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ABSTRACT

Pepsin solubilized collagen from the skin of splendid squid (SC) was isolated. The yield
of SC was 75.3% (dry wt). SC had high purity as shown by the distinct A,,, peak and high
hydroxyproline content. Total sugar content of SC was 4.70% (dry wt), which was higher than
that of calf skin collagen (CC) (1.45% dry wt) (P<0.05). Based on SDS-PAGE and elution profile,
SC might contained the mixed types of collagen (type SQ-I and SQ-II). SC was rich in glycine
and had high content of imino acids. The degradation induced by chymotrypsin and lysyl
endopeptidase was more pronounced in CC, compared with SC. T__ of SC was 34.1 °C, which
was about 7-°C lower than that of CC. FTIR spectra revealed that the triple-helical structure of SC
was predominant with the co-presence of carbohydrate moieties. Therefore, the skin of splendid
squid can be an alternative source for collagen production.

Pepsin solubilized collagen (PSC) from the skin of pharaoh cuttlefish was isolated,
partially purified by salt precipitation and dialysis prior to characterization. The yield of PSC was
43.7% (dry weight). PSC had good purity which showed the distinct UV absorption peak at 232
nm and high hydroxyproline content. Total sugar content of PSC was 3.40% (dry weight), which
was higher than that of collagen from calf skin (CC) (1.45% dry weight) (P<0.05). Based on
protein pattern, PSC was considered to contain mixed type collagens, in which consisted of Ol-
and B—chains as major components. PSC was rich in glycine and had high content of imino acids
(196 residues/1000 residues). The maximum transition temperature (T, ) of PSC was 34 °C
which was about 7 °C lower than that of CC. Therefore, the skin waste material from cuttlefish

processing is one of a promising new source for collagen production as well.

Keywords : Characterization, collagen, extraction, cuttlefish, splendid squid, pepsin solubilized collagen, skin,

byproducts
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Type Triple helix Distribution
I two identical QL1(I) chain + one QL2 chain Skin, tendon, bone
II  three QLL(ID) chains Intervertebral disc, cartilage
I three QL1(III) chains Cardiovascular vessel, uterus
IV three QL1(IV) chains Basement membrane, kidney glomeruli, lens
capsule

#131: Wong (1989)

nyaeeil Tundniidlussiszneulunsaauanie Inadu Gevar 33) Tnsiu Covas
12) ungozaiin (Geva 11) uazdsiinsaesfi Tuii luwuia 1l Tsauriindug de lansons Insdy
Gouvay 12) uazleasendladu (feeaz 1) (Wong, 1989) "lﬂa%uﬁﬁagi“luﬂaaamuﬂszmm 1 Tueny
mmﬂm@zmu*ﬁ”wm%zm:maadwﬁﬁuﬁua‘luTcﬁtﬂﬂ'lmﬁmam%&Tmafgaﬂmﬂaaamu onE3UY7
nsaod Ty 14 Ausn WuandateluTasaw (N-terminus) Haza9nsaezii 1y 10 dausn duanilate
AT5BYU (C-terminus) Asdvtlaemdrtizon m Tanld nd (telopeptides) . TuianavvINBARUIULN
linunsaozii Tundd Tawnly ﬁ'ﬂ‘;iy'uﬂaammu'ﬁafﬁ'ﬂﬁJuTﬂﬁﬁuﬁﬁﬂmﬁhmﬂmmms& (Foegeding et

al., 1996)

[y d:
2.2 Avaauduluan 1
s (%’ = 1 Y g Y] = a A
AeaauIn ludaithiSnauenmsiudunusila  szezmseiy@nls  uazeins

¥ ¥
aeanusuingnazaulululonouuim  uazluwiswesdafi TS inaneanuaulundnil

ws’%

- 3 g 2
dadifiUszsuadovas 1-12 vesllsAunaue mazwuluniansenadosas 1.7-4.6 1ileves

b4
[ °

o 4 v & A T
danhinlinoanieuuniniinnumileInnnal (Sikorski et al.; 1990)

@ ¥ v Y 1 o ar
ﬂ@ﬂﬁ']l,"l]u"ﬂ']ﬂﬁu\utagﬂﬁ'lulﬁﬂ‘ﬂ@ﬂﬁﬂ?u'] ﬁﬂ'J']ﬂJLLﬁﬂﬁT\‘m'lﬂﬂﬂaﬁ'lLﬂufl]”lﬂﬁ“ﬂ')'lliﬂ

)}

o) {o d - ) ' 144 o a = ° '
Hsnansaesd Tunduih 7 sfiagenn uallfSinavesnsaoziiluleaseond  Insdudinn (g

b

#12.2) (Sikorski et al., 1990) apaauaniinf 1ulansn (g lna wozauan laa) Usznausgdiy (@191

71 2.3) Tagdunimenld Indvedlaasend lafudiewuss Inaladdn Herdiu 2-0-0-D-glucosyl-O-P-
D-galactosyl-hydroxylysine (Burghagen, 1999) AoaauInlud ﬂ’ﬂ‘n’ﬁﬂw@ﬂﬁ UMV 19TUA
Usznoudaead TulawmsniSinage uagll o1l ua lolaa Ty Tue eglutSunauinios (Sikorski et

al., 1990)



o ¢ a o o3 o o4 y
T340 2.2 ENﬂTJ5$ﬂ@‘UGUENﬂ5@@31[11«!51]9\17’1'E)ﬁfnmuluﬁﬂquulﬁgﬁﬂ'\lmﬂ\igﬂﬂ']&luu

Cod  Bigeyesnapper Skate  Grass Pagus Porcine Calf
Amino acids @ ® ) carp @ major @ @ ®

Skin  Skin Bone Muscle Skin Scale Dermis  Skin
Alanine 107 136 129 115 135 133 115 119
Arginine 54 60 46 51 57 49 48 | 50
Aspartic 53 51 47 36 42 43 44 45
acid/Asparagine
Cysteine 0 0 0 0 4 0 0 0
Glutamic 80 78 74 78 61 71 72 75
acid/Glutamine
Glycine 342 286 361 -~ 356 334 346 341 330
Histidine 8 10 6 8 5 5 7 5
Isoleucine 12 5 5 17 10 7 10 11
Leucine 22 24 25 22 22 18 22 23
Lysine 29 31 25 25 23 26 27 26
Hydroxylysine 7 10 20 6 8 7 7 7
Methionine 15 12 8 9 10 15 6 6
Phenylalanine 12 15 12 12 17 13 12 3
Hydroxyproline 51 77 68 74 65 73 97 94
Proline 103 116 95 83 121 107 123 121
Serine 59 36 34 46 39 41 33 33
Threonine 23 29 25 36 24 24 16 18
Tyrosine 4 4 2 2 2 3 1 3
Valine 19 22 17 25 31 19 22 21
Imino acid * 154 193 163 157 186 180 220 215

* Imino acids include proline and hydroxyproline.

A (a) Duan tazAME (2009), (b) Kittiphattanabawon Lagame (2005), (c) Mizuta sagnme (2002), (d)

Zhang LLagAME (2007), (e) Ikoma HagAME (2003), (f) Giraud-Guille Lagae (2000).



d’ g d' o/ [P=} [ v
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Total sugar Glucose Galactose Mannose Fucose

Collagen sources

(%) (%) (%) (%) (%)
Bigeye tuna, skin 0.40 0.17 0.19 0.01 0.02
Carp, skin 0.43 0.18 0.20 0.01 0.02
Octopus, body wall 2.89 1.50 1.00 0.05 0.18
Squid, body wall 3.96 2.16 1.44 0.10 0.26
Abalone, foot part 4.18 2.19 1.32 0.13 0.48
Spiny lobster, subcuticular

10.19 5.76 3.84 0.17 0.22
tissue
Blue crab, subcuticular tissue 12.45 6.90 4.82 0.52 0.21

& )
NH1: Kimura (1972).

