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Characterization of Pepsin-solubilized Collagen from Scallop Mantle
Xuan Ri Shen, Seigo Ono, Hideyuki Kurihara and Koretaro Takahashi®

Graduate School of Fisheries Sciences, Hokkaido University,
3-1-1, Minato-cho, Hakodate-shi, 041-8611

Pepsin-solubilized collagen was prepared from scallop mantle. The scallop mantle pepsin solubilized
collagen (SMPC) was subjected to analyses of amino acid composition, digestive pattern by protease,
electron microscopic view of collagen fibers, and moisture absorption to evaluate its characteristics in
comparison with bovine skin type I and bovine placental type V collagens. The amino acid composition of
SMPC coincided with that of bovine type V collagen. The SDS-PAGE analysis showed that two a-chains
were similar in molecular weight to those of bovine placental type V collagen. However, SMPC was more
susceptible than bovine placental type V collagen to Staphylococcus aureus V8 protease digestion. The
diameter of the SMPC gel fibril was about half of the bovine type I collagen gel fibril. Gel formation ability
of the bovine type I collagen was higher than that of SMPC. SMPC showed a higher moisture absorption
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isotherm under high humidity than bovine skin type I collagen.

showed in part a sponge-like structure.
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5, AKBEL 728 7 7 7 1 SMERE 100 g AN, %837k 500
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Fig.1 SDS-PAGE (5% gel) patterns of pepsin solubilized
collagen and acid extracted collagen

A, Scallop mantle acid extracted collagen ; B, Scallop
mantle pepsin-solubilized collagen (SMPC).
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I—r v ERI 5 T L, B0 LEfET s 4 7 VICH
Bltcas—=rrvns A7 LTI LcrgElEnd 5 &5
IFELHESINTLBW?Y X, SMPC O 7 3 /iR %
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Fig. 2 SDS-PAGE (5% gel) patterns of pepsin-solubilized
collagen with respect to @ chain comparison

A, Molecular weight standards; B, Scallop mantle
pepsin-solubilized collagen (SMPC) ; C, Bovine placental
type V collagen ; D, Bovine skin type I collagen.

Z v TWwi, Zofth, Hyl/Lys, Hypro/Pro, 7 3 F7g &
OHEHRL —# L1 (Table. 2) 7o) v&k FoF v
7o) VEEBOGH Z T 5 — 7 v OEVEERE LBRN S
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Hbtco 112ld >, FEas—7rvho1 1/ BOHK
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HARTH % & Oyester (Crassostrea gigas) DAENFEa 5 —
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SE
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EHIT DN Y DM 5 5D a #H K D PNy B
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L SMPC @O/ 23hd “FE¥iD 3 5 — 47 v & bR HfiR
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5. V8 7057 —E¥ORROZII T S 3N ng v
7LD SMPC, Hjeigs 4 7V, 54 71as5—-7rv
DIETH 72, TDI &S, SMPC FEHET 7 4 7V
35— Y ERTFENOT I/ B OE T AR
U728, [ U—KiES 3 > TWE W E035h - 1.

5. BFBEMETICHEIFZ05—5 ViliiEDEH
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TfER (Fig. 5), SMPC R4Ef s 4 71 a5 =4 ik~
THiFtO RS DIE 52 & »Dhisl, TOEHERIL KR 5
A7 13as5—=7vOf1/2Th -7, SMPC (TR % v
U= BERCT, < TS RHEA TR L T,
O EBRFUEEEDIL (Fig. 6) —RTdh 5 L
N5, HEIA 7T a5 vDLHTREEZD BT
& THIKEEAIC X 2 HE L o sy v ATERd 5 2 &1
157p -7z, SMPC 7 VOB 3 <, BiICE D 7 Vg
REZ S B T HRAEMA B 2 & THEE, Ak, (bhEsE
W TX 20[REDnd 5 EFEZ N5,

6. RiEiE

SMPC &4 44 7135 —4 v olkiglts ik L
FER, MEIHBE 2SS WIHEIC SMPC 28 & 0 & WIREYE % 7R~

Table 1 Amino acid composition* of scallop mantle pepsin-solubilized collagen

Amino acid  SMPC BSC SSC® CWPC®  POMCY oCMC!Y
Asp 60 48 45 41 62.5 55.6+0.4
Thr 30 17 24 32 22.2 31.1+0.5
Ser 50 34 42 41 39.4 35.5+0.1
Glu 112 74 76 93 112.0 113.2+
Gly 317 318 311 326 325.0 329.6+1.4
Ala 56 115 119 62 65.4 47.8+0.2
Cys/2 2 0 2 0 2.6 0
Val 20 25 28 19 23.1 19.2+1.6
Met 25 6 15 2 13.5 19.6+1.8
Ile 19 11 20 20 20.0 14.6+0.7
Leu 34 25 29 34 36.8 23.2+0.5
Tyr 7 5 6 6 6.3 9.5+0.1
Phe 11 14 16 14 11.5 6.710.2
HyLys 19 9 12 30 15.7 13.040.2
Lys 10 27 25 26 10.0 5.8+0.0
His 5 8 10 10 1.3 470.1
Arg 50 50 52 48 53.9 48.47+0.6
Hypro 71 88 67 87 83.8 105.9+1.2
Pro 101 126 100 110 97.0 119.9+1.2

*Residues per 1000 residues.

