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Abstract: B-Glucan type oligomers which have angiotensin I
converting enzyme (ACE) inhibitory activity were isolated
and characterized from Capsosiphon fulvescens. After C. ful-
vescens was hydrolysis with Alcalase at 50°C, supernatant
was harvested and separated with ultrafiltration membrane
(MWCO 2 kDa). Oligomers which were less than 2 kDa of
molecular weight were harvested for characterization. The
nutrient composition of Alcalase hydrolysate was 89.9% car-
bohydrate, 4.2% protein and 5.9% sulfate. After ultrafiltra-
tion, the nutrient composition of oligomers was changed to
99.88% carbohydrate, 0.07% protein and 0.05% sulfate. The
carbohydrate composition of oligomer was glucose (97.2%)
and mannose (1.5%). The ACE inhibitory activities of Alca-
lase hydrolysate and oligomer were 72.1% and 82%, respec-
tively. The molecular weight of oligomer was about 1 kDa.
The oligomer was analyzed with FT-IR, '"H-NMR and methy-
lation. The oligomers were -1,3-glucans with -(1,3)-linked
glucose units.

Keywords: Capsosiphon fulvescens, B-glucan, Hypertension,
Oligomers
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Aol getA e AL A Ut B-Glucan PAZE 2
q FA8HA §Fal ] S0l A M uk-g- o= Q17 AL A=
o W7 se BT A dAES] SA T ALS A AlstH
o, g A A 25 2ASHAIA dAZE7F e AU = S0171 o
2] 7}4] cytokine®] #H]| S A L2 M HAA ZQ] TA|
o} BA|2ES] W7 5& BT AEH. B TSt

[e) =

W @% Fa 282 72 B3 Saetel, A AYAE A
sfo] A AT 24 L Ao RH FH|T BT 7]
2|1 9l Ao & WE T 9T} [10-12].

2| Aol &= AeEA Ao et A7 S
8] g =] o] $Fot [13-15], F=2&o Adwof theh A A A
EAFE 0] o] F ol XA &AL ek & AFo A BAAE o
&oto] o] & 7hrEsliste] dE e & %5101 A=
= E ultrafiltration membrane 2. 2 H-2]5} 32 HPLC, FT-IR,
'H-NMR&} 3}8H4 0] methylation HHH -2 AF8-51o] E2]= o}
SR BA U PAS BAsha g,

2% 23y

2. 48 A=

Ao Abgd mjA o] = Adebd = A 2 2T oA
A A0 F JjTo] e B EA 7% (SFDSM06, SAM-
WON)3}o] £.2§7] (FM-681(C), HANIL)Z H&j3t 3 200

mesh o] 519] A& A 22 AH8-31 AT,

22,842 FEHEAX

4 225 AxE oA B84 (Alcalase, Novozyme,
Denmark)& AH-3te] f 2& 8L Az390H [16] 52
Az & Eslst ujAyo] 1 g& 0.1 M sodium phosphate (pH
8.0) £ 100 mLo} Z313t & 100 uL2] Alcalase S 7 715}
150 pmol Al 12417} <k 7l Raf i ek, B Bo4 5
3171 919 100°Co A 1587k 7klsto] 14E2]7] (Mega
17R, Hanil CO., Korea)& 15,600xgol| A 2057} 914 2 25}
A ZAFE AAR AEAE Fotol AR & 28 AR
2 g atsict.

23.ACE A8 &4 &4

ACE A &84 =78 HHL (hippuryl-His-Leu) 25 & $-2]
%)= HA (hippuric acid)7H& HPLC (Shimadzu, Japan)= &
g]5to] 43} ). 0.1 M sodium borate buffer (pH 8.3) 50
uLol| 2.5 mM HHL 150 L&} A| 289 (10 mg/mL) 50 puL-&
7}sho] kS & 37°Cof| A 10871 pre-incubation3tt}. ¢]7]
o] ACE (100 mU) 50 L2 ¥ 1 37°c<>ﬂ/<1 30570 ukg A]?
3 1N HCI 200 uLE 7}ao] U8 Z2| A 7T}, tf 2
ANat4al SFFE AHESHAT HPO HO (.2 um syringe
filter=2 T E| & 3}o] A48 24 (XterraRP 15 (4.6x100 mm),
Waters, USA) S &2 2435191 0o, gull = 0.05% TFA (trifluo-
roacetic acid)E 53t ZF 59 0.05% TFAS 3H-5-3F Ace-

tonitrile®] A4S WSIA| A &= 228 nmof| A E4 31 F o}
ACE Asff 242 dj=+ —4 HA peak 14} gk} A 2.9 peak
W7 ghe] Afol = wlE8 = A4St