2.3 MIANAUAZIUUAADAR DU INTA I

% -7 ar ’o‘
ADAA MU INIDANA 1A INHIY Aszan uazindavasdaii (Nomura et al., 1996;

Nagai et al., 2002; Tkoma et al., 2003; Mizuta et al., 2003; Jongjareonrak et al., 2005;
Muyonga et al., 2004a; Ogawa et al., 2004) Nagai uas Suzuki (2000) adausnaeaanausinieeg

a4 & a o o a P ny a woa iy
maeiiafe niie nszgn uazasulan 7 aiia nud lawandansaaususinvilsiadiuiesas 50.1 (Japanese sea-
a a o
bass) $evas 49.8 (chub mackerel) uazFovaz 50.1 (bullhead shark) mandnasaausuninnszenfaiiudes
ay 42.3 (skipjack tuna) ovas 40.7% (Japanese sea-bass) fevaz 53.6 (ayu) Jovas 40.1 (yellow sea
a a d
bream) uaz¥evay 43.5 (horse mackerel) iagnandnasannsuninaivaaitiuiesas 5.2 (Japanese sea-bass
acid-soluble collagen) $esa 36.4 (Japanese sea-bass acid-insoluble collagen) msafaasanauizu
[ Qs 4 1 1 o ar 1 1 L] ¥ é =

nnmsiida ldsun lilveeaansu wazmsdidaussig neumsudluaisezatsnsaiisazaloneanuou eiden

{ o ] . eye [ [ { W a o o ¥ a
asaausuida 1431 acid-solubilized collagen a1y lsAnmavanuaniiena ldlinandad daiuns 14ds

A a4 a 4t o o Y a 4 X 4 o ' 1 .

iedavameiusaun lawll Indneumsefa uali Idnandamuiiu Guaneaauaudina1ail pepsin-

solubilized collagen (Nagai et al., 2001; Nagai and Suzuki, 2002; Jongjareonrak et al., 2005)

P v
2.3.1 aaanaUNasalgndenIa
ﬂ’fJﬁﬁWL%uil"lﬂ‘ﬁﬁﬂﬂ%@ﬂizﬂﬂﬁnfﬁﬂﬁﬁﬂiﬂﬂﬂﬁi‘l’f}ﬂiﬂéﬂu Kittiphattanabawon Ligg

Az (2005) AnyIMsTuUNgUdnyuzavaauIuiaza1wlalunsa (acid-solubilized collagen, ASC)

nnnilumznszgnlaminau wunnsadaneaavunnniuasnsegnlinanindovas 10.94 uaz

H LY o o a ad aa 1

159 seadminden awday  lumsawzduuuveslilsiuleeldimatndianlas WaFanyd
o a =3 Q = s 9

asaaunanaznIzanamunuigduunvesTsanludhyus@einy . dssnaualsuny

< o I a ] =] a2
Talsfiu o wag 02 uazawnsaswunlaiduneaausuria type I sgelsnamgiuvuveelysanuyes



aeamunniumenszgiigndesdseulnilsion vs  uasladaweulanllfaaiiaom
unnesiuinifes uduanmsiusuaeaanunngnrededany aeaausuiiugluasazasnsaes
Fandia1 Tmax wazewiatansuiiefeutuneaausuiudthngu Tasnsaeniinaldnoanueud
msiAeunlaslnsatas ueﬂmﬂﬁwuimaaamuﬂmﬁﬁ’mazﬂsz@ﬂﬁmsazawqqqﬂﬁﬁm% 2 uag
s ey uarlinomsiReuudawesmsazatefissfunnududuues Ineunae lssosn
foonz 3 (uu/fiines) edulsfimunsazawanasediunniffennudutures Tndeunae lsdge
n1feeaz 3 (WLAS5IAs)

&9% Muyonga 4azAMg (2004b) ii’muﬂ@mﬁ'ﬂymzmmﬂ@ammuﬁazmﬂﬁ'ﬂﬂﬂiﬂ (acid
soluble collagen, ASC) MNNTIve9Ial Nile perch (Lates niloticus) i’ﬂéammzﬁimﬁmﬁ' Tagmsana
fensaozdandudu 0.5 Tuas udmnnznoudies lndunaslsd 0.9 Tuard ildldwandanaiiv
$oonz 63.1 uaz 587 weaiminuds awddy sUiuuvesnenaetfiadaldasteaeylaomsly
SDS-PAGE Wu1l3gnouaioe1e ol uag 012 3181494 imino acid Y89 ASC 910 Nile perch Jogou
une Tadufiviiudeens 193 wag 20 mugidy FanuluBinafanariasy AIUQUNUMS
gapfeanwsssvnAvesnoanuaniiadalane 36 o Fageninlmuiiadue i5utu Sadowska uns
ANY (2003) AAAABAAIAUIINMIIGYDY Baltic cod (Gadus mothua) 1ael¥ninezdan viensadnsnlu
Sn31dU 1:6 uay 1:4 amany dwnaninu 24 421us hlvansaddaneaaion 1d¥eens 20 uay
dmumsadau 24 Frlneeundsaaderudaonsagasnii Idneanimuosay 85 aoaaaud
afaldaunsoazmeldlumsaraolsRounaelsaiduty 045 Tuand uazluh 18%evas 85 uag 15

a T { = < < o w
MeNAINIUNRYUNYI 30 °a 1wl 24 ¥ Tug aud Ay

2.3.2 aeaauaunasaleaelldu

Taer I3 19 Fuuiunsadaneasuoiina i Idnandafiviy  Nagai uazame
(2002) Amnnsaauauiiadalfommives ocellate puffer fish (Takifugu rubripes) wuineaaoud
avawdaeiidu (pepsin-solubilized collagen, PSC) ilsyasudasmenedildindde (a1)202 fgungiing
gaidvanMEITTAIAY 28 o Fuhndineanounilimylssinm o %y diunandnvensanauiiazatoday
nin (acid-solubilized collagen, ASC) wazaeaauufinemedreiFuiivinadesa: 107 uas 447
suddy Mizuta uagasig (2003) Anaiiavesasamauiiada lfannszgneeuesiuiesues skate (Raja
kenojei) Tnsld whldu snchuendriiumudnlnsnsanasnoudionie winh S gnidaemadinlns
wnlans i lneld eaTviwag laanedin! wuhmeanuauiiadaldlaweiia feneaausu Type I uae 1 Fufu
aonauIundn uazaeaansuyiia Type XI flunsaaniuses et Mizuta uazaai (2002) vinmsana
asaauanvnndmiodndinues skate Taelditldu udausndavesasanusuiaialdlaonsanaznoudas
uen lufloudairladudadosas 20 fewhuiqd lnevled Twaglaamedinl  wuddauvesneaausundn

1 Y
ﬂﬁ%ﬂ@ﬂﬁ”ﬁ&lllﬂﬂllﬁ)ﬁ‘ﬂ? 2 10 A8 al'uaz a2 LLG%LLQUL‘U%T taz ludmvesnsaaiausestsznsuaienadiioawt' s



é a sy
oy e ol a2 way o3 FwnsEnwgiiuuvesTusinlesds spS-PAGE juluuuvestling wasnis

