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Influence of Impurity on Surface Morphology and

Growth Kinetics of a Lysozyme Crystal

DAI Guoliang LIU Xingyu

WANG Sujing

KANG Qi HU Wenrui

(National Microgravity Laboratory, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190)

Abstract The influences of impurity on surface morphology and growth kinetics of tetragonal

lysozyme crystals were studied. There was a significant difference in morphology of 2D islands on a

{110} face when the impurities existed. Impurities significantly decreased the normal growth rates
of both the {110} and {101} face. F-lysozyme decreased the normal growth rate of both the {110}

face and {101} face. The values of kinetic coefficient of the steps, surface free energy, and ledge free

energy of the step edge were determined.
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Fig.1 Morphology of 2D islands on {110} face of lysozyme crystal changed with the purity of lysozyme solution.

(a) commercial lysozyme, (b) 99.99% purity, (c) 99.99% purity with 200 nmol/L F-lysozyme.

White arrow indicates an adsorbed particle on the surface becoming the center of nucleation.

Black arrow shows a growth island nucleated without an impurity particle
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Chin. J. Space Sci. ZWEFZF IR 2009, 29(1)

VR B BT AT, AR KB B (110) T TR
)0 Ah 255 L) (8 25 5 T (001) Ty ). 5 B 1 4%
) Sk, — AN R AT R L B L AR AN S R
7 1) S O R 6 1 % 1) e A ORISR A
eI, B EBY (110) J7 AR (001) J7 ) A Kb i
(R AS [R) e N2, 1T g F T 2% B4 1 21X AN T )
ST ARBE RS 6 25 R . T AN R R T RE N,
TN 5 ) & B it 0 R L R 4 % ARl b
il (110) 77 [m)iz s KRR, 2 W% T [a) (4T
LT (001) J7 M), A% 54y 1 B AT — I8 4 HLAT
R R, AR RE 5 B, A A K B R P i AN
A 3 B b BN IR . T (001) 7 T, AR K
L ] DT 35 A 3T 1) — 2 O IR R . — 4 A% 45 B
P a1 LT 1974 07 NI B UL () 6 R 5 I o s B
SE AR IO — Y A% (KT e B g R B2 /N T- B e
£E (001) 77 Al s 3. BRLE B AE (001) 77 [l $A4T
A7 R 3 P R B0, B TR A — 4 S (1 TE T
THRAT BRI i P2 2, BUE % 51X (001) J7

ORISR p AL AN
B 0 149 L) ) 3 R o R RN P TR R DG R N
v=0R3(C - C,). (3

Hodr, @ Sl DY 5 5 R A B AR R (3
10720 cem?®), B AN GBI 1 REL, C F Ce 7330
IR IR LR 20°C FIFHIRIZ (C - Ce =
25.6mg/mL, HI 1.1 x 108 cm=3). H 2 (3) FLI&

~

W (110) purified lysozyme with 200 nmol - L™ F-lysozyme
[J¢001) purified lysozyme with 200 nmol - L™ F-lysozyme
A (110) commercial lysozyme, purity 98.5%
A {001) commercial lysozyme, purity 98.5%

_soM
D |
2 40t
£
g
s 30 A
2
S0r
g 100 O A
O T T T llﬂl
0 200 400 4000 4200

impurity concentration/(nmol - L7h

B4 5 F-V T I 110 v Sl ORI i 0V BTV, DU 7
WA B SR {110} T fFLes B A s A
Fig.4 Step velocity on the {110} face of lysozyme
crystal in commercial lysozyme, high-purity lysozyme

and high-purity lysozyme with 200 nmol/L F-lysozyme


gldai
Inserted Text
<110>和<001>方向

gldai
Inserted Text
of <110> and <001> direction 


BERF: RAtEEEhRROHRAERG D F G h

HAARM a3 1% R NE 1, 4585 Vekilov
2320161 1] H Michelson T35 {30 & 75 31 () 45 R+

1 TREKEZEHETENHNZFRENITEER
Table 1

coefficient () under different growth conditions

Calculation results of step kinetic

B(110) Boo1)

(x10~% cm/s)
eh 411 FE VS 1T (99.99%) 1.6 0.34
200 nmol/L F-¥%¥ 4 i 1.3 0.28
T A A (98.5%) 0.9 0.27

3.4 {110} MHEMRZREMEMIRILB HEE

{110} TV ) AR KO R (4 A9 9 5T Ak
RIS BN L) G B &L n, P ERIS i o,
AR IEE b (RN

R = nvh. (4)

