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W E ER-MREEREAYRNERIE PIA  MEBESEEANSGERERFES AL #
FRERREAERS o« -BEMEQRSHN pi E, £ R pH EH B AR RF O B HBHE(AFM) R 8
FRER RSN, KETRAEARERGERBR ATRED TS MHERPASFENESHER . HR%

HARKERFEDERARPHFEARM FREIE.
AR RTHBRE, BERES, 4%, BE, AR

BEEORAFAREHZRRE, EEEH
BURBTFREMEANIEENKRKT LHER L
FEPHHRODELIR, THHARERREN
SRERPKER(RNEN), AN BT HER
EDEFANFHER AXLERAMNRARTS T
HH#ETRMAmE, BT UE - KA
WE, EXRW O FHPIRED -~ 3SRk
KFH.

Binning 1 Rohrer Z A AR B E B B
(SIM)E 1982 FB —RK=ETERE TR HE
B XRENBMERBERED RN E
BRAEBRETTERE, PN, FTEKBERIFEEHK
WMz S48 FAEXEEARYRESETHRAL
FHE—FE el A A R IR ], L 88 X 2R
HEABAEZREZRAWHEIERO#TE
£ BREFHARRUARS SHEEAEESE
XBHHEERADAR. RFHBHMBUERET
RN ER.ERFHBHMERREIHERL
SIMERTHE.FEETHINERBELERR
ERBAEMBETRELFES.

ZEBRHMARTHEHRENBEEQNEA
EHRTTHE.

1 TRHES

1.1 ##¥
AN B BE IR (Sigma 24 7)), BEBR (S H7 40) | a, -
B N (AR BE 99% , kIR TF 4 I ¥ ) ( Gibicol

A7)

1.2 (%

JEF H 8 % % (AFM ) ( Autoprobe CP

Research ; Thermo Microscope {UBRATAD).

1.3 XRF*

1.3.1 #AFEKEREAR I HA4E
H 99% B /N B2 B IR B AR F 0.01 mol/L A BE AR 7
Wk, HE AR | mg/mL, BEIBR A 4CH
W HRBIR GBI FE 4CT L2 47808 g Y
MEERLAE L b REREREY . BLAHE
B.AHEREBR,BE | mgnl BUERREMEE
WXERREOAEAREMSE TEENRER
hAERYER.

EREERSREFRY 0.5 ng/ml # o -BH
BEEABBERZW, Bd—1 0.45 um KBS
MHBE ERBERE. o, MBESERESR
UEERHE. N EENBHEEREICTE
fETE 0.01 mol/L HAc BT AT . RAGHEEFO0.5
mg/mL BERE AN EMES 0.25 mg/mL # o,-B
BEOBARBIRENATFTERE AN 12~
14kDa WBIRETESR . RE.E2ICHEET
KB BEHT .8 mL BB MRS T E7E 300 mL K
RH#ITEN BB RN pH=35. 23 —HMH
EWEABHEpH=5.5.

1.3.2 HHEKERFEEDSHRKRE &
B 30 min J5 , 3§ BT E WK P B 5 1R BT 3
103R pH ERGCEG R R . A pH EREES
WMEN,FEH 2 ol HREREHNEREED
BEZEBED ZERE S~ 10 mn, ZHFREH
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A FBATE b, LA KB h gk BT . 0 T 3
RS A pH M, BT RE R, BL
AAFRIERLT Y SBE FTAENTEKER
BEAMRKS, FFUBE D REM YN, BRX
BAUBERHEE LEWIRBMN % FEK
B ] 6] 8 (5 ~ 10 min) %4 F 84 47418 (12 b
PR RS EREREE .
1.3.3 BFAHBHEE HBHEEFKE10.L
HIBERRRE 10/, BAEFHERERETEN
BE TZERESTREFB NS BRE,RE
EREREAEETHRT REIASBHEMATE
SRR, DU A AR . TS R AL R IR S B )
BEHR .8 Nm, B BEEXTEIMF4
ERNERESTHE BATHENER, KE
UREAWAS. MATEENEN, AT RARE
R EA MRS ESEE, RAFENRRE
BEE R
RSB EREET T8, A AN
ESAMBSH AT EXHESHT, 10
min ARSHEEBRERERTR. ERTHEM
BREZHERBHEEAMABEEFKF &
£ BTk 5 2 vh o v B TR R B R BT AL 31 A BRI S
HTMEERTEESR.

2 GR5WiE

24 30 R 3 5t W0 3837 A 38 1 ) BB TR B R AR
RAEBBHTR ERNFETHHEEPRER
—WARMBEY HTEFHEMEIR.

