer s=2] Hol|A
£ buffer 0] FRE 9H) QFrks A L 5 Ak
Fungamyl 800L} glucose isomerase?] £x}491 §4HR30]
OJsf starch25-B D-fructoseS AJAbsk= WEgll QlofAl A
WA 2802 Fungamyl 800Lo] 2J3]] AP |= starch 715>
9] §F&-Z pH 5.00014 ZP== §EEO2A] Flo]o] XFYH]
£ glucose isomerase ARG Q7%= pH 7.520= 4]
2t pH ZAol2tal & 4= it} &34 3a §REo] QlojA
FoJo] Wk8-3= glucose isomerase2] pH 7.5 T3-S Hr} T
A 2SN Ao BEHOE Th WL NHAZ
T S Aoz W o], Fungamyl 800LoY| &Js] Y%=
starch2 58| D-glucoseE 7125l ¥+-3-9] pH 35 |t
2 w2 0] buffero] SJ5) 24Tk SHolo] Ao
AP =|+= glucose isomerase”} Q75k= pH 7.5 T3 Hr}
o ATHoR 2T % %S A0 S, ol o
T Af=HE, 2 AoA= A =] 1 mM9 citric acid
buffer(pH 5.0)& ©]-859] Fungamyl 800Lo] 2]t starch2

120

100 o M S I T —L

40 -

Relative activity (%)

20 -

1 5 10 20 30 40 50

Buffer concentration (mM)

Fig. 5. Effect of buffer concentration on Fungamyl 800L activity.

The Fungamyl 800L was mixed with 20% starch prepared in various
concentrations of citric acid buffer (pH 5.0) at 55C for 4 h. Data represent
the means of three experiments with standard deviation (p<0.05).
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EE D-glucose At ¥-3-2 4345193t

D-Glucose28E{ D-fructose Mit2 £ISt glucose
isomerase %A sk

Glucose isomerase™= D-glucoseS ©]AJ3} HI-S0f 2J3] D-
fructoseZ A¥5k= A ZA|(Tsumural} Sato, 1965), starch
ZEE AYAEE D-glucoseZHE] D-fructose S A7 8
A= glucose isomerase©] 2J3t starchZ5E] AJAFE D-glucose
9] o]gslitkgo] QT wWEbA, & ALoA = o] g3t
22 5519 D-glucoseZH-E| D-fructose S AJAo17] 2510

o=

AL G491 Streptomyces murinus -3 glucose isomerase
£ o]gsto] AL 35tk Fugamyl 800LY] 7153]
G 53] starchZ2F-E AJAFE D-glucoseE D-fructoseS

N
\

Aslksl=t] Q7%= 2%9] glucose isomerase 55 HESH
ct. Fungamyl 800LO] &J5f starchZ5-E] ABAFE D-glucose©]]
2.8-35 UmL 5= Y9 S. murinus 92} glucose isomerase
£ 74 e dE FHrlsto] pH 7.5, 55C R4 ¥he-S
APAZ] 5 D-fructose B/dTFe vlal HESI & A+
ZHE D-glucosex= glucose isomerasel] FE71 S715H
e} D-fructose?] AJitgo] A&8 0w S7loke B2 2
THFig. 6). SHARE, & ATtof] AR83t glucose isomeraset=
1%}t g4 Ao Q= BAREA YN FulE RSt
7 QJojA] 35 UmLET) &=L 355 9] glucose isomerase 7}
£ oJE30] At wEkA, E Aol A= glucose isomerase
ZA Fgz FLe 4 &= 35 U/mLY glucose isomeraseS

120

100 | .

80 -

60 |
40+
20 | ﬂ
L

35 7 14

Glucose isomerase (U/ml)

Relative activity (%)

21 28 35

Fig. 6. Effect of glucose isomerase concentration on D-fructose
production from D-glucose.

Each glucose isomerase prepared in various units was added into the
reaction mixture reacted with starch and Fungamyl 800L at pH 7.5 and
55C for 20 min. After the reaction, D-fructose produced in each reaction
was analyzed in the Bio-LC system using a CarboPac PAI column. Data
represent the means of three experiments with standard deviation
(p<0.05).

o]-8-5lo] starch2F-E] AJAHE D-glucoseS D-fructoseZ 2
Sol=t] ARSI SRAITL 2 A] AFEHH glucose
isomerase®] H7} L E A 4= U= Aol =
Hoh starchZ2HE Bt} ¢ 882907 D-fructoseE YAt
2 % 9l AlLgo] 138 4 e o] AAEIT

