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　　　タ ンパ ク質を結晶化させ る際 に用い られ る添加剤の うち，高分子性結晶化剤 と塩 はもっ とも頻

繁に使用され ，結晶化の 成功率 も高い ．タ ン パ ク質分子間の 相互作用 に対 して ，高分子性結 晶化

剤 は
・一

般 に枯渇相互作用を，塩 は静電斥力の 遮蔽をもた らすと考 え られて い る．これ らの結 晶化

剤は併用され る こ とがほ とん どで あ る に もか かわ らず，それぞれの 効果にお互い に どの ような影

響を与えあ うのか ，に関 して調べ られた例 は少な い ．本研究で は，モ デル タン パ ク質 として グル

コ ース イソメ レ ース を用い ．高分子性結晶化剤 （ポ リエ チ レ ン グ リコ ール ）と塩 （NaCD の併用

が タ ン パ ク質分子間に どの よ うな相互作用を誘起す るの か調 べ た ．

1　 1ntroduction

In　protein　crystallization ，
　polyethylene　glycol（PEG ）is　one 　of　the　most 　popular　and 　successful

reagents ．　 It　has　been　proposed　that　the　depletion　m   han蛤m 　ofben 　used 　f（）r　colloid −polymer

mixtures 　is　 the　 possible　sQurce 　of 　attractive 　interactions　induced　by　PEG 　between 　protein
molecules ［1

−3］．　The　fact　that　the 乱ttra£ tion　strongly 　depends　mol   ula ご weight 　of　PEG 　supports

the　depletion　mechanism ．

　　In　addition 　to　PEG
，
　salt　such 　as 　NaCl

，
　is　the　another 　impor七ant 　reagent 　f｛）r　the　protein

crystallization ．　The 　electrostatic 　repulsion 　between 　protein　molecules 　must 　be　screen （Xd　by　ionic
reagents ．　In　fact

，
　the　combination 　of　PEG 　and 　salt   frequently　used 　to　produce 　protein　crystals

and 　marks 　high　success 　rate
，
　although　it　remains 　unclear 　how 　these　two　types 　of　reagents 　work

together 　in　protein　so1 皿tions．

　　 In　this　study ，
　we 　are 　interested　in　the　competition 　between　the　depletion　interaction　and 　the

electrQstatic 　interaction　acting 　on 　protein　molecUles
，
　and 　how　the　crystallization 　reagents 　such

a8 　PEG 　 and 　NaCI 　work 　to　induce　a 　net 　attraction 　between　them ．

2　 Experiments

The 　dyllamic　light　scattering （DLS ）was 　used 　to　quantitatively　measure 　the　in七eraction 　between

protein　molecules ．　The 　collective 　diffusion　coefHcient 　D 　obtained 　by　DLS 　is　the　fUnction　of 　the

volume 　fraction　of　proteinsφ，
　and 　is　approxirnated 　as

D ＝ De （1 ＋ λφ），

where 　Do 　is　the　diffusion　coef 丑cient 　in　the　diluもe　limit　and λ is　the　interaction　parameter ．　We

used 　a　protein 　glucose　isomerase　as　a 　model 　system ．　 The 　glucose　isomerase，　whose 　radius 　is
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about  4 nm,  is a  tetramer composed  of  four identical polypeptide of  molecular  weight  43000.

We  rneasure  A of  the protein sQiutions  with  or without  the  crystallization  reagents,  NaC]  and

PEG  and  see  how they affect  the interaction between prQtein  molecules.

3 Resultsanddiscussion

Figure 1 shows  the interaction parameter A

versus  the PEG  concentration  cpEG.  With-

out  NaCl  (solid symbols),  A was  almost  in-

dependent  of  cpEG  within  the  experimen-

tal error,  whereas  with  NaCl  (open sym-

bols), A decreases with qpEG  from a  positive
value  to negative  one.  These results  indicate

that PEG  and  NaCl work  coherently  in or-  
'`

der to introduce attraction  between protein
molecules.  This is why  PEG  is widely  used

with  salt  for protein crystalllzation.

   Our  crude  scenario  for the mechanism  of

this cooperative  effect  of  PEG  and  NaCI  is

as  fbllows. Glucose isomerase has net  negar

tive charges  on  the surface.  Therefore, there

are  strong  electrostatic  repulsion  between

molecules.  Although the solution  contains

counter  ions as  well  as  buffer ions (sodium
phosphate, 25 mM),  the Debye screening

length without  NaCl  is rather  long, esti-

mated  about  1.6 nm.  On  the other  hand,

to errter, overlap,  This length is rou

is in the range  of  a  few nm.  Therefore, if two

In other  words,  the  depletion is switched  off i

   In the presentation, we  will  discuss in

Monte Carlo simulation  results,  where  proteins

spheres.
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                                        molecular  weight  is 200e, squares;

                                        and  35000, triangles.

the depletion works  only  when  the two  
`depletion

 zone',  where  a  part of  polymers  are  prohibited

                              ghly approximated  as  the radius  of  gyration  of  PEG,  which

                                        protein molecules  cannot  approach  each  other

close  enough  to overlap  the two  depletion zones,  the depletion attraction  would  not  be induced.

                                      f repulsion  between the particles is too strong.

                                    detail our  experimental  results  in addition  to some
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the  one  with  NaCl  100mM.  The  PEG
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