2.1 WA

EABEKERREEAEERMN, BMEASTHR
et I HRBREES S M o« -BEER.
BFARMBEMVREZE LHERBERBREX
B, ERALRYR(LE D) AR R —
BHER(RE ) HEBBELIMESERT A
BHEARRE P BANDRBIATTREDS
EEBEARMERES MEANLRYEHY
N EARBFAREERRN 5% XEHLWERH 3
~7 om( TR EELBARTHREARNRK
Fefeeh BT LARAERE B B K B UE LEOK &
ABRT R RLE FHREB RS E A R R %
MSEMERESESHAREE 3N,

BEESENEE, MARERTRE 2R
VEEADTERXRBEEAENEIHAE, X
FMABETFHEHRENENNEER—BHN" &

B, BB RER BN EREY R
HENBAIBITRATEERELGE &AM
ER O B BB RR £ . B AR S TR Al
BREXBYR, BRITRAFRLOBHFE R
m.ENXEYREEU—EBFTENE, EMNR

- B RS EALE, BT LR AR E AT A B R

i

Fig. 1 Acidified pre-dialysis precipitating solution containing type [
collagen and o, -acid glycoprotein

Contact mode AFM deflection images:{a) wmicrofibrillar clump (4 pm
x 4 pm); (b) typical protein film on mica substrate, as in background
of (a} (2 pmx 2 pm)

2.2 A¥HE

2.2.1 HERB(pH < 4) ENEHM2~6
hEREMAFENEOEEES R LA THEE
BESHEMETE. DTXIHERS, ZD
RMETHEHREAHREIFXMALR, M

CBEAMSETERHAES RUTE2.H1

()2 UTARR 5E 2 BAREXEF
o7 B 16 49 46 I UK ) 40 LU AE , X R A AT
A JEBHMRSY S BERBRRNE
Sy MEE . EHit, YARES THEHEE
B, X BT B TSR AR T (h T4
BEABARBEENMIEE SNBSS, R
ABERGEERFLT RARTEBMEHNNE
B4, KBNAERTHEMRN, ERE 3~
7 nm, ¥ B B JLBOK) .

2.2.2 HEFRKE(pH=4~6) EHET
R, B 5~ 12 h, BATARNAEES .4
BHEW pH=4 1, EFHERERBFRIE
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Fig. 2 Dialyzing FLS(fibrous long spacing) collagen solution in early
stage of fibrillogenesis at pH 3.66

Contact mode AFM images demonstrating curly microfibril structures
with no resolved banding \(a) deflection image {3 pmx 3 ,U-III) 3 (b)
height image (2 pm x 2 pm; black:0 nm, white:30 nm)

WA AREWEFE, KT —-BRFHPR 270
nm. X EZEH T LE 3(a) ~ (d) . XEFE S HH
WAEKEREAENFEHLE ANENIE
ERE 3(b) ~ (d), A 135 nm B G LK FLLEMR
2 WEEHTRFYHN LRI THRATERT
REER . ETEERALZFRHDE 2~3 nm. X
THERER SN ERSKESANA R 3~ 12
nmfl3~20 um . FEE pHEKN A E, XLHLZK
ERERSHER UAXTHEREREESHR
MREATRAAENEE . FHIERAAGESE
VERHBEMBAEDEET EXAAE Y B, WE

B

AT ESFRATERRTHU(BRREZFIH
).

BEE & AT R — P 1T (R BEE B 7] 0 pH
RIS, T AR LR B A RM A ER S YR
W (WA 42~ d) RFEFHFHRELURE RR
HELRBUBHOTE, R LT ES R
REMBABAERERFSET — ERHEM
27T (E S). 5 RBFEMLE, XM EARNER
B EF DI F B 5 WL BUR QT A s 27 ) —
MRFMAEAR. -BRELT . REBEEHESS S
FRAGE ME, RERSYHRBFER I
BYLwn, XHBEN TREFEEQNEH. R
mXEMREIWEHEYHN T, RERE 4(a)
~(IFR MZBHHEETERBHSETRALA
B ORNHFXERAHBESSHATEESE, YR
SHELEBSHES.

