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~ Purification and Chemical Characterisation of
Laminaran from FElisenia bicyclis in Korea

Young-Myoung Kim', Yong-Seok Choi and Jong-Hyuk Park

Korea Food Research Institute, Gyeonggi 463-746, Korea

Abstract

Laminarans with different purity were prepared from Eisenia bicyclis and their structures were char—
acterized. Crude laminaran was successively extracted two times at room temperature for 2 hr with 0.09 N
HCI, and partially purified laminaran was isolated using cetylpyridinium chloride (CPC). Crude laminaran

accounted for 14.5%

of the dry seaweed weight and contained 8.4% protein, 7.6% sulfate and 68.2% polysac-

charide. Partially purified laminaran accounted for 6.5% of the dry algal weight and composed of 3.8% protein,
3.2% sulfate and 74.7% total sugar, which is mainly composed of glucose (83.3%), indicating that partially
purified laminaran was more purified polysaccharide than crude laminaran. Purified laminaran was fractionated
into one fractions by Sephacryl S-300 HR column chromatography and this fraction was analysed by FT-IR,
BC NMR, methylation and gel filtration chromatography. Purified laminaran showed B-configuration (**C:103.0
ppm, FT-IR: 888 cm™') in the anomerization of the glycosidic linkages and was (1—3), (1—6) linked B-glucan.
The average molecular weight of purified laminaran was 12,600 dalton.
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Seaweed (E. bicyciis)

Filtrate
precipitated with ethanol (3 vol.)
centrifuged at 4,000 g for 15 min

Precipitate

dissolved in distilled water
dialyzed and lyophilized
Crude laminaran

dissolved in distilled water

centrifuged at 4,000 g for 15 min

|
Residue

Supernatant

extracted with 0.09 N HCI at room temp for 2 hrs (2 times)
filtered through gauze and filter paper

precipiatate with 5% CPC at 37°C for 4 hr

Supernatant
precipitated with ethanol (3 vol.)
centrifuged at 4,000 g for 15 min

dialyzed and lyophilized

Partially purified laminaran (PPL)
Sephacryl $-300 column

Purified laminaran

dissolved the precipitate in distilled water

Precipitate
dissolved in distilled water
dialyzed and lyophilized

Sulfated polysaccharide (SP)

Fig. 1. Scheme for the isolation of laminaran from E. bicyclis.
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Table 1. Proximate composition of E. bicyclis
(%, dry basis)

Carbohydrate” Ash
75.4 14.0

Crude protein Crude lipid
9.4 12
Y100 (protein +crude lipid+ash).
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Table 2. Yields and chemlcal compositions of crude laminaran, partially purified laminaran and sulfated polysaccharide
extracted from E. bicyclis™

Proportion of monosaccharides (96)”

S 1 Yield Protei Total Sulfat

ampie € roten ol sugars wate Fucose Ribose Xylose Mannose Galactose Glucose
Crude laminaran 145 84 68.2 76 286 tr” tr 79 85 55.0
pPL” 6.5 3.8 74.7 32 10.0 tr tr 3.1 36 83.3
Sp? 5.1 11.2 424 115 51.0 2.2 4.3 139 8.1 205

"Mean of triplicate determinations.
2) . .
“Dry weight basis.
YCalculated from GC analysis, considering the total amounts under the six monosaccharides as 100%.
4)
Trace.
PPpartially purified laminaran (PPL) and sulfated polysaccharide (SP) from CPC precipitation.
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Fig. 2. Gas chromatograms of partially purified laminaran (A) and sulfated polysaccha;ide (B) of E. bic‘);(-:lis obtained by
CPC purification.
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&g A3 (Fig. 3), o] +3JE9]
gtk (Table 3).
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Fig. 3. Purification of laminaran from E. bicyclis on Sephacryl

S5-300 HR column chromatography.

80000

& T-70
£ 60000
=)
(]
z
8 40000
=
[&]
9
S Purified Laminaran

20000 -
T-10
0 l ‘
04 05 06 0.7 0.8 09

Kav

Fig. 4. Gel filtration chromatogram of purified laminaran
from E. bicyclis.

The column (7.8 X300 mm) of ultrahydrogel 1000 was eluted with
distilled water at flow rate of 0.8 mL/min and T-70, T-40 and

- T-10 are-standard dextrans- of 715900, 39,200 and 9,300 dalton.

ok‘}l

<

N

B F BAYE FAsG o, ok BEF EF
H,

Al v

:}gzi T=

A A epelvke] ) A3 oFAl-E A5 98t FT-
IR, methylation % "C-NMR #4]-& a5}l ). & A 2he)o}
-2 FT-IRE #4 & A 3}(Fig. 5) 888 cm oA 73 &4
peakZ e gl o w841 em ol A= F4 peak7t itk
838 cm”'-& B-glucosidic linkage & vFe}Ul &= peako] w, 841
em e o -AFE Y peak A BEE9) glucand
B-glucan®} Hel2 A= &S & F Uoh29).
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chromatograme] =, 8 £3 ¢ 2,46-tri-O-methyl-glu-
cose?] mass spectrum< Fig. 73 Zch z2)3 24 A=
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Fig. 5. FT-IR spectrum of purified laminaran of E. bicyclis.

