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　　　　A縦insect（謡玉exもracS　f◎r　cel圭一freeもraRS圭aも孟。τ毫was　prepared　us呈．㎎a醗滋一Bo羅b　ce1至

（誕sr疑Pもio鍛chamb¢r，　a　u類（甚慧e　device脚hich（嚢sr糠ρもs　bめ玉（）9ica護搬aもer童dS　by　a至もer㎏もhe　pressure

◎nthese搬就erialS．　The㎏hesもpoもen翻exもract　fbr　cett－free　trans豆at重on　was　prepared　fご。澱

the　cell　suspension　at　a　deRsi£y　of　1．0×108　cells／mi，　then　disrupted　at　a　nitregen　pressure　of

10　kg／cma．　Furthermore，　synthesized　proteins　were　stable　in　this　extract，　but　were　degraded　by

prote血ase㎞ah¢x．tract　prepared　with　a　Potter－Elve】njem　homogerrizer。　The　insect　cen　extract

showed　efficient　activity　for　translation　of　protein　2a　axxd　coat　protein　of　the　brome　mosaic

virus，　while　inefficiently　translating　protein　l　a　and　protein　3a．　On　the　other　hand，　mainly

protein　3a　and　coat　protein　were　translated　in　a　wheat　genm　system，　while　mainly　proteins　2a

and　3a　were　translated　in　a　rabbit　reticulocyte　systern．　The　insect　cell－free　system　appears　to

possess　an　unusual　property　for　enhancing　translation　of　exogenous　rnRNA，　making　it　differeRt

from　the　rabbit　r銚iculocyte　and　wheat　ge㎜systems．

INTRODUCTION
　　　　Several　types　of　cell－free　translation　systems，　e．　g．，　wheat　germ　（Erickson　and　Blobel，

1983），　rabbit　reticniocytes　（Jackson　and　Hunt，　1983），　Escherichta　coli　（Chen　and　Zubay，

1983），　yeast　（Hussain　and　Leibowitz，　1986），　CHO　（Moldave　and　Fischer，　1983），　Ehrlich

ascites　tumor　cells　（Hensh，　aw　and　Panniers，　i　983）　amd　many　other　sources，　have　been

developed．　Arnong　these，　the　traditional　systems，　i．　e．，　wheat　germ　extract，　rabbit

reticulocyte　lysate　and　E．　coli　extract　systems，　are　widely　used　for　synthesizing

endogenous　and　artificial　proteins　for　characterization　ef　the　protein　or　in　order　to

elucidate　the　translational　mechanisms．　The　productivitieg，　of　these　traditional　systems

have　steadily　increased　（MadiR　et　al．，　2000；　Kawarasaki　et　ag．，　1995；　Nakano　et　ag．，　1994；

K㎞θ‘砿1996），撫。烹1gh誌iss麗（慰負α丑tt◎c◎即欝伽？加owiもh魏・v伽ophe嚢◎聡聡
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us．ing　the　same　sources．　Cell一一free　protei．n　synthesis　systems　from　cultured　cell，s　have

beeR　developed．　｝lowever，　the　raajor　disadvaRtage　of　these　enkaryote　eell－free　systems　is

co／ifrtparatively　low　pretein　produetivity．　With　atterapts　to　increase　the　productivity　of

exis’ting　systeins，　the　development　of　a　new　system　derived　from　another　source　has　been

aれもicipated．

　　　The　insect　cell－baculovirus　expression　system　ha＄　been　used　for　high　level　expression

o．f　a　wtde　variety　of　re¢ombiRttnt　proteiBs．　IRsect　cel｝s　iRfeeted　with　a　recombi．i｝aRt

baculovirus　have　the　po’tential　to　produee　large　amounts　of　foreign　proteins　when　gene

expressi◎n　is　reg嚢1aもed．　by　the　vαy　laもe　polyhedr㎞a轟d　p1◎pro澱。もers（鷺araθ孟砿玉993；

Lukow　and　Summers，　11988；　Vlak　et　at．，　1988）．　Many　mammal，ian　protei／ns　which　require

pos旗a簑slatめ簑al　mod重fication＄have　beeR　s疑ccess鰻1y　expressed　in　rec◎貰．藁．bi貧a貧t

baculovirus　infected　insect　ce｝ls　（Lukow　and　Summers，　1988）．　These　posttransl．a’tional

modificatio．ns　which　inc｝ude　glycosylation，　eis－tra7？“s　i　sonierasatien　ef　prolyl　residues　aRd

di＄ulfide　bond　formation　occur，　or　are　facilitated，　within　the　secretory　pathway　of

eukaryetic　cells．　Therefore，　reeombinant　proteins　that　have　to　undergo　these　moClifi－

cぬ◎漉smus1もbeもargeも愈d　t◎the　ce1董ular　seαetory　paもh．way．　A　ce尺一free鋤a嚢slati◎勲、　sysもem

derived　from　insect　cells　described　by　Scheper　et　aL．　（1997）　had　the　properties　of　the

untranslated　regien　（UTR）　