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M AFM R EREAMME LK

E A, L ERa,E k&
(L ExRXF Ahoer, €5 400030;2. PEAFR 952, ¥ 100101;
.Y EANER AFHAEMEHA LR T, LT 100080 )

i EMEEARANKGIERAREQRAFHETEATE.SEE QRBAELEKRA LMWL
FREMERFHR AT X ZGRA, Wit A5 -F 5 L4 (Atomic Force Microscope, & £k
AFM) st A4d 40 B 8 & & (eucommis antifungal protein, 75 7% EAFP) 8 Sh A EA SR AE T RA LN sH Ak
HATTRBDERSE, REERLA . LB itsafo it EAFP A KHBHOY R X, BHMitaP g
TFTARBRB, EARKEGHDESH, BHNEEFLETIRZRTEOFR_B SO L L LA, RIS iTibf
BT E2RABAEHHERFX, St of B IAN LA KSR ERELBHRSILEE S@BEK
BREE,ZMNREEAFPETRALKERRFTEFONE, LEB T ittofe B2t EAFP &4k £ K49
Yréy; B o 2t 4e AFM SLIRiT A2 P iRt e i B A Gtk @M ey B hit 17 T 3t e,

KRB ALK HRFRAAZORTHABMEEKER

RES%S 0793

A M 1986 4E Binnig N8 KA REF N B
(AFM) 7E25 ¥ B 18 21 [ ok L R T A0 S0 R SR A 4R
PSR, AFM X—EARBATrEmN A", ME, %
1992 ¢ Durbin % AH YO 7EH BHATE T HE &G
REEGHMAERBOHS T HE, ATIES AFM FF i3
ABEARRGMFIRER . HER,X—HERBD
BRI ZMEAMNA, RERTFEYRSF(EE
R ERARERRE ) HREERTR, G5 EY
KRE-TF R K FRZRROERE™ K AL A
B Rl AR K LIRS RS T UG T
RREHR. EERERANREREQRANAHI]
X, UBEFERT LA E RPN RORE L RS,
DEYIR G FREERAERNEWEYER BB
HEEC T, XREBHED R T HSEEK R
AL REENFTREN— T ERRE,

HTEMKAFEAS T ERAMFEOER, &
Bor A RERAREEARE L RRYESR A
FAM N FRAR T L FHEAERRST,
EAERERERET N ANSRTERBBGHAME
ARRRXER . P LIEE RBET 2k s Feae R
BITEY RS TRBENERAR " HRELHR
A KU WP BB RE R REERT TR
A REERNIRLHAE, RERE,ERETH
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CRAFRIRAD:A

BRERETEGRY FREERNFRERARH
HEZ—. HTHI EAFP BEHRBEER, EEF
IR 1 BGE(AFM) Xt EAFP Rik# 1T T 6 BHAF
FET RN SERT B AR, LAFF IR B B WX Rk
gzl 2

1 Fhs

L1 RN
JRTF 77 B W 48K AutoProbe CP Research Scanning

Probe Microscope ( Park Scientific Instruments ) ; UV -
120 - 02 FY% 561X ( Skimadzu corp. Kyoto Japan) ;
Park 2\ 7] 4 7= §) #8 42 B microlever C f (0. 01 N/m,
Park Scientific Instruments) ; 238 Wit 28 & I8 18 Ab 3 &5
{4 :Data Acquisition( 1.6 beta) .IP 2. 1 {1 ThermoMicro-
scopes SPMLab NT Ver. 5.01 ( Copyright 2000 Thermo-
Microscopes Inc. ), EAFP HH B LA B R4 /5 %K
F U0 PR K E AR KBS 20 mg/mL Y ¥R, BRERR 4.
PKEERRYY Ry 4B il
1.2 Rfbd KRk AFM E§R e abn

