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Structural Features of Enzymatic Hydrolysate of Porphyran
Isolated from Porphyra yezoensis

Jin-Hee Park and Jae-Geun Koo*

Department of Food Science and Biotechnology, Kunsan National University, Kunsan 573-701, Korea

Enzymatic hydrolysate of porphyran from Porphyra yezoensis was prepared by treatment with -agarase. The
hydrolysate was fractioned into molecular sizes of <3, 3-30, and 30-300 kDa using an ultrafiltration membrane. The
membrane fractions were further separated into neutral and anionic fractions using Dowex 1 X 8 ion exchange chro-
matography. After hydrolysis of porphyran with 3-agarase, 23.2% of the starting porphyran was recovered as a neutral
fraction of low-molecular weight (<3 kDa), and 28.9% remained as an enzyme-resistant anionic fraction of high mo-
lecular weight (>300 kDa). Desulfation of porphyran and "C-NMR analysis of the anionic fraction of low molecular
weight (<3 kDa) showed that the anionic fraction has a backbone consisting of 3-linked 3-D-galactose units alternat-
ing with either 4-linked a-L-galactose 6-sulfate or 3, 6-anhydro-a-L-galactose units. These results indicate that porph-
ryan is a copolymer of two moieties, about 25% of which are composed of neoagarose moieties and 75% as anionic
moieties.
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kl E Porphyran 359F €4 (Noda et al., 1989; Kown and
Nam, 2007), &322 & &4 (Jung et al., 2001; Lee et al., 2010)
484 tieel porphyrane Pophryasol T-950l 9 9 50 Ale] Bo] BIE T glof 7154 Aol fRA ol

A7 3 A o] 3 0 & 36-anhydro-L-galactose,  7Fs/do] ). T2y HA71E SR AV thde] Al Tl
D-galactose, 6-O-methyl-D-galactose, ester sulfate 2 -4 & AL Yutx o g Lz ul Bxiako ulel drelAlch(Teruya et al.,
o] 9lth(Anderson et al., 1965). Sulfate?} methoxy”| S $H& 2007). wabA] =ik Zlof| Al &3t porphyrans ©]-8-5F A=

gk Hg AlQJslile agaroseet 5T 2 E 7HAL glo] L & 7164 A /e flsiAl= AAl porphyran®] 2k
galactose unit”} sulfate 2, D-galactose unit7} methyl7| & %] Zof Wk ZAPF A H st

35l agarose}l 3 <= Qlt). wMHo| E£xF<l Eucheuma©l E A= WA s A E AL Q= AREY A (Por-
A FEE 0] AFHTHER ARG E T Q= Ahebrde] AR prhva yezoensis)o| A & porphyran_J A% 25 9el7|
2 3,6-anhydro-D-galactose, D-galactose, ester sulfate 2 por- %13l AA| porphyran2- B-agarase 2 7}<=HE3a) 5t & S| o #juf
prhyransh TAAE B ek, 74 ARo] AR HAE Ro] O ey Wz Ruskgit B4 8 BRES ] o] 2w

7} dth(Morrice et al., 1983). AA7}A] H 1% porpyran®] 2 3} 222) ZHg o8 AT T 0 ' o] gAY 24 1
2= 6-methyl D-galactoseb} D-galactose”} L-galactose, PC-NMR =4S 5o porphyran®] 23} 125 A5t
3,6-anhydro-L-galactose, 2-2 L-galactose-6-sulfate®} A& ul

2 a(1-3), 8 (1>4) 28 44 28 71 Ao A2 M2 L

9ltH(Gretz et al., 1983). ZL&|u} porphyran®] JLAJ Al Eu} 23t

FRE e BE AAN, AGEA e gebd Bollet 1 =

F9 44 AE9] L-galactose-6-sulfate”} porphyrany] ++ <3}
A BESNA T BRUsPA BEIA A4 g ek
(Morrice et al., 1984).