Ansednsaezi Iu wuheeaauaunsnidiurila Type [ daunsaaususeutiuria Type V
3 ]
18n1nY Nishimoto LATANY (2004) SuUNFTAYDIADAAIUARLaER8l
) .. 4 4 9 & a & o
(pepsin-solubilized collagen, PSC) luilowondiile (ifo1nd waziilodt) ¥o9 Japanese amberjack
A T = [ @ [ ° o Y a 4 LY .
nnduhinenazneumendueenidudundn  uasdwses i lidvihildgnilagld  cation-
exchange column chromatography uagymsasnmeugliuyveslysfude35 SDS-PAGE siluu
4 a 4 a ' v a U I =
vourhlInd uazdnszdnsaeziilu wuhneaamunsndiusia Type I dauneaansuseuiiusiia
a -4 a 4 o A o
Type V ¥iavesnoaauanlundnilednd uazilosmfinufituuuveahlind wazesdszneu
=) [ . @ v i g 1
nsaozd lundieny Nagai uagAmMy (2000) ananoaaauInaIufiiusy (mesogloea) Y99
. . . . d = !
rthizostomous jellyfish (Rhopilema asamushi) ﬁ'wma“l*ffmu"!mmﬂﬂmu wun ldlSnmaeaansudly
a Ay Y oy ~ v X Y o
nowae lulSunuge fe Sevaz 32 veulminuds Tavll Taseaiviugiuvesnoaaaundisiunsaa
d’ 9 a . d'n./ 9 12 t YY)
wunazamendunlUFuin jellyfish mesogloea Niusemiula ualinnuuandenuiunoaa1@La1N
. d‘w 9 d‘ d‘ [
jellyfish exumbrella Asudsznula tazasanuanan mesogloea nazaneldlunsa aeaansunana

a

a a 1w o
1aTlgumgiimsgadoanwmesssumna (Td) Wiy 28 % meneaaaudliuuyy heterotetramer

y

Y

Usznounlgay 01 02 03 uag 04 a3u Nagai Loy Suzuki (2002) WUIMIANANBARILIINNILS
#UUBAVBY paper nautilus (Argonauta argo, Linnacus) A0nsaasdanmusy 0.5 Tums 1¥nananma
Usznaderay 52 vewhminuds edalsdmudnihiszawnnmiazandionsaausaazm
18felddu  (Fovaz  10) Teefnandnsaiiufosas 50 neaatufiavarediodulisauas
heterotrimer Aol 01 02 03 1HueeAlsznoumiouiiAsaaualaNMUIAYeY Callistoctopus
arakawai 9EIMQIMIgaRvdnmveInoaneui lavidy 27 o c?"m:im'jm@ammmmﬁg 10 °uf
u’onmm‘i Nagai Wagase  (2001) mmsananeaauAiamuyenveslamiinnizang (Spia
lycidas) Taoasasududronsanzdan lnanaansaaondonas 2 vosthminude danfimdonnm
afmh ladadedenGudesas 10 uaSnas) Iawariaduasaanauiiazarelullduiooas
35 wpaimiinule aeaauInTinzaeen G uidnuaziiy heterotrimer Usznoudaoay (0L1)202
(riloUr1 Japanese common squid ueﬂmﬂfjwuﬁﬁqmﬂgﬁmiqms%ﬂaﬂwwmﬁiiuﬁmawiﬁu 27 °u

FefnneanuvunInny s 10 o

2.4 adeiinanenuaninvesnoaa oy
v

T ' L " o 3
ADADUIUIINLUNAING ﬁﬂﬂlﬁuﬂﬁllﬂﬂﬂ'lx‘lﬂu YUY

dy s 4 a

U uﬂﬂ@ﬂﬂﬂiZﬂ@UﬂJ@\‘iﬂiﬂﬂzﬂJ
E

Tu drauveensaezd 1u sHunamsIaiesdves vusa (Sikorski et al., 1990; Foegeding et al., 1996)

a ] d'd | Qi 9 o dy A
e Ninadeguauiinvesnsaauanasaagyldnedl Ao



2.4.1 Susveensaoi Ty

P3eeansadily (imino acid) Felsznoudaelnsdu uaz'lonsend Ingau fina
donunIiIveIneaauIudeaLiey  Aeaauuiinsadilud  exflpnmglinsgayean
BTN c'xéﬁﬂ?mmﬂmﬂiﬂ%ﬁiuiuﬂaammu%:ﬁ’uﬁuﬁﬁmwﬁ@fjmﬁﬂmmﬁmﬁw (Forgeding et
al., 1996) AvaaauINUauvanuIvziinsadl Iulszuadovas 16-18 (Norland, 1990) 31NNTANET
U89 Muyonga LazAmE (2004b) wuhnsash Tuvesneaauuiiazatodionsa a1ntlat Nile perch 38
souuaz Iadufit naidudesas 193 uaz 20 awddy FoulnBafianiasiady
drugungiimsgadeaniwsssunfvesaeaaniuiiaialdie 36 *o Figendilawiadug wusy
yinnsnmsiasuilaslaseedielay Cireular dichroism uaasliifutgamgimsgadoanw
F33UAVBINBAAUIUIININAYAT Pagrus major L1ag Oreochromis nilocas JufvSnavedlansen
FInsauunn i Insdu wazanMsAnEIAIY Raman spectroscopy WUTMMIUY0e laasond Tnsau

waz Insaumamsiaeu)asvaz1dnnud ey (Tkoma et al., 2003)

2.4.2 DIVOIART LAZFIINTDABINIS
A o dm 2 A . = kA £y
dlodailiongmniuntadontlssay  (cross-links)  ¥94ARARNANTNINTUTINA A
gwftd‘d o =) Inzwfnd'd Y v o PAa 1 o
ladaintengannianumiisaniuiledainiietytiosnd ABANUIUINTAINUDIYUINNLY]
%’ ° 1 ' ' @ v dal 1
anwannsalumsdui lddmnd 1 uddumudemswesiageanhidainiioies Zayas, 1997) dau
& = a a 43 4 o & 1 = ¥ a 4
luilelafiene1misvelinumiloaiindueusy  esnnlugaansoaoimisims 14 lisauams
LA =Y ¥ { g 4 d' Qs 1 7=\ 1 4 o 9
Tawaradin  uez TdsiululelduSar 5o ~vasniiewainv iyl ldinisdesameient 114
9 1 [
wonntineaateunasanlulylensuuien wasnily Mansieutszamudusernieluana vhild
o o oao F PP L '
Woduialanyusm ety (Sikorski et al., 1990; Love et al., 1976)
a 1 ar v  Ja o a
2.4.3 ¥HA LAz AN HAIMNANAADAa Y
N ifNaMIgEoansTsUenaA (Td) ¥94ARARIIUINMIN NIZQN UaLATY
1lan skipjack tuna, Japanese sea-bass, ayu, yellow sea bream, chub mackerel, bulthead shark L6 horse
mackerel 941U 25.026.5 °a5 29.5-30.0°% LAy 28.0-29.1°% MNAINY FeANIgUNYIMIFad
v
ANNFITUHIAVDIADAAUIUIINHU MY TS0 7-12 °5 (Nagai and Suzuki, 2000) ATHULVATIAGAL
y 1 Qs g 1 ¥ =9
uazelmenIotuduvssda ihlsinadoguavinvesnoanuau
= A
2.4.4 oY LAZINGD
S A A 1 Y ¥ A
ey wazindelinadomsazaiy anuaTalumsgul Anwvila wasaAuEINg
3 au a ¥ § a o ' 4 Y] o &3
Tumsdudiadiviess  vesasaammunndleweneminlugmndunile  uazvisvedaduin
. o <
(Montero et al., 1991 #191a8 Sikorski and Borderias, 1994) ﬂ’e‘Jammumﬂﬂumazﬂsz@ﬂﬂmmmm b\

' { o § [V
mmsazawqaqaﬁﬁmm 2:48% 5 ATUATRU Llﬁ$ﬁ13J'l§€]ﬁ$ﬁwﬁﬂﬁ\‘llﬁ@ﬂ'JTNL‘IJ?JQJU‘U’E]\?I“D’L?]EJiJﬂﬁﬂ
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¢ A 3 - = '
Tsduriuau (Kittiphattanabawon et al., 2005) 31NN1IANE VDY Montero LaZAML (1999) WUNADAAUTY
Y 4” Y 1 Sld'd T oW T =% A
lunduile uagnisvesllal hake luaunsoazaeldnfiesiidy 6 udasaamuiianuvila uay
9 o 3’, dy A s g v oA
anvansalumsazatwldgegaiiiiies 3 NsdlifiosnnanuannsalumsazatsvesllsAududui
{ ad = P I~ < o a
pyvosesazate Nyaleladdnasn (D) Uszgswwesllstudugudhldldstufanisazaie]d
y & g a5 2 squs [ a a 4 &4 pod
doofige Femnmisazateiifesgensedndipl winduh i lustuRamsazmeminiiuldiues
druanuuduveunde luasazarsazlisniwadensazaieved 1AL Vojdani (1996) 851ne31R
Y 9 A o a4 o Yy v ) 9 g A ' v 2 a Y
anududunied qldsAudnazaieile madivanududunioszsie i ldsawnamsazaela
k4 i 4 A o
¥1 (salting-in effect) sazdomvanuduiuveundogeusziiuuslduhildnisazareveslushu

anad oz 1Usaunansanaznou (salting-out effect)



UNf 3

J as
gunsanazIEMInaans

3.1 Ingdu

9 [ o
ﬂa’lﬁﬁﬂﬂﬁgﬂ lmgﬂa']'ﬂﬁﬂﬂﬁgﬂﬂﬁﬁﬂ Nl a9erinesvan

d T
3.2 gUnsaluazinieile

1.
2.

