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Properties and Industrial Applications of Seaweed Polysaccharides-degrading Enzymes from the
Marine Microorganisms. Kim, Jeong-Hwan!, Yeon-Hee Kim'?, Sung-Koo Kim®, Byung-Woo Kim'*5,
and Soo-Wan Nam'*>*. "Department of Biomaterial Control (BK21 program), Dong-Eui University, Busan
614-714, Korea, “Department of Biotechnology and Bioengineering, Dong-Fui University, Busan 614-714,
Korea, *Department of Biotechnology, Pukyong National University, Busan 608-737, Korea, *Department of Life
Science and Biotechnology, Dong-Eui University, Busan 614-714, Korea, *Blue-Bio Industry RIC, Dong-Eui Uni-
versity, Busan 614-714, Korea — Recently seaweed polysaccharides have been extensively studied due to their
various biological functions including antitumor, antiviral, anticoagulant, and anti-inflammatory activities.
Although seaweed polysaccharides are known to possess numerous beneficial properties, their industrial
applications have been limited due to the low inclusion efficiency and high cost of manufacturing involved in
chemical hydrolysis. In addition, the smell of seaweed has been a limiting factor in its application in the food
and cosmetic industries. Therefore, novel hydrolysis methods and the deodorization of seaweed are required if
the extensive application of seaweed polysaccharides is to be seen. A number of studies have examined vari-
ous seaweed polysaccharide-degrading enzymes, which have been isolated from marine microorganisms, and
enzymatic hydrolysis processes have been investigated for the improvement of production yields and the bio-
efficacy of seaweed polysaccharides. This review is a synopsis on the properties of seaweed polysaccharides-
degrading enzymes from marine microorganisms and their industrial applications. The review reveals the
pressing need for more concentrated research on the development of new biological materials from seaweed.
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Table 1. Constituents of marine seaweed.

Contents Green algae Red algae Brown algae
Species Enteromorpha, Porphyra tenera, Undaria pinnatifida, Laminaria,
Codium fragile (Suringar) Hariot Gelidium amansii Hizkia fusiforme, Sargassum fulvellum
Dry matter (%) 20 30-40 5-10
Carbohydrates (%) 48-55 53-70 45-60
Cellulose (%) 5 3-16 5-9
Protein (%) 10-15 7-15 38-51
Lipids (%) 1-5 1-5 1-5
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Table 2. Classification of marine seaweed and its major sugar constituents.

Major sugar constituents Degrading enzymes Sources
Cellulases Penicillium sp., Nectria catalinensis
Green algae Cellulose, Mannose, Xylane
Xylanases Bacillus sp., Aspergillus niger
Arylsulfatase Klebsiella pn?umonzae, Salmonella typhimuriumm, Pseudo-
monas aeruginosa, Pseudoalteromonas carageenovora
Agar: agarose(70%)+agarofectin(30%) O-agarase Vibrio sp., Thalassomonas sp.
Red aloae (B-D-galactose+3,6-anhydro-L-galactose)
& Carrageenan: D-galactose+sulfated galactan Cy tophaga SP- Pseudomonas sp., Streptomyces  sp.,
(3,6-anhydro-D-galactose+H,>SOy) [-agarase Vibrio sp., Bacillus sp., Pseudoalteromonas sp., Alter-

monas sp., Zobellia galactanivorans

Carrageenase Cytophaga drobachiensis, Pseudomonas alcaligenes

Alginate: D-mannuronic acid(M)+D-glucu-
ronic acid(G)

Alginovibrio aquatilis, Azotobacter vinelandii, Pseudomo-

Alginate lyase nas aeruginosa, Pseudomonas maltophilia, Vibrio sp.

Brown  Fucoidan: sulfated L-frucose(major)
algae Galactose, Xylose, Glucuronic acid(minor)
Laminaran: [-1,3-glucan(major), B-1,6-glu-

Endo- and Exo-  Candida albicans, Thermotoga neapolitana, Neurospora
1,3-B-glucanase  crassa

can(minor) Laminarinase Trichoderma viride

Table 3. Chemical reactions of seaweed polysaccharides-degrading enzymes.

