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process using magnetically recyclable enzymes
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Abstract

Development of seaweed saccharification process using

magnetically recyclable enzymes

Kim Hyun
Advisor: Prof. Lee, Jung—Heon, PhD.
Department of Chemical Engineering.

Graduate School of Chosun University.

In this paper, the monosaccarification process from various
seaweeds was developed. Sea alagae consist mainly of 40 ~ 70 %
polysaccharides, 10 ~ 20 % proteins, and residual low molecular
weight compounds such fatty acid, free amino acid and amine. This
process just used immobilized enzymes to produce the simple
sugars from the seaweeds. The magnetically separable polyaniline
nanofiber was used as a carrier of the enzymes. The immobilized
enzymes were developed for the recycle of enzyme and enhanced
enzyme stability. The residual activity of immobilized enzyme was
over 50 % after 15 days incubation at 55° C. Glucose was produced
from wvarious polysaccharides, Laminaria japonica, Capsosiphon

fulvescens and Gelidium amansii with magnetically separable
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immobilized enzyme. Simple sugar production rate with the
seaweeds were 20 mg / 1 g and showed high decomposition rate
due to high mass transfer. After 10 times recycle, the residual

activity of immobilized enzyme was over 70 %.
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Figure 1 . D—glucose production from cellulose of seaweeds.
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B A= A 1 Aol aAAYRRE FxF GstaAde] sk ey A4 2
Aeld mA BUEE 44 A 54 wAB OB e T

gelshsc,

Al A AEF T3 IF

1-1 A=

Fststr] st SlxFEE WAvt (Laminaria japonoica), 28] (Capsosiphon
fulvescens), $%7WAFe8l  (Gelidium amansi) 9+ #AZE  celluclast ® BG
(novozymes , CC100133), lysing enzyme (from Trichoderma harzianum , sigma),
viscozyme ® L(sigma), beta—glucosidase (from almonds, biochemika), pectinase

(novozymne AP, flavourzyme (novozymne A}), alcalase (novozymne A} =

ALg3 T,
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1-2 7k&3)

W57k 55 C & A" 250 ml flask HH&-7]oA4] 50 mM sodium acetate
buffer pH 4.0 & Al €2 3= &4 ¥$AE A% 1 &4 555 20 mg/ml
2 ste] 1 g 9 d2FE FestATh 0 ~ 24 A s @ AR 2 ml &
AF sk 100 Colld &4 w8443t Al 5 B4 skl

1-3 &3he 4

AlZ e Eol8l= & FE=2 T2 phenol—sulfuric acid o= 433t} Al
el 0.8 ml © &7 AJRE ¥, 3.2 ml 9] 80 % IS WolF 5 Apwe ww
AT 1 2 5 WA F 2EE A7 "ojEga 90 % °f HE 50 4L &
A7reklth 30 & ¥ 490 nm oM EFFEAE AFEH] FFEE S8

gAdd =4S DNS (3, 5 — dinitrosalicylic acid) < AFg3F%th DNS H&

3, 5 —dinitrosalicylic acid & 3 —amino — 5 — nitrosalicylic acid & A Z

omH UYL AT ATk Fo BALL G EFe) Wt ol
of whebi] hEmE guiHel o we ZRF vk EHS AR 1
o] 3 mL ¢ DNS AleFS ¥ 100 C oA & o2 10 w3 WA st &

deow YA F FEEs dd9S 540 nm oA EFFEAE AHES] &
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Figure 2 . Standard curve for determination carbohydrate concentration by

UV/vis spectrophotometer.
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Figure 3 . Standard curve for determination of reducing sugar

concentration by UV/vis spectrophotometer.
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Figure 4 . Standard curve for determination of simple sugar concentration

by HPLC system.
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A2 A x5 B

2—1 Enzyme 1733}

2—1—1 PANI A|x

Polyaniline nanofiber & A|Z3}7] 984 1M HCI ] ¢! aniline ¥} oxidant &
250 rpm oA AAskA E3soh. 122 T3 vEgel 28l nanofiber 7F WHE0]
A nanofiber el $li= HClI €948 AASH] Y&l 3 2 S/75EF AHE3ste] 12000

rpm oA 6 W o]Ak Aojuitt A Z ¥ polyaniline nanofiber & Y3 B33t}
2—1-2 PAMP A%

Ao x He7b 7}53% polyaniline nanofiber o AFE Yalir] A okAtol A
T93F iron oxide Wx UAES 1EA 3 Al Hrste] wE-ES A]# polyaniline
%% Al nanoparticle s°| 719] E°l7F&= ¥H X+ nanoparticle 3EWH
polyaniline ©] coating %= e Aol ol EE7F 7hed v dA e
nanofiber ¢ A|x7} 7hsakgith. o€ A AZx¥® nanofiber & AA]C R #E]sto]