A3 o] AR5 AA| porphyrana Park and Koo (2008) 1
Hol| whet Al 25k &, A71% ST AbHA 3 S
gl AF sk Ax7t ARFH (P yezoensis) 2| B4 59
*Corresponding author: kseaweed @kunsan.ac.kr of ofet&E& 718k crude porphyrans: 4|29t & cetylpyri-
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Porphyran &4~ £3)l&

Table 1. Yield and chemical composition of fractions obtained
after B-agarase hydrolysis and ion exchange chromatography
of porphyran

) o Sulfate Mole ratio
Fractions Yield (%) %) Galactose g;\;gggé 3 gééz?gggo
Neutral fractions
N-3,000 23.2 tra 1.00 0.04 1.04
N-30,000 34
N-300,000 1.2
Anionic fractions
A-3,000 4.0 12.0 1.00 0.03 0.76
A-30,000 5.0
A-300,000 6.5

" Fractionated by ultrafitration and ion-exchange chromatogra-
phy.

Table 2. Yield and chemical composition of porphyran and de-
sulfated porphyran

Sulfat Mole ratio
Sample Yield (%) ~gn 6-Methyl 3,6-Anhydro
(%) Galactose galactose  galactose
Porphyran 100.0 13.4 1.00 0.07 0.32
Desulfated porphyran ~ 73.0 0.1 1.00 0.03 1.04

dinium chloride®} 61-70% ol &2 A8-3}0] A5+t 4
A| porphyran®] galactose, 3,6-anhydrogalactose, 6-methyl ga-
lactose, sulfate 2] mole H]+= 1.00: 0.32 : 0.07 : 0.53 o], Ex}
-2 550 KDao|tt.

=13 EH
=3 =

54 14 2 23

A7) porphyrans fids F14Eafe 3 24 9 Bajere] o
2} £2]3} ch(Morrice et al., 1983). =, %A porphyran 2 g2
0.01 M sodium phosphate buffer (pH 6.5) 100 mLo]| 591 &
B-agarase (Sigma Co.) 200 UE 7|50 A2 A 24A17F a4
=g & U4E2(4,000 g, 15583t} 453 molecular
weight cut-offo] 3,000, 30,000, 300,0002] ] o] 7}ak(DIA-
FLO ultrafiltration membrane, Amicon Division)& ARE-5}o]
Bl A2 2o 7 BAe 28158 Dowex 1 X8 o] &L
o=%] (200 mesh, 2.0 X 70 cm)of] Y5kl FHFF2 FA
BEEE §5 FINNCIOlO 2 3y BalEe $3319)
th 858 B85S A A 553 5 Bio gel P-2 2 (200
mesh, 1.0X 100 cm)©o. & EH3 & F72 AXsto] EAlo]
3,0000]5}21 5/J(N-3,000)2t =-J(A-3,000) 2=, FAFo]
3,000-30,00021 <4J(N-30,000)x} <+4(A-30,000) L3 &, &
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Table 3. Chemical shift assignments for "C-NMR spectra of
neoagarose and A-3,000 fraction

Chemical shift (ppm)

Assignment

neoagarohexose Charged
C-10ofG 103.97
C-10ofG 103.76
C-1ofGnr, G 102.69 102.70
C-10f6-S-G 101.82
C-10f6-S-G 101.63
C-1of Ar, A 98.77 98.79
C-1 of Anr 98.57 98.59
C-10f G 97.07 97.09
C-10of G, 93.07 93.09
C-30of Gy 82.95 82.96
C-30fG 82.50 82.51
C-3 of Gnr 82.43 82.49
C-3 of Anr 81.30 81.32
C-3of Ar, A 80.37 80.39
C-3of Ga 79.75 79.77
C-5 of Anr 77.73
C-4 of Ar, A 77.72 77.61
C-5of Ar, A 75.86 75.87
C-50f Gnr, G 75.74 75.75
C-50f GB 75.54 75.58
C-5of GB 71.81 71.83
C-5of Ga 70.95 70.98
C-2 of Gnr 70.56 70.55
C-20fG 70.53 70.47
C-4 of Anr 70.38 70.40
C-2 of Ar, A 70.06 70.09
C-2 of Gnr 69.96 69.97
C-6 of Ga 69.81 68.81
C-6 of Ar, A 69.70 69.70
C-6 of Anr 69.42 69.33
C-4 of GB 69.17 69.19
C-4of Gnr, G 69.06 69.08
C-2 of Ga 68.32 68.33
C-6 of Ga 61.95
C-6 of GB,Gnr,G 61.75

YG : 3-O-linked B-D-galactopyranose of internal repeating
unit, A : 4-O-linked 3,6-anhydro-a-L-galactopyranose of in-
ternal repeating unit, r ; reducing end of the repeating unit, nr :
nonreducing end of the repeating unit, Ga, G : anomers of D-
galactopyranose at the reducing end of repeating unit, 6-S-G :
6-O-sulfate-a-L-galactopyranose
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Fig. 1. "C-NMR spectrum of neoagarohexose.