Seaweed polysaccharides-
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degrading enzymes
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Table 4. Types and Properties of seaweed polysaccharides-degrading enzymes from the marine microorganisms.

Optimal Molecular Enzyme
Enzyme Source Gene pH /tepmp‘ (°C)  weight(kDa) actizi ty Reference

Alteromonas sp. 272 Alg-272 7.5-8.0/30 33.9 8.3 unit/mg [25]
Pseudoalteromonas sp. SM0524 Aly-SJ02 8.5/50 32 - [30]

Streptomyces sp. ALG-5 Alg-5 7.0/30 28.2 - [34]

Alginate lyase  Vibrio sp. AL-145 Al-145 8.0/30 23 5 unit/mL [28]
Azotobacter vinelandii AlgL 8.1-8.4/30 39 - [50]

Pseudomonas sp. N7151-6 Alg-N7151-6 7.0/30 30 110 unit/L [40]

Pseudomonas aeruginosa AlgL 6.2/30 30 - [44]

a-Agarase? Vibrio sp. PO-303 AgaAd 6.5-7.5/38-55 87.5 - [1]
Thalassomonas sp. JAMB-A33 AgaA33 8.5/45 85 40.7 unit/mg [49]

Agarivorans albus YK W-34 AgaB34 7.0/30 49 242 unit/mg [18]

Pseudomonas sp. w7 pSW3 7.0/40 38 - [38]

B-Agarase?  Pseudoalteromonas sp. AG4 agrP 5.5/55 33 207.5 unit/mg [48]
Vibrio sp. strain V134 agaV 7.0/40 50.35 - [63]

Zobellia galactanivorans agaB 7.0/40 53 1.53 unit/mL [55]

Pseudomonas aeruginosa PAO1 atsA 8.9/57 57 - [4]

Arylsulfatase” Pseudoalteromonas carrageenovora astA 8.5/40 57 143 unit/mL [36]
Klebsiella pneumoniae astA 7.4/37 57 123 unit/mg [46]

Salmonella typhimuriumm astA 6.7/37 50 - [22]

DOne unit of alginate lyase was defined as the amount of enzyme required to increase the absorbance by 0.1 at 235 nm per min.

DOne unit of agarase was defined as the amount of protein that produced

1 umol of reducing sugar as D-galactose per min.

30ne unit of arylsulfatase was defined as the amount of enzyme required to release 1 umol p-nitrophenol from p-nitrophenyl sulfate per min.

Table 5. Recombinant expression of seaweed polysaccharides-degrading enzymes from the marine microorganisms.

Expression Enzyme

Enzyme Source Host system Culture activity Reference
Alginate Ivase! Pseudomonas elyakovii E. coli pALP4 50 mL flask 1.4 unit/g [40]
& Y Streptomyces sp. ALG-5 E. coli pColdl/Alg-5 50 mL flask - [34]
o-Agarase”  Thalassomonas sp. JAMB-A33 Bacillus subtilis pEXA33 50 mL flask 6.9 unit/mL [49]
Agarivorans albus YKW-34 E. coli pUC18 50 mL flask 242 unit/mg [18]
Pseudomonas sp. w7 E. coli pUC19 - - [38]
B-Agarase? Pseudoalteromonas sp. AG4 E. coli pMal-c2x-agrP 50 mL flask  207.5 unit/mg [48]
& Vibrio sp. strain V134 E. coli PETUA ; ; [63]
Zobellia galactanivorans Pichia pastoris pPIC-AgaB 50 mL flask  1.53 unit/mL [55]
Streptomyces coelicolor Streptomyces lividans ~ pUWL201-DagA - - [57]
Arylsulfatase” Pseudoalteromonas E. coli pHCE-AST Fed-batch 143 unit/mL [36]
carrageenovora S. cerevisiae EBY 100 pCTAST 50 mL flask 1.2 unit/mL [9]

DOne unit of alginate lyase was defined as the amount of enzyme required to increase the absorbance by 0.1 at 235 nm per min.
DOne unit of agarase was defined as the amount of protein that produced 1 pmol of reducing sugar as D-galactose per min.
30ne unit of arylsulfatase was defined as the amount of enzyme required to release 1 wmol p-nitrophenol from p-nitrophenyl sulfate per min.



