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M g E R R
(LLERKE AT RFE, 4K 400030:2. TRAAMLRE L HpErm, T
. PEMER AFFREKRENEBRE, LT

100101 ;
100080 )

B EHMAEARANKYGBRARETQRBERTGEATRE, FLEGQRSHREREA LB
FhEMEDFHRR AT L EGRM, B34 H RF 5 2445 ( Atomic Force Microscope, 14 #4
AFM) s} AL AP 42 A3 % & (eucommia antifungal protein, i #% EAFP) & Sk E AR HLE T RAZE S A4
BATT REARWE, FHRLEREA R Ridsafe B st EAFP B2 KBRS PR, HHQFE
TARBHRAKREHFES KSR ETEE2RTEEOFR S SN AL LR, BT/ h
BETEE&RAFREAGERFT X, S0 EHAN A RER BRAEABARS PILAL HELEK
BARZE XS RE e E Taht Kk 27T EETHN L, LR T id4e /3T EAFP k4 ¥ 69
FHehy; Bl oS 2 AFM LB A2 ddf4t ed ab ik B fe b b R @& 5000 Hoh b 4T T 3348,

KPR SARAER BT RAFZG; BT HARMEEREN

RESES:0793

E M 1986 4F Binnig 2 A8 W F B IR T B8
(AFM) 7EX W BB B B AR R I & 2 B i B4R
PANE, AFM X — B ARBR T Zwrm A WG, &
1992 £ Durbin % A EH KR BRAFE FIA BB R
KEEMAERIE AT THRE, ATIEE AFM FF 14
ABIEARSRAEFRTR . EEk, X—HARET
B ZEMEAMSE, AEBFEY RS F(EBH
L EBRAREREESY) WREE KR, 84y
Ko Fih A b e R mma ) A R BRIG 25 4 [a]
B RiER S E R OIENE XREC T HBUE T
BRELER, MESERANREFZEARAR KT
X, UEBBEANF LA GRERRKE LR ES,
AR F R A K N A S 2 B8
HEED, XEEFREY RS FHREERKR
A TG TR i — AN B R,

HTAYMAS TEF LT AEE MISHER, 7
By G EEFSMEAESELBHENEE SR FE
FI W/ F AR E RS FHEEERE LT,
RS AR R A R R B EE R B
RN, B I/EE RigE N ik sib 3k
HTEY R TFHREMEKRE " FIREARK
Sl AL M S B R 1 B SR KT i,
HRIERERNX OIS, RBTRE, FREFH

. YRS EEE:2003 11 -15

N ERARIAES A

BHBERHTEY R FRIEERKNIRERA RN
TEZ—. ATHI EAFP B E&EAEK, BEF
RIRF 1 B (AFM) Xt EAFP &K:E4T T HBEBAE
T MR AL SEaT sh A AR, A FFEE AR X ik
AR R,
1 PRk
L1 L2sAnA

¥ J1 B %% %5 : AutoProbe CP Research Scanning
Probe Microscope ( Park Scientific Instruments ) ; UV -
120 - 02 #2451 ( Skimadzu corp. Kyoto Japan) ;
Park 2> & 4 7= B A8 2R ¥ microlever C £ (0. 01 N/m,
Park Scientific Instruments ) ; %48 W 48 Bz B4R &b 78 4%
{4 :Data Acquisition( 1.6 beta) .IP 2.1 #1 ThermoMicro-
scopes SPMLab NT Ver. 5.01 ( Copyright 2000 Thermo-
Microscopes Inc. ), EAFP HEHEZ 0B 4 )5 BI%
TRk B IR E 2K TC 20 me/mL V5 VAL, BRERSA
VKEE BRI Ay o B it
1.2 @Fa{c R AFM E§CR B

SEH T A EAFP SR B WS T ROk IR,
T AFM LR E X IUR SEERPBFERTE

E&MB  AFESEMPTFRE BT H (G19990756) : E K AR B2 &% B H (30070162)
EHBAERO972-) B  WIERA, ERRFEE LA AHEE RS R KRBT,
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BHHAT T REWDISR , HFBHMmME R, &5
TERFRW, ZEQRERKTEMN pH EEE (pH 445
4~9) BRI g, AFM LK P BTSSR R 0.
20 mg/mLAY) EAFP E R AR S5 (A 1.5 mol/L
NaAc #1 1 mol/L HAc BT AL, pH £924 5.5) A% (K
FUREG,H SHik T4, 20 ClEEBHASGESR, &
FE 1 h FRATESNE R BRI ES KRG8
Mo B AT, RAREGERX MEH TER,
EAFP R{kAMNES B FEE AR R, RS, A X
SERMH B EHE. BRTK/NGER EAFP ik
T, B R A B SRIE /NGO HUE R R — i
BE - HEHNASEANEF I BEERE S HTH
B, 7ESRIARER F 1 B R e 2 5 R T %
fii#855 ( contact mode ) A2 AR R (tapping mode ) , #
EEIE B BRI R R, B4E AFM RGEET R A0
TEHBEHERLHH0.03 N - m™' RIFER
8 ~10 kHz, FRGHEFE R 0.5 ~2 Hz, FHELFRME T E
o AT ROA LA R e THE , B RS

