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Physicochemical Properties and Biological Activities of Collagens with Different
Molecular Weights from Alaska Pollack (Theragra chalcogramma) Skin

Su-Jin Yang and Joo—-Heon Hong

Department of Food Science and Technology, Catholic University of Daegu

ABSTRACT This study was conducted to investigate the physicochemical properties and biological activities of colla-
gens with different molecular weights from Alaska pollack (Theragra chalcogramma) skin as well as their efficacies
as functional materials. The molecular weights of collagens were between 1~10 kDa (below 1 kDa (AP1), 1~3
kDa (AP2), 3~10 kDa (AP3), and above 10 kDa (AP4). The protein content of AP4 (40.19 g/100 g) was the highest.
Collagen contents of AP1, AP2, AP3, and AP4 were 36.43, 32.23, 19.23, and 14.89%, respectively. The free amino
acid and essential amino acid contents of AP1 were higher than those of AP2, AP3, and AP4. Fourier transform
infrared spectroscopy spectra of collagens with different molecular weights showed wavenumbers representing the
regions of amide I, amide I, amide II, and amide A, respectively. The electron-donating ability (29.51%) and
SOD-like activity (38.45%) of AP1 were higher than those of AP2, AP3, and AP4. Tyrosinase inhibition activity
of AP1 improved with higher treatment concentration. The rate of inhibition of MMP-1 production in HS68 cells
exposed to UVB was suppressed by treatment with AP1 (29.78%) and AP2 (26.49%) at 1 mg/mL. Furthermore, there
was a strong correlation between DPPH, superoxide dismutase, tyrosinase activity, and MMP-1 inhibition rate of colla-

gens with different molecular weights.

Key words: Alaska pollack skin, collagen, different molecular weight, tyrosinase activity, MMP-1
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Co., St. Louis, MO, USA)3} neutrase(@u}o] @ A2~ FAL
sh=p)o] a4 A FA 2L 747 &% 37°C, pH 2.0~
40 2 &% 45~55°C, pH 5.5~7.5%t}.
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& 4°Col A 24A17F Bt v F8Ad E4ES AASS

of
oX
rlo
>
2
rob
>
il
=2
—
o
jas)
==
)
fo
o
R
R
=4
=
o
@D
o
@,
j}
tlo

Bt TtEste] 2AE EEdse oy s4dx sQlth

TS EAREE EYsh] flete] sAAx ARl
10812 /45 718t 0.1%(w/v)9] neutraseS 713k
T2 2447k 5ot 55°Col| A wyk&Eed o o] 3 centrifugal
filter9} dialysisE& &3Fo] 1 kDa ©|38}, 1~3 kDa, 3~10
kDa % 10 kDa oo 2 #23 v sa7x st A3
AFg-st ST,

MT

tavapor R-123, Buchi, Flawil, Switzerland) 3} t}& Ax%
Q2 E-(Forced Convection Oven, Jeio Tech, Seoul, Korea)
& o]83to] 105°C Fu7hdiz=(13) o= ko] 2
A Az F A8 ASFHl uigh 1¥ T =%, db)o

2 HeRfdo

Er

= =3
o ZF2 Lowry 5(14)9] o= 74313
BSA(bovine serum albumin, Sigma—-Aldrich Co.)&
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28 Bergaman® loxley(15)¢] WH-S =43}
o] 435t = ANZE o BAEE Fehal 300 mgd
6 N HCI 3 mLE 7}3F & @HAst= 7k=8 E50] A%
The 110°Cell A 24413 7FE2 el ek 5 50 mL= 4 -8-3ho]
A48 ARE ARSI 7l &< 0.3 mLell 0.6 mL
9] isopropanols 7}&F % 7% chloramine T &3} 0.25
M sodium acetate, 0.13 M trisodium citrate, 0.03 M cit—
ric acid ¥ 0.3% isopropanol €4S 1:4(v/v)e] H &=
=3 & 0.3 mLE 7hate] d2ollA 43 F3F AFsAI 7
t}. o]3 Ehrlich A 2%} isopropanols 3:13(v/v)e] H|& =
=
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etk &N 4 mLE 7F8kar 60°Ce] water batholl A 255
HES-A1Z1 £ 558 nmoll A S8 =5 543313 hydroxy-
proline(Sigma—-Aldrich Co.) 2.2 ZA3 =214 o3
of ofgje] AAA R Fepall FFES ALtsiTh
Collagen in protein (%)=(hydroxyproline mgx
9.75/ protein mg)><100