194 Kimetal.

= Ak Alts ERIslale. 2=1E NT151-6 2] A
A 918k FH 22 30°C, A pHE 8.022 FAMES
© ™ 0-7%(w/v) NaCl =A% A& 715319l c}. 16S
IDNA 7] M9 FA 3 Asishy FA6l| o) o] o=
Pseudomonas 422 3 =|o] Pseudomonas sp. N7151-6
2 =2 w3lede}. Pseudomonas sp. N7151-604 AAts}=
A7AL B EAS 32| of F(ultrafiltration; MWCO=30
kDa) Whel] ojsl Ft AAlstdet. el 5] FHH 2
EX 30°C, A pHE 7.0°28 FAESITE =31 o] 4=
pH 5.00114 9.07bA] k3819l o, 23°C oA 37°C7HA] 9
HEA M= A S HefFoiet. ARAL Fala4e] AA
-2 110 unit/Lo]$Ae}. Lee ST401= ekt 52 vy
L 2HE AL EEl BAE 7 wF rIER] Vibrio
sp. AEBL-211& s}ai\:}. $A, Q7IAE 3 )R] ol A 2
halo Z717} 331 3Kl AJAd=ke] 71 w2 ok mAl=S
Arelar, AJsfst 9l oofdel B4 A A 58 viEe=
Vibro 422 543ttt DE 52-cellulose 2 Sephacryl G-
2005 OI—Q—EF 202 W3t U gel permeation chromatography
= =3 31 AAE alginase FAholS ogjom o] EAE
01%3]-04 guluronic acid®ll ™} &t mannuronic acid®] ¥]E-o]
o} sodium alginate A] 3ol W3t Eal5S Hrler A
guluronic acid®] A ofe] w2 U7kl gt EAde] A}
& o2 438t Vibrio sp. AEBL-211 2]9] alginate
lyase:= guluronic acidZ} @2 G-rich blockel] 3t Haf &+
o] =& BAL 7 AeE FhdEl Kim 371
A7Ak —@5]]35: %}H o] ot A& FH3t AAE &

=
=, Al 7, ,_5:, pH 5-& BAsldY}. 27 A4 5
=< A&, s, s, w1, NE SelA freEt & 5”P°4
F2Y F G B Ea B4 ¢ 3} 270 =+ =
Zlala HEg s AE fe] & Hﬂs}eau‘r 16S
DNA 97179 #Ae= d é ¥ dFE5 Methylobacterium

sp. HIM272.2 wwlslg] a1 A71AL v_—?fHLQI A2 1.0%
sodium alginate, 0.5% peptone, 0.3% yeast extract, 1.5%
NaCl, 25°C, 48A| 7} vkl A 71 =3hv}. 471AF Bl &
Ao AL 25°C, pH 99| A4 ZHHZ 0.8%(w/v) sodium
alginate Sl 4] 308qte] 1.217 g/Lo] IS AT
It

o] Falls F2 sEFeel 78 52 A Sk
nAEEol 23] o] o] A= AT 6}] 842l agarase
o] 7l AHgo R SRR FH TE o]l agarose
2] Hallol] 2Jsled o]FoiZT}H1]. Agarose E-3l| &£4-¢] agarase
= 2o ulel o-(1-3)23S Fall3led agarobioseS
TALZ 8= agarooligosaccharideZ- AAFS1= a-agarase
2} B-(1—4)28FS H3lsle] neoagarobiosesS TATHSE 3}
= neoagarooligosacchan'deE AYAFs1= B-agarase AV} L&

