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A Simple Purification Method and Chemical Properties
of Porphyran from Porphyra yezoensis
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A simple method for the purification of porphyran from laver Porphyra yezoensis was developed to obtain
information for the development of food materials with biological functionality. Crude porphyran (CP)
was extracted from dried laver in boiling water for 3 h, and then fractionated using cetylpyridinium chloride
into an acidic fraction (CP-F1) and a neutral fraction (CP-F2). CP-F1 was fractionated further by fractional
ethanol precipitation. Fraction CP-F1-70, precipitated at an ethanol concentration of 61-70% was the major
fraction containing 68.1% of the yield from the initial fraction CP-F1. The CP-F1-70 fraction displayed
a single band on Sepharose CL-4B with a molecular mass of 550 kDa, indicating a homogeneous
polysaccharide. The molar ratio of galactose, 3,6-anhydro-L-galactose, 6-0-methyl-D-galactose and ester
sulfate of CP-F1-70 was 1:0.32:0.07:0.53. This method is very useful for rapid and large-scale preparation
of purified porphyran because it is compatible with mass production.
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Porphyran< % (Porphyra spp.), 3Vl (Bangia fuscopurea)
T AETY Ee XD FH AR S48k 584 A
g@oz F9 FAAE-E 3,6-anhydro-L-galactose (3,6-An-
Gal), 6-O-methyl-D-galactose (6-Me-Gal), D,L-galactose (Gal)
2 ester sulfate®] T} (Peat et al,, 1961; Gretz et al., 1983).
Porphyran&- #4719} methoxy 717} thed &-fHo] & HS
AL E agarose®} TF7} FALSFS L-galactose unit?}
sulfate =, D-galactose unit’} methoxy”] 2 X €-¥ agarosedt il
S 5 Jvk FERFAA FE2 A Aebrde 8 A
d¥-°] 3,6-An-Gal, 6-Me-Gal, Gal= porphyran®} 1511}
galactose®] YA 0] A2 DS L form®] #o], FAAGE-9 =
gHl ZpolZ 3] A7t 379 54S AT (Anderson
et al,, 1965; Morrice et al., 1983). Porphyran®] 7|54 0 2+
W5 FEA (Noda et al,, 1989a; 1989b; Kown and Nam, 2007),
HAF7A7)S (Yosizawa et al, 1995), &1 A8 Z 2H-& (Jung
et al.,, 2001), 84+8}4-8- (Zhang et al., 2004) $©] B35 0]
1] porphyran®] 7154 o] 2] o8 5ol HiS-
E0 22 porphyran®} o] 341718 S8 A i}l
fucoidan®] AJ2] 715498 B} 72 9 Bl uhe} gy
T} (Teruya et al., 2007; Wang et al., 2008). w}A] U2k 7o
A FZ3 porphyrang ©]-4-3F A28 AE A S 93
A& 4 porphyrang A3 3 AA| porphyrane] ©]3}8}4]
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549 AP dastth B AFoMe Sy AbelA thEF
FAE T A= WAEH A (Porphyra yezoensis)ZH-E F2&
8t Z prophyran< cetylpyridinium chloride (CPC)<} ol g2
8 AW (fractional ethanol precipitation).>. 2 < 2} 7] &}
of AAskE 4l4g FAE-S HLetar GAE porphyran®]
s}ebA EAe xAbekslTh

e %y

Crude porphyran F&

WAL RS 2 (Porphyra yezoensis)S 5= 7P Al 43¢
45ColX d% AxsArt 3 § 20 mesh A2 2

i} e A RE ARSI Y B Al Z son) (viw)
WL 100CAlA 3AIZHY 28] ¥HE % § of )

o] @5FEd (HWE)S AZ33th HWES
3 & (viv)e olEeS

o2 ¥egh S

crude porphyran (CP)3 o &F2- 7184

2359t (Fig. 1).
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Porphyran®] A= CP &Y cetylpyridinium chloride
(CPO)E #H7hsted M4 Rl cPC AR ER T4 F&<
CPC 4EoloR ol @ F oA Ab4 QRS due P
7 (fractional ethanol precipitation) 2.2 |} &} o]
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Puiverized Porphyra
* extract two times, water (100°C, 3 hrs.)

|

Residue

Filtrate (HWE)

* 3 volumes ethanol
* centrifuge (4,000xg, 15 min.)