R T, BB A K S A R T L
RO, T I B AZ AL F A S B A 5. e Ak Re
H B 8 1 2 # 4E K (Poly-Nuclear Growth, PNG)
2= A IR AR Y (birth-and-spread model)M 7 J) 4
S

R = c1h(Jv?)/3, (5)

b, o WAL TR R B 1Y ()
e =14, 453 (4) FOAT (5), S04 8 I

J=— (6)

T {110} T/ S B X1 G B, R ELA .
YL A RS> T R M i BB 1) BEAT
BIE, W LIS 2

J =C(InC/C)Y? exp[—ny?/2(ksT)? In(C/C,)).
(7)
Hdr kg, T, v 43510 Boltzmann 48 WL H55
TR A HAE TR O HEAE v LR A H
At o (J-em™2), BRI A HAE £ (J-em™Y) IRRN:
_ 2
= an ®)
Kk =2vvh/w. 9)

Horb o Jhy ¥ TR O AR R BRARRR, {110} THIZE A R
TCHI AT w =238 x 107 cem?; h 4 - 4EM

21

AW, h = 5.6 x 1077 cm (2 WL 3CHR [20] A1
[21]).

P DA b2, MR A vl 3 A R T o A
{110} THI FA2: ) A2 K40 RE R (110) J7 1] 1R °F-35 2 B
WL, VAT U T, G A RCR I RE o,
W A HAE k. SRRTE 2.

F2 AYMFERIBLEHENTESER
Table 2 Calculation results of effective surface

energies and ledge free energies

c G v/ J/ af K/
(nm/s) (um~2.s71) (J.cm™2) (J-em™1)
1.0 0.53 51.5 0.12 6.2 x 108 3.5 x 1014

AR o (5300 [22) i (28] 04550 —
B0 Sk [22] 35 4 Y 05
L KO, 350 o = 6.2 % 107 Jom ™2, BEF/E
KCHE g ik sRI2~20) Gy

r=tew (20 (G7) e () -1
o (~ Satar) (10

Driessche 251231 30 o 1 57 8 44 26 17 (9 - 4k e
ki, 193] o = 6.2x 1078 J-em™2, f ik £ 1 N3
— ) Y. IR R A AR SO IR AT R, A
T [RIFE A 35— 1 4 .

XF T {101} THI ¥ & B 8GR TH A8 o, AT ARYE
G T % VR T T R R {101} T AR T A R
3 (10) WHEASR], v = 3.0ksT (K; = 1), X5
Wik [27] S SCHR [22] 45— BT {101} TH Y
B K, BRI O HAE v SR
AE o, IRIL T HHAE » MRR N

gl

o= ik (11)
Kk ="yVh/$. (12)

X (11) Al (12) A S £ =1.5x 1071 J.em ™!,
a=43x10"8J-cm™2. K110} > K101y FHN T {110}
&M A EE (5.6nm) KT {101} [0 & B I R
(3.4nm). o {HFIFEL SCHER (23] B4 W&, KW
dn R {101} 20 h 28— ) - 4E oz A KB
TiAh, Galkin 5281 42 T DY J5 4 B R AR
[ =4 A%, 1558 o =6.4x1078J.cm™2. X
— 4 R IRATEL P AR {110} EA {101} H



22

] o AE AR — 50 M ELEX 2L 45 00T LUR ), A
i R R TR K ML 4R %G 2 = 4R,
ety A PAY S ) B AL X S BRI, o AR SR T ) (1 e e T
BB

AR 43 A B S AR T & B O S, B
F AR s A {110} AT {101} [IVE ) AR KA, H
XT {110} MM RZMEE R T {101} M. 2%k 4%
FREAK {110} K1 H WA KHE . fE P9
PRBRER (38 n, &R aE B R, B K S
B (110) J7 [m) 3 55 P 40 50 280 SR 6 5 0 T (001) T
). R4 20 L 9 A% B T DA 38 o PR
& W AT R T B8 & & BB L 1T Hh R

2% Xk

[1] Burton W K, Cabrera N et al. The growth of crystals
and equilibrium structure of their surfaces. Philos. T.

R. Soc., 1951, A243:299~341

Buckley H E. Crystal Growth. New York: John Wiley

and Sons, 1951. 243~244

Boistelle R, Astier J P. Crystallization mechanisms in

solution. J. Cryst. Growth, 1988, 90:14~30

Giegé R, Lorber B et al.

macromolecules:

(2

(3

[4

Crystallogenesis of biological

facts and perspectives. Acta Crystal-

lorg., 1994, D50:339~350

Yoshizaki I, Kadowaki A et al

lysozyme crystal growth. J. Synchrotron. Radiat., 2004,

11:30~33

Thomas B R, Vekilov P G et al.

mination and purification of commercial hen egg-white

lysozyme. Acta Crystallorg., 1996, D52:776~784

[7] Bi R C et al. Protein crystal growth in microgravity.