THTE 6 W oA Aojdith, A|x ¥ polyaniline nanofiber & WY& X #Askglth
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2—1-3 Polyethyleneimine—Magnetite #|Z%

Lev Bromberg 9]¢ polyethyleneimine—Magnetite #A|ZHS 431
polyethyleneimine—magnetite = #| %3}tk SHF<F° 30 mmol 9] FeCly * 6 Hy0
() # 15 mmol ¢ FeCly * 4 HyO & Yo 80 TelA HojF= sAld A
TaEh pH 6.0 &2 243s9] 4 w/w [%] PEI & ¥, 80 CTelA 10 ¥ &<
HEAIZL & 30 % YERYClrEE Hold 1 A & =S|

z=
polyethyleneimine—magnetite += magnetic nanoparticle <t PEI 7} 71§ o]zt

e 5 SEM AFAS H2sol T,

3

3 Sk
H

)

r2
(ot
ok

2—1-4 PANI $} PAMP, PEI-M A A Ao &4 133}

7} 7ol 5 ml vial o 2 mg ¢ PANI, PAMP, PEI-M & Y&t} Celluclast & 20
mg/ml 57 50 mM sodium acetate phosphate buffer pH 4.0 °f &3l v} o]
4 &9 1ml & Fske] 2t 7249 2 mg ¢ PANI, PAMP , PEI-M ©¢] 50} Qli=
ml vial o FH7Fsle] Ao 200 rpm o2 30 7 wkeA itk 2 AT
NS Welal 50 mM sodium acetate phosphate buffer &= 200 rpm °llA] 5
S AT 5 oo ol aavh "old yeA s wWzbA AFHAESE 5~10

ME ft on

o

Celluclast & 50 mM sodium acetate phosphate buffer pH 4.0 o €3a|A]# 20
mg/ml 7} HEE ZAENS w5o]x PANI , PAMP , PEI-M A A Ao 2z} z+

s} ot EAEE 574

=
£
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2—2-2 pH W3} W& A

143 &4 celluclast 9 pH o] W& ggs Absl7] el 7124248 1 g
ChAlakel S A A 2w pH 2] 242> 50mM sodium acetate phosphate buffer
o] g43te] pH 2.0 ~ 6.0 7+ vl 7bAA =435k}

1o

i

2—2-3 &% Wsle] u& AAFA
1A% &4 celluclast 9 259 9 FAE 98 pH & 249 #H4 pH 4.0
o2 1743%tal Thermo mixer (FINEPCR, micromixer Mxi4t) & ©o]&3}o] 255

25 T ~65 C 2 rH7iA S4sqlh

2—2-5 1AR3} &4 254 o

]

Nk

B\

A
50 mM sodium acetate phosphate buffer pH 4.0 & &2 3+ PANI, PAMP,
PEI-M © 12783} ¥ celluclast & 55 ColA 200 rpm ©.% shaking Aejol A

nastEa 27 5ae YL Y5l RS A

2—2-6 49 AAHE

i
N

143t @A PAMP ¢ PEI-M & #4e] 9ste] 3 o

Aol oste] s47h golstth A AFE s Gl o xR st

AHgE PAMP 7 PEI-M & Z#3 A4S ARgsto] wkegoe

AAEsglem, PANI = A elE ol &8kl 2o & § AARGSI3ivh 34
2= f 3

PAMP I PEI-M, PANI & o]&3}o] 55 C
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ddE s8It 1 3] WA 12 Alzbelgl o, Asjseis AMgg Sles 5

2—2—7 Adase 133 i Y3 MxF 23

7k 7+e] 250 ml flask ®E-g-7]e] PANI (133 ul/ 2 mg) , PAMP (133 ul/ 2 mg) ¥}
PEI-M (2 mg) ° 2243} HoAH a4 celluclast & AA &4 celluclast & 555
20 mg/ml & 3} ¥ % 50 mM sodium acetate buffer pH 4.0 = A £w=
st &4 WSAIE A, 1 g & xR vAlekE dEekdith 0 ~ 24 AZH
2 ml & AFste] 100 CTeollM &4 =283 A2 & DNS HE A3t

a9 FED vla B
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Figure 5 . Standard curve for determination of protein concentration.
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(c)

Figure 6 . SEM image of poly nanofiber.
(a) Polyaniline nanofiber.
(b) Polyaniline magnetic particle.

(c) Polyethyleneimine magnetite.

