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Abstract: we study ice crystal growth in AFGP and AFP solutions with phase contrast and
fluorescence microscopy in a 2-d growth apparatus and in free solution growth under various
conditions including microgravity. With fluorescence microscopy we have directly visualized
the protein dynamics at the interface of a growing ice crystal. Contrary to previous
understandings, the proteins become incorporated into brine veins and not directly into the crystal
matrix. Free-solution growth experiments show an anisotropic self-oscillatory growth mode of
the steps and interface near the freezing temperature. We will discuss the implications of our
results on the AFP/AFGP mechanism.

Key words; Ice crystal, Antifreeze glycoprotein, Self-oscillatory, Macro molecules, Impurity

effect,

AFGP
AFP

AFGP  AFP

1,2)

3)

AFGP

This document is provided by JAXA.



|—Au coated Cu block
| s Fig.2
® Capillary ) .
; s Thermistor AFGP 0.1mg/ml
................. ™ - +
AFGP solution """ Growth cell 0.21% 0.01
C

@  Ice nucleated in capillary Temperature controlled with
@  Single crystal reaches solution peltier coolers +0.005°C
®  Free growth in solution

Fig. 1

AFGP AFGP
AFGP
Fig. 1
Fig.2 i
15mm i iii
10mK
ON-OFF
1

+— position———»

0.21+ 0.01 AFGP 5u g/ml

This document is provided by JAXA.



2-d growth apparatus Protein location from flusrescent labeled

i:i.," Proteins labeled at the M-
terminal with FITC molecule

@ average intensity of vertical
line in yellow box give
protein distribution

Solution =———————- Tce

1) Solution in growth cell 16 mm % 76 mm
(.05mm

2)  Place in a lingar temperature gradient: 1.5K/mm

3 Single crystal is prepared with basal face
perpendicular to glass cover :

&) growth cell is moved towards the cold side with s mun

sle pperm vl

3 corresponding plot of
Intensity va positon
@ intensity in solution is used to

scale concentration

Fig. 3
AFGP AFGP
AFGP
AFGP
AFGP AFGP
AFGP
AFGP
AFGP AF-Protein
2600 8
FITC 389 494nm
Fig. 3 520nm
Fig. 3
2
50mm
AFGP exponential
AFGP
1
Fig.
4

AFGP

This document is provided by JAXA.



3

interface

T

i —_—
time
{} slope = interface propagation is same as growth cell movement

Positive slope = interface propagation 15 faster than growth cell movement

|
:
3. Negative slope = interface propagation is slower than growth cell movement

Fig. 4

AFGP
AFGP
AFGP

(diffusion coefficient) (detachment
r ' coefficient)
\ '0 min’
|\ —— '6 min 4

4 12 min’* .
L ke 15 min' AFGP 0.1
Y 0.5mg/ml( 0.001 0.05wt )
e
e h:.:\:'-,“'h':s-_.,,_...,.._
Fig. 5
AFGP
2 1) Y.Furukawa, N.Inohara, E.Yokoyama: JCG
275(2005)167-174.
2) Y.Nishimura, Y.Furukawa, E.Yokoyama: To be
Fig. 5 submitted.
3) S.Matsumoto, M.Matsusita, T.Morita, H.Kamachi,
exponential S.Tsukiyama, Y.Furukawa et al.: Cryobiology in

press.

This document is provided by JAXA.





