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PEERZER O X SRR 5 AR E MR
K. AT, XS AR BT S R AR RS2 AR
ST EETREMERRE. AW, EHERRD
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15T DR,
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Gl ™. 7F EATP MRS, KINiE KT
B pH MPTEFIRECEAYRELK, AR
ARFEERE, JLEECNE ] D RS RE &
. X STEETTST SRR, EAFP 514 B A5 1R 8 49
FIFTREST, MM RTS8 (0.08 nm). E&AIE
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H Image Processing and Data Analysis Ver. 2. 1. 15
Copyright © 1998 ) 0
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HEKIGES, —RRVL, IIFESENEKENS
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BEE2—F IMIBRAIXEEH AT FREERKE
B, XTEWRS FHEMERKEE, McPheson
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WRAEROOT B S FEREREMENER
HBpMAER., BTEMRSTFRIER 7R
AN ER, BFREERES, fiERE R,
ENEERBRERTPIR, FERELRES.
H—FHE, Ao TERKERST I ERSE.
LN MEENRHE N, STHREIGHERT, 4
W Efptan 5 HaFmaEAEna AN, 5R58
FAEEEAE BLREREH S T8
EAFP W IRE RERE™S!, &S FHEB AR
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HES, ETBT#HELINNRSFESME. M
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Fig. 1

Mo R MR R AR A K A P FEER AL,

B EAFP B4 K HE £ # hEMaES
BEZAHZHEERKSEM A5 FREEKTR
FIFFIE. EAFP SR HME o = 1.5 B, HBiEE
KHNAHERfEaENG6.86x10 ¢ J/em®, LB
BHMEME S FREEKMANEL MHE
%, M4 T/ N FREEKNANE MEIEEK
BIEA6.9x10 *em/s, HEiEEADCEH KT 5
HAEKR B E™. #i8 EAFP BEAE KA EAS
“ME” M, MEELEHAZBHRIAADFT,
EUESEY Gl ol 1Y Sk

RERBERKAEL G E— M E&EITRE, &
TR AIE B, SETER SRR RER, |
EREMNERLAHFTHREEKRER, £E—FEE
FRERE AT R ST EWE R
B, BRI FEnEKRENSEEE, K
FIdAMEE—TREFEERBEMNEESSE, W
BAESES. Ak, FEESEIENESHETEH
A AR E M. HAKTENEA L EAE o =
In (C/CerFrx, Hp C AZERE RBHEFNED
RIRE, Ce ARBIBEKASHEETERNE
B E CEIERE).

Bl1EZEEEgmAMMES AL 56, EAFP
S % (100 )R A K BIE L M AFM B W% 15 B

Series of AFTM images taken at 17 min intervals, showing the multi staked 2D islands and

expansion of the stack on the {100 } surface of EAFP monoclinic crystal at higher supersaturation
o=1.5, Scan area =10 pm » 10 pm, Scan rate =11 ps.
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(EFBLY 2 17 miny. B 1 B7R, & SEE K,
ENTHEESHNEMERKFEUTHFRH T A SRS
Gl REEef ERMAE (B la, b, e, d) F
B, ¥rARiRSERD ¢ 7R BRI TR E BF T N T VR b
T RIBRE, MmEm R AN EE 12 M 1b
B, Bla ZmFm LA B1b WEMEGET
A4,

ATHESHAEBER, ATER—4HZR
EEARGSR, FEERE, UEEES—K
AR E 594k, FEE 1 RET = R R A
. AR EEE (B) SMHERER,
WHEASRFITNEZ EBUTERSE. BT EAE

FWE, ERtREEE—ITERARHTHES
Fravis fEsE, EREATMEBRE, KA
17. B1 hAESSLARRE, DEMENES
BRER, BEHEEMH 7R (Bla, b), b
#p (B le, d) FRIRIENLELFATE, fEREE
MepaE, BRE S MAEENE, BIEA®ES
RIFMZ B A A E (RN al, a2, a3, b1,
b2, B3> RN HKEEE (AD) FEE G H
(e, BURAT LUk & &4 & B 721X B B[R] A9 1% &
(CEK) R e AR, VRIS FEHITER
YE. BIE®) AT B A A AFM 8 B & o i
(IP2.1) #H1T. FIB&RFITHRL F.