As51N3

b
nie
nSZTOU

A' v
n589n7U luWaeuLan
ARSI
Lﬂ?@ﬂﬂlguLH%HQLLUUﬂ’JUﬂNQﬂLﬁQﬁ (Refrigerated centrifuge) (Sorvall Legend march §' U 1.6
R centrifuge, USA )

4

qq"lﬂ@:“lacﬁ (Dialysis bag)

A ™ 9 . / v s
wsaenuilman 1Wi (Magnetic stirrer) (IKA, 3% C-MAG HS7 China)

(AT DINUF UV TLHARA (Freeze dryer) (LAB CONCO, 7755501, USA)

LI
10. QUIHTY (Freezer)

11. QaWAEan

<
12. gunselinsouds

13. 139999 2 @9 (Mettler Toledo, German)

14. 1399%9 4 AU (Mettler Toledo, German)

15. Lﬂ%aﬁu (Blender)

16. Ay (Tong)

2
17. Taganauay

18. i i (Nabertherm, Model LT40/11/B170, Germany)

19. é’auau%’au Hot air oven (Memmert Um 400, Germany)

20. Lﬂ%ﬂﬁﬂﬁu (Distillation Unit ;'u Vapodest 30 Gerhardt, Denmark )

21. wFesana lugu (Gerhardt, ;'u S 306 AK, Denmark)

22. fipwiines (pH meter) (CG 842 Shott, German)

23. NSEAYIARNIEY 0-14 (pH paper)

24. malnlas v Tafiwes (Thermo, ju S-650, USA)
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3.3 Ml
1. Twdoy'laasenlad (Sodiumhydroxide)
2. 9m11ea (Butanol)
3. NIABLFAN (Acetic acid)
4. ooy (Pepsin)
5. TwAounanlsa (Sodium chloride)
6. w‘%m("lamaﬂc‘?ﬂw%a) ail Tudimu (Tris (hydroxymethyl) aminomethane)
7. thndy (Distilled water)
8. nsnalalasAaein (Hydrochloric acid)
9. NIAVDIN (Boric acid)
10. ﬂﬁﬂcﬁlﬁ‘vﬁﬂ LY (Conc. Sulfuric acid)
11. Bromocresol green ‘
12. las@onBmes (Petroleur ether) Miilgaiion 40-60 "
13. Bovine serum albumin (BSA)
14. Sodium dodecyl sulfate (SDS)
15. Beta-Mercaptoethanol (B-ME)
16. Molecular weight markers
17. Acrylamide ILD% tris-acrylamine
18. TEMED
19. weuTuilsulesdamls (Ammoniumpersulfate)
20. NAIYDIOA (Glycerol)
2]. Coomassie brilliant blue R-250
22. lUNTI1UDN (Methanol)
23. 1NT1UDR (Ethanol)

24. Standard collagen type I, type II, type I1I

34 ﬁm‘uﬁﬁu‘ﬁumi'ﬂﬂnm
a e a Y 9 @
woslfjiamsnazgaamnssunuas aantiume Iulatnszremndudgunmsaianszil uag

a any v J %’ a o a o
ﬁ'mﬂ;‘]‘lmﬂﬁﬂdf’amﬁﬂmﬂmﬁmu1 ANZPATINNITUINYAT UAINUIQYTIUATIUATUNT
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3.5 35mInaasg
3.5.1 IngAvuazmsweNIngay
o & 3 =1 W ar
ihdamiinnalsuazdaviinnszasiaa  PINUNYaIHInTIveT BN URNIL
@ a o =} =< 1 %’ o | ~
il ussplugenaadntandn mulunaesTrluusspiuds PUFWINAUL AN TUABAT Ng]
a1 14 ¥ 134
1 ] Q o o g A ] A LY o 9
avesrtlamin  MiawyiienAneduazdsaniineen Srehanuazende
%’ =<4 4 9 < %’ @ g £ = as °
unlsgdudu feldazinan 1 daldiduduvmnadssunm 0.5 x 0.5 @’ ussylugawediensau 1l
S o P a 1 g/
UFNYIRRUNAN -20°% aunda 1y
o =% o =] LY dy
asdovusenlsgneumaniveaniialamiin agil
11/5Au (ADAC, 1999)
lasis (AOAC, 1999)
181 (AOAC, 1999)
$a
AMNUFY (AOAC, 1999)

P51nalensond insau (Bergman and Loxley, 1963)

= Y Y] < by =K
3.5.2 AnyIMsanansaa I uINIlala uiinndlsuazdaviinnszaeg
anansaaINIInYIetanin TaedaiilaeainIsuny Nalinanon Lasane (2007)
v v
msanaluunazIurouIZANTUMINQUUAN 4 °%
3.5.2.1 Maseumislamindmsumsaianoaaiau
o o =1 ) L r=1 d' t 1 9 a

dhniialawiinuvnsadaldsaun ldleaeaaaudsamsazate Tafonlsason

I's @ 1 & i &
lasgfidfudin 0.1 Tuand &aedasrdan 115 (i /AfF107) Wi 6 2 Twe (asuansazatonn 2 2 Tu9)

¥ v 9 ¥ g

a ° o 1< 2 Y o %’ @ o 9
U eMshnauaunssnsieriiunats N ldazami anauenlusiudleaisazaty  butyl
alcohol Wutuesaz 10 WFues/ASuas) Tudasidai 1 10 Guw/AlSuas) Wy 18 ¥ lue @/asu
MIazeNn 6 4 149)
3.5.2.2 N5ANANDAANIY
= LY Y 2K 9 ad w1 d’l
Animsananeaaeunvislamindie3saene lilil
3.5.2.2.1 ananeanan 1aus 19n3a (Acid solubilized collagen)
a @ s aa I'4
ihmistamiinnnde 3.52.1 nanediensaesdan anududu 05 Tuans lu
) ' & ¥y o 4 = '
a1 1 : 15 AR was) duna 48 2 Tus minduiih ldasesdreduniung 2 Y dudulaly
3.5.2.2.2 ananeaaau lagdt lonsaesding Uy (Acid-pepsin

solubilized collagen)
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o @ = 9 1 aa 9 9 4
imilaminnnte -3.5.2.1 vwrlumsazaensaozd@nanududu 0.5 Tuans
Qs U o SO/ o "3 L {
Tugasidan 1 : 15 (wus5inas) uazidFuannszmzny (1% vesihmidoniilamilauds) adadn
= Q'/ %’J o g’l !
gamail 4 oo wiu 48 52 Tus mintinh lnsesdredianiune 2 su nudwla’ld

Q L]

3.5.2.3 MINNAZNIUADRDUIU

o { @ a I's
Mmsazaieasaaaunanan 2 35 @ 2.2) vudy Tmdounas lsaausiaududu

¥
=

9 ' o s P ~ Sy < Y o
gamemminy 2.6 Tua1s Tu 0.05 Tuan Tris-HCI fites 7.5 naudie 13unu 1 9 Tue udndrlmypumios
1 20,000xg WU 1 ¥21ug 0 4 o dwzneuit ldnazaelunsaezdandudy 0.5 Tuans udavihms
d Y aa P g” %l &
laoz ladarensaozdandudu 0.1 Tuars wldmsazaela udleos ladonasedoingy a'ld