S5 F Al EAFP B4R FIE R SMY BORE &,
FE#AT AFM K HT E XM R Sk A4 K R4 E

ESWH : AR E S ERBT IR I H (G19990756) ; A& B ARF £ 2E BT YT H (30070162 )
EEEA - EE(1972-), 8, WIBEEA, ERAFBHRE NEEARREERTR,
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HHHT T REMPI, R ERARNHER . &R
IRENH, ZEBRAERBERERN pH EFHEE (pH 4%
4 ~9) IR 45 F. AFM LI R ETRM S R &G R
20 mg/mL{¥) EAFP EHAER S (FH 1. 5 mol/L
NaAc 11 mol/L HAc BRI, pH 45 5.5) LA%E
BRE, 5BV E, T20 CHEMBRES . &
BE1 LSBT HMBE IR RN E S KRR
Mo ERAMT, RAEERBF MELZTER,
EAFP SfASME S RIKFHEMXER, BIREHER, A X
HEMHFTERE . MR K/DGER EAFP Sk
et , R TES A LR K, NG ik RIS R — B
BE-TMEHNASEAET L BHUERE P I1TH
fE. ZEMMFREIR T BAMRGE SR ER T &
B ( contact mode ) FIR A (tapping mode) . #
BBIE E IR R AR 84 ATM Ry R A
T2 BB AEEANC 03N - m™  RERN
8 ~10 kHz, {9 HE X 0.5 ~2 Hz, H7E LA R 12
KRR RERE LE, BOBRE,

2 #RESW®

HTEYRS T RERT B SMA KNI
B AR TR AF—EREREKEX
& LSRR B RERRATRMBE T HTH.
R EAERNTREMER, BREIRMEAR
RERHEERHEL L, ATIER FEELKRBEX
MR EEIRBERSFRBERPRREEREY
BRAY, MESREEKZARE " EHEXR
BT FA ) EAFP & f A= K 00 7 Y0 B2 AR X 241G, ZE it
3 R AL SR ShA IR T B BEVLER EAFP Rk
ETEA, EE 2SR EAFP 2B H R B A
BESR WRER L AR 64 { 100 ) EFEARRL MW T A KTE
HUEAL, I B E AR AR X i A R R
DA R R R R RN A R AR
2.1 AREEMET EAFP Rk KBHRIETEL

M o =In(C/C,) , FHH C HR SR
MEHRMREEE, T C, WRRBETFR&EER
AbFPEPREE IR AR B, PR E C, SRAIR S
Wik (UV) 72 280 nm 2L #HITRIE RS,

FEARIFUTTE SR K 3R vl 7 BE M W pH — € B9 1%
SLT (1.5 mol/L i NaAc) , B it B AR B 5 JR BT 9T 46 9
BORMESMRAE, 2 5%E o N 1.78, 1.5, 1. 15,
0.458f #E4T T EAFP G (AR L4 ILEE, T3S H
REEREOHAT R, R R LR BB HR T 7
BHABRESHAE 1(a) (b)),

MiX— R 51 EAFP &R LR AT LA H -
B FREERENA RN HERTRANOE R, EHH
BEAWET REERKEERR, 7€ AFM SH#E L& 3

HRHGUERE(INE 1(a) BFw), BRI A&
ERmHTRAERKEGHRS, ELR AFM X4
KEHHITEEAMIR, XRHXFHEETHRER
BREA KR R RO R E T EAFP Rk
FEERRAN_HZEHEREX (WE 1(b) B
), EERSTAEBHUURT R, ESERELY
B EMEREREREREERFOERE, RS
EHITRABYT R, NTTER— 1 EHREAERER,
FEME E AT LR & B K& R e EHE
MR PR PR BE AT, AT T AR LA —Fr R B A48 I T

WATA (M 1(e) BR) , NE L AT LUE 30K
RUT i EARP 2 11 S BRBE 2 4% 1] 4k, B ¥ A R J7 1]
Hae KR FA ) S A B IR MR, I P B B R
WEWMRE, XN R EERTTERNEQ TR, B
WP g B (] R A BB g 0, KB BT &
BEREERAEE, ERTHBHMETHREIANRS
AU X K (I E 1(d) i) , T HEL Kk af
[EILEE o X /ML A B B K BB R

© @

1 REZWFAET EAFP RixEKEHNEN
(A L& E¥A 512 x512 KRG, AR
10 pm x 10 pm, $HEHER 0.5 F7/8)

LB RES EAFP B4 T8/, BEATH
MARE/EASER, EMEERS TRA FHRELER
5 WA A B S AR T RARE T
—BHEK, BIFAEERS TS X - PLOR
(NIH 2.9.1 ) " % EAFP @ik & F i E 1E 4
Wi#EWH:—/ EAFP 3 F 5 EM 12 MBS FRA
218 AMREEMHEELER, Kb A 18 MRBAMHELE
LA T2 8RR, RRDEHEEIERA (HED
F4 k), 18 MESRRIER P A RBE MEAME
B o AR TN ERH¥ b FH ERERAR
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RIAREAER , KRR KT S o i LAERHER, X
T c i LA F R E/EABERFRA R
#M3R, IERH T EAFP §i{kh & EAFP 53 FH
HERAKES], 118 EAFP £ R E D, Y4784
FRNABEBAHHEAD RAENZBAR LW LERS,
MR RETE R LRI, 3 T8 w2 %15
RBYSMA
2.2 Eriod et Kk AR

