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Table, 2 Amino Acid Compasitions of
Collagen from Carp Skin Acclimated to
Different Temperature.

Aming Acid_ Low High
Hypea [T} B0
Asp a8 s
Thr Fo 1 t R}
Ser as s
o 58 756
Pra 107.6 w64
aiy 1384 3358
=] ~ Al 1247 126.3
BEEELE o o 7
ALAT—TFm "3 "
i 14 122
Law nz ne
T a 34
Phs 134 128
Hylys 33 15
Lys 290 %2
His 48 51
Arg 505 507

(Mol 1000 residues]
Pra+Hymro (] 177a
Hypeo % 12 457

Lys+Hytys 23 n3y
Hylys % 02 w7
Hydrophobic® |an Imea
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Fig.5 Thermal Denaturation Curve of
Collagens from Carp Skin Acclimated to
Dafferent Tamparature.
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Amino Acid analysis

fossil issues fresh tissues bovine
" e —
mammoth bavine porcing = |mammath
A lung _liver genitals | lung liver _skin coll | bane'!
Hypro ; 3.2 654 733 26.9 9.6 T332 95.1 95.3
Asp 623 Ba3 E1.3 75T 853 515 430 s
T s 31 A 410 478 204 161 189
Ser 430 444 404 518 543 410 321 382
Glu 811 B20 K0T | 1034 1114 B4y 728 123
Pro B BAG 1018 (18] 6.7 1148 1256 1242
Gly 2647 2502 WG f 1582 1036 W74 | 3N w2
Aa e 1002 1086 983 Bay 1052 1222 ar.0
Cys 43 00 21 8o 4% 26 0.6 11
Val 40.0 445 a1 586 629 W6 187 4.9
Met 62 04 1.8 158 0.6 T8 56 L%
lie ‘8 W3 172 322 448 1wy 108 0.1
Lou 626 619 504 THE 941 337 240 6.1
Tyr 33 0 14 199 281 83 aT Bl
Pha w7 M3 o 33 402 187 128 144
Hytys 82 "1 82 B0 as o5 T4 a2
Lys 158 206 185 564 Ti4 M5 285 @7
His T8 7w 10.2 nr wmr T a0 5
BB 453 akA 437 438 489 48.7 478
[mali 1000 residues) I Mammoth bone data: matrix 12, 207-307(1992)
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Protein and collagen content in tissues

1 fossil tssues T feesh tinsuss

i mammoth i bovine porcine
sample . lung liver  genitals | lung liver skin
Wot Weightimg) | 40.0  88.0 950 ; 430 940  80.0
Ory Weightimg) | 153 357 3 ;86 290 2.5
Protein(mg) i 63 0.9 24 i 60 121 15.8
Coll ) 44 0.6 18 | 15 1.1 11,9

Protein content in the tissues
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Collagen extraction
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Differential scanning calorimetry analysis (DSC)
- Condition ; tissues in PBS
- Measured by PERKIN-ELMER 7 Series Thermal Analysis System
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Mammoth lung 74°C B0C
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Heat Flow
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Temperature ('C)
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Candidate list of identified protein from mammoth lung sample
Compiled from three independont analysis
g

Collagen alpha 2{I) chain precursor

Collagen alpha 1(I) chain precursor

i collagens were majority in the list. i
i,2. Blood-derived protein (Hemoglabin) was identified as a minor protein.;
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Sequence data of type-l collagen a1 (mammoth liver)
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Sequence data of type-l collagen a2 (mammoth lung)
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am 63 8.6 Lys 15.5 20.6 8.7
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Table. 1 Amino acid Compositions of Collagon from Various
Saort of Animal §.kins

Aming Ackd  haglish __ shark__ salmon___frog chick___bavine

Hypro [ 1] 1] 543 T48 a7
465 4z 515 488 463

he M3 24 N3 207 171
Sar 53 44 92 518 12
Glu LR Ti4 753 754 TIE
Pro 1007 1073 103F 1245 1226
aly I W4 2 M3 339.8
Als 1157 1145 1084 100 115.2
= tace  trace 23 04 15
il me BT 158 134 209
Mt 149 124 183 58 T
™ 136 195 108 8.5 120
Lou 106 :mz W03 w7 55
Tyr a7 23 0.0 13 26
Phe a4 123 ”mr ne . 124
Hylys an 52 43 55 ¥ 57
Lys 186 W& 28 8 ! 66
His [ 81 91 59 ! 42
s 51,7 513 _utln_!__ 1.0

mal000 residues)