'e
msazgaeneaaauligns i luvudslaemsvhutawwusedia (freeze drying)

a 4 a J ay
3,53 "JLﬂi']zﬁll%ﬂJ'lmNﬂWﬁﬂ @Qﬂﬂigﬂﬁlﬂﬂ']\ﬂﬂﬁ UAZAMTNURTBINDAaUIY

a s a a 4 d LY
'Jlﬂﬁ"lgﬂlﬁu'lmwawaﬂ 'Jmﬁ’]gﬂ@ﬁﬂﬂﬁ&’ﬂﬂ‘u‘ﬂ']\uﬂﬁ Llﬁgﬂmﬁﬂﬂﬁﬂ']\iﬂ'lﬂﬂ'lwsllﬂﬂ

e

a [ 9/ @ =2 Y =< Y == o A
aeaaaunana ldnnvisdaminndeuaz dnmiinnizaed1e75619e dail
3.5.3.1 USIaHaNER
Y %’ @ W A 9
— Joung lagihvidningdudlenuazuys
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4.1 wasinmmaadauazs wungainyasAeaatauaInHi sl miinnd e (Splendid squid)
4.1.1 Yield and characteristics of splendid squid collagen (SC)

Collagen from squid skin was extracted with the aid of pepsin with the yield of 75.3 %
(dry wt.) (Table 4.1). Yield was markedly increased in comparison with acid solubilised collagen (6.27%)
(data not shown). The result indicated that pepsin was effective in increasing the extraction efficacy of
collagen. Hydroxyproline content in SC (98.5 mg/g dry wt.) was lower than that of calf skin collagen (CC)
(104 mg/g dry wt.). Rigby (1968) reported that hydroxyproline contents vary with species, environment
and body temperature of fish. Both SC and CC contained the carbohydrate. Glucose and galactose are
attached to hydroxylysine residues of the peptide chain by O-glycosidic bonds to form 2-O-({-D-glucosyl-
O-]>-D-galactosyl-hydrolysine and O-B—D—galactosyl-hydroxylysine (Belitz, Grosch & Schieberle, 2009).
Glycosylgalactosylhydroxylysine in collagen from sea cucumber was reported (Saito, Kunisaki, Urano &
Kimura, 2002). From UV-Vis spectra, both collagens had the same absoption peak at 232 nm. Very low
absorbance at 280 nm of both SC and CC (data not shown) indicated the absence of non-collagenous
proteins. Collagen commonly has a low amount of tyrosine, which could absorb UV-light at 280 nm (Duan
et al., 2009). Thus, collagens from the skin of splendid squid was extracted with negligible contamination
of other proteins.

Based on thermal properties analysis, the maximum transition temperature (T__) and total

denaturation enthalpy (AH) of SC and CC are presented in Table 1. T and AH of SC (T, =34.1°C;
AH = 0.656 1/g) were lower than that found in CC (T, =40.8 °C; AH = 1.204 J/g) (P<0.05). This might
be owing to the Jower content of its imino acids (hydroxyproline and proline) (Table 2). SC showed higher
thermal stability than collagens from cold water fish, including cod (15 oC) and deep-sea redfish (16.1 oC)
(Sadowska et al., 2003; Wang et al., 2007). Thermal stability of SC was similar to that of collagen from
tropical fish, including brownbanded bamboo shark skin (34.4 OC), blacktip shark skin (34.2 OC), black
drum skin (34.2 oC) and sheephead seabream (34 oC) (Kittiphattanabawon et al., 2010a;
Kittiphattanabawon, Benjakul, Visessanguan & Shahidi, 2010c; Ogawa et al., 2003). The difference in
thermal properties amongst collagens from mammal, tropical fish and cold water fish was correlated with

their imino acid content (proline and hydroxyproline), body temperature and environmental temperature

(Kittiphattanabawon et al., 2005; Nagai, Suzuki & Nagashima, 2008). Thermal stability of collagen is
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associated with the restriction of the secondary structure of the polypeptide chain governed by the
pyrrolidine rings of proline and hydroxyproline and partially by the hydrogen bonding through the

hydroxyl group of hydroxyproline (Benjakul et al., 2010; Liu et al., 2015; Piez & Gross, 1960).

Table 4.1 Yield and characteristics of collagen from the skin of splendid squid (SC) and type I collagen

from calf skin (CC)."
Characteristics SC CcC
Yield (% dry weight) 753+ 1.20 -
Hydroxyproline (mg/g dry sample) 98.5 + 1.43" 104 +2.45"
Total sugar content (% dry weight) 4.70+0.39" 1.45£0.20°
UV absorption peak (nm) 232+0.30° 232 +0.13°
T (°C) 34.1%0.10° 40.8 +0.20°
AH (/g) 0.66 % 0.04° 120 £0.07"

" Mean + SD from triplicate determinations.

! Different letters in the same row indicate the significant difference (P<0.05).

4.1.2 Protein patterns and subunit composition of SC

Protein patterns of SC determined under reducing condition is shown in Figure 4.1. SC
comprised Ol- and B-chains as major components with low content of Y-chain. Protein pattern of SC was
quite different from that of collagen type I, II, IT and V. Two different Ol-chains were presented in SC and
(l-chain with MW of 127 kDa was the dominant component. It indicated that SC might contain at least
two types of collagen. From the elution profiles of SC on the TOYOPEARL® CM-650M column (Figure
4.2), single peak containing different collagen components was obtained. There were four distinct O
chains (band a, b, ¢ and d) and cross-linked components (B- and "Y-chains) (fraction nos. 26 and 28). The
collagen components, especially O(-chain, of SC were in accordance with that of collagen from the skin of
squid (Toparodes pacificus), which contained two types of collagen, type SQ-I and SQ-II (Mizuta,
Yoshinaka, Sato & Sakaguchi, 1994). Therefore, SC most likely consisted of type SQ-I and SQ-IL
However , the components of SC in the present study was quite different from those found in collagen

from the skin of octopus (Octopus vulgaris) and cuttlefish (Sepia lycidas), which comprised two distinct

Ol chains, OL1 and OL2 with a molar ratio of 2:1 (Kimura, Takema & Kubota, 1981; Nagai et al., 2001).

1381490
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Figure 4.1 SDS-PAGE pattern of collagen from the skin of splendid squid (SC) under reducing condition.

HMC, M, [, II, III and V denote high-MW cross-linked components, high-MW protein markers, collagen

type I, type 11, type III and type V, respectively.
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Figure 4.2 Elution profile of collagen from the skin of splendid squid (SC) on the TOYOPEARL" CM-
650M ion-exchange column. The fractions indicated by numbers were examined by SDS-PAGE using 5%

separating gel and 4% stacking gel. HMC denote high-MW cross-linked component, respectively.
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4.1.3 Amino acid composition of SC and CC

The amino acid composition of SC and CC expressed as residues per 1000 total amino
acid residues is shown in Table 4.2. Both collagens had glycine as their major amino acid (330-331
residues/1000 residues) and rich in alanine (88-119 residues/1000 residues), proline (98-121 residues/1000
residues) and hydroxyproline (91-94 residues/1000 residues). Generally, glycine is about one-third of the
total amino acid residues. Proline and hydroxyproline constitute about one-fifth and alanine is for about
one-ninth of total amino acids in collagen (Balian & Bowes, 1977). Furthermore, they had relatively low
contents of methionine, lysine, phenylalanine, hydroxylysine, histidine, tyrosine, tryptophan and no cystein.
When compareing amino acid composition between both collagens, SC had much lower content of alanine
and proline. The results were in agreement with collagen from octopus arm (Callistoctopus arakawai) and
outer skin of cuttlefish (Sepia lycidas) (Nagai et al., 2002; Nagai et al., 2001). Additionally, the similar
results were also observed in collagen from the skin of other fish species such as arabesque greenling
(Nalinanon et al., 2010), blacktip and brownbanded bamboo shark (Kittiphattanabawon et al., 2010a;
Kittiphattanabawon et al., 2010c), bigeye snapper (Benjakul et al., 2010; Kittiphattanabawon et al., 2005)
and unicomn leatherjacket (Ahmad, Benjakul & Nalinanon, 2010). The imino acid content (proline +
hydroxyproline) of SC was 189 resiudes/1000 residues, which was much lower than that of calf ékin
collagen (215 residues/1000 residues). However, it was much higher than that of skin collagen from cold
water fish species (154-160 residues/1000 residues) such as cod (Duan et al., 2009), arabesque greenling
(Nalinanon et al., 2010) and deep-sea redfish (Wang et al., 2007). The imino acid of fish collagens has
been known to correlate with the water temperature of their normal habitat (Foegeding et al., 1996). The
sensitivity of collagen to heat is associated with its superhelical structure that is maintained by the
conformational restrictions imposed by -the pyrrolidine rings of the imino acids (hydroxyproline and
proline) (Liu et al., 2015). Hydroxyproline plays an important role in stabilisation of the helix structure by
preventing rotation of the N-C bond (Foegeding et al., 1996). With reference to hydroxyproline content,
the conversion factor of hydroxyproline to collagen from the skin of splendid squid was calculated to be
9.20. The conversion factors of collagen from other sources such as ornate threadfin bream (12.72)
(Nalinanon, Benjakul, Kishimura & Osako, 2011) and Baltic cod skin (14.7) (Sadowska et al., 2003) have
been reported. This factor might be useful for estimation of the collagen content in raw material and the