AP FRABRRET ,AEMEER

%L%?lﬂﬁﬁﬁt%ﬁ&ﬁi@ﬁ,ﬁﬁm 4(d)
BRI pH=4.25 B RENHE—F AEW

EHAZN 10 ~ 20 nm R IEX T HF B BT R IR

FTHEMABR RAERENE RN EE S %
B AR, AR T F R 44 X R R
ERPICR . YT R E AR, X BaH
BEE SH4NEE K. REE FE23H
FHRMEICRE, XM —BIER THRLEER
HHF R RR RS AN ER .
BRERTFHEMERR, RAFES PREL
HUPFEARpH ERfMAEERFTIH, HF
EETEMNERSKERNHERRHZE . X1
AENBERMEFRERRNEEREETRE
XEEEPAEEHBENERKEM. RER
B4 A IR P i B R R A R £ 4 R

Fig. 3 Protofibril structures observed during the early intermediate stage of FLS collagen fibrillogenesis )
Contact mode AFM height images (black:0 nm height) : (a) typical clusters of protofibrils at pH 4.25 (5 pm x 5 pm; white:35 nm) ;{b) ~ (d) 2 pmx
2 pm;{b}) protofibril at pH 4 (white:15nm},{c) protofibril at pH 4 {white:10 nm},and {d) 90° rotated zoom of boxed region in (a} (white:30 am);

Insets in (b) ~ (d) : longitudinal-sections along indicated portion of fibril
period. )

the vertical lines are separated by 135 nm — 1/2 the FLS collagen banding
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Fig. 4 Structures ohserved during late intermediate stage of FLS collagen fibrillogenesis
Contact mode AFM deflection imeges: (a) relatively loosely associated intermediate fibrils at pH 4.25 (5 pm X 5 gm}; (b) zoom in boxed region of (a}
demonstrating protofibrillar constitution of intermediate fibrila (2 pm x 2 pm); and, height umges (black: 0 nm height): (e) intermediate fibrils
demonstrating loosely associated protofibrils at pH 4.25 (5 pmx 5 pum; white:40 nm) and, (d) showing tightly associated protofibrila at pH 4.40 (S pm x

5 pm; white:75 nm) .

2.2.4 ARBRHE(pH = 4.6) Fia B
10~18 h,pH=4.6, SURMBELEFHEMERM
BT BEEREDN R R ISR R A T
HHB(ES) XEFENFLEE 20 mEEER
ERRIILTIJLE 40k, KB IUHOR B E 4
FREASERAD AENEFELORHE
WL YR, BEEFIARINENY, XHITFER

FHEpgA R AE 4 AIE S B ELEATE B, AT
BRGFASEREEER. PEHFEN S X0
RURBE 8 — B SRR RM, WA 5(b) . 4
46 16 5 Jk TR 4 4 vh A i M R B 4 1 40, Bt
BTR7IBT N — R REX LS BRRYHER
MFBRREENBERRBRESN, B
REHATHWED .

Fig. 5 Structures observed during fibril maturation stage of FLS collagen fibrillogenesis
Contact mode AFM deflection images :typical later growth stage fibrils cheerved at pH 4.59 (a) (2 pmx 2 pm) and at pH 4.9 (b} (10 pm x 10 pm)

G, ELRTFHBMREE FRTRE
EOTAUEMENEIHRER ERARM
HENER EBHREFHIEHMBENERT HEE R
SRET 4 1A e i IR £ X S0 8 RE B P ) 4 X L ]

B Ar 3R R B O IR R RR B W S R e
PR T RAT A AREE . AT, AR A S B 4 AT L
B REEH B PR ESHEEL, IR
B RE B R AT AR
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OBSERVATION OF COLLAGEN ASSEMBLY PROCESS BY USING
ATOMIC FORCE-MICROSCOPY

ZHANG Xiaoyan'?, FAN Xisodong' , GAO Xin®, BAI Haitao’, LI Yan®
(' Dept of Chemical Engineering, Northwest Polytechnic University , Xi'an T10072)
(® College of Chemical Engineering, Northwest Uriversity, Xi'an 710069}

Abstract The assembly process of a particular collagen, the fibrous long spacing collagen formed by adding o,-
acid glycoprotein, was studied in detail. The pH of the mixture of collagen and c -acid glycoprotein was changed by
dialysis. In each pH stage, stable intermediate structures were resolved by atomic force microscopy (AFM). The
reliable and high-resolution images were obtained. The intermediate morphologieé and diameters in every stage are
observed by correlation the fibil diameters with length-wise growth in native type fibils and by comparing the
diameters and their morphologies of segmental long spacing collagen crystallites. These experimental studies
demonstrated clearly the existence of intermediates in the formation process of fibrous long spacing collagens.

Key words Atomic force microscopy, Collagen, Assembly, Morphology, Image