2 gR5WR

HTEY KRS TRERE A SMA NI
B R A T RR BE —EREREKEX
S HUSERIRERERSAOIEME T HTH,
AR EMEAA T REN AR, HRIENEAR
RESBRZEE T L, M1 5 AE DU BUEBER
MR RE MR R AR S SBUSEH REE KK
BIRAG, TESREERZARE " EEELR
BT FIEY EAFP S A K 0 WOk BE AR X BRI, 7E L
i R SE B ShAS A9 R T 00 BB R EAFP GRikR
AR, EERE S AR EAFP & B RIS WA
BEREEH R (A f {100} T 7EAR R A9 IRBE T AR K FE
AL, I B RE A 4R X G AR K R AR
LA B AT B SR AN AR i A R T B RO
2.1 AELHHEAET EAFP kA KRR

HEFE o =In(C/C.) , KK C AR
HIZR B RAE IR BE, T C, MR PR REER
AT ERR SR MR QR FEWRE C. RAES
e (UV) 78 280 nm AbFH THIER 2

FEARFFUTEN B i v BE AP pH — RE (1
SLTF (1.5 mol/L i) NaAc) , i i3 AR 2 B R A9 40 4 ¥R
BERBE S AEE, 43 HI7E o 9 1.78, 1.5, 1. 15,
0.4584 347 T EAFP B {RRE LA MM . TG X
FIAE KA CLBEAT IR, A8 O o7 SE B S B BT 7
BHREEZHFE 1(a) (b),

MX —FRFIH EAFP GEARERLEALIE K.
F TR 4 MR BE AR (R X LA R AR KRS i, 7 3 19
BEEWET Sff4E KEERR,7E AFM i &3

AEAEBEE (A 1(a) BiR) , RIS (5] 7Y &
FEREHTHAERN GRS MELUHE AFM x4 &
KEp#iTEsa ik, LIHALHEETHRER
BREA KK EREEQRIEE T EAFP Sk
REEREXAA HEEHARKERX (ME 1 (b) fr
) EARTAERFP IR TR, EREEKEET
R R B E R AR IR ERE, RE
FEHTEAMY R, AMER— TR REEKE,
FEME Ewal LIE & B A K& W S R
AR BRI BT, R AR AN LA — R AR B B A Ty
HATAERK (A 1 () BiR) , NE LT LU ik
BET ) EAFP 3T 932 5E B 4 1 4, RV A /) 5 1
HARKERANF; Y MR, WP M EL R
WEABARME, X A A KFRENEQFRED B
W By B e (] B R TR BB, S R BT B
FREERAERE ERTFOEMETHEINRS
LB A (A& 1 (d) BiR) , T B A S KA
Al MR S i 2/ ML B B R AL R

(c) @

Bl KRELHMET EAFP Rik4 K BH 1L
(W E&EHH 512 x512 R, AR T
10 pm x 10 pm, FFEHEF 0.5 17/s)

DAL R A fE5 EAFP B H 4 T8/, A4 F1H
KA EEREE, AMAEEA S TRy FREKLES
55 MBS BF 9 A\ B A ) SRR T A SRR AT
—EZER, FAFARGRS M X - PLOR
(NIH 2.9. 1 Bg) "™ %} EAFD fhfh &R AEE/ERS
W& -1~ EAFP 2T 5B EK 12 MEE s FlEA
2U8 MIRENRIMATAER , P HF 18 M REBMMELF
B, A 72 M ESRER, XA B HE/ER (EED
F4A), 718 NEIRMIER P AP TE R 2
fRi o HRA TR X ER¥E b L R EFAR
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FIMEER, KRRKEHES c Fm LMERAERX, X
KW TE c Fa Lo FRIMHEEERABRLRE N E
#B3® ., IERH F7E EAFP &k & EAFP 43 FE K140
HERARZS], 13 EAFP £ 45 St 29, M4 Fa 4
FHENBBAHFEAR S ZBAF FE EER S,
MR RN MR STHIR, e g4 &
REISME .
2.2 P PRI A A A K AR R

SCEG o o Xt A Rl R ) EAFP (R B
FIHITIRAL LA B MTRER (113 AFM BEFE &S Tk
HEEEHEHITEREHNHEE, L LK AFM
ERAL IR 344 TP2. 1 Xt B R & A1 B X R & B
WA R4S Sy SRR AR L B R R i ] A7 Ak
AN, SRS TTE H EAFP AR {100} I _ LK & FE
BERKER, BRANTER.