Glucose isomerase §-SA|ZH| 2|gt D-glucoseZ 5 E
D-fructose ‘44t

StarchZH-E] AR D-glucoseZ 5 D-fructose S AJAls}H
7] $12t glucose isomerase2] |4 ¥FSAIZRS FE5H] ot
o], starch®} Fungamyl 800L2] ¥k3-0f| 2J5]] AJAHe D-glucose
(56 g/L)°| glucose isomerase(35 U/mL)E &7}t pH 7.5,
55C 2704 BESAZo] W2 D-fructose AJARFS HESH
et 1 A7}, glucose isomerase H7F & WESA|7to] S71sh
5 D-fructose?] BAHFE A&H 02 F7k6IH7 §ES 2
AlZboll =5t9S o, D-fructosed] |t AJAF(18.7 /L)
= YEgle™, ¥k 247t o]Fo= REEAIZto] S7Fst
ol% D-fructose AJ4HFO] F7h= HolA| tthFig. 7).
Fungamyl 800LT} glucose isomerase®] <A} GAHRS-
(sequential enzyme reaction)o]] ]3] starchZX-E] D-fructose
Gatoll SlojAl, A WA ¥Rl 20% starch®} Fungamyl
800L2] W3O oJsf| °F 56 /L] D-glucose”} AJ4t=] Qi
1841, £A2 02 Hol glucose isomerae?] ©]/d3HES-
of| 95} starchZ2}H-E| ABAHE 56 g/L2] D-glucoseZ5E 18.7
g/LO] D-fructose”} XE4 02 APAIE|HA] oF 33.3%2] A%

25

20 -

D-Fructose (g/L)

1 1 Il 1 1 Il 1 1 1
0 20 40 60 80 100 120 140 160 180 200

<

Time (min)

Fig. 7. Effect of enzyme reaction time on D-fructose production.

The glucose isomerase (35 U/mL) was added in the reaction solution
including D-glucose from starch to produce D-fructose. And then the
reaction was carried out at pH 7.5 and 55C for 3 h. After the reaction,
D-fructose produced in each reaction was analyzed in the Bio-LC system
using a CarboPac PAI column. Data represent the means of three
experiments with standard deviation (p<0.05).
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EZ D-glucoseZHE] D-fructose”} A== A 02 HEE
At EA7HA] BEarE]ojA] HEZS: 0|85t D-fructose AJAF
o]l 101A], Regy Johnson(Johnson 5, 2009) 52| ¥I7to] w}=
W, 7R} 1Ol &5 D-glucose25-E] D-fructose
29| AT 37-38%2 HUEOJA QY| B AFoA
Fungamyl 800L¥} glucose isomerase2] <=A14] HE-gof 9J5]
starchZ5-E] D-fructose?] AJAHE FARRH 23S YERA
o} B2 AL0] A2 BE 1E % starch 7|29 A 9 15
T glucose isomerase &-& 7]&9] 72 I amylase?}t
glucose isomerase®] =AH ¥EZo Q5 Hrt o B3 <l
D-fructose A7 &2 2-8H 4= 3= 222 7|t FH.

B4 SAE30| 2Ist starch25E{ D-fructose 440
pHZ} O|z|= I

H 7o) A+= Fungamyl 800L3} glucose isomerase2] &
A BEZfl 9J3) starch= 58] D-fructose At tiste] HE
Stk = 84E starch®} FA|9] §ESSH] oA F+ &
4:9] FA| BE3of 7-E= pHeF 250 thek 2419 #50]
F83H|, & 549 4 vhS 2= 55CE SYsIuATt
a4 ¥kS ¥4 pH7| Fungamyl 800L2 pH 5.0, glucose
isomerases= pH 7.5% “Jo[5}o], F= G49] FA] k3o 8+
T= pH 22 78514} SIgiH: F+ 849 AN 9
o, 7183 7 B4 e Aol XS A G4
A EEE AFETE 28510 20% starch, 80 U/g Fungamyl
800L, 18] 35 U/mL glucose isomerase ©]-&5}%1.0
Hhg 2%= 55CE sho] F BA9] AR B34]1 pH
Z21& HESISIH. F 345 pH 3.0-9.0 He19] pH 239
A] starch, Fungamyl 800L, glucose isomeraseE A A7}
sto] FARRSE XIPolHA starchZH-E AJ4HE D-glucose
T18]31, D-fructoseE £4 AESIT}. Fungamyl 800LY}:
glucose isomerase®] SAHFS0]| Q]3] starchZ5-E| D-glucose,
D-fructoseS FAESH A7}, starchZ5-E D-glucose2] AJAH]|
014l pH 4.0, 5.0 F-29] 4 G GofA= Fungamyl 800L
9] 7}Eel &40l AIst] starch2 78 D-glucose®] |
ol BAke] 545 EAth(Fig. 8A). AT, pH 7.0 o1
ZZ10l4+= D-glucose A84t] <F 50%714] Ak BiE U
ERJRIc}. 183, starch2 5 AJAHE D-glucoseE D-fructose
2 A3I}= glucose isomerase?] ©]AJ3} HESof QlojA] pH
5.0, 6.0 AN A FH9] D-fructose A4S LFEFH ATH(Fig.
8B). o}A|9t, glucose isomerase2] & pH 37391 7.5 B
O] 2794 D-fructose AJAto| CF 70%71A] Zraok= At
£ Bt} o]Fgt A= Fungamyl 800LY} glucose isomerase
9] BA] BEZoll 3lofAl pH 7.0 o1de] ZA0lAl= Fungamyl
800L9] starch 7}&=E3] &4o] 7145} D-fructoseS AJAKS}H