2] 3)oH(Table 3). & o-agarase= 3,6-anhydro-ci-L-galactose

9] (0-1-3) B-Dgalactose Ato]2] ZAghS #o] 3] Uoko=w
3,6-anhydro-a-Lgalactose %+7]& 3Ad31= agarooligosaccha-
rideS A AFS}l™ | =3} B-agarasex= B-D-galactose(f-1—4)
3,6-anhydro-a-L-galactose Ale]e] ZAd-S 7pislsle] 3t
A WFo=® B-D-galactose 3|5 3433 neoagarooligo-
saccharideZ- AF3IE}. Agarase= T2 3)|oF Aluto] Ak
sh B 5L g5 Holx 3 7HA] o]AFe] agarase:
AAksl= A o3 epdch(Table 4). B-agarase?] 739 & o
F7F ME o2 BAS 71 F 7] oAk isoenzymeE
A= o= wWe] B alE|o] 9l oy} g-agarase”} g #F-
ol Al F 7FA] o)A} Aakgl o= A9 gl 53] B-agarase
£ AAPR= 5 3 o-agarase AAke] HMATEA] b2 Fol
o @l . o|AH sl Eaet 1 friatel| et A
T 8 Cyrophaga sp., Pseudomonas sp., Streptomyces
sp., Vibrio sp., Bacillus sp., Pseudoalteromonas sp. %
Altermonas sp. 5-°] BAFS}= B-agarased] &484 4l -
A S0l FEAA AT=H 18, 38, 60]. Oh
S48 Fu S[18]1] T 72l w24 soF n|YE
Pseudoalteromonas sp. AG4Y} Agarivorans albus YKW-
34 9] B-agarase RS E. coliol| A ZpEEAA AL
H ANE2F p-agarase T B SATe=ZN A=A A
Ab A A8 7 E-IEHH18, 48]. Seok F[55]
2 B-agarase®| W AL HHIE {d EX Pichia
pastorisd| Al A Z3} B-agaraseS FH] A sz} 9}
Zobellia galactanivorans ¢ B-agarase -+ AH(agaB)7}
S22 49593, 40XI(alcohol oxidase 1, methanol inducible)
promoter Lol Saccharomyces cerevisiae mating factor
alpha-1 secretion signal(MFal)E 143} MFal-AgaBZ
T53190t. 755 plasmid pPIC-AgaB(9 kb)E P pastoris
genomeoll HIS4 gene $]X]l| integrationd}91 3, colony
PCRE &3l &<latdtt. Methanol 37} wiz]| A 2}at 3
A 3= iodine solution®] 7}l 2]3)] red halosE X
Lw, P pastoris| A agaBe] E-&% Fu| HAS Elslg]
o}. SDS-PAGE®} zymographic analysisoll 4] B-agarase2]
B oF 53kDal®E FAFHY M, 15% F X2 N-
linked glycosylationo] dol-a-S & 4= l%v}. P pastoris
GS115/pPIC-AgaB2] 4847} baffled flask cultureol| A A|E
9] B-agarased] T 27+ 0.1, 0.5, 1% methanold] =
ol oJaf 1.34, 1.42 12|31 1.53 units/mLe] S Ho}

2] B-agarase®] A M|E QJollA] FHEE AL, ]
F82 98%F e HEulAlY glycosylationol] &Js delAA
= Z71=E900). a-agarase®] -5 23 24 Aol £A)3)
elm EHA g A FAe] B4 2 7 $Ax7} B

A= ¢l q-agarase?] FAjo] A¥- BT Hof Qlr}[49]. =
g ) 5-52] agarase’= 30~40°C, pH= FAod Yol 21 &
AL 7IAe] Exleke A 18,000 Daol|A 360,000 Da2] =+
kgt =712 ehdol 2 Yun 5621 Saccharophagus
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degradans 2-407} AAF8= agarolytic 4l 23 27
agaroseZHE] 3,6-anhydro-l-galactose(L-AHG)S] A§Atel] 2
gt A5 5. AgaroseZHE L-AHG Ak 915t
ZA S. degradans 2-40 2l agarolytic £4ZF 7] 913}
of A 9] = FHe] 54 78 U siisle] 23} F
%13, o]5 &4 F-39] agarose 7R3 EAo] BAES]
o} 2 A3}, agarose, agar == red macroalgal biomassl]
A o=l M E7} glucose B galactosedl| A wl okl Al E
o} vjsl & o agarase A I AHG AAF BAlo] =7
vebgdel 53], agarol| A wl ok Ml ES] 73S cell-free
lysateoll A agarase 4 2 AHG AJAF A o] extracellular
fractionol] B3l wli-¢- =4 SA =)