24. @9 et A 29 S o] 87 £

Ad FEES 2Es] el ehef ol ahe A2 (Hydrosart,
MWCO 2,000 Da, Sartorius, Germany)=- ©]-8-5}f £2]5}%
of 54 B4 A7 2EBES Ae] R0 545k
AeFHE T (S600, LAB24, Korea)E 0]-2-3}0] 84 400 rpm ©.
= @slelsieroz Fystact ojelatolol delt o
L oulet pressure valveE A3t} A3HA §A3% 00
2,000 Da o] A}o] B-2-& %A% (retentate)o] Hof e=T| 11,
2,000 Da o]ste] =A2 grejojifuts Fufsto] OJML
(permeate) 2 =3}t AT} A BEE &EE =o|7]
9lsto] 35 whEale] Bejaigrt. 217Ho] £8)8 mol 52
Az F AR ARSI (Fig. 1).

HPLC9] &J§t £4§ &3

£ 52 9 3e)o]a} 139 $A2-L HPLC (Shimadzu)
£ o]&3te] 7453tk HPLC 24 =72 Z% Suprema
1,000 (8x300 mm, PSS, USA)S AF&35}1o] 0.05% NaN; &
02 1.0mL/min® 2 &EA]F S0 RI (refractive index) 7
2712 waistolrh A A el B 245 slote] &
FEZZ Dextran (670, 150, 50, 12, 5 kDa, Sigma, USA)&
AR&-3H AT

2.6. 3133 24 4

B4 2EE Y Aeloln 2el 3
9] phenol sulfuric acid H O & =23} o, Thal 2 &
Bradford [18] 2.2, 3417] 9] FaF-2 Dodgson [19]
= Z4skqlh

27. 34T BER

ACE A 3] @42 12l B39 2.0 M TFAS A 2]5}o] 120°C
oA 6AIZF A 2] & FIFAZ] AL N, gas® 71 £3}o] pyridine
0.5 mLoj| &9 10 mg?] hydroxylamine hydrochlorideE &3}

Retentate

Fig. 1. Flow diagram of ultra filtration membrane process. A; me-
tering pump, B; UF-membrane (MWCO 2 kDa), C; permeate tank,
D; pressure control valve, E; retentate tank.
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3 90°Col| A 308 gF-S-A) 71tk AL 72 Wzks|od acetic an-
hydride 0.5 mL& £3+5}o] 90°Cof| A] 308 HH-2-A]# alditol
acetate® % 3}+5}¢ gas chromatography (GC-2010, Shimadzu,
Japan)Z F-A3} %t} Alditol acetate 3= 4] 2] GC B4 %A
2 Z+2 DB-5MS (60 mx0.25 mm 1.D., film thickness 0.25 pm,
Agilent)S AHE-SHRLAL, o2 7HA] #E
nose, fucose, mannose, glucose, galactose)S &850 7} Fo]
HEE = AHE S48

= (thamnose, arabi-

2.8.FT-IR 9§ NMR &4

shejofubutof o3 HejH 2o 28715 E45t7] 93
ARAZE KBS AT AR oF | meit £
KBr #£4-& E3eto] =93t AAE Aot 4 &4
spectrum=- FT-IR (Win FTS 165, Bio-Rad)& ©]-&3}o] =4
sk o], FREAL 93 'H-NMRE] H4]2 300 MHz FT-
NMR (Unity Plus 300, Varian, U.S.A.)E ©|-&3}9 D,09] &=
o] #4J5tgict

2.9. Methylation-acetylation -4}
Almo A AAL Y3 methylationste] GC/MS
(GCMS-2010, Shimadzu)& 2451t} 54 A% 53 A
=0 DMSOE #7}slo] £33t & NaOH 20 mgi} CH,l
0.2 mLE 7}5}9] methylationd} $1t}. Methylation¥l A] &=
chloroform®} methanol®] £&F-&o0 (2:1)0. 2 e Ea2|5}aL
2 M TFAZ 121°Co| A 647} 7H 533t 5, NaBH, 2 3+¢
A7) W acetyls} 742 7] A partially methylated alditol
acetate® 3811 GC/MSE EA3519 Tt GC/MS E4L8
DB-5MS Z ¥ o|-8-5}o] #4135} Gl

32949y
3.1. Alcalase &5 9] ACE A &4

o] 2B -8 T& FE57] 91 3) Alcalase HAE O]