(A)

120

100 —

80

40

Relative activity (%)

20 -

(B)
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100 -

80 -

Relative activity (%)

20 -
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Fig. 8. Effect of pH on the production of D-glucose (A) and
D-fructose (B) by simultaneous enzyme reaction.

The reactions were performed in 50 mM citric acid buffer (@, pH 3.0-6.0)
or 50 mM phosphate buffer (O, pH 6.0-8.0) or 50 mM Tris buffer (A,
pH 8.0-9.0) containing 20% of starch, 80 U/g of Fungamyl 800L and
35 U/mL of glucose isomerase at 55C for 2 h. Data represent the means
of three experiments with standard deviation (p<0.05).

71721 D-glucose A§4to] L&sHA] 2ot glucose isomerase
o] 3} k3ol FFE HH= Aokl 55130t o]
2 97 AYRRE T 520 FANFG] o5 surchz e
D-fructoseS AJASh= ¥-8~2 Fungamyl 800LS] 7[~&
gL} glucose isomerase®] 0]AJS} WS- BAJ 9] 74O
%S PIAA] &= pH 5.0 2704 ¥13-Z XI5 |= 5t
c}.

1o rIr

oR S M

pac)

g4 SAEE30| 2Jst starchE25E| D-fructose M4t
Fungamyl 800L¥} glucose isomerase®] FAJHE3-0] 2]3f
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starch25-E D-fructose XS AESH] 9I5te] pH 5.09]
buffer2 AJZE 20% starcho]] 5 E4AE ZA0) 7lsla] 55C
oflA ¥k-g-Z XIgstHA IPARE THAC R BESAIEE AH
5}o] D-fructose ABAIFS A5} TE Starcho] Fungamyl
800LE HFS-AJZ] & glucose isomeraseS 2l7}so] <2149l
B4 HRSO R starch=FE| D-fructoseE AJAFok= 1ol A
£ §k& 24t F0f| D-fructose A§4to] X[t AJAtEel 18.7
g/Lofl =5y, 11 & HEgATIo] F715to = D-fructose
AArFe] Hiske ERIEA] 9IStk Fig. 7). sHAIRE 713
starcho] & B4AE SAl0f] H7loto] FARRSO] 2J5f starch
E2HE D-fructoseE FAkok= THgOIAE §HS 24714
12.3 g/L9| D-fructose”} JAHE 0] &AH4 a4ukgat vl
St= o oF 65%2] D-fructose A3 LFERARITE. SHA]
gk, 849 FARESS] RoA = £AHHQl BT
2] ¥SAIZIo] S7FHH EE A452 0= D-fructose A
Aol S7keke @AE UBI T WS 2417F Fof|e X
420 2 D-fructose AJAFgo| S7FoHHA] WG 18A17F o] %
= D-fructose AJ4to] E3}o] gsHA F2 0= |E
5 22A710l| A 9F 39 g/L9] D-fructose”} AJAFE] 2T Fig. 9).
olefet ke ma0) A WERT FANGE Welelal
< T starchZ 58 4H= D-fructose®] = <F 28l o}
of AgAto] hsaITRe 2g A 29t olefet Ak
Fungamyl 800LY} glucose isomerase®] <=A}4] HI-golA+=
T 3471 7KL = pHO] E4J0] /dolsto] Fungamyl
800LS] GAHNS & AH7lE: glucose isomerase?] Al
8l 2799 pH 7.5 2Z0)A}= Fungamyl 800LS] starcho]]

40

30 -

20 -

D-Fructose (g/L)

0 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400

Time (min)

Fig. 9. Production of D-fructose from starch by simultaneous
reaction of Fungamyl 800L and glucose isomerase.