2| ofol=it 2

8 ol x=Ake A8 0.2 goll 94% ethanol 10 mLE
7hsto] 2441 7F kgl 7 4472 (4,000 rpm, 154) 3}
shelth w8 45 qS 40°C o] sk

ey 1¥Es B 1
ol A TetEs shgler w53 AlEE 0.02 N HCI 10 mL

acid analyzer(L-8900, Hitachi Co., Tokyo, Japan)® %
qsrelnt.

FT-IR £4

2o & Fgbdle] FT-IR(Fourier transform in—
frared spectroscopy) #%1-& FT-IR spectrophotometer
(FT/IR-4100, Jasco Co., Tokyo, Japan)& ©|-&3}] 600
~4,000 cm 74X ] HlolE £ £ER calf skin frel F
22 ¥F3E(Sigma-Aldrich Co.)3 A 2E vl 483
t}. FT-IR 4] =4-& Jasco Spectra Manager Version

25 o]&sto] YEhoiTh
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A5 1,1 diphenyl-2-picrylhydrazyl(DPPH)
o] LY L o] &3t FAEATHI6). = EAFE oAl
A® 100 mgs TFF 1 mLel &388 v 4x10° M
DPPH £ 9%(99.9% ethyl alcoholel] €3&]) 1 mLE 7}3}¢]
FNe] H-9)7} 2 mL7b =5 shlnh o] Whg-elS oF 10
7t Z23eta Ao 3023 WA § EFFEA (Ultras-
pec 2100 pro, Amersham Co., Buckinghamshire, UK)&
AHE3Ee] 525 nmell Al FHFEE SA AT AAT AT
B Fepe] A7 A59 ate]lE MEER UEhL
o},
Electron donating ability (%)=[(Absorbance control—

Absorbance sample)/ Absorbance control]<100

Superoxide dismutase SAI &M S3

Superoxide dismutase A} 842 Marklund2} Mar-
klund(17)9] BH & o]&3te] A3 & FA3d &
24 A&l tris—HCI buffer[50 mM tristhydroxymethyl)
amino—methane+ 10 mM EDTA, pH 8.5]1% o]&3}o] pH
8.5%2 2HHE AN THES Y ZF Al 0.2 mLel| pH 8.5
2 BA3 tris-HCI buffer 3 mL¢} 7.2 mM pyrogallol 0.2
mLE 7}skar 25°Cell Al 1037 W4 & 1 N HCl 1 mL=2

WS AR F EFFEAE 0] 8549 420 nmol A 2]
FHEE Z4sj0] AR F7 9 FAIT ) FHE Aol

Ll

W Jeh .
SOD-like activity (%)=[(Absorbance control—
Absorbance sample)/ Absorbance control]><100

Tyrosinase &8 &3

AE W tyrosinase &4-& Martinez—-Esparaza 5(18)
o] o2 ZA39Y. B16/F10 M+ Sk Al 2523
(KCLB, Seoul, Korea)oll Al #%1wto} 10% fetal bovine
serum(FBS), 100 unit/mL penicillin-streptomycin®] g}
% RPMI 16408 AFg-38ko] 37°CellA] 5% CO2E ¥ 3t
WAl 3duttt A WS ste] B Aol o] &3k
B16/F10 M2 24 well platee]l 4x10* cells/well¥d ¥
gk Th 2417 St v et AlEE FAAT AR
a-MSH 20 nM& 7z} el shar 397k vl sl ), v go
&

Ath 13,000 rpmoll Al 3023+ 94lite] ate] B A
S tyrosinase 4 =Aol| AF&3ATE AlE 50 ubL=s
o] 0.1 M sodium phosphate buffer®} 0.05% L-DOPAZ
HA7kste] 37°Cell A RESAIZIHA] 405 nmell A F3EE
AetPdon xate FFEE V|FoR I MELE B

atef HERHAT

A ofy Qb 0O b
noob 12 ok

i

r
A

MMP-1 X5 Ed &3
Ultraviolet BUVB)Z &4 35 AL 245 E x5

Zepe] JS 2ALe] A8 AR X Aol 2Tl
HS68 American Type Culture Collection(ATCC, Ma-
nassas, VA, USA)o| A EFiol 10% FBS 2 100 unit/
mL penicillin, 100 ng/mL streptomycine 3 7}%F Dul-
becco's modified Eagle's medium(DMEM) ®jA] & ©]-&-3}
o] 37°Col A 5% COxE Fw3atdA 3dnitt Ald vjdS
sto] 2 3o o] 8-3F3ith UVB ZAME &3k HS68 Al L2
B8l 2 24 well plated] A 2x10° cells/well 5%

W SEAl 24413 w et AEE FF A7 H Quan 5
(19)8] ¥ & ¥ st Fdqint. S AXE 2443wl
o}3} %] wjA]E A A3} phosphate buffered saline(PBS)
oz T A AHE g AEel 1 mL PBSE 7183t
UVB ZAb= UV 125 o] §-3to UVB(280~320 nm)E
80 mJ/cm® ¥ A ZASITE o) UVB ZAM#-S Chiang
5(20)2] Hare mef A AES TS FA FOHA
matrix metalloproteinase(MMPs) F%=7} doju=s A3
sl¢le, UV-radiometerE o] 83t ZALFS 5431
o Alsol s MMP-1 A4 Wske= A7) ¢k 2ol UVBE
ZA}8 A Zo] PBSE Al A 10% FBS 2 100 unit/mL
penicillin, 100 ng/mL2] streptomycing % 7}3%+ DMEM
iz e} A A|ZE A Estar 2417 F7F v 4ke £ 6,000
rpmel A 1027F YA & st A5 AL 3935t ma-
trix metalloproteinase-1(MMP-1) human biotrakel o
3] ELISA system(Amersham Life Science, Arlington
Heights, IL, USA)S ©]-&3te] MMP-1 Aitgs S350t

SAH X
3] BHEsle] 48 A3E Po st
A= SPSS 12.0 version(Statisti-
cal Package for Social Sciences, SPSS Inc., Chicago,
IL, UsA) ez SAAY s A8 ko] #Fo4d gL
EAHEA & X0.05 4520l 4] Duncan's multiple rage
testol] wa} BA8kgeh. wgk =4k 79 pearson A7
4 SPSS 12.0 versiong A& L3kt
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Table 1. Yield, protein, and collagen contents of collagen with different molecular weight from Alaska pollack skin

Measurements AP1" AP2 AP3 AP4
Yields of freeze dried powder (g/10 g) 0.84 0.98 1.35 6.83
Total protein (/100 g) 17.71£0.43% 27.27+0.34° 40.19+0.72° 36.19+0.45"
Collagen in protein (%) 36.43£0.71° 32.23+0.24° 19.23+0.97° 14.89+1.03¢

All values are mean+SD (n=3).

YAP1: collagen (MW<1 kDa) from Alaska pollack skin, AP2: collagen (MW 1~3 kDa) from Alaska pollack skin, AP3: collagen
(MW 3~10 kDa) from Alaska pollack skin, AP4: collagen (MW>10 kDa) from Alaska pollack skin.
Means with different superscript letters (a-d) within the row are significantly different (P<0.05).

o {AFFo] AoldFF FEo] HheteE 4

At @A ks S A7, EAF 3~10 kDaol A
40.19%= 7+ =A el e 1 kDa o]&tell A 17.71%
2 7PE 9 %S Btk 28y hydroxyproline & &
/‘\_}_-%3]— a_ﬂ] 6LEI:8 BZ ].301: ] zloz[:i =0 51_31:0 E?,i
o ExFHEE AP1, AP2, AP3 2 AP47} 7H7F 36.43%,
32.23%, 19.23%, 14.89% At} Kim 5(3)< WT+9=
collagenase® 71588 A7 7R & EApgko] 10~
20 kDa H9 9 3L collagenase® 3] & pronase® T}A|
A0 AL 7~10 kDa ¥ = vehY 29 a2Re &
e Tl A BAD] Aol AL FAsev,

e

o

Sa| ofo|At =M

Zepale] opn] sl 2A L Gly-X-Y wido] vt 5= &
S 7HA Aqok, GHbd o2 Gly-X-Y7} glycine—-pro—
line-hydroxyproline(Gly-Pro-Hyp)¥ ®| hydroxypro-
line 27)1&= 284 triple helix9] & QAR E =&
(22). &3 hydroxyproline?] 332 ZEAl o2 HEH F &

P AR Fad J)5H 54 A JEush g Beld
4o 309 JBL VAW, G| 25T T BelA

SA4E 7HItkal Basan giek(23). wekA amino acid?!
proline, hydroxyproline Zt7]9] &2 Z&tzle] 9lojA]
ul-g- T strhal A Slvk EArERE Fepale] ofm| At

Table 2%} 2t} Fehale] Eargkol g ofn| =it
2 AP1, AP2, AP3, AP47} Z+7+ 1,603.69, 1,000.55,
475.04, 415.73 mg/100 go.2 BA o] 2SS4 ofv| =
Ahe] ol worom Zeblle] 44 obr =2kl Gly-Pro-
Hyp%E AP14lA 71.15 mg/100 g2 = AP2(61.84 mg/100
g), AP3(47.31 mg/100 g), AP4(46.81 mg/100 g)® .t} ¥
S UERAY Ha(2d)= asli=te] Zehl a4 7
s ghelolat 5 ZHzko] BEE o A4 obnAks #
g A3} 10 kDa ode] aEAR T 3~5 kDa Ate] 9] &
1914 Pro, Gly, Hyp®] &%o] 7V =4 veht aExts
AE Aol A Z2hll Fefo] =71 gral Barste] g
g e] Ex2H hydroxyproline el ek 23}
g Ao w et S Febale] dootn e
=% AP1, AP2, AP3, AP47} 247 961.19, 648.84,
46.44 2 219.82 mg/100 go.2 Ao 2S4S A
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Table 2. Free amino acid contents of collagen with different
molecular weight from Alaska pollack skin (unit: mg/100 g)

Free amino acid AP1Y AP2 AP3 AP4
Taurine 4968 2599 10.72 13.30
Urea 77.50 3173 83.02 22.03
Aspartic acid 19.37 4.63 4.95 2.65
L-Hydroxyproline 11.25 9.10 6.28 6.11
L-Threonine” 19.40 9.36 382 3.78
L-Serine 11.71 471 336 220
L-Glutamic acid 38.04 1543 636  6.69
L(-)-Proline 10.12 8.94 501 455
Glycine 4978 4380 36.02 36.15
L-Alanine 4001 2250 6.68  8.63
L-Citrulline 24.48 2.87 0.00  0.00
DL-2-Aminobutyric 0.00 0.00 0.00 9.16

acid
L-Valine” 9222 5634 2050 12.90
L-Methionine" 61.75 3730 1498 982
L-Isoleucine” 71.90 4391 17.00 10.10
L-Leucine” 259.86  162.87 62.15 48.16
L-Tyrosine 203.94 119.86 44.07 3524
L-Phenylalanine” 44343  331.69 12648 9730
B-Alanine 0.00 0.00 0.00 12.05

DL-3-Aminoisobutyric 0.00 0.00 0.00 39.11
acid

2-Aminoethanol 0.00 0.00 0.00 5.32
Ammonium chloride 44.15 31.29 1541 16.57
L-Ornithine 29.03 17.01 4.92 6.77
L-Lysine’ 12.63 737 151 252
L-1-Methylhistidine 15.18 9.17 1.46 2.72
L-Histidine 11.02 0.00 0.34 1.47
L-Carnosine 7.24 4.68 0.00 0.43

1,603.69 1,000.55 475.04 415.73

Total (961.19)” (648.84) (246.44) (219.82)

YAPI: collagen (MW<1 kDa) from Alaska pollack skin, AP2:
collagen (MW 1~3 kDa) from Alaska pollack skin, AP3: col-
lagen (MW 3~10 kDa) from Alaska pollack skin, AP4: colla-
gen (MW=>10 kDa) from Alaska pollack skin.

ITotal residue of essential amino acids.

Essential amino acids in children.

leucine®] &&Fo] 3] ¢t} Yamaguchi 5(25) o %
Zbol| ofmjiike] A3 zo] 7t tha YEPA|RE o] o
w71e] 249 2 oojm] ZEhal Alolof ofn| A4l A=
2pol 7} A9 gitkar Buskgled], B A3 A % Aol
ASTE 0}‘31 =2k “‘%%’ﬁ EolH AT ofH] Ak 24 9

o
ZFel= AP1, AP2, AP3 2 AP47} frAFSH Ao 2 ER1% 3]
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FT-IR AHE
A Fe 2 Fehl 55F0 FT-IR 29 ER S
Fig. 1o Yetier. ka9 obv ik 242 glycine-
proline-hydroxyproline 2.2 o]Fojx] glow A =
Elo] = 9] B2} %E glycine® —-NH amino group®} pol-
ypeptide chain®] carbonyl group?l C=0= o]Fo{x
(26). & A&l AREE EAE 2ekale] FT-IR 29 Ed
< Fel ZEFS AT 2 2F5EF9] A
peak bandi= 1,636 cm '#} 1,542 cm™', 1,200 cm ™' %
3,312 cm™'& Z}Z} amide 1, amide II, amide M9} amide
A9l peak bandE YEFNSITH Amide I, I A 99L&
polypeptide®] @Eje} 244 o2 Agte] 3L amide B 4
o] peak: CH:9 stretching vibrationg YERH,
amide 1< 1,600~1,700 cm 'lA carbonyl group®]
stretching vibration® YWEMJI amide O+ 1,500~
1,550 cm 'ell 4] NH bending 2 CN stretching, amide A

A 100

a0

T S0

70

Amide A

B Amide I

1 ! 1 I |
4000 3000 2000 1000 600
Wavenumber [em-1]

90
Amide|IT
Amide I

Amide I

%1 80

70

Amide A
1

4000 3000 2000 1000 600

Wavenumber [em-1]
VJ:\'

mide I

Amide I

Amide A

Amide I
1 1 1

70 >
4000 3000 2000 1000 600
Wavenumber [em-1]

¥ 3,200~3,600 cm el A N-H stretching vibration¥}
o] Q& HolFErhal HalE L Urh27). £ AT-elA
F&-3F B Z21AS amide 1, amide I, amide 1II,
amide A2] WlolA wavenumber ol X3ty o] Al
w7 A peak band #tS vERW Y g0t F
3FS- ¢k 4= 9)dth. Matmaroh 5(28)& spotted folden
goatfisholl A 2t 784 B pepsine= ZepllS 538
o pepsin®. &2 FEF Fehile] FT-IR 2FEHS
3 A3} amide A, I, I % amide I FdH2] Hf peak
band:= Z+7+ 3,294 cm (amide A), 1,631 cm '(amide
1), 1,536 cm '(amide 1) 2 1,234 cm”'(amide IM)o]2}
3 RIste] B A Aol {FAREFT

>

ek

ol
232

e

HXI20S Y superoxide dismutase SAF EH

PE| AER EAEE e dxpEe] s Table
37 ), AAFel T 20.91~29.51%% 1 kDa o] 3kl A]
7V w2 kst S JERddl o EAse] ALSTS
Fgrtslhsol WolAl= AS 1™ + AT Superoxide

B 100

Q0

%7 80

70 .
Amide I

Amide A
f | I 1 I 1

4000 3000 2000 1000 600
Wavenumber [em-1]

Amide I

Amide I

Amide I
1 L

80 L 1 !
4000 3000 2000 1000 600

Wavenumber [em-1]

Fig. 1. Fourier transform infrared spectra of collagen with different
molecular weight from Alaska pollack skin. Standard (A), AP1
(B), AP2 (C), AP3 (D), and AP4 (E).
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Table 3. Electron donating ability and SOD-like activity of collagen with different molecular weight from Alaska pollack skin

Measurements AP1Y AP2 AP3 AP4
Electron donating ability (%) 29.51+0.27"% 27.82+0.32° 24.27+0.61° 20.91+0.12°
SOD-like activity (%) 38.45+0.89° 37.26£1.69° 25.26+0.49° 24.61+0.79°

All values are mean+SD (n=3).

YAP1: collagen (MW<1 kDa) from Alaska pollack skin, AP2: collagen (MW 1~3 kDa) from Alaska pollack skin, AP3: collagen
(MW 3~10 kDa) from Alaska pollack skin, AP4: collagen (MW>10 kDa) from Alaska pollack skin.
?Means with different superscript letters (a-d) within the row are significantly different (P<0.05).

dismutase f-AF 4= 511}%104 53 vj=d 232 1 kDa
oA 38.45%= 71 w2 A4S YERN ST 10 kDa ©]
ol A 24.61%% 744 ‘7’3'% 245 HERAT Kim 5
(292 o] A4 9@ SxA 02 HY FE9 FElE o
sto] AAFA TS ST A7 14.91~17.21%9 &4

ER R o™, Kim 5(30) 7FbA] Fepall& quqﬂrm
S ©]83le] 10 kDa, 5 kDa, 1 kDa®] "} A2 5A1A
& bRl E F BAkeFe] 1,800~2,000 Da®l 7HiEl]
o] A4 &2+34A|¢) a-tocopherol®.th dH4k3le] o] 10%
T o vt Zasgled, AdAelA datslbsol =
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Fig. 2. Effect of Alaska pollack skin collagen with different mo-
lecular weight on tyrosinase in B16/F10 cells. Each values are
mean+SD of triplicate determinations. Means with different let-
ters above the bars are significantly different (P<0.05).
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Fig. 3. Effect of MMP-1 inhibition in HS68 cells treated UVB
of collagen with different molecular weight from Alaska pollack
skin. Each values are mean+SD of triplicate determinations.
Means with different letters above the bars are significantly dif-
ferent (P<0.05).
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Table 4. Correlation coefficients among electron donating ability, SOD-like activity, tyrosinase activity, and MMP-1 inhibition of
collagen with different molecular weight from Alaska pollack skin

DPPH SOD-like activity Tyrosinase activity MMP-1 inhibition rate
DPPH 1.000 - - -
SOD-like activity 0.927" 1.000 - -
Tyrosinase activity -0.979 -0.948 1.000 -
MMP-1 inhibition rate 0.987" 0.966" -0.993" 1.000

**Signiﬁcant at P<0.01.
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