1

Sediment Supernatant
* dissolve in water * concentrate
« lyophilize « lyophilize

Ethanol soluble fraction
(HWE-ES)

Crude porphyran (CP)

Fig. 1. Preparation scheme of crude porphyran (CP) and
ethanol soluble fraction (HWE-ES) from hot water extract
(HWE) of Porphyra yezoensis.

Y712 Hryske] 37TAA 12417 AR5
gx15 min)3le] CPC—AHThE 239
Aoz FetHe) AT EE (CP-F1)& CPC
2M NaCl-§-4-& 7}ale] 37Tl A 48A1%F
A7 $ 3u] 879 oeh2-& rla) #
o] A o] 48A12t ¥4, 54 AZ3A
o3 2 (CP-F2)2 CPC A&A L
qetES 718 Add OFE SHF Ho 4847
T T2 Ax3o] AZsIAT (Scott, 1965).
CPC At 42 24 o FEL g
o7 QRIstyg , 1% CP-F1 8o oghg
40%7F HEE degS HUIE & AA4ET (4,000 gx15
min)3te] NEE T= 40% A F A= FE (CP-FI-40)S
Eelstath g2 94 28 AF5dd e 57} 50%71
HEeg eSS A F718 3 94 83l dge ¥
= 41-50%90 A HAS= R (CP-F1-5002 B3t 5
A3 HoZ dAHOZ ek FE 51-60%00 4 323}
= ¥ (CPF1-60), e 5% 61-70%A X A= g2
(CP-F1-70), 9l&h& F= 71-80%x JAA3t= FE (CP-
F1-80)2 £&3t & 7} SR 2447 5438 F 54

T
12319 Y (Whisler and Sannella, 1965).
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Porphyran?| &tstd =AM BA

% 2 #HE -3 (Dubois et al., 1956), A &
ZFS Lowry et al. (1951), 34719 &8-S Dodgson et al.
(1962)¢] ¥, 3,6-An-Gal®] &3 Yaphe and Arsenault
(1965)9] ol mep 434Gt AT 242 Furneaux
et al. (1990)9] ¥HHol we} acetylation 3+ & SP-2330 &
(0.25 mm 1.D.x30 m)©.= 230 Tl A gas chromatography (HP
6890)2 EA st} T #9e F A%} retention
times B3] FA3}HY E3] 3,6-An-GalE= neoagaro-
biose (Sigma Co.)& #3A1Z] & acetylationr] GC/MS (HP

(54

5971A MSD)E ovend] %5 %7] 30CoH E% 10TH
230 C7A] 5=38PA A electronic impacted ionization (E1)
modedl| A 70 eVE o] 2313t ElstqTt. AT AFS
YR F2E 2 (myo-inositol)Z FFA] ¢F (6-methyl-galactose,
neoagarobiose, D-xylose, D-mannose, D-galactose, D-glucose)
S A2 FYSHA acetylationN # wEE At dHHE
T-8ted S8 A

24319 th B2 EFEA -2 Blue dextran (Type 2000),
Dextran T-500 (5x10° m.w.), Dextran T-70 (7x10° m.w.),
Dextran T-40 (4x10° m.w.)& A8t}

gy 3 nE
Crude porphyran (CP)2| &tstd™ =AM
Fig. 19] ¥l w2} A|Z3F crude porphyran (CP), €25~