Hynroeire T633 148 1581 1990 2280 2083
Hypret w3 ETT 343 T4 46.0 403
Hytraslys ne N 04 331 |6 33
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lig™ 3405 a4 431 g asat 3396
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Fig.2 Thermal Denaturation Curve of
Collagens from Various Sort of Animals,
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Fig.3 in Vitro Cellagen Fibril Formation at
Different Temperature. Collagens from Various
Sort of Animals.
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Table. 2 Amino Acid Compositions of
Collagen from Carp Skin Acclimated to

Differant Temperature.
AminofAcid  Low __ HWigh
Hypro 9.4 B0
Asp 488 a8
Thr 296 01
Sor 418 419
Glu s 758
Pro wrs 964

BREIEELT= g 1247 1263

Sk, o nd. nd
= ‘f a7 bt-/ Mat ar 28
o 14 122
Leu 213 e
Tyr K] 34
Phe 134 138
Hytys 23 18
Lys w0 ma
His 48 51
Arg 50.5 50.7

1000 rasidiad

FrosHypea 1770 1774
Hypro % 12 457
Lys+iylys 323 w7
) 102 0.7

Hydrophobic™ 28439 764

3887 IT0.8

Fig.5 Thermal Denaturation Curve of
Collagens from Carp Skin Acclimated to

Defferent Temperature.
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Fig.6 in Vitro Collagen Fibril Formation at
Different Temperature.
Collagens from Carp Skin Acclimated to Different
Temperature. Summary
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{1On coated collagen |

IBa5—4Fra— b ETOERERHROFET

intesgrina2fi1

On coated collagen | :

1.HFKs can adhere and
spread via integrin

2. Keratinocytes proliferate well

3. Activation of Akt and Erk

11On 3-D collagen |
IBaS—~FUFILETORENEEHROER

R - —— -

&

pema

€8 coc e
Eommet Gamg

tday

On collagen | gel :

1. HFKs can not spread

2. Apoplosis of keratinocyte was induced within 1day
3. No activation of Akt and Erk

4. Differentiation is not observed

Intagrea )t

a5—45oa—bERUBHLEIZEITS
Caco-2 HifaMEH
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{10n coated collagen

On 3-D collagen IV
1V . o
A e

E—

1-2day
meshcrn
-
e
. —
On collagen IV gl

On coated collagen IV : 1. Keratinocyte adhere with tube like form (4hr).
Behavior of HFK is 2. Apoplosis of imocyte was induced bul very slowly
indistinguishable from 3. No activation of Akt but Erk is activated.

HFKs an collagen I 4. Differentiation of HFKs is observed

|Bas—4 e IVEaS—Fo0R1

typel I collagen gel

typel VI collagen gel
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sausage casing Collagen gel as cosmetic use
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Adams. Mammmoth skeleton found in 1799 in the Lena River debta - on the Tumus Peninsula { Bylovkiy).
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Excavation of the Yukagir
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. FFEE. SRS (Marsha 2)
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bone kidney
Indian elephant
Histological approach:Akita University School of Medicine
optical microscope, electronic microscope, immunofluorescent method
Biochemical approach, protein chemistry:Nippi Research Institute of Biomatrix
collagen Amino Acid lysis, LC/IMS

lung liver genitals
mammoths ( Marsha )

Differential scanning calerimetry (DSC) analysis

Amino acid analysis method

tissues 40-100mg wet weight
fossil tissues: mammoth lung, liver, genitals
fresh tissues: bovine lung, porcine liver, skin
BN HC1
1110°C, 24h
Amine acid analysis
(Hitachi L-8800 Amino Acid Analyzer)

#amino acid composition
+estimation of protein content
*calculation of collagen content from
hydroxyproline concentration
+estimation of water content of tissue by lyophilization

Amino Acid analysis

fossil lissues fresh tissues baovine

mammoth bovine porcing  |=otiamen | e
AR lung  liver genitals | lung  Hver  skin coll | bene"
Hypro i 60.2 684 733 760 96 Taz 95,1 953
Asp 623 8.3 61.3 AT LLE 5.5 430 449
Thr 08 31 28 410 4T5 204 181 1839
Ser 430 444 404 518 543 410 3z 6.2
Gilu 831 B2.0 a0.7 10319 114 841 T2E 123
Pro S41  BLE 1018 €71 58T 1115 | 1258 1242
Gly (2647 2502 2816 i 1502 1036 3074 | 3301 T2
Ala 976 1002 1086 863 897 1052 | 1222 70
Cys 4.3 0.0 21 B0 45 28 LE 1.1
val 400 445 381 586 629 268 107 249
Met 62 o4 13 158 208 78 56 6.1
e 258 18.3 7.2 a2z 4.8 4.7 10.9 10.1
Leu 628 813 504 THE  84A n7y 240 261
Tyr 13 10 34 109 281 83 37 6.1
Phe w7 na3 250 343 40.2 16.7 12.6 144
Hylys 9.2 1.1 a2 &0 35 05 T4 32
Lys 155 206 195 564 724 WS 255 |7
His 0 17 10.2 27 T 77 40 25
Arg 488 453 461 437 415 489 87 ATS