Sci. China (B), 1993, 23(11): 1153~1157. in Chinese

("L B4 D P E AR AR T EERA(B ),

1993, 23 (11):1153~1157)

Yu Y et al. Study on growth mechanism of lysozyme

crystal by batch crystallization method. Acta Chim.

Sinica, 2006, 64(12):1284~1290. in Chinese (+ k5. PEE

YOG R VDA 26 VA VR I A 1 O R AR ML P . A

##, 2006, 64(12):1284~1290)

Frank F C. Growth and Perfection of Crystals.

York: Wiley, 1958. 411~417

[10] Nakada T, Sazaki G et al. Direct AFM observations of
impurity effects on a lysozyme crystal. J. Cryst. Growth,
1999, 196:503~510

[11] Matsui T, Sazaki G et al. Impurity effects of lysozyme

5

Impurity effects on

6

Heterogeneity deter-

8

[9 New

molecules specially labeled with a fluorescent reagent on

[12]

[13

[14]

[16]

[17]

(18

[19]

[20

[24]

25

[26]

[27]

[28]

Chin. J. Space Sci. ZWEFZF IR 2009, 29(1)
the crystallization of tetragonal and monoclinic lysozyme
crystals. J. Cryst. Growth, 2006, 293:415~422

Kubota N, Mullin J W. A kinetic model for crystal
growth from aqueous solution in the presence of impurity.
J. Cryst. Growth, 1995, 152:203~208

Durbin S D, Carlson W E et al. In situ studies of pro-
tein crystal growth by atomic force microscopy. J. Phys.,
1993, D26:B128~B132

Chernov A A, Rashkovich L N et al. Kink kinetics, ex-
change fluxes, 1 D nucleation and adsorption on the (010)
face of orthorhombic Lysozyme crystals. J. Phys. Cond.
Matt., 1999, 11:9969~9984

Dold P, Ono E et al. Step velocity in tetragonal lysozyme
growth as a function of impurity concentration and mass
transport conditions. J. Cryst. Growth, 2006, 293:
102~109

Vekilov P G, Ataka M et al. Growth processes of protein
crystals revealed by Michelson interferometry investiga-
tion. Acta Crystallorg., 1995, D51: 207~219

Wim V S, George H G. Dynamical properties of
long wavelength interface fluctuations during nucle-
ation dominated crystal growth. Phys. Rev., 1986,
B33:4927~4935

Gilmer G H. Transients in the rate of crystal growth. J.
Cryst. Growth, 1980, 49:465~474

Weeks J D, Gilmer G H. Dynamics of crystal growth.
Adv. Chem. Phys., 1979, 40:157~228

Nadarjah A, Li M et al. Growth mechanism of the (110)
face of tetragonal lysozyme crystal. Acta Cryst., 1997,
D53:524~534

Rong L, Yamane T et al. Measurement and control
of the crystal growth rate of tetragonal hen egg-white
lysozyme imaged with an atomic force microscope. J.
Cryst. Growth, 2000, 217:161~169

Kazuo K, Satoru M et al. Interferometric study on the
crystal growth of tetragonal lysozyme crystal. J. Cryst.
Growth, 1996, 166:904~908
Driessche A E S, Sazaki G et al.

destructive observation of two-dimensional nucleation

Direct and non-

behavior of protein crystals by advanced optical mi-
croscopy. Cryst. Growth Des., 2007, 7:1980~1987
Chernov A A. Crystal Growth. Berlin: Springer, 1984.
127~128

Malkin A I, Chernov A A et al
dal face of dislocation-free ADP crystals: free energy of
steps. J. Cryst. Growth, 1989, 97:765~769

Chernov A A, Komatsu H. Science and Technology of
Crystal Growth. Dordrecht: Kluwer, 1995. 67~68
Durbin S D, Feher G. Crystal growth studies of lysozyme

Growth of dipyrami-

as a model for protein crystallization. J. Cryst. Growth,
1986, 76:583~592

Galkin O, Vekilov P G. Are nucleation kinetics of pro-
tein crystals similar to those of liquid droplets. J. Ame.
Chem. Soc., 2000, 122:156~163




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