16



A 3 A W uF
A1 A =7 I3 34
1-1 &3HE 24

a4 Ag Al dEzF ©WAIvt (Laminaria japonica), wA°] (Capsosiphon
fulvescens), %7V &8 (Gelidium amansi) 9 & ©53=9 WH3lE EAd)7]
91k W& S % phenol-sulfuric acid W& AH&ste] T @53tz IF W=
=7kl

Figure 7 . oA Hi= vkel o] &4 celluclast, lysing enzyme, viscozyme,
beta—glucosidase, pectinase, flavourzyme, alcalase & 24 AJZF &<t X e|st A7}
I AIRE dfe] AlgelAX Hd @rsts %S JEdidden, uE aiel Bl
celluclast & A& Al vl 4] %L &S vebds SJAsith &3 54 A2 A
ChA[mp, wf o], -57kAbe] 5 thAlmtel A F eskE 5

M Eees O+ A
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Carbohydrate [mg/g]

® ]| aminaria japonica ®Capsosiphon fulvescens BGelidium amansii

Figure 7 . Carbohydrate concentration of seaweeds (Laminaria
japonica, Capsosiphon fulvescens, Gelidium amansii)) by enzyme treatment at

lhour.
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Figure 8 . & &4 celluclast, lysing enzyme, viscozyme, beta—glucosidase,

pectinase, flavourzyme, alcalase ©°% &|xF CiAmp, wjgo], FEI7MALEE
Aglste] FAGES SAe g Zolth. a4 FE 4 U F9F F= DNS HE
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Celluclast, lysing enzyme, viscozyme, beta—glucosidase, pectinase,
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-1 31 S
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25 mg/g o2 71 =oH, R 9
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Figure 8 . Reducing sugar concentration of seaweeds (Laminaria

Japonica, Capsosiphon fulvescens, Gelidium amansii by enzyme treatment at 1hour.
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1-3 9A ZZrETHE 24

4 I3t A Y ddFe) v AA A2ntE 73X (High Performance Liquid
Chromatography) 2 #2433t} ob#dl Figure 9 . & dxF thAnl, wjAdol,

R

S Z7HAE @4 celluclast, lysing enzyme, viscozyme, beta—glucosidase,

pectinase, flavourzyme, alcalase 2 Fo] W& ddFo AAEFS veEkd
Jfzolth 1 ARF w4 7ol g4 AE dE gRlst A
= A "E &24E AYERes dwel vlE & GRS
o beta—glucosidase & A #stHS v Bt} ¢k 10 mg/g =2 dd7+9
e HER ST
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Glucose conc. [mg/g]

Bnzyme

B} aminaria japonica H9Capsosiphon fulvescens BQGelidium amansii

Figure 9 . Glucose concentration of seaweeds (Laminaria japonica,

Capsosiphon fulvescens, Gelidium amansii) by enzyme treatments at 1 hour.
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Figure 10 .

FTE7F & a4+ celluclast 9 A$ 20 mg/ml 9
Addos =& &4dS Yepdiddoh 2422 Ho 1243}

7} 20 mg/ml °]gtar & 4= Uth
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Figure 10 . Loading capacity of immobilized celluclast
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2—2 pH W3 wZ AFA

138 &4 PANI, PAMP, PEI-M o 12743}l% celluclast 9 A &4 celluclast
o 2RE 712 tAute] Ao 93 pH &S th3 Figure 11 . o YERHSITE pH
HogF o] gloj el &4 BlwE pH 2.0 ~ 6.0 7FA HY Wl wkeS 1A
%, pH Wigle] & &4 WHsts At 1338t a4 celluclast 9F A &4

celluclast 9] 2% pH 4.0 oA AdAoE 2 FANEE Yepydoh =3 143}
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Relative activity [ %]

116 -
90 -
70 -
50 -
30 -
1 0 H T
1 3 pH 5]
-~ Bree—celluclast —*— PANI—celluclast
-t PAMP—celluclast —*— PEIM—celluclast

Figure 11 . Effect of pH on the activity of free and immobilized

celluclast at 55C
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Figure 12 . Effect of temperature on the activity of free and immobilized

celluclast.
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Relative activity [ %]

120
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Figure 13 . Storage stability of free and immobilized celluclast at 55C
and pH 4.0
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2—5 133} &40 AAE

A3} %7 25E 547 Hs@ 198k A AQl PANI, PAMP, PEI-M o

X
= 343 A7 Fo o= AlEslo] celluclast & A= AFS HEE SO

H RS AFES A9 35 E a4l o] PANI o 143) ol &
celluclast & 7] @484 %2 80 % , PAMP ° 1743} o] 1= celluclast &=
%7] &h $4E9 73 % , PEI-M °] 143} ¥ of

A= 90 % 9 IgEs UEUdd e
TEAR a49 R AR et Zlow dckdEnh

1= celluclast & %7
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Figure 14 . Effect of recycle on celluclast activity.
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2—6 AdaAY 13 5L HYEFE GA F3t