[moli1000 residues) ¥ Mammoth bone data: matrix 12, 207-307(1992)




Protein and coilagen content in tissues

tossil besues i fesh tissues
mammoth : bovine porcine
sample lung  liver genitals i lung  liver  skin
Wet Weightimg) 00 890 950 | 430 940 800
Dry Waight(mg) 153 357 M3 86 200 215
Protein(mg) 63 09 24 60 121 158
Collagen{mg) 4.4 0.6 18 i 1.5 11 119

Protein content in the tissues

8 [ oasil tisaues T frosh tissues

inig d
[ Collageniig dry tissue

most proteins were
: lost from mammoth H
,‘Iﬁmn except collagen. ;

content {
§E

Collageﬂ content in the total protein

fossil tissues frash tissues.

38 8

collagen content (%)

8835838

lung liver genitals lung liver  skin
mammoth bovine porcine

i Collagen contents in the fossil tissues were
comparable with the skin tissue. ;

Collagen extraction
mammath lung and liver popsin frac. alkali frac. povine
elephant kidney 12 34 12 3 4 skin

Differential scanning calorimetry analysis (DSC)

+ Condition : tissues in PBS
* Measured by PERKIN-ELMER 7 Series Thermal Analysis System

and bone (decalcified with 1N HCI) i 25
tissues (about 100mg) 74°C 80°C
\wash with PBS(-) cBB B Mammoth lung
[centrifuge stain -'“N
ppt. o
10.5M AcOH . 20 70c
|homogenize - Heat Flow
Lpepsin treatment (final 1mgiml) 5% gel) Wig)
|4C, 0N
tunlﬂfuge b Bovine dermis
j— silver
ppt. | stain
|alkali treatment a,""'
14°C, Tweeak < . 10
pepsin-solubilized fraction
\centrifuge (pepsin frac.) lanet: mammoth lung » - B editie m)"‘ e -
sup. ?l;::’ifﬁ lane2: mammath liver ..
I 5% gel lane3: slophant bone § oY eI p
alkali-solubilized fraction nan reduction  |aned: elephant kidney i DSC of
Ikall frae.) g i
Bkt ) iCollagen could not be extract by this method. b
LC/MS analysis method Candidate list of identified protein from mammoth lung sample
Compiled from three independent analysis
mammaoth lung and liver ""“""“‘""'“'"""‘ i, T Aol
elephant Kidney 1A A A prare]
and bone (decalcified with 1N HCI) 3 MM ME pEMNGRT  TChenT, ppaan on tmerin
Hissues (45-50mg) I g1 S e Rpesrow
]wn:“m NH4HCOa PRt §TLR M apOONSNNT  Collagan wphe 31 ehain predurar Canin Harstarn
Leen z e e e [ —
PRt High performance liquid [ I TR ] A p—— [a——
|homogenize for Bio Masher ® chromatograph (HPLC) T e o
10.5ml NHsHCO3 11200 Series (Agilent Technologies) "R 7 A e nos [Rp——
180°C, Smin Mass spectrometer (MS) ': :: """ m Cofiagen gt 1K} ::L""'“ il ::"FH
+ r— e
11mgiml trypsin treatment 20,1 :3200QTRAP (Applied Biosystems) g e e e
14°c, OIN + HPLC condition ¥ 04 1 P SD03.Y PRIDMCTOD hypofetcal prossin XP_M0M3 [
img/ml trypsin treatment 5u1 =
137°C, B-Th Analytical column
Jcantrifuge :XBridge C18 3.5 um, Collagen alpha 2(1) chain precursar
Sup. 2.1 mm i.d. ¥ 150 mm (Waters) gz&:ﬁ:;ﬂ:‘:{t;ﬂ:’“ oo
|Sep-Pak + Data analysis soft Ao ok Bela o
{:«I:l!:onmbn :ProteinPilot Software 1.0 1 Among Ide»tiﬁed proteins in mammoth sample,
. lied Biosystems:
LCIMS analysis (App ! i} collagens were majority in the list.