yield of extraction as well as purity assessment of resultant collagen.
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Table 4.2 Amino acid composition of collagen from the skin of splendid squid (SC) and type I collagen

from calf skin (CC).
Amino acid SC CC
Alanine 88 119
Arginine 56 51
Aspartic acid/asparagine 57 45
Cysteine 0 0
Glutamic acid/glutamine 83 75
Glycine 331 330
Histidine 6 5
Isoleucine 19 11
Leucine 28 23
Lysine 12 26
Hydroxylysine 17 7
Methionine 14 6
Phenylalanine 11 3
Hydroxyproline 91 94
Proline 98 121
Serine 35 39
Threonine 25 18
Tyrosine 5 3
Tryptophan | 3
Valine 23 21
Total 1000 1000
Imino acids’ 189 215

* Imino acids include proline and hydroxyproline.

4.1.4 Fourier Transform Infrared (FTIR) spectra of SC and CC

FTIR spectra in the range 4000-650 em’” of SC and CC are presented in Figure 4.3. SC

exhibited FTIR spectrum-in which the absorption bands were situated in the amide band region, including

the peak of amide I, amide II, amide III, amide A and amide B. The wavenumber of each amide band was
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quite similar to that found in collagens from the skin of other fish (Benjakul et al., 2010;
Kittiphattanabawon et al., 2010a; Kittiphattanabawon et al., 2010c; Muyonga, Cole & Duodu, 2004b;
Nalinanon et al., 2010). FTIR spectra of both collagens were slightly different. It might be caused by the
difference in extraction process used, their amino acid compositions and amino acid sequence between
both collagens. The amide A bands of SC and CC were observed at 3290 and 3296 cm'l, respectively. This
band is generally associated with the N-H stretching vibration and shows the existence of hydrogen bonds.
Doyle et al. (1975) reported that a free N-H stretching vibration commonly occurs in the range of 3400-
3440 cm’'. When the NH group of a peptide is involved in a hydrogen bond, the position is shifted to lower
frequencies. Amide B band of SC (2921 cm-l) and CC (2933 crn-l) was related with asymmetrical stretch
of CH, stretching vibration (Abe & Krimm, 1972). The differences in wavenumber and amplitude of
Amide A and B found in SC and CC indicated that secondary structure of both collagens might be
different in some extents.

Amide I, Il and III peak of SC was found at wavenumber of 1643, 1541 and 1233 cm.l,
respectively. Payne and Veis reported that (1988) the amide 1 peak associated with C=0 stretching
vibration or hydrogen bond coupled with COO. Moreover, it is a sensitive marker for the secondary
structure of proteins analysis in FTIR analysis (Surewicz & Mantsh, 1988). While the amide Ii peak
resulted from N-H bending vibration coupled with CN stretching vibration (Krimm & Bandekar, 1986).
Generally, the amide I, II and III of peptide linkage have been found at 1600-1690, 1480-1575 and 1229-
1301 cm respectively (Krimm et al., 1986). Muyonga et al. (2004b) reported that shift of amide I, II and
III peaks to lower wavenumbers are associated with increased intermolecular interactions (by hydrogen
bonding) in collagen. = The ratio between amide III and 1454 em’” peak of SC was 1.02. Generally, the
ratio of approximately 1.0 reveals the triple-helical structure of collagens (Plepis, Goissis & Das-Gupta,
1996). The result indicated that the triple helical structure might be slightly affected by pepsin digestion
during collagen extraction. When pepsin cleaved telopeptide regions of tropocollagen, the secondary
structure of resulting PSC might be altered to some degree (Benjakul et al., 2010; Kittiphattanabawon,
Benjakul, Visessanguan & Shahidi, 2010b). Collagen from the skin of splendid squid exhibited absorptions
at 1031, 1060 and 1081 cm-l, which arise from the C-OH stretching vibrations of the carbohydrate moieties
attached to the protein (Petibois et al., 2006). The similar result was also found in CC. The result suggested
that the collagens might contain carbohydrates, which are attached to hydroxylysine residues of the
polypeptide chain by O-glycosidic bonds. The result was also in accordance with total carbonyl content

(Table 1).
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Figure 4.3 FTIR spectra of collagen from the skin of splendid squid (SC) and type I collagen from calf
skin (CC).

4.1.5 Peptide mapping of SC and CC

The peptide maps of SC digested by chymotrypsin or lysyl endopeptidase, in comparison
with that of CC, are shown in Figure 4.4. Major components, including O, B-, Y-chains and high MW
cross-linked components, of SC were hydrolysed into degradation peptides with MW of 68.3, 53.2, 47.8,
38.7, 34.7 kDa and low MW peptides (Lane 4), whilst CC was hydrolysed into MW 108.6, 100.4, 85.5,
71.9, 67.4, 38.7 kDa and low MW components after being treated with chymotrypsin (Lane 5). For peptide
maps of collagens digested by lysyl endopeptidase, major components of CC were much degraded into
lower MW peptides, w especially peptide with MW of 33.8 kDa and low MW components (Lane 6). In
contrast, lower number of degradation bands was found in SC (Lane 7). The result suggested that SC was
more tolerant to hydrolysis by lysyl endopeptidase than CC. This might due to the higher content of lysine
in CC (Table 2). Chymotrypsin catalyses the hydrolysis of peptide bonds on the carboxyl side of
hydrophobic amino acid residues, such as phenylalanine, tyrosine, tryptophan and leucine (Boyer, 2006),
whilst lysyl endopeptidase prefers to hydrolyse peptide bonds at the carboxyl side of lysyl residues:(Jekel,

Weijer, & Beintema, 1983). Due tothe specificity of cleavage sites -of both proteases, the marked



24

difference in peptide maps of SC and CC was observed. The result revealed that the primary structure of
SC and CC was completely different, especially in terms of their sequence and composition of amino

acids.

Original Chymotrypsin Lysyl endopeptidase
o

Figure 4.4 Peptide maps of collagen from the skin of splendid squid (SC) and type I collagen from calf
skin (CC) digested by lysyl endopeptidase or ehymotrypsin.' M and HMC denote high-MW protein

markers and high-MW cross-linked compenents, respectively.
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4.2 waﬁn‘u1msaﬁ'ﬂuazi‘imunqmé’ﬂymzﬂeammumnﬁﬂaﬂamﬁﬂﬂizﬂm (Pharaoh cuttlefish)
4.2.1 Yield and some characteristics of pepsin solubilized collagen (PSC) from the skin of
Pharaoh cuttlefish
The yield and some characteristics of PSC isolated from the skin of pharaoh cuttlefish is
shown in Table 4.3. As per our preliminary study, the yield of acid-solubilized collagen (ASC) was
negligible when 0.5 M acetic acid was only used as extracting solution (data not shown). Pepsin was
further used as the aid for collagen extraction. The yield of resultant collagen (PSC) was 43.7% (dry
weight). Hydroxyproline content of PSC and CC was 113 and 104 mg/g dry sample, respectively.
From UV absorption spectra of both PSC and CC, an absorbance at 232 nm with the highest intensity was
observed with no absorption peak at 280 nm (data not shown). The results indicated high efficacy of non-
collagenous protein removal in PSC preparation, PSC had higher total sugar content than CC (P<0.05).
The hydroxylysine-linked carbohydrates may have an impact on the structure of the fibrils in the

invertebrate collagen (Sikorski et al., 1990).