350 P E N X A [ HREE ) EAFP R AR
RUREAT IR AL SEm B MR ER , (48 AFM BRZEESE /L
HEAEREHTEREHOER, 25K AFM
E A3k 1P2. 1 XTER P A& By AL B B & B
A RS SREIT RGN E &Y R ETAL
AT, ARG T EAFP SRk 100} & LY S Hfe
BAERKER,BIMTER:

1) %M o KT 178 B, 3L TR B
FRIE;
)L HE o BE 1.5 B, IBER¥E cFRE
LK 24.2 nm/s; T b TR EBrE A2 nn/s;

3) YAWME o B 1. 15 B, HEHEHEREN:
e HEIBHEPN 8.8 nm/s; 1 b FE GH#EEN
4.1 nm/s;

4) Y HAHEE o 29 0.45 B ,EAFP RE FE# 1T
AR, E KRB NEE e FmEHESR
H5.2mv/s; i b HFHE B #EN 2.5 nm/s,

MEL LB T LUE &, EAFP B 5 R RA&EE K
SR HEA K HEER BT R AE N ERBR K, S
B R, B/ RIS, X R E 2B T B
HIERERERERAKX. EEIEPERA L TM
MEEFRRESENEAMEKYEERMRR, B
R BRARE , B8 LA LR, T fmEE KR
FERIBAR FRENKK, FRHEZELFES A H
FHRRIMMESRKEIIERERZREHAER,
MR B3 X R Mmstae s, @ AFM £l
B AT RERERKH TEEMMIREGENERE
HRE-PMNEENSHE,

2.3 FHE R R R TR BRI R

HTPEREAEEKOHRYE, B LR R
AEHRAETHT I/, YEARMEL TEB P
FRREBHRLNRERATEBUERSZTHSNAH
T, 7EWE EAFP EHSBAEKER P R, HT
AEE(4 17/) A AR RESRREREEIA
B, E 2 B, XAKERERMKRTMWAMET
WREFEATESRE  EENRERERX EAFP &
{100} REFTEBEINMN, B 2(2) RHET M L#
FTRHE, B 2(b) W2 BT T amEs, A
XFEEHARE LT LE S, BRI RN

WERTR, BRBEEKPLHERRERNYT R
FE ERRAR, BEET REEE.

As

@ &)

A2 AR R BT
) EAFP Gk REE ML
(LA EPIEY 512 x 512 RESPMKNE, 3R+
5 pm x5 pm, JTHHEE 4 17/8)

DAL ATRER T B O SRR A B
R, BEERKBN, RN ES TR ERR, 8
AriAR ERHE W BB K, MM IR e R W
BWS T HITREDMN RSN T REREHKRE
%, AT R ERKELE - HBREEHBE AR,
Ret i FEARBEREERSIRE —ERNRE, T
e T RBIRRIVER) , HEE#1T RE RAT AT, BT8R
X3R5 BT BB R B B R kR a0 o B
WRARW, M RETR—Im LRk
BEHAREHERR/ DG ZAXHARERT B
BIRERENOESEE, XERMRHA T HEEE
BF M SEEKNOER. B, #XRRBEEKT
BHRTHRERERERARE (b EHRZF),
MBI LHRRERE, NERFERHBEEBE
KB REA TR BRER

3. 4 #

FAFM AR EREANRASTERERK
TR 100 MEMENSHBHME. & 3L EAFP
FEARSEERFASRAE T REEENEK &
A—H, BREN IR EE SN K  ERRERER N
BRREH _HENERK  ERREENUHER IS
MRERRESMAER  ERIBEMETAREKE
BHEREERKATE., MARIHAET R&kEKE
EERME .Y o >1.78 i ,EAFP §{&A9{100} m L4
KHERBHR, ELHTHRMEMLE; 0 X 1.5 6, &8
EARRIGE ¥ c FREMERELH 24.2 nm/s;b J
EYEER 12 nn/s; S RAE o H1.15 8 ,c FI&
B EE R 8.8 nm/s;b M EHMEER4. | nm/s; it
FIBE(40.458¢ , EAFP FH 2B VREA K, £ K&
BRNEE :c F A EEN 5.2 nm/s;b & B
AR 2.5 nm/s; LA L8] EAFP ¥ ¥ 049 ¥ BE % & i
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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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