The reaction was performed simultaneously in 50 mM citric acid buffer
(pH 5.0) containing 20% starch, 80 U/g of Fungamyl 800L and 35

U/mL of glucose isomerase at 55C. Data represent the means of three
experiments with standard deviation (p<0.05).

gt 7hasl] /o] YEsHA] kot D-glucose?] 3+°] T
o]} o]F0]A]Z] AolA glucose isomerase2] ©]A4JSHH-3-0]
QS| A9k Aolek oyElolRTk. S, T fael
$4] 989 ZAIME ¥ 540 BHo] FEHOT H}
el pH ZAQH 5.0/ Felol 5o 9Hg BAS 24
Aol T 49 ol WS Folx AEd ARHoz
FFE v AAFEIR ) T 54 FANRSOIA 2
3% pH 5.0 ZZA0J| A= Fungamyl 800LO]| 2]t starch 715>
23] &4 L glucose isomerase®] 2J3t D-glucoseS D-frucose
2 oBeR- WFgo] Wt o WA 43 % SlolA] X%
Z 02 starch2H5E D-fructose A4ko] ¥E3-AlZto] S71otd
WS AR AE 4 YT BekElolck. ol
o ABEHE B BA0| Aol 255 oWl BAES
qgsjo] AR B4 UPRE BT A2 720
8B40 FAZAE AEsto] Al 84 g ol85he
AR} 5 50 G40 B BEH HANE 24

B} o T 4 ook ANE B aTer 2209
oh. olefet AA A V1S GF AR, o)s} ukg &
= ofuiekgal o] BetaAS M85t AR 7]
B4 HERE AN 4 ol 1 48 AVleRd 28
2 5 91 20 oEin], SALNRY HBEL Folo]
SIS BET 4 s v AT &

ANERAE H8E & % R0E

AL G4 amylase?} glucose isomeraseE ©]-&5}
starch2 5B D-fructoseE A4toE7] 9Joto], F A& a4
£ starch®} <£A[AWRS(sequential reaction)} FAHRS-
(simultaneous reaction)& &3} D-fructose A $~H5H3
t}. Starch=5-8 D-fructoseE AJ4sk= T QUoiA 743 Bt
9] strarch 7] &= 20%, amylaseQ] Fungamyl 800L2]
AT 80 U/g, 18], glucose isomerase®] 4 =&
+ 30 UmLE F8=AT 849 &2 Hkgo] ofsiof
starchZXE] D-fructose ABARS: QJ5}9], starch®} Fungamyl
800L-E pH 5.0, 55C RZANA 2A17F B9 &4 H-3-S 23y
st A3}, 56 g/Le] D-glucose”} starch2 55 AJAFE QItt. 1
PlE, 2 A4 WHSOIS pH 6002 ZAT T ol
glucose isomerases H7Foto] 241759t G4 HRE-S X1
3 23, FF2H 0= 185 gLo| D-fructose”} AH1HE L. 3t
Ak, EASARESOIA = B4 BESATI0] S7lstE
o}d9] D-fructose JAbF F7H= HolA| 9ktt}. Fungamyl
800L¥} glucose isomerasel] BA|HFSS 55}0] starchZ5-
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E] D-fructose®] P4tS HES] #lsto], 7 849 ARt
AES A3}, & §49 -4—. HhS 2= 55CR
SUSIHARE, 22 pHZ} AJolsto] 7 a4 24 AshE B
o]7] ¢k= pH £4& AESIIT L 23}, pH 5.0004= +
54:0] B As) BAo] YRR ot pH 50, 55C 271
ol starche} F EAE SAlo| H7foto] vh3-S 13yt 2
I, @4 HkSA|7to] Zvisto| uel X407 D-fructose
AAFo| Z7le AARS UERfQlom, HRS 18A]7F T
ZFtf 39 g/LS] D-fructose”} starch25-E] AJALE| ALt o]2{st
A2 HE §4AHRSEAXNo] Aojg) &= _9_1_(Fungamy1 800L,
glucose isomerase)E -8-5}0] starch=F €] 7}=~2ofiq-3-3}
0|43} H-g-2 53 D-fructoseS AJAS1= ] 0101/\1 RS
$2}40] HRSHTE= ZAJERSo] Hr} o 7449 D-fructose
AL HiHolg= Ao AJAFEQITH

fe) o
'B'—J—Zje

A =

X =80 20199k gl riEgdisty W ATE] Qo
ot Aoz FA=HYth
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