Table 4.3 Yield, hydroxyproline content, total sugar content and UV absorption peak of pepsin-solubilzed

collagen (PSC) from the skin Pharaoh cuttlefish and type I collagen from calf skin (CC).t

PSC CC
Yield (% d-ry weight) 43.7 £0.90 =
Hydroxyproline content (mg/g dry sample) 113 +6.18b% 104 ©+2.45a
Total sugar content (% dry weight) 3.40 £0.17b 1.45+0.20a
UV absorption peak (nm) 232 £0.05a 232 +£0.13a

+ Mean + SD from triplicate determinations.

1 Different letters in the same row indicate the significant difference (P<0.05).

4.2.2 Sodium dodecy! sulfate — polyacrylamide gel electrophorsis (SDS-PAGE)
Protein patterns of collagens under reducing condition are shown in Figure 4.5.
Differences in protein patterns of different collagens were observed. The result revealed that PSC
comprised B and Ol chains as the major constituents. With respect to PSC, It possibly contained both

(0L1)3 homotrimer and {(1)202 or OL1{2(L3 heterotrimer.
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Figure 4.5 SDS-PAGE pattern of pepsin solubilized collagen (PSC) from pharaoh cuttlefish skin under

reducing condition. HMC, M, CC, II, I1I and V denote high-M'W cross-linked components, MW protein

markers, collagen type I, type II; type III and type V, respectively.

4.2.3 Amino acid composition

The amino acid composition, expressed as residues per 1000 total residues, is shown

in Table 4.4. This shows that glycine was the most abundant amino ‘acid in both collagens. PSC had

relatively high contents of proline, hydroxyproline and alanine, decreasing in that order. The value of

imino acids (proline and hydroxyproline) found in PSC and CC was 196 and 215 residues, respectively.

Table 4.4 Amino acid composition of pepsin solubilized collagen (PSC) from the skin of Pharaoh

cuttlefish skin and type I collagen from calf skin (CC).

Amino acid PSC CC
Alanine 83 119
Arginine 60 51
Aspartic acid/asparagine 59 45
Cysteine 0 0
Glutamic acid/glutamine 82 75
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Glycine 331 330
Histidine 7 5
Isoleucine 20 11
Leucine 26 23
Lysine 12 26
Hydroxylysine 14 7
Methionine 15 6
Phenylalanine 10 3
Hydroxyproline 96 94
Proline 100 121
Serine 40 39
Threonine 23 18
Tyrosine 4 3
Tryptophan 1 3
Valine 18 2]
Total 1000 1000
Imino acidsa 196 215

a Imino acids include proline and hydroxyproline

4.2.4 Thermal stability

DSC thermogram of PSC and CC rehydrated in 0.05 M acetic acid are shown in Figure

4.6. The maximum transition temperature (Tm) and total denaturation enthalpy (AH) of PSC was 34.0 °C

and 1.164 J/g, respectively, which were lower than that of CC (Tm = 40.7 °C; AH = 1.204 J/g). This

might be owing to the lower content of imino acids (hydroxyproline and proline) of collagen from the skin

of pharaoh cuttlefish. The differences in denaturation temperature of collagen from different sources might

be determined by different contents of imino acids (proline and hydroxyproline) (Ogawa et al., 2003;

Jongjareonrak, et al., 2005). Imino acid content shows a direct positive correlation with the thermal

stability of protein via the formation of hydrogen bonds, through the hydroxyl group of hydroxyproline

(Jongjareonrak, et al., 2005; Sikorski et al., 1984; Zhang et al., 2007).
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Figure 4.6 DSC thermograms of pepsin solubilized collagen (PSC) from the skin of Pharaoh cuttlefish and

type [ collagen from calf skin (CC) rehydrated in 0.05 M acetic acid.
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5.1 agilwanside
5.1.1 g3twamsnsmsadauazuungudnysgasaaunislamiinndas
Collagen could be extracted from the skin of splendid squid with the aid of pepsin. The
resultant collagen was glycoprotein and compriséd SQ-I and SQ-II components. However, identification of
collagen type using additional separating technique or immunochemical detection or enzymatic treatment
should be further conducted.
5.1.2 agilnamsAnpimsanauaz LN nyszaeaanunaminlamiinnszass
Extraction of collagen from the skin of pharaoh cuttlefish could be achieved by pepsin
solubilization under acidic condition. PSC from pharaoh cuttlefish was characterized biochemically and
physicochemically. It contained mixed type collagens that Ol- and B-chains were the major components.

PSC presented high imino acid content (196 residues/1000 residues) and transition temperature (34 °C).
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Abstract. Pepsin solubilized collagen (PSC) from the skin of pharaoh cuttlefish was isolated. partially
purified by salt precipitation and dialysis prior ta characterization. The yield of PSC was 43.7% (dry weight).
PSC had good purity which showed the distinct UV absorption peak at 232 mn and high hydroxyproline
content. Total sugar content of PSC was 3.40% (dry weight), which was higher ihan that of collagen from
calf skin (CC) (1.45% dry weight) (P<0.05). Based on protein patiern, PSC was considered to contain mixed
type collagans, in which consisted of ¢- and f-chains as major companents. PSC was rich in glycine and had
high content of imino acids (196 residues/1000 residues). The maximum transition temperature (Tw) of PSC
was 34 °C which was about 7 °C lower than that of CC. The skin waste materal from cuttlefish processing is
one of a promising new source for collagen production.

Keywords: Characterization. Cotlagen, Extraction, Cuttlefish, Sepia pharaonis

1. Introduction

Collagen is a major structural protein iu the connective tissue of animal skin and bone. The structural
wnit of collagen is tropocollagen. a rod-shaped protein consisting of three polypeptides unit {called u-chains)
intertwined to form a triple-helical structure [1]. Each polypeptide chain forms a lefi-handed helix and
consists of repeating triplets. (Gly-X-Y),. where X and Y are. with a high possibility, proline or
hydroxyproline [2]. Generally. collagen has a wide range of applications in cosmetic. biomedical,
phanmaceutical, leather and filn industries [3. 4].

Currently, the increasing attention of alternative sources for replacement of mammalian collagen has
been paid, especially from seafood processing by-products. Pharaoh cuttlefish skin, a by-product from
cuttlefish processing, is one of the alternative sources for collagen preparation since mammalian collagens
are associated with several problems such as the outbreak of mad cow disease and the constraint for some
religions, mainly Islam and Judaism {5]. Generally, typical processing, especially acid solubilization, renders
a low yield of collagen. To tackle the problem. pepsin has been applied since it is able to cleave peptides
specifically in telopeptide region of collagen. leading to increased extraction efficiency [4. 5. Therefore. the
objectives of this study were to extract collagen from the skin of pharach cuttlefish and to characterize the
resultant collagen.

2. Materials and Methods

" Corresponding author. Tel.: +66-2329-8000 ext. 7258; Fax: +66-2329-8526.
E-mail address: kasiithi@kmit].ac th; nalinanon@hotmail com
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2.1. Preparation of Skin Collagen

Collagen from the skin of pharaoh cuttlefish was prepared according to the method of Nalinanon et al. [4]
with some modifications. All procedures were performed at 4 °C', The skin was cut into small pieces. After
non-collagenous protein and fat were removed. the skin sample was Iyophilized and kept at -20 “C until used.
The lyophilized skin was extracted with 0.5 M acetic acid in presence of pepsin (10g/100g dry sample) for
72 hi prior to filtration through 2 lavers of chieesecloth. The filtrate was precipitated by the addition of NaCl
to a final conceniration of 2.6 M in 0.05 M Tris—HC]1 (pH 7.5). The mixture was allowed to stand for 1 h for
pepsin inactivation. The resultant precipitate was collected by centrifuging at 20,000 xg for 1 h. The pellet
was dissolved in 0.3 M acetic acid prior to dialysis against 0.1 M acetic acid and distilled water. respeciively.
The dialysate was Iyophilized and referred to as “pepsin solubilized coliagen™ (PSC). PSC was subjected to
the determination of hydroxyproline content [4]. The vield of collagen extraction was calculated based on
weight of Iyophilized collagen in comparison with that of lyophilized skin.