) SR o KF 1.78 B, #ELUGEAT B 0
FIE;

D)EMWHEE o BE LS B G S¥c FEg
BB AR 24.2 nm/s; 16 b HIEMER A2 nm/s;

3)UAWAE o N 115 BY, HEMEIEHER:
WeHFMEMHEREN 8.8 n/s; i b HIEMEERN
4.1 nm/s;

4) Y RFBE o 4 0.45 B, EAFP Rl FEi# 1T
PRI, E KRR AN W c I AHER
A5 2nm/s; Wb HFMEMERRK 2.5 n/s,

MU EBIETUE S, FAFP EARSAEEK
AR A R SR A7 B ot i RN BE A e AR K, SEAR
FRKAERKER, B/NE, XRENZA TEHEBRS
KWK EREMERERKR. EhRIEPERA YT
MERSNREREN S A KK EBEERRR,E
AR EBHAL, B85 UL S, Wk B AR5
EERIBAATFREMK K, AREELSEAH
THRBRAFMESHEINEREEEXREHASH,
TR Gk xF X STER AT ST RE 7, sl it AFM LG
BRI AT RAE KN TEZ T IREENE KK
HRE-NEENSH,

2.3 EHEBE RN R R A ER E R

HTEARGEERKMRERME, BN RgEAE
ARWAE T T, YEQRSEL FHEB et
AR LLBEFR M BERETRURESZIISNAY
T, EWZ EAFP EHREERITRPEA, BT
AHHER (4 17/s) I EHARFESSERTZA L
RIS, InE 2 Fim, XMk E2ERKTIRMET
HREBRATIESS , BRI REREGXT EAFP &
& {100} REHITHHSGE R, B 2(a) B2 F WL
FTRIAHE, B 2(b) 2 d B T Ra s, A
EBTKGELE IR L 0T LAE W O SR e 4

MAERT N EMEEERPLONEREEH T &
JrE ER AR, BRE T REER.

@ S )

M2 RRMEHERN TR HE R
#) EAFP BAR IS
(LALLM 512 x 512 RiE MM E, FHR
S wmx5 wm, FAHEE 4 /s)

VI EARTREREH FZEARSMEMEKEER
BOHBEEREN FRNEORERERS, #15
rafAREMHE R ERER K, YAMEHERBRE
BRs T T IERE S T AR E AR E
Z ATRA G EMKESE FHREERERE AR,
FEHTEORGARERFNEE —ENRE, ™
BET SR BRI (), SRS AT s A F st , mE T Ak
YR E SRS T AR R R HAERAREHOME
AR, MR EZ BT R —F LA
BB REERE NG EAXMARHELT A
BMREAROMESRERE, XERSEH THBER
EFmitaaEs K EmE, Hit, EXhRaE kit
BRI TFIMAERERERARE (N ERIE),
SRMELRRERE, N IZRFERRNBEMHSE
KEMBRAEFTTEEEERRRE.

3.8 #®

A AFM X EEEANSEBTERER
FETH100} EIRAI LRSS HME ., &I EAFP
EORSEEAFSRAET REEEMERFRE
A, BREAREEAMER  ARRRER A
FFREA LGB A K R BRI B I R 3R &
MR EAMIREE AT AR ERIEAMETERERE
B HSmAERATE, SRR RMET Si&EKE
ERME: % o >1.78 8 ,EAFP {&A5{100} H L4
KE R, EUHAITUNRFIRIE; 0 H 1.5 0, &
WARG R c FREMEERA A 24.2 nm/s; b A
BEMERR 12 o/ s; oIFE o B 1.15 i, FlE
M N 8.8 nm/s;b Fil G HHEZEN 4.1 nm/s; 11
FIEE (0. 4507, EAFP R 2 ABIEA &, £ E
BENGNG c FRIEHERN 5.2 nm/s;b F 5 EH
RN 2.5 nm/s; LA 5B EAFP 3k (3R BE XY SR T
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The Growth of EAFP Crystal by In Situ Atomic Force Mircroscopy

WANG Sheng'®, XIANG Y&, CAl Shao - xi', WANG Da - cheng’
(1. College of Bioengineering, Chongging University, Chongging 400030, China;
2. Institute of Biophysics, Chinese Acdemy of Sciences, Beijing 100101, China;
3. National Microgravity Laboratory, Institute of Mechanics, Chinese Acdemy of Sciences, Beijing 100080, China)

Abstract: The dynamic changes of morphology on the {100} face of EAFP( eucommia antifungal protein) crystals were
examined by in situ Atomic Force Microscopy( AFM) in their mother liquor. According to the AFM results different su-
persaturations are responsible for these morphological changes. At hight supersaturations the EAFP crystals grow very
fast and the density of growth steps is very high. At higher supersaturations the formation and development of 2 — D step
dominate the growth of EAFP surface. At lower supersaturations the anisotropic spiral dislocations are major growth on
the EAFP crystal surface. At very low supersaturations the EAFP crystals grow very slow and there are many holes in the
surface which indicate the incomplete growth of the surface. Meanwhile the effects of scanning rate and scanning direc-
tion are studied here.

Key words: crystal growth;eucommia antifungal protein; Atomic Force Microscopy; growth steps
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