Table 3. Yields and chemical compositions of purified laminaran extracted from E. bicyclis“

Proportion of monosaccharides (%)

Sample Protein Total sugars Sulfate

Fucose

Purified laminaran 1.1 89.9 0.8

Ribose  Xylose Mannose Galactose  Glucose
- - tr 1.7 98.3

YRefer to Table 2. ’Not detected.
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Fig. 6. Total ion chromatogram of the partially methylated alditol acetates from purified laminaran.
A: 2346-Mes~Gle, B: 2,4,6-Mes-Gle, C: 2,3,4-Mes~-Gle, D: 24-Mex-Gle, E: myo-inositol-(OAC)s.
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Fig. 7. Mass spectrum of 1,3,5-tri-O-acetyl-(1-deuterio)-2,4,6-tri- O-methyl-glucitol.

Table 4o el ). Fig. 7ol 4 m/z 43 peaks o) 532 322
mass spectrumoll A Y}elbE base peak®  acetylium
ion(CH;CO )¢ b 2, m/z 118, m/z 161, 129, 101 8]
I m/z 234, 174 peak= 22} Cp-Cs, C3-Cy L8] I Ci-Cs7}
2ol YR 246-tri-O-methyl-glucose®] primary
fragemento] t}.

ghoivtel AA Ee) 2 A E-2 24,6-tri- O-methyl-glu-
coseR 48.6% % 2w, 2,3 4-tri-O-methyl-glucose”} 29.2%,
2.4-di- O-methyl-glucose”} 11.7%, 2,3,4,6-tetra-O-methyl-
glucose’} 105% =22 3heko] =9k}, #ujviat AA &L
2,4,6-tri-O-methyl-glucose®| ¥ 2.2 Hol §-13 A3t
thdo] S8 Adto]gl ov, 2.4-di-O-methyl-glucose® X

Table 4. Methylation analysis of purified laminaran

o} $-13 Aol #7117} B-16Z2 o2 Eastel e, w3
2,3,6-tri-O-methyl-glucose= £4317| %+ AR Ho}
14 A% gl A& o F 3ot 283 234,6-tetra-O-
methyl-glucose®} 2,4,6-tri-O-methyl-glucose 2 2,4-di-
O-methyl-glucose®] mol%H]|7} 1: 48 : 1.12 2F 6 mol9
B-1,3 A &oll g2 glucose”}t B-1,6 2§38l gl AL
2 FAHY 4 gk

AA) 2keuere] ¥C NMR #4 232 Fig. 8% Table
5ell Yefuigich dubAal we) C NMR peak 7 3-8 ©}g-
3} 2t} Anomeric 49 peakt 100~104.0 ppme] ™, @ -
glucose?] anomeric B4 2} peaki= 2¥ 100 ppmeolth. 18l 3
p-glucose®] anomeric ¥t419] peak+ oj®r} ©] zhext

Methylated sugarU Purified laminaran

2,3,4,6-Mes-Glc 10.2
2,4,6-Mes—Gic 486
2,3,4-Mes-Glc 29.2
2,4-Mex-Glc 117

(mol%)
Deduced linkage Primary fragment (m/z)
Gle(1— 43, 102, 118, 129, 145, 161, 162, 205
—3)Glc(1— 43, 101, 118, 129, 161, 234
—6)Glc(1— 43, 102, 118, 129, 162, 189, 233
—36)Glc(1— 43, 87, 101, 118, 129, 189, 234

D93 46-Mea~Glc: 1,5-di~O-acetyl-2,3,4,6-tetra- O-methyl-glucitol etc.
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Fig. 8. BC-NMR spectra at 300 MHz of the purified laminaran from E. bicyclis in deuterated dimethylsulfoxide at 85°C.

Table 5. *C NMR spectral assignment at 300 MHz for laminaran from by E. bicyclis in DMSO-ds at 50°C

Chemical shift (ppm)

Configuration

Cl C2 C3 C4 C5 C6
—3)-B-Glc—( 103.0 72.8 86.2 68.4 76.3 60.9
(downfield) 3l 2F 104 ppme] ™ « -glucose®] anomeric B4 2] A& Al peaks 103.2 ppm(Cl), 86.4 ppm(C3), 76.6

B} AdA o g 7431 7} E(intensity) & zHer}. C2, C3, C4,
C5 8] 3. C6= 60~80 ppmell peak-EL PAZcE A A 2o
vhete} 7% 103.0 ppme] peaks & 5 Ao, a- 3*4
99~101 ppm A}°]9] peaki= $ch ol FT-IR ¥4
Z3}e} 7o} B-anomeric ¥4 wte] £ f-glucan
o 4 UTH30).

B-glucan® Z+7+2) major peak&-2 AFH X1 103.0, 72.8,
86.2, 68.4, 76.3 =] 1 60.9 ppm~= 27} B-(1-3) 239 C1,
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