Gt 32T AF 42.0% (Www)e] & TES Enﬁfﬂ
ACE A 3|84 S =435t A3} Alcalase FEZE A 72.1%9]
AofeH & Bk ol Lee 5 [20j0] AT AR Fk
ﬂ”ﬁﬂg4NEHﬂ%%%5ﬂﬂﬁ4%mL4mﬂ

v, 7, g, X ot2] 9] pepsin 7FES =2 ACE #] 3
/2 20% o3} Hof & ¢1-2] mj o] Alcalase F+Z=0|
]3| W2 ACE A3 &d& 2 3l2n, Kim 5 [21]0] ¢1-3F
71 Alcalase 7}=E-8) & 2] ACE A al|&Al 0] 43.6%S Ho] B
Aol vl W& A EAE Btk ERL, Cho 5 [8]°] A
Tt mj o] A4 FEE W oehE 559 ACE Al &
Ak v wshd G4 255 33.8%% 2 A AutEct b%%
A 2olon, o
§Ave A3E woo

sample conc.(10mg/ml)
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N
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Fig. 2. Angiotensin I converting enzyme (ACE) inhibitory activity
of Alcalase extract and fraction by UF-membrane from Capsosiphon
fulvescens. Each value is expressed as meantstandard deviation

e g A

E3E 9 ACE AHEA
HA30] Alealase 5% 52] $-84180] 212 9istel ol
kg o] -ako] Hrelahih. 2ol H 8 B 7128k
ACE Ad&/4d< 543 23}, 2kDa o2 #8oA=
40%2] ACE A afj&/d2 K 9l 2™ 2 kDa o] 51| £ o A=
82%92] =2 ACE A3|&AS E At (Fig. 2). 0]‘* Kim &
[21]0] A2 % pepsin 7h4=25& 9] EAHE ACE A3
247} H] T3 3 kDa 0] 81e] 230 4] 60. 8%i o9]
2kDa o|5}¢] Belwr) We AuE Hoy AEae

8]0 A ACE A afj2H/d o] =rth= Ao} fARE A3k B
ATk

]
il
1o

33,2919 BAF 24
iAol Ea FEE W B0 BAFE #2549 dex-
tran AR8-5Fo] Ao A ¢l EAt S S5

5L 4719 peakE HHR L
1 kDa, 180 Da%s 2 TZPE* FEZE e T (Fig. 3). 3+
ofibu} 2 kDa o4 28] o] EAbeF £4 A F 730 kDa, 8 kDa,
1 kDa 59 #2325 Halom, ﬂﬂoﬁ’%u—‘* 2 kDa ©] 5}
Hz‘ﬂ_,] Hx}ako oF 1 kDa2] A2 2 ¢l 01 2kDa o]}

2 oA 2l glucose”} 5~871 7} A3H% oligomer & El

i /\§7—}%E}. 0]+=Kim 5 [22]0] t)3 o 2 H ¥ =31 glucan
(12 kDa)}2 t} 2+ 11, Tredwell 5 [23]0] A3t K. marxianus©)
Y48t glucan 2 o} 22 B ARS H o).

34. 3188 24 9 7T HEEH

Alcalase &5 4 39| oj7tu}l 2 kDa o] 3} & E9| 3313
2/3& B35 A3} Alcalase FE2E-2 539 ‘E} 2 89.9%
2 F8 oo, do] 42% 12)i1 FHAbr]of o
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Fig. 3. High performance size exclusion chromatograms (Suprema
1,000 column, flow rate 1.0 mL/min) of Alcalase extract (A), above
2 kDa fraction by UF-membrane (B) and blow 2 kDa fraction by
UF-membrane (C).

2ol 5.9%01 31tk o= Na 5 [24]0] Q173 vjabo] @43
=9 38t 2 A4S A% AT B o 49.8%, SHAH|
5.7%, Tl ghepo] 0%2 ¥ A ATkeh Abolgt ATkE
HAAt Alcalase =2 hejojatet oz #2328 59
Bo}4 248 BT AT 2kDa ole £ Foe] o
o] 99.88% -2 4 50| 9.0, TH R 0.07%, FH4k7| o] 5
o] 0.05%% 2 g H AU (Table 1). o] = 3Hejojn}
UFo 2 Bl 2kDa o] HERS EARo| PO o
o7 Fe g o= eyttt ghejojbut o 2 Fejgt 2 kDa
o5} 22 = 2] A TS w4517 914 alditol acetate® 712t
stol GC= E45}eiet. 7 23} 2kDa o] 5} £330 AT
Z A2 mannose 1.5%, glucose 97.2%= SHF-E o3+ glu-
coses AR O 2 o] F o]zl BEAleF oF 1 kDa2] oligo-glucan
ol Aoz 2HH} (Fig 4). o] Zvyagintseva £ [25]0]
3t L. cichorioideso)| A £-2] 3§t laminaran©] 98%2] glucose
S H o, L japonicad) A £2] 3t laminaran-S glucose
82%, fucose 10%, galctose 8% 59 $HF-3S H 9l AT} F-AF
shnf, 3= 9 Eo A ol w2t oo o5 Helt
NI I

Table 1. Chemical compositions of Alcalase extract and UF below
2 kDa from C. fulvescens

Chemical

Alcalase extract UF below 2 kDa

compositions (%)"

Carbohydrate 89.9 99.88
Protein 42 0.07
Sulfate 5.9 0.05

) Dry weight basis.