ZzFo] 30,000-300,00091 %
& AlxsHr

A1(N-300,000)7+ =4 (A-300,000)

Dodgson et al. (1962)2] HHof wha} B
92 Furneaux et al. (1990)2] H+ o w}

2} acetylationdt & SP-2330 Z+4(0.25 mm LD. X 30 m)©o.&

230C ol 4] gas chromatography (HP 6890) % 415} %itt.

2za| X2lof Qe &it7| HA

A A| porphyran2- Rees et al. (1961)9] ¥wio) whef &2t
Aefsto] 4718 AASEE %, 3 porphyran 1 g& 200
mLe] ZEH740f 0l & YAEZ(5000 g, 155)3}o] B2|dt Ak
S o NaBH,200 mg2 71ske] 30°CoflA] 2447t ekl A ZiTh.
T}A] NaOH 10 g7} NaBH, 2 g& #H7}510] £3)4]7] 1 80T 2
Geoll Wol 4l ot stk BO FARO R F8I5) 48

AZE SRR BARE 3 54 Adxste] 47171 AAE por-

= 5 &L o H
ER LR LR

phryan (desulfated porphyran)-& | %

aelch.
B“C-NMR2| =3
ah —EB‘H stol @2 ¥4 3,0000]8H2] N-3,0003}

A-3,000 717} D00 5o BC-NMR (125 MHz, BruckerA},
AMX500)2 o]85t0] Al 2o Zslar). 3877] 21 B4

2]%](Chemical shift)= DMSOZ A| 29| 7|5l 243 &
TMS (Tetramethylsilane) 2 2+AFs}o] e it

g1 o oF

g4 7tesfof Qe 22

Porphyran®] T2 42 2Ak5k7] 915 %4) porphyran
2 B-agarase 2 7}<=E-3l|gt 2 ultrafiltration membrane®} ©]-2
W 57 B o2 Balstel 2t HalBe| 583} sjotH 24
& =43519 E]-(Table ). &4 74Es)=E B2k 300,0000]5}
o] porphyrang] % 88 433%0] 11, T4 B4 AFAS
Eft= 300 OOOOVP TEA} B 5L 289% ek, HAl o] uf
2 588 34 23521 N-3,0000] 23.2%, N-30,0000] 3.4%,
N-300,0000] 1292 2815 0| 2atefo] 258 H8o] Hol7]
c} vhof 24 B3 EL A-3,0000] 4.0%, A-30,0000] 5.0%,
A-300,0000] 6.5% = BAjgFo] S22 22Q0] =9k} T3 A
A 574 E8EY el 4 2= &l vld =L &

8] T4 w8E 5 N-3,0009] ~&0°] 23.2%= A ] =T
ol 4 w8 Ed= 7|7t o] ¢lof B-agarase®] &

Z EX]
=

ol AsfElo] 7 =rt HolA)7] Wl e P
umbilicalis®)| A $=%3F porphyran= B-agarase 2 7}<=5-3f|5}o]
B35l Ay} A BIE0| 19%, So|L& B3 Eo| 33% = 12
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Fig. 2. "C-NMR spectrum of A-3,000 fraction.

A A} fAkeHA S4 £8Eel =4
(Morrice et al., 1983).

7] S S e R0l AEEA oy 4 &
FEo A= A-3,0000] 12.0%, A-30,000 17.0%, A-300,000
9.8%% Ro)Eo ule gl zolv} wotth £4 2ol
0] N-3,0009] A4 A2 galactose®} 3,6-anhydrogalac-
tose2] mole H|7} ©F 1 : 12 neoagarobiose?} Ao F-AgH
= & 5 Sl o 54 8=l A-3,0009] galactose :
3,6-anhydro-galactose2] moled|+= 1 : 0.76 2.2 3,6-anhydro-
galactose®] H|&o] F/4d & &0 Hgte] 2 glout YA RS
JA| porphyranof H]3}= =9ktt. ©]4F2] porphyran®] &
4 Ralmo] 283 53} 24 232 v]2o] 2 1f porphyran
& 1S ThE AM TR blockah A1 S B9 ok
neoagarose block & & 0]F0]# )l o1 A | porphyrano 4] 5
A3 block?] neoagrose blocko]| 2F 25% 7 &= o]} neoagarose 2]
FIHES 24517 Slal4E 27 977k B astc Bue