Table 1 Growth rates of EAFP monoclinic crystal measured from AFM images (o =1. 52

D pm s ADS um /50 in total ) Growth rate /(nm = 571 )

al S0 118 3, 340 177 185
bl 6. 592 59 : ‘
a2 3. 926 118

3613 140 5.8
12 7.530 22
3 4,648 101

3,438 123 27.9
b3 8. 086 22
el 2,188 12

1152 163 Sl
d1 0. 996 51
& 2012 13 1. 856 111 16.7
& 0. 156 8 ; ‘

B2 Jord BMAERK (a=1.15) B, EAFP
BRI MUBREL. WE 2 FE LK K E
FIBMEIER W, I EAFP &K ANEREL
B 1 RN ERER . HEDRAEETE,

lal

RIVEEE R c B b IR R &AM E R AR (B 2
A RIFRIE A a00, &01, 0O, LO1), FHFHy, B
El1gsrir 8t (IP2. 1) #ATHE 5 2= FE ) 8 A E)
ME. SERITER2

Fig.2 Messurement of the growth rate for EAFP crystal at the lower supersaturation

Sean area: 10 pm % 10 pm, Time interval 15 9 non, and scan ate =21 pa.
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Table 2 The growth rates of EAFP monoclinic crystal measured under the supersaturation o =1. 15

D/ pm 8 AD/um /s (in total) Growth rate / {nm 57" )
a0 3. 630 138
2,927 330. 5 8.8
a1l 6. 607 192.5
K10 1. 133 118.5
1.032 250 4.1
K1 2. 1685 131.5

B EDMAE, i EAFP RiARmEE
AR TAER. B3 RAEEAMRER
& CHRME o 2 0.35) B, EAFP BEMFRESE
KHmmER. ME 3 RATLEY, RiEREmENRSY
ARMMAEERKTO, FakPORHMEERNE
IR RHITER MY R B TEmEANE

B, BRAKEAES, BRI NHF. FE
RO E SR EHRE, MENERN: &l
FME o 73 0.35 B, EAFP F& {100} T L &k
2o M REERANT. L nm/s, MIEHESE LM
HFF 3.2 nm/s.

hl

Fig.3 Sequential images (5 pm X5 pm ) taken at time interval of 17 min, showing the mode of spiral

srowth at lower supersaturating condition

Sean rate = 11 ps

METL, E2ME3 PRIUEL, EAFP &%
REMERKER, ERTREEHRMERENE
ARHITE 2B T AN [F].

LifHIME o AT 1.78 B, EAFP B&E K
{100} mEAKERER, HELAIRITH AFM R
GIRENEMFML. HAEMNE - FEE L5 B
(E 1 FMFER1 FoRgiE), ATUBERESERRT L,
AN G AR EET mEEZR T, AL
8 EAFP &fkh) (100} LM ESMEREEEKRE
R e HRNEMBER: ol = 18.8 nm/s, 2 =
25.8 nm/s, 3 =27.9 nm/s, FI{EN 24.2 nm/s.
b E R EMERY ol = 7.3 nm/s, 2 =
16.7 nm/s, HPWEHR12 nm/s. JABWME &
A5 B (B2 k2 IREIE, HerEHE

BAWE. c FREMERA: 2=8.8 nm/s; b7
MEREZREN: ol =41 nm/s. HAEME a4
0.32 Bf, EAFP ZEHEMAFERELK, LKEER
HEB. c FREMERRE: 2=52 nm/s; b H
FEMIERN: ol = 2.5 om/s. AHEZTF, A
MiEEEAEIL S . RS, DI K
EWSEREMAMTHEERS, BEBLTEE
hIFAEE S, AhEEEEEREATEEIHT
bhi:. FEihig EAFP SR KRR 5 BB i
i Rong Z'°iIE, BEBEEEKNEH P
EHERA 6 ~7 nm/s. T ARTEAD R 00 R E £ {F
T, EAFP RS EAE KRR A T 5 Bl b 44
KiB®., EREMMNE, EAFP REEKKESH
BER c FRLBEERE A4 E, e FRK2
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a5 N iNE-ATE

R EAFP B4 KRHE K B TE /E R KD
M2 -2 5nmBBRST, FAAENE s B1.78
BrlLse, ERKENEBHSTEMHEcARE
e 10 4~ EAFP 53 FHfE, miE b FRNF S
Mo FWE. BMEEPZTEMER, EAFP Bk
AR EMEHERLEUIAENE T HEMAER
FEEERFER EENNTENET, &Rk
AREBEEZNSEENESRSHEEKERF L.
EAFP EA M KEAE KA ERAXFRIEAK, £
ER ST REERPIFTEN.
2.2 VLIEFIRES BEEKMER

EEOMERIER, ATHTHRMNESR
BERE, 2PN TE S8, WiinAE
o 25 B A KNTUE FIVR B ROFRES, AT b 28 o5 4 i
HME. YHEMEs KT L8R, S5 A
WM., EAFP BEM BEHMEKERREM, &