gHe] 735 20114 AA] AzE Ak F 6,0008 A=
2l 3= glow, fejuEe] A7t AR °F 600~800
E Aotk x| = AAF 3] S RSk 2008 A
=2 FAEY, 400 o|4e] £EF ] AFIEHA] agarose
1} sepharose 522 4= 9= AA o]}, 3 (agar)
2 agarose®} agaropectin®® FA=e] 212, agaropectin
2] 739 agaroseoll A7, pyruvic acid ¥ uronic acid ZF
7] &2 AM71ES kL qle] A71AEelA e o
Foll S = Wk opEl A AEE oFATIE 78 Y
ole] HEH13]. webA o8] A9 F7] L 238 53}
o] 3P 9] agaropecting A|ATCZH agarose === ¥
of oJsta}l AFE} ool AME-E L QM) Agaroses AA|
317] $I8ted AZAREE 98] 714 WHE, &, pyridine-T
F2APY, dimethylsulfoxide #2149, cetyllpyridinium chloride
cetyltrimethyl ammonium 3%, polyethylene glycol
24, sodium iodide %], nal-acrinol ¥-2]%, ethanol
1A 2 oFel2 AHEAA e FolA 2-371A] AA
WS W83k ol 3AIEE o] st f7]Sue] o3t
agarose®| A= A=t {780 ARE-o= <lst FA]
7t s 4o ERE ohyel ake] A} o]ef whE
e 7l 9 {780 AP AAES 88k gl &)
A9k NS A4 A5 B4 S E ARe T4
x3]e 2 A3kl agarose AAte] 71s3l, #7180
Aol sl Su ARERERS 20-40%2 AZHE 4 ol =
g 7180 AN FA F A A S4F FE F
A S Fridez 7143t & 5 glen, o5 B3t &
7189} F29 9] 50% ol & FHE 71 4 s
wEbA FT R o] &3 AEIH A Al T
gt A7) ] AL gl

Arylsulfatase= agaropectinol| 4] A7 | S A A= 7]%
< 7P A EAHQ] gEEAe deA Qlek(Table 3). s|EF
£ AFEHs dleF = 7 2skEae] dFEH aryl-
sulfataseZ} B-F3h= 702 od2x glon o] 4k 3x
Froll Frsle] e wHdel sulfate ester 23S E3l3le]
2 o] AW o] &EF Folal[24], 53] slEFelA

H

oL, -hl' wa,

o] 2] F3he} o] 3pEfgol| Tl AoE dEA Sld
[12]. =3t | EE o|83t arylsulfatase &4 AAHS 913}
o] Klebsiella pneumoniae[46)], Salmonella typhimuriumm
[22], Pseudomonas aeruginosa[4] X E. coli[26]¢} -2
HUA S o83 A7t Zhs] Aled=le] $iok(Table
4). 2| By Ao wp2H E coliolA] It E o] AY
Akl ANZ3) arysulfatase EAS- o]-8-3}o] A|Z3F agarose?]
A% 5 ) gel A= ZolA) A1 agarosesh AFEHS]
AR 235 Ho] 234 II5-E agarose®] AJEEH A
Al 30l H8 7Fede BRIsKITK Table 5)[35, 36]. Cho &
[912 Pseudoalteromonas carageenovora <+3<] arylsulfatase
FAARE 3 84 WEIZXR GALI promoters 7Hi
= g HEJ]] pCTeonel| 755 3kal 5% pCTAST
(7.1 kb)E S. cerevisiae EBY100-2- o] £3}o] &2 A EH 0|
Aeres 1 HeA 7, 3 4= pCTAST(7.1 kb)
= 2|3l A|Z3}F agarosee} A|THE- agaroseS DNA A7)
°3E3ted Fels o] FeS vlast A3}, AZHE- agaroses}
RS Slslgict. o=f3t A2 B, &% S cerevisiae
o A FHoAM W E 223 arylsulfatase E4AF o] 83}
of sP o= e A7]9d58 Ik - 2137l agarose A
= A TR A8 7FedE & 5 qdd