Fucose

Mannose

Glucose
Galactose
A

Arabingse

60 270 280 250 30.0 310 330 330 340 350 36.0 37.0 360 min

Fig. 4. Gas chromatograms analysis for monosaccharide composition
of the standard monosacchride (A) and below 2 kDa fraction by
UF-membrane (B).

3.5. 289 32 24

319]0] 3} 2 kDa o] 3t 2889 72 U o) AY Fej2 2
A1517] 913} FT-IR, 'H-NMR, methylation £-4-& 3} it} FT-
IR F45t A3} 7} peak®] 2-8-7]+= 3300~3400 cm™' o] A]
18] 9] A3 2 ¢l 0-HY streching X-E0] ® 901, 1650 cm™
o] ] C=0 streching Z1%-©], 1000~1200 cm™of| A= C-H2} C-
O bending X%E0o| el on (Fig. 5), 890 cm'g ¥ L B-
glycosidic linkageS e, 930 cm™ < -2 a-glycosidic
linkageE UFERHTFAL B B30 Q) [26]. 2 Ao A 23
¥l 2kDa ©|3}9] 322 890 cm™! & & of| A peakZS H.of B-
glycosidic linkageS zt= o= Holth E3, ool
2 kDa o] 5} £2 = 9] methylationS 243+ A7} 9 RS
2,4,6-tri-O-methyl-glucose = 94.1% HF-S H ¥ 01 2,3 .4,6-
tetra-O-methyl-glucose”} 2.6%2] st&F-& R At} (Table 2).

—— UF-Below 2kDa
1,3-glucan(Curdlan)

- Glucose

3500 3000 2500 2000 1500 1000 500

wavenumber(cm™)

Fig. 5. FT-IR spectrum of below 2 kDa fraction by UF-menbrane,
Curdlan (1,3-glucan) and glucose.

Table 2. Methylation analysis of below 2 kDa fraction by UF-membrane

Methylated sugar” Mol % Deduced linkage Mass spectral fragment ions (m/z)
Glucose 33 43, 58, 71, 87, 101, 117, 129, 161, 189

2,4,6-Me;-Glucose 94.1 —3)Gle(1—> 43,71, 101, 117, 143, 161, 189, 233

2,3,4,6-Me,-Glucose 2.6 Gle(1—> 45,59, 71, 88, 101, 118, 145, 187, 205

2.3.4,6-Me,-Glucose: 1,5-di-O-acetyl-2,3,4,6-O-methyl-glucitol
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Fig. 6. 'H-NMR spectra of below 2 kDa fraction by UF-membrane
and Curdlan (1,3-glucan).

2,4 6-tri-0-methyl—g1ucose£l] SteFo g Kol B-1,3 A%t t}

o] % Ago]q) , 2,3,6-tri-O-methyl-glucose= <3|
oA k= Ao HOP 14 2% gle 202 Holn, B-

1,3-glucan© 2 Z=A =t} £33} 'H-NMR 243 A} 3.53,

3.59, 3.65, 3.70, 3.80 ppm> Z}Z} glucan®] HI, H2, H3, H4,

H59] peak=o]™ ZFE2<¢l Curdlan (1 3-glucan)1} 22

peak~ o] 5] o] 3} 2 kDa o] 5 8 &2 B-glucany S &
o Q31 (Fig. 6).

4.8

o o] ZHE] -8 G 2235)7] 98] Alcalase EAE ©]
£35lo] &35 ACE A3f &4 =43 7ﬂjq. Alcalase 2=
=50] A 72.1% o]A4He] ACE A3 &A4S 1 k9] of
et (UF membrane)g o] &3}o] Ea]3t 2 kDa 013}94 B3]
o = 82%2] & ACE A s 84S 2 th. Alcalase 5%
B8 4719] peakE B4 20 Ztz} oF 730 kDa, 8 kDa, 1 kDa,
180 Da 59| Haf BES bl oo o, 3Holof s}t 2 kDa
o3} 8| o] Hajake- oF 1 kDao] E-A}aFg B gt 3ol
74} 2 kDa o] 3} £.3] 9] 3}6} A AL 21 99 .88%, THM A
0.07%, H4k7] FHeko] 0.05%2 Urehgron, Ao 248
mannose 1.5%, glucose 97.2%= F=2 glucoseZ T4 H oL
Aot T3 FT-IR 24 ¢ A7} 890 cm™ 9 & of| A peak & Ko
B-glycosidic linkage2 ZH= 7 © & K o], methylation &4
3t A3} 2,4,6-tri-O-methyl-glucose 2 94.1%%1 27 "H-NMR

A5t A3t 2FE 4 Curdlan (1,3-glucan)¥} 2+ peak &
Hof ghelofut 2kDa o]st &8 E2 B-1,3-glucan S & =
l5ieh

l
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