2ZE| X2lof Qe &t

RYE wr} &g

o7ke] 2 2]slo] A 235t desulfated porphyran®] 48 9
318} 242 Table 29} Zt}. Desulfated porphyran®] 482
73.3%0°] 11, A7) ke 13.4%0 A 0.1% % JjHEo] 3+
A7) 7F AlA = Qi E8 LAl galactose®} 3,6-anhydro-
galactose2] mole H]+= 1 : 0.320]| 4 1 : 1.042 &Ze] # 2]

w}2} 3,6-anhydro-galctose”} 571 itk thol] AdkE o] 9L

= A= A iAol met e AP A] Aol EekH
+ °l FA717F 23 o] 1A €] hydroxyl group©] sulfate
€} trans FFEO|AY 22 G477 C-60 AE SIS v 4
Al A A E cH(Percival and Mcdowell, 1967). =2} porphyran &
A719] 86%+= 3,6-anhydrogalactose®] A--&=2Q] 6-sulfate
galactose2 EA|StH dze] 225 stof 7| E Al A sk
3,6-anhydro-galctose7} AJA EIthal & Ich(Rees, 1961).
uhebs & AP oA A 23 porpyrante 2ze] A 2|A] b7
7} Z4-3}al 3,6-anhydro-galctose’} S7HE S v Fo] & o &
719 YsRol C60] AREo] e Ao 2HT 4 9l
t}. Desulfated porphyran®] galactose, 3,6-anhydro-galctose,
6-methylgalactose 2] mole H]7} 1.00 : 1.04 : 0.03=2 agarose®}
Ak 242 et gl

BC-NMREH

Porphyran?] A3 £/43 2AF617] $19]] B-agarase= 7F4=&-
3|3t 3 ultrafiltration membrane¥} o| 2w sl 2] Zg oz B
213k A-3,000 22 &2] "C-NMRE ZA4stgich. 4499 hy-
droxyl7} glycosylation® 7% 7} 7171o]of] Q)= Ek4~ 2] peak
7} downfield2 shift (a-effect)=| ™ o] Qo] = A= up-
il shift (B-effectEIc}. Leju} Tk ol A 4 i}
% A% op4] 9 #9)0] ZeE 7ol whek chemical shifizk
o] depAtt. whha & AF o A= 715 &2 & neoagarohex-
ose (Sigma c0)2 o] §5}0] 45| peak assignmentst &
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o] & 0|83} A-3,0009] signal2: assignmentd} %l th(Lahaye
et al, 1989). Fig. 1-> neoagarohexose®] C-NMR spectrum
= UeEhd 2 o2 427]9] peak7} == Itk Fig. 2= &A%
3,0000]3}29] A4 E3 &l A-3,0002] "C-NMR AHEH O
2 Z}7}9] peak?] assignment+= Table 33} 2t} 102.70 ppm-=>
3,6-anhydro-L-galacose2H1—3) 23}t B-D-galactose2] C-1
eA4of =T 103.97 ppm= a-L-galactopyranose 6-sulfate
7h &l A o] = B-D-galactose ] C-1 Bh40f| 3=
™, 103.76 ppm-> 3,6-anhydro-L-galacose®} 6-O-sulfate-a-1-
galactopyranose”| 9FZ&of Z3lE| o] Q)= B-D-galactose®] C-1
Etaof g o} 6-O-sulfate-a-L-galactopyranose 2] C-1 &
49] signal2> 9FZof| A sulfate”} )&= 798} gH&of sulfate
7} qli=7tol whe} 101.82 ppmit 101.63 ppmE LrehT. )
2hA] AL 7104 Relgt porphyrane] F 4714 el gl
A-3,0009] 23}t Z2-& B-D-galactose©] 4-linked 3,6-anhydro-
L-galacose®} 6-O-sulfate-a-L.-galactopyranose”} 235 A3
291 porphyran®] TL21S o 2= 9T,
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