AA &4 celluclast 9 A3+ @A PANI ¢ PAMP, PEI-M o] 143 =
celluclast ZH-E] |27 thAlul, wjgo], Z7xbelE 122413 Aol G334
APt on, Ao T3} AqowRE FATS FAs] AA st A3 a4
T3} 58 nlw EAE v Figure 15 . +© A 1 29 593 93} xxo=
WSS AEe A oA, wjgo], kAL S thAlmbell A ST ko]l &Sk
om AAgATE thAlmbell A ok 20 mg/g ¢ FATE ABakeh e v 15} g4
+ °F 55 mg/g ~ 80 mg/g ¢ AT YAtk = oA A e Ag} nixt
M2 1743 FAQ PEI-M & & @A PANI ¢ PAMP Kt} 1123 REEAIF
of kYT AE gelstid
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Figure 15 . Seaweeds of Saccharification process.
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A1 delA zb 7+e] aA2RY 71d 227 tAlvt (Laminaria japonica),
uj2yo] (Capsosiphon fulvescens), 5-%7W} 8l (Gelidium amansi) & A& &0 2A
dolA= @3t sl digk HE&S Aesklon, A 2 dL 54 w43t FEow
e 2o g 3 AReRRYH FYEE fAsk] Ad des A
slaldth. Alg-® &4+ celluclast, lysing enzyme, viscozyme, beta—glucosidase,
pectinase, flavourzyme, alcalase ©|", a4 13} A] AFgH 143 @a= PANI
(polyaniline nanofiber), PAMP (polyaniline magnetic particle), PEI-M
(polyethyleneimine magnetite) ©] t}.
A 1 AoA &4 celluclast, lysing enzyme, viscozyme, beta—glucosidase,
pectinase, flavourzyme, alcalase ZHE TAlu}, wjAdo], E7FAEE A2 6k
phenol—sulfuric acid Wo=z{¥YH wFstsE FAS Ay oAjal, wjAo],
57 S celluclast & AEsdles W 7FE w2 e UERision, 53]
tAlrbE celluclast 2 A 2lstls o wjAdo], ¢57HAel B
eItk B3k DNS oz sdd s A48 A npz7AZ celluclast
Agsid= wWrb v 47 Agsicles wWrEu wskon, gAmbrh wjAgel,

TR ES 2 9 s YEdY AA AErtEI S AR dYRE
228 A1} A RS celluclast & X #3gS w wjdo], $EI7MAE S e g4 =
Agslls Wr 95T Bl Eas it
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oJzHE AxRA thnkE HxF dgel, FxF SE/bY wn wele
3]

AA0E ol g A SOl B mole WA 4UL HE F 5 LT I 5

=
ololth. m3 &4 celluclast 7} OFE &4t 23 o] Hojun, cellulase W&
Ffrsta s axely] miEe] AAHow AHEE S9lS u duA e EAS
oz Arshs o Swe & 5 Aas A8kl

=
A 2 Aol 133t @Al PANI, PAMP, PEI-M °] glutaraldehyde & ©]&3}o]
E2 celluclast & 23t A1A 714 thajwke}l thefst oA RESAIAAN SHEE
gttt PANI, PAMP, PEI-M ° 133} ¥ celluclast 9] &2 11743} ¢ 20
mg/ml ©]™, pH ®W3lel] tiste] FHst A3 pH 4.0 oA YD GHEE
UERISloH, Apdmae] vlE ddiFo® pH WstelA JFE A

e

shelsgith, &5 Wdte] thate] 543 d¥ 55 T oA 7Hg kF 3]
a7 AR E4RY u2elM SRS FASHs sHol el celluclast , &
3t 10 HOARARE Sk9lS W PANI o A% x=7] @459 73 %, PAMP 9

959 80 %, PEI-M & A% %7] 8459 90 % ool FA= Ut
viel o] 1 wWhZolA AL fA ¥l Hold nA3I HA
celluclast & g3fst @49 AAGA celluclast o A2 ZFH dx2F vAlq},
o], $E7haelE F3ksle] DNS Yo zHE dd3d d5s nu B3 A3
AAG 47 tAmkelA 23 mg/g, WAl 19 mg/g, FXE7HAFCIA 9 mg/g 9
S-S Adsts Wb, PANI o] 24 ste a4 thAlvtelA]l 55 mg/g, v olellA

mg/g, $%7HAF YA 20 mg/g, PAMP o 148" a4 thAlrke A 43 mg/g,
jgole A 41 mg/g, E7MAMECIA 15 mg/g, PEI-M o 143¥ axt
tAlmkel A 79 mg/g, vHAollA 64 mg/g, FE7HARCIA 32 mg/g o AT
g8kt
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