SMPC, scallop mantle pepsin-solubilized collagen ; BSC, bovine skin collagen ;

SSC, shark skin collagen ; CWPC, carp white muscle pepsin-solubilized type V

collagen ; POMC, Pearl oyster (Pinctada martensii) mantle pepsin-solubilized

collagen ; OCMC, Oyster (Crassostrea gigas) mantle pepsin-solubilized major

collagen.

Table 2 Degrees of hydroxylation of lysine and proline and amide nitrogen in scallop

mantle collagen (Comparison among six invertebrate species

16))

Lobster subcutic

Squid body Abalone Pearl oyster Scallop

Ratio ular tissue Blue crab Octopus well mantle mantle
Hylys/Lys 1.28 2.27 1.39 1.05 1.7 1.56 1.9
Hypro/Pro 0.62 0.78 0.99 0.94 0.93 0.86 0.70
Amide nitrogen 92.7 65.8 76.0 77.4 70.4 70.8 68.1
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Fig.3 SDS-PAGE (5% gel) patterns of precipitated
fractions of the scallop mantle pepsin-solubilized
collagen treated with different concentrations
of NaCl in 0.5M acetic acid and 1.0M Tris
buffer (pH 7.5).

A, Bovine skin type I collagen ; B, Bovine placental
type V collagen ; C, Scallop mantle pepsin-solubilized
collagen ; D, Precipitate in 2.5-2.8 M NaCl/Tris buffer ;
E, Precipitate in 28-35M NaCl/Tris buffer;F,
Precipitate in 35-40M NaCl /Tris buffer;G,
Precipitate in 0.2 M NaCl/acetic acid ; H, Precipitate in
0.2-0.3M NaCl/acetic acid ; I, Precipitate in 0.3-0.45M
NaCl/acetic acid.

L7 (Fig. 7). Thid Fig. 8 OB TEEMBIHZE D S 6589
5N 5 & 51T, SMPCIC 3RS ZTZK L TV 2845
Dd T, Koy LEhT 2REBPRES VDL EEZLDS
N3, Zofth, SMPC O Glu, Tyr, Ser 257k o
HER DT I/ BELDZCELILEE-RNEEI SN
3. ko TWiEMEE D L7z SMPC DIGH S %R &
na.

L3 #

+ 5 FHAERMN ST v vnliEfba 5 -4 (SMPC)
AL Bonkas— 434y 171as5—4 v,
sy A 7Vas—r v LR LTRSS - 1.

(1) SMPC BHMEiEs A 7 Vas—r v XML

7 3/ [gHEL & SDS-PAGE jk#)/ x4 — v &R L 72,

(2) V87 o7 7 —¥EHW\THESRET - 1-FEE,
SMPC 3B s A 7V a5 =7 vobdis 4 71
35— vk bhniaszded, MEEdEE5
—IRREEE > TVWA T ENh - 1z,

(3) SMPC f#ft % MR L T T-EAMSE TR L /o4
B, BHEOKRS 3Ry A 71 35 =7 Vit RE
NT, BEE—EHER R L T,

@) ks 4 71 35—y Er VIERREE B L 1ok
B, SMPC O/ VIEKHER G914 71 a5 =45 v &
HIEW T EEED .

B) Ry ATT 35— W E L 7 fE
SMPC O HAEBE FICEWT, L0 EWIRKEER

Fig. 4 SDS-PAGE (10% gel) patterns of digested
scallop mantle pepsin-solubilized collagen (A),
Bovine placental type V collagen (B), and
Bovine skin type I collagen (C), with S. aureus
V8 protease.
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THANER D 5 — 7 v OREEIE L 72 BT, fhiihEge
UERa 2 MERER B C Eic kDRI LT, DLE
SRENESHZAREICE > T bDEEZLNSE. w5 F
HANEBERT v valiglba 5 =7 v O &k I Lfis %
EHNCRKBAFTESERE2S 44 Z7VENTHEPIL 72 2
5= vERHET 3 ENTELER, 5% S oI TH
P &by, PRI B 2R L RN U OBBEEMEL & L
THH LTV e ORI HIRAS 2 ETEEZEV
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Fig. 5. Transmission electron micrographs of collagen gels.

B

Mean: 59 = 14
Range: 42.5 — 102.5

n: 80

Diameter (nm)

30

20 -

Frequency (%)

lum
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The fibril diameters were measured under positively

A, Gel of scallop mantle pepsin-solubilized collagen ; B, Diameter distribution of scallop mantle pepsin-solubilized

collagen gel ; C, Gel of bovine skin type I collagen ; D, Diameter distribution of bovine skin type I collagen gel.
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Fig. 6 Comparison of reconstructed collagen gels between those of scallop mantle and bovine at different pH.
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