HECIYREFE HO| 20X Hit

22 A AR A Y Melollyz|o] a7tz qldle]
2zl =] o] ) A7t 2] A=Al gleh =
& AN AR A 2 73S AL 3= Al 5] skt vt
o] ofl = o]t} Blo] Qe A] = Hlo] ¥l (biomass)ZH-E]
ARE dof o|F HEAA g Aoz e o585 d%
£ diAEe oVAIE T3t sl AEAR ] 9]t el
Rof|HA] AR H] A olvR o2 A ] 53
AAA B} Houhal, S 7 AR o
2] 53 M= A2t 4= qle] 3 A9} ol vA] YAk
Hofol] FAld Fas}e] WAs s o] =2 Hofolr),

ulo] Qo z] Aakel 83t sE27 =l SRE Ak
3= el A ElE B3 Fsb s el R
7leiE] BAE o]4st B4k o] A Qv &
A mre] Qo =] AAE FA sl A2 E F3t iR
o] AMExEpE dubs o2 H8= a1 QA Rk, AkAE]e] 73
T AEHFRE dils ASEE] FYPor HdeHoer
2allEhs 7o) vl oL, T3S 87l wde] 3l
vhd, S E2F sl EAE o 88 A sixddw
A3l A2 o el oz Ba)g 4= 9)7] o
ol B4 sl wie] IS WAL 9lvh60, 61].
= vlo] ol =] AAtel] A3t sF vl 2T W SE2FE
A 9l SN EslaL, vle] exia g XA ghe)] o ks F

hu3 =~
9458 I Hdskle d75el AP 9

T |

>
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o3, 8]. R eh =l i v wiekr]o] A= 2 oFA
7S Elal SlEudRE slR{asE aHer 3
= 9 A2AE & 5 ol ] HH3E Bl &eHal
vle] e A AARTA S AANEEIAAL ==3kar gl 6.
S FYEAR] Fref vho] eoluA] AR 3R] =
7119 Afr e R epl & & Qe 7 |
Al ARl FA AAA AR ZA A 245}
FHQl 2ATIA Sl e H5 8- Aol

| 2Fafo] Lolu |3t 7182 HEAA (1) 2 F21A]
AIH) AR o83t ne] Qo #] AAke] S S5
T e Al 3 A A ARl 2T o8- vlo] e dE
2 nle] Qoflehg, ulo] @ Fehg- nle] or|Al ulo] o4
vlo] @7k (MRY) 55 AAkR= 7ot o|2lgt s &fte]
QoA 2] Ao 2= A 7Fs(renewable), T gt BE
2F(abundant), B]2]-¢ 2} (non-edible), 31F=F =]
4 E4- (useful), A (CDM) 8= 55 5 5 sk
2T vpe] Ui AT o]-&3le] nlo| AR E AJAHE A,
biochemical conversion, direct combustion % thermal con-
version 5ol E3E= st TS 3l AAE $A 2
23 power 3t of e} nle] Qu]Al ulo] of|gkE-, Hle] Q.
FehE, ubo] 44 F nle] @ 7k F vokst e el
29w AAbe] 7hssie. A siEFEHE Ak 7Fsst o
oF3t Hefe] vpele s F Ve o 2 A AAE
ks B wf SjtANERE o83t nlo] olekE[27]7} vt
o] @ Hetg Ak wNZF{E o] &3t ve] Al AJAke]
7V Hes AdEni42, 59].