A¥- (HWE-ES)2] 3}stzxA

& (HWE), &g 7184
Table 13} 2t} HWES] 242 3 31.8%, @94 14.2%,
7] 3.6%% S ko] vluA Eokrh. HWES] oghe
52l CPY TEL AZ L VFE2E 159%0]|00H,
2L 59 58.6%, THA 9.8%, B3] 10.5%, 3,6-An-Gal
132%3 HWE| Hlste] chefdo] ghake Zrasiglar o, &4t
7] 2 3,6-An-Gal2] &2 ZF7)131H L Rees®) Conway (1962)
 Porphyrad; 4059 -84 td S £ A3 ¥
o] A 6-11%2] ester sulfate, 5-19%2] 3,6-An-Gal, 3-28%2]
6-methyl galactose (6-Me-Gal), 22%2] xyloseZ T4 AN
om FF E ANAAA wet 243 o] Apol7t Bol
woha stk B Ao A Az CPY 232 P. umbilicalis
oA F&3 Y3} H|5:3F BHH (Peat et al., 1961; Anderson
and Rees, 1965) P. columbina®l <] Y& crude porphyrancl 1|3
M= 8ak7] ghgko] Yrokt) (Brash et al., 1981).
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Table 1. Yield and chemical compositions of HWE, HWE-ES
and CP

Chemical composition (%, dry basis)

Sample’  Yield®

Total Sulfate  Protein  3,6-An-Gal®
sugar
HWE 357 31.8 3.6 14.2 6.6
HWE-ES 15.2 6.1 3.2 15.6 0.1
CP 15.9 58.6 10.5 9.8 13.2

'refer to Fig. 1, 2% of dried laver, °3,6-anhydro-galactose.

CPCE 0|&% HHA|
CPo| CPCE A3t Eelgk CP-F1T CP-F2¢o] =& ¥
3lstA ZA& Table 29} 20} 8- CP-F1°] 69.2%, CP-F2
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Table 2. Yield and chemical composition of acid (CP-F1)
and neutral (CP-F2) fractions prepared by treatment with
cetylpyridinium chloride (%, dry basis)

Sample
cP CP-F1 CP-F2
Yield' 100.0 69.2 8.7
Sulfate 105 12.7 2.7
Protein 2.8 3.2 258
Total sugar 58.6 69.5 34.5
3,6-An-Gaf 13.2 14.3 34
6-Me-Gal® 2.7 3.7 16
Gal 345 471 20.7
Xyl trt - tr
Man tr tr ir
Glc tr tr tr

'% of crude porphyran (CP), ?3,6-anhydrogalactose,
%6-O-methyl-D-galactose, *0<Trace<0.1%

7} 6.7%% CP-Flo] th¥-¥& A8t CpP-F1-& $%
69.5%, T2 127%, S A 3295 Cpol ¥ls] 29 2 ik
7] e Uk v ke hasle] Ho GAE A
£ ¥ 4 AUY. FAHEY FAL galactose 47.1%, 3,6-An-Gal
14.3%, 6-Me-Gal 3.7%% 1% 3%2] o] 582 228}
o} 8 CPCeF AHIA] ¥& CP-F2 FE-& F0] 34.5%,
B2H7) 27%, A 25 8% 2 Cpol| Blel) 3 2 §aly) Sk
< Y deld e Fol Jijdom FAo] vhe Pk
2 FEo)AUrh olF F HRo] RATL Table 37} 2T} CPE
A E BXE W 720 kDa©] 68%, 380 kDa©] 22%, 50
kDaol 10%F o} o] CpCE AAT CP-F19 A% 720
kDa®] 92%, 110 kDa®] 8% Cpol| W8] %2} thgo] 7438}
Aok wheEbA et Babe Rabdo® 2wl cpcAHE
£ 53 BT L2 crude porphyrans 8 AAE = LS
& 4 U

Table 3. Molecular weight of porphyran fractions prepared
by treatment with cetylpyridinium chloride

g i)
E
=
<5

Sample’ M.W. (10KD) % area of each peak
CcP 72 68
38 22
5 10
CP-F1 72 92
11 8
CP-F2 54 100

‘refer to table 2.