2 Blood-derived protein (H globin) was identified as a minorpmhin




Candidates of collagen types exist in tissues

by LC/MS analysis

Mammoth (Marsha)

Lung
collagen alpha 2(l) chain precursor
collagen alpha 1(l) chain precursor
collagen alpha 1{lll} chain precursor
collagen alpha 1{X) chain precursor

Indian elephant

Bone
collagen alpha 2(I) chain precursor
collagen alpha 1(l) chain precursor
collagen alpha 1 type Il
alpha-1 (lll) collagen

Sequence data of type-l collagen a1 (mammoth liver)

type IV alpha 6 collagen isoform

Liver
collagen alpha 1{l) chain precursor Wpe W coltagen aipat (Franmen)

collagen alpha 2(I) chain precursor Kidn

ey
procollagen, type lil, alpha 1
collagen alpha 1(Xl) chain precursor collagen;alpha 1(1) chain precirsar

Higher == Lower
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Sequence data of type-l collagen a2 (mammoth lung)

A G
g1 POSIRGOKGEPGE KGPRGL PGF KGHNG G
o1 PEIVERAGI AERGEMDSPRLPREPPORRGHPEI

Coverage: 61.1% Homo sapiens
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a5—45

TEAF (BEANHC)

tissues (about 100mg)
[wash with PBS(-)
Lcentrifuge

ppt.
10.5M AcOH
|homogenize

¥l

B
o}
wail}

Ipepsin treatment (final 1mg/ml)

4C,0IN
;mﬁfug&

|centrifuge

ppt.
(alkali treatment (4°C, week) i up.p;m-“jumu“q nmmna
(pH

a"_1\.......-....- ................ -

i f |EIOH precipitation » 2

fi'kﬂlﬂvﬂ’h”i!@d ﬁ'l'%l'?ll”‘ | (final 40%])

i

i

i
i
Sty
i
i

i

1.4 LEM (18-PSC)

Ineutralization (pH8.0) || |contrifuge 275

|EOH precipitation x 2 ;r ppt. { Ao vEm 0B-sCL)

| (final 40%) i i} popsin solubliized collagon | 4.7 »EXF (5CL)

[centrifuge 15 {PSC;—-“ 7 SDS5-PAGE : 7.5% g,
[ oot s o 22T

Ikail sohubiikied col i ey ’
\iscn — lane 4 j' IFILh ) BEERIZE Y2 S—F b, METE

T/ B

33— (SCL)

A TEAN |“JJ(I§J
Hypro 75

Asp 493 457
The 7.0 175
Ser 78 38
Glu 798 4.0
Pro 1151 116.0
Gly 3224 3365
Ala 1206 1208
Cys 05 07
al 249 .6
Met 0.0 0.0
lhe 07 127
Leu 269 253
Tyr 18 09
Phe 152 134
Hylys 12 a7
om 63 86
Lys 324 219
His . 532

TEAER

AR 1] i ] il
Hypro 0.2 [T X] B5.3
Asp 62.3 683 449
The 0.8 334 18.9
Ser 430 a4l 36.2
Glu B34 B0 723
Pra 84,1 BB.6 1242
Gly 264.7 250.2 3372
Ala 7.6 1002 7.0
4.3 0.0 11
Val 40.0 445 249
Met 6.2 0.4 61
s 258 183 101
Leu 62.6 619 261
Tyr 33 10 61
Phe 29.7 313 144
Hylys 9.2 114 32
Lys 155 206 287
His 7.9 174 25
48.8 45.3 475

Mol 1000 residues)

TUEART—5: matrix 12, 297-307(1992)

FEH - BR

1 RVERFRY BB TREND 57 SO, MUSRILL,
{2 TUERIS—HFUOBMEBEANETRT, Y &YICEL
L Bt
| 3. TUERIS—FUOHYpro8 RIZY S ETVERTIEERBET |
Hot-. i
L4 RUERIS—FURERENEEERL T,

P

. B

48, PLAVBER-THELE-TYERDS—F U,
Vi EFIEREEOHyproZ B THo1=Ht, EMEREMNICTEN ST,
FOEBRELT, 377 ORBRFELRICEDILON. BV,
TUEABREIS—HTUOORRTHLIEMNBA K.




AT VR F—
[MfED L5 —T5 > DI%RE

AS—FUHRLobHB I E(XVERERIZEST) ]

¥ A7 20113 R

S EIZRFEAKBAS BRHFSEHEES

RS T010-8502 MHEMEHFLFZEN1E1S
TEL 018-889-2260
URL http://www.akita-u.ac.jp/coloconi/
E-mail sankaku@jimu.akita-u.ac.jp