vlo] 2ol[eke- At A4 713t S| ANEF (macroalgae)
2 525, 32, 22T 50l vk 527 e A
7t Fo] EFORA 48~55%2] F epEE S 71K
™, cellulose, pectin, mannan ¥ xylan 52| 375 *3
L et Fx2FE A SRV RFLEA
53~70%2] % et3}E 33k agarose, carrageenan 3
porphyran 58] tFd77} £3Ee] gloem ZxF vy,
thAlmt, &, BAPE So] EFORA 45~60%0] F vk}
2 =3} alginate, fucoidan, laminaran 2 mannitol 5-2]
2 SR ek(Table 1). 53], v|Y, dAwl, 24}
Hb 9] ZxRE Flollr] AAl| tiElate] 7sst Fo0=
Al S sleatel emlj A e 1 frElEle. sjlEFES
Bl o|EX oz Ak 7153t o] RofehEe] of2 & A
FF ltong 7|52 T o FHEFTE 31%8 310kg T
o] & Aoz= oA=n6]. ARt ZEF thdE EalisiA
vhe BAHES B8 0= oekg AYAkel] o]83tr] Hl)
A 7R A7) v AldE e o} & Flo|g. ol E 5
agaroseZHE] @3}% galactoses £ 27} o] #F o] &3 4=
AUESE glucoseZ2] conversion(epimerizationys $]3F 4
ZHGALI gene, galactokinase(GALK), GAL7 gene, galactose-
1-phosphate uridyl-transferase(GALT), GALI0 gene, UDP-

galactose-4-epimerase GALEP} sl 2| x3 § 25 &
£33}, alginate®] E3)AFEQ]l mannuronic acidih
guluronic acid 59| °]-8-55 3= A% sEHd w3l
Aol B9l o] 85 913t digte] & 4 sl Aol

ue g

02,'!
o

e Y

EFe SRR 7A=Y slom, 71SA8AE, 9
E, 3PgEe] 7128 2 AVHIE vREed, dl2Esie]
A7 52 s o 4H ot ol E B4, slEfE
FE fralEs A ohdsel 3, 7L g,
Folgt 52 o3 HE QlF Al F-83H o8]

S Wk ohe} vl e ZEWEA 2 FIPIAE 7l
o} A FE agars 15 DEl/keolt Alkge] A7]d54 1
2 agarosex= 100~200 2|/kg ol A7IAk] A5
v Ao 39ke] Eeo] AAME L A5IAA, AlA
A7, Al 5 dut g3 AlEe] gl 7FEe 520
& /kgo] A9 AAERA Y A E2A 314 5o o|fF4 1L
= A7k A= 40,000 DB /kge] H= IHIPIEAE
AU olet wEbA S 2FENE 2P A 24
o] YAk} 7k ske] AA AR 913 ARR1e] shEA &)
Z ool #Aale] AF H v 53] o] & slxud
S A&, St 9 sarahg, W ga), a2
shaks), aklsa) 2k AJEld 4 A vilEs) HgRa) 5
thefgt |27 54 o] Y53 Fol sA 28]
AN E s 9lv), w3, 3t 8] 4w e
Aol wh2 21313 wlol e8] Fgo] AlFdAel wef vt
o] QoA AARS: $13F A28 vle| euiARA S 2F §
o] o] gl Fale] FF=AL T3, 6, 8, 27, 42, 59].

A 2 RS L3 Q7 2 A7|ES AAAAH
T SollM R&H o wbds) ghom o whE Ak Al
A2 Fdjd Ho|d. el S2ogRE dlxfFE5E
e R FE3 5 ol FEYR A3 H sz
o] AEAEE B3t sz 7154 5% Wel |
gt A7t 2] A= olnt. slEC R AEAERs o
AL 55 o] 43 I3 JpEey W 54 WS o]
48 5 oled, 3 AbeRs slxudRE A
o] & AFES] AP R Aoz AYAaksh=
7o) wi- oL, AT EEA Y] FAEA 2 A 5
ol FAIZ}F = whd, 43P HpyS djxudRE A9
HoZ Falg 4 9l 714 HolA Wit EAF s
3 we] o frElsiekar & 4 gl uhekA ok wAE
ol AxzuER F8l EAE o] ARy 5 9 AR
213} vpgel] Hgt chefdt 9] A7 skl a2t
71 A& HEe] 7154 AE, IHEAN, 2 vle oo
U] Akl Hole] S8 E Ys|Ed I onpxE Ao
2 Al=dd.
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