Brash et al. (1981)& P. columbina®|~ F28 crude por-
phyran®| cetyltrimethyl ammonium bromide (CTAB)$} DEAE-
Sephadex A-252% R E5x 2 Bde Bdolguhy B
3L, Villarroel and Zanlungo (1981) P. columbina®| ]
%% crude porphyran& CTABE | ¢]8}o] 279 -0
s ov = gie] sstxde] Aol A giivka
BT} A Peat et al. 1961y P umbilicalis| 4 &

S CPCE AEste] GAlE B8-S &g+ Jnar ®Hals)
o) o) B A3 Ao} YAt o] o] AytAtel] whet

BHE P umbilicalis ¥ F2&35 gz 2 HgoA
AHEE P yezoensisoll Al &3 crude porphyran®] 313h34d 0]
FARE Hom vl B uf FF wet FF thd ez
ge] akeluar o] & <18 CpC Ae] E3bh @EiAT] witew

ez

tha
A
o}

rlm y

o171 zth
gag 24 AN 2 =&
CPCE F4 74 xﬂ?} porphyran (CP-F1) 1% &l o=t

rlo A&

&
£ oghe-g IAFC R Hutsle] 4
7t HE-o & 3 ﬁ%ﬁ‘ﬂ’“é?_ Table 49} 2T} €&
30%74A] F7vek w Zro] dojubA] gghkom 40% o] HE
o) Ao Ay A7) ALk 70%9] Sl A thA
Bo] thde] AAHAT 70% olFdllMe FoaH] JAHE
ghol] YA E A ol &L oleE 61-70% i (CP-F1-70)0l
A 68.1%% 71 wUTh EF, 3,6-An-Gal B 37| FEE
CP-F1-70 &4 714 é;—%u CP-F1-80 B oAM= 237
ZAastE A4S Vet 28w @A T CP-Fl1-503
CP-F1-60 ZE-ox 217} 16.6%% 17.5% &= o] Aot
CP-F1-70 Bl A& 09%2 vl-$- wekr)

Table 4. Yield, chemical composition and molecular weight
of porphyran fractions obtained by fractional ethanol pre-

cipitation of P-Fl (%, dry basis)

) .. Total . 3,6-An-  M.W.
Fraction  VYield sugar Sulfate Protein Gal (kD)
P-F1-40° 35 648 8.6 8.1 10.2 820

P-F1-50° 50 488 7.8 16.6 9.4 760
P-F1-60° 54 502 6.6 17.5 121 750
P-F1-70° 681 802 13.4 0.9 14.5 550
P-F1-80° 08 292 6.5 4.0 58 -

Porphyran fractions precipitated in '0-40, *41-50, °51-60,
*61-70 and °71-80% ethanol concentration, *% of P-FI.

CP-F1-702} -2} 550 kDaS & CP-F19] 720 kDaol ¥
3 FAEAE o] 2o '5/‘}&01 ol 7F v A& ¢k
40-60% ol ghe FmoA kAt HEo] s} AAEYY

Fo 2 oAAY Fig. 25 4 A dAEE 4T gel
chromatogram .5 CP-F1-709 A& ©U3 peak7} Aol &

Aeko] AR LS U 4 AATH

g3 By Aoz A2 7F FE9 FYHE moleH
= Table 59 2T}k Galactoseol th3l 3,6-An-Gal9} 417)2
mole Bl¥ &ig sk Tl whet gishs A vehy

Aok, FEEQD P-F1-702] galactose, 3,6-anhydrogalactose,
6-methylgalactose9} sulfate®] mole¥l= 1.0:0.32:0.07:0.532.%
CP-F13} -9~ fAbste] Cp-F18 Mol AAE HedS &
T 9131 galactose 234l SHabr] 1A AfEO g 3o
2 oA

olae] ARERY I FE2°| CPC AP ¥ <&
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Fig. 2. Gel filteration chromatograms of CP (a), CP-F1 (b)
and CP-F1-70 (c).

Table 5. Molar ratio of CP-F1 fractions prepared by using
fractional ethanol precipitation

. Molar ratio
Fraction1
Gal 3,6-An-Gal 6-Me-Gal Sulfate

CP-F1 1 0.34 0.07 0.55
CP-F1-40 1 0.62 0.07 0.94
CP-F1-50 1 0.49 0.06 0.73
CP-F1-60 1 0.46 0.06 0.46
CP-F1-70 1 0.32 0.07 0.53

'refer to table 4.
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