AFM EWBGE LRI EHEBEEES, BFE
WER, DETHUSTHINEER. UEMNRE
ft. H—FE, AAHNAEFRESA|M]EED
EAFP BiEAEK T HME, WM EAFP Hik
{100} EEAEREZR. WEFIREL X, «F84E
KEEETR, ERRTERNE, SH0ER NS
RIILEE 7R B (BN NaAe BIREZE % 0.5 mol/L)
1 Ce, RIMETTIEFIIRIE S ] Ce [EHIRE(KFEE
N3 RAEREEITIEFRE, LTHFEAR G
MAEL R, MMINET REEKER. 5—F
M, VIEFRENE R, ek RdEK. B4
FoR B Bk tg, NS mAER, ER
WESHNEZMT T, A 34 min B[R FRE B A ER
AFM EHEE. HEMZE, BEOERFLTIER
At 4 T2 5, Vi kE RFE | ITERIRE,
MEEEREHENER. EFRIEMEGEZAEH
WER (B 4 BE KAL), FEE B A9 3
B& s it AL, B EE 42 FEEK
EMHI SO, ER 4b AT EER, FWHE
R KR, ANTTERDRE, RiER mES
R

Fig. 4 Sequentisl imuages {10 pm x10 pm) separated by 34 min interval, showing the influence

of the increasing concentration of the precipitant on the surface morphology

The change of the step edge is indicated by an arrow.

EOmadEFTANER, —REFH
R TFEIE (BREFEREI ST, B2
ERBFEERESEARS T REKAREUZ T
AEA, ARMEGROERE RT3
R/, BRI E AR LR UT HE
(EIREREEEFER O BT (RRERAR
HISHER) AU, & EAFP R K ER
FINIE A Nadce + HAce, BISRTH 55 B2 1 £ 70 55 .

EXRFBERFOFERIR Ac 5KOH BRASH
EHEaE T, RN H RRE (FT8E)D,
m [OH ] WEHEIN. X2 &3 EAFP K4k 5y F
FEAT AR, Ry TZ S EMEEEA
MERBABEIEA. 5 — 7MW, NeAc WRE RN
(HFERTHETREAE R, BRELFAE
T%, KREERERK, BEERTH HAe =£ &
YRR (R RS TR THEERD SBhE.
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HIRA et R F 0 B A EE A, Wl T —H
FILUE R EE EAFP RIRTEEEKEMHT 100}
mﬁiﬁmu%ﬁ.ﬁﬁaﬁﬁwﬁmﬁmiﬁ%
BF, EERBEFRR, AFREH/NRATAK

BERBRST, LE@%EJﬁaaﬁkiﬁﬁ%ﬂfﬁiu
HbfF B AFM BT, EEAZEEESE
%E%iﬁ¥m¢$ﬁﬁu.éﬁaﬁ@m%ﬂ@
FIRE R, EEDAGFRE 4 5 R AR
K aRE LB R R AELER: T8N
SRS RIS AR R, EE DU AR AR TE E
MHERE ARG EHELRAEAR. fik4
KHEESEQ RERMAIRAERX, BEERE
WCTEAE RN (o NF 1.78), EAFP @ {R3R M
MR AE KR, DLETHER AFM
PR E AR REEFIRR S B R, W
FPEERP A RRZE, MW AE o A 1.45
B, EAFP & {100} T & K64 KR = f A
il b TN 12 nm/s, W ¢ ST A E B
24,2 nmss, CEEREMNBEHBEREEREZE
(6 ~7 nm> BB AMFEER S FIRE LEIR
MIER T, HAERKEEDSEHENEMEL TR
AR Y, XA AT S EAFP B R RFHER
*, ES5EMRHREAKFEETIAEX,

X EAFP U WA IRAR R, SREUTIE M
B, {FEAFP RfBELEER, EEFRBEBE
. XAgaTEEEN S FABRTEARK
ok, METH EAFP 4 FREWE, RNE4
£ HAe BB 1.

O B0 RS E R R SRR E E M E
SE T = A SCHR g X BT AR AR ) ST AN ST .
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Fast Growth Rates of Eucommia Antifungal Protein (EAFP )
Crystals Observed by Atomic Force Microscope *

WANG Sheng'**’, XIANG Ye'', LI Gen-Pei®”
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3 School of Biomedical Engineering of Chongging University, Chongging 400044, China)

Abstract  Eucommia antifungal protein CEAFP> crystals can be easily grown into big erystals in several hours. By

in sitw atomic force microscopy ( AFM ) the dynamic topographic changes were observed on the surfaces of several

EAFP crystals and growth rates were measured at different supersaturations of the protein solution. The results of

AFM experiments indicated that growth rates of EAFP crystals were strongly and directly related to the

supersaturations, in addition to the inherent structural rigidity and the interior stability of the molecule. At higher
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supersaturation (g =1.78) the EAFP erystals grew very fast; at moderate supersaturation (o =1.5) the growth
rates were 12 nm/s and 24. 2 nm/s along the crystallographic axes b, ¢ of the {100} surface respectively, which
were faster than that of lysozyme (6 ~7 nm/s). Even at lower supersaturation the EAFP erystals grew almost as fast
as other protein erystals did. The effects of the concentration of precipitator on crystal growth observed on the crystal
growth of AFM at lower supersaturation were also presented.

Key words Fucommia antifungal protein (EAFP, atomic force microscopy, in sit AFM abservation, growth

rates
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