2.2. Characterization of Skin Collagen

2.2.1. SDS—polyacrylamide Gel Electroplioresis (SDS-PAGE)

SDS-PAGE was performed by the method of Laemmli [6]. Samples (15 jig protein) were loaded onto a
polyacrylamide gel made of 7.5% separating gel and 4% stacking gel and subjected to electrophoresis using
a Mini-PROTEAN IT unit. After electrophoresis, gel was stained by 0.05% (w/v) Coomassie Blue R-250 in

15% (v/v) methanol and 3% (v/v) acetic acid for 3 h prior to destain to remove the dark backgound. High-
molecular-weight protein markers were used to estimate the molecular weight of proteins,

2.2.2. Amino Acid Analysis

Collagen was hydrolysed under reduced pressure in 4.0 M methanesulfonic acid containing 0.2% (v/v) 3-
2(2-aminoethyljindole at 115 °C for 24 . The hydrolysates were neutralised with 3.5 M NaOH and diluted
with 0.2 M citrate buffer (pH 2.2). An aliquot of 0.4 mL was applied to an amino acid analyser (MLC-703;
Atto Co.. Tokyo, Japan).

2.2.3. Hydroxyproline Confent

Collagen was dehydrated with acetone and then hydrolysed in 6 M HCI at 110 °C for 24 h prior to
determination of hydroxyproline content using the colorimetric method as described by Nalinanon et al. [4].
The hydroxyproline content was calculated and expressed as mg/g of dried collagen sample.

2.2.4. Total Sugar Confent

Total carbohydrate content of collagen was determined according to the phenol-sulfuric method as
described by Fowmier {7] with a slight modification. To calculate the concentration of sugar presented in the
sample. calibration curve was performed using D-glucose as a standard. Total sugar content was calculated
and expressed as % dvy weight of collagen sample.

2.2.5. ¥V Absorption Measurement

UV absorption spectrum of collagen dissolved in 0.5 M acetic acid (1 mg/mL) was measured using a
spectrophotometer according to the method of Nalinauon et al. [8]. Prior to measurement. the base line was
set with 0.5 M acetic acid. The spectrum was obtained by scanning the wavelength in the range of 190-350
nm with a scan speed of 530 nnw/min at room temperature.

2.2.6. Differential Scanning Calorimetry (DSC)

DSC analysis of collagen samples was carried out following the methods of Nalinanon et al. [4] with a
slight modification. The samples were rehydrated by adding 0.05 M acetic acid to dried samples at a
solid/solution ratio of 1:40 (w/v) for 2 days at 4°C. DSC analysis was performed using a differential
scanning calorimeter (Model DSC 7, Norwalk, CT, USA). The collagen solutions (5—10 mg} were accurately
weighed into aluminium pans and sealed. The samples were scanned at 1 °C/min over the range of 20-50 °C
using iced water as the cooling medium. An empty pan was used as the reference. The maximum transition
temperature (T..} and total denaturation enthalpy (AH) were estimated from the DSC thermograim.

3. Results and Discussion
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3.1. Yield and Some Characteristics of Skin Collagen

The vield and some characteristics of PSC isolated from the skin of pharaoh cuttlefish is shown i Table
1. As per our preliminary study. the yield of acid-solubilized collagen (ASC) was negligible when 0.5 M
acetic acid was only used as extracting solution (data not shown). Pepsin was further used as the aid for
collagen extraction. The vield of resultant collagen (PSC) was 43.7% (dry weight). Hydroxyproline content
of PSC and CC was 113 and 104 mg/g dry sample. respectively. From UV absorption spectra of both PSC
and CC. an absorbance ar 232 nm with the highest intensity was observed with no absorption peak at 280 nm
(data not shown). The results indicated high efficacy of non-collagenous protem removal in PSC
preparation. PSC had higher total sugar content than CC (P<0.05). The hydroxylysine-linked carbohydrates
may have an unpact on the strucrure of the fibrils in the mvertebrate collagen [9].

Table 1: Yield. hydroxyproline confent. total sugar content and UV absorption peak of pepsin-solubilzed coliagen (PSC)
from pharaoh cuttlefish skin and rype I collagen from calf skin (CC).'

PSC cC
Yield (°6 dry weight) 437 =0.90 -
Hydroxyproline content (mg/g dry sample) 113 =6.18b 104 =245a
Total sugar content (%o dry weight}) 340=0.17b 1.45=020a
UV absorption peak (na) 232, =0.03a 232 x0.13a

" Mean = SD from triplicate deferminations
- Different letters in the same row indicate the significant difference (P<0.05).

3.2. Sodium Dodecyl Sulfate — Polvacrylamide Gel Electrophorsis (SDS-PAGE)

Protein pattemns of collagéns—under reducing condition are.shown in Fig. 1. Differences in protein
patterns of different collagens were observed. The resuit revealed that PSC comprised B and « chains as the
major consfitients. With respect to PSC: It possibly contained both {a1); hometrimer and (¢1),¢2 or ala2a3
Leterotrumer.
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Fig. 1: SDS-PAGE pattern.of pepsin solubilized collagen (PSC) from pharach cuttlefish sKinunder feducing condition.
HMC. M. CC.LL U and & denote high-MW-ctoss-linked components: MW proteintaarkers collagen type L. type IL
type IT and type Vi respectively.

3.3. Amino Acid Compesition

The amino acid composition. expressed as residues per 1000 total residues. is shown in Table 2. This
shows that glycine was the most abundant amine acid in-both collagens. PSC had relatively high contents of
proline. hydroxyproline and alanine, decreasing in that order. The value of imino acids (proline and
hiydroxyproline) found in PSC and CC was 196 and 215 residues, respectively.

3.4. Thermal Stability
DSC thermogram of PSC and CC rehydrated in 0.05 M acetic acid are shown in Fig. 2. The maximum
transition temperature (T,) and total denaturation enthalpy (AH) of PSC was 34.0 °C and 1.164 JVg.
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respectively, which were lower than that of CC (T, = 40.7 °C; AH = 1.204 ¥/g). This might be owing to the
lower content of imine acids (hydroxyproline and proline) of collagen from the skin of pharach cuttlefish.
The differences in denaturation temperature of collagen from different sources might be determined by
different contents of imino acids (proline and hydroxyproline) [2, 3]. Imino acid content shows a direct
positive correlation with the thermal stability of protein via the formation of liydrogen bonds, through the

hydroxyl group of hiydroxyproline [3. 10, 11].

Table 2: Amino acid composition of pepsin solubilized collagen (PSC) fiom pharaoh cuttlefish skin and type I collagen

from calf skin (CC).
Auino acid PSC cC
Alanine 83 119
Arginine 60 51
Aspartic acid/asparagine 50 45
Cysteine 0 0
Glutamic acid/glutamine 82 75
Glycine 331 330
Histidine 7 s
Isoleucine 20 11
Leucine 26 23
Lysine 12 26
Hydroxylysine 14 7
Methionine 15 6
Phenylalanine 10 3
Hydroxyproline 96 94
Proline 100 121
Serine 40 39
Threonine 23 i8
Tyrosine 3
Tryptophan 1 3
Valine 18 2]
Total 1060 1000
Imino acids’ 196 215

* Intino acids iaclude profine and hydraxyproline
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Fig. 2: DSC thermograms of pepsin solubilized collagen (PSC) front pharach cuttlefish skin and type I collagen from
calf skin (CC) rehydrated in 6.05 M acetic acid.

4. Conclusion

Extraction of collagen from the skin of pharaoh cuttlefish could be achieved by pepsin solubilization

under acidic condition. PSC from pharaoh cuttlefish was characterized biochemically and physicochemically.
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It contained mixed type collagens that a- and P-chains were the major components. PSC presented high
imino acid content (196 residues/1000 residues) and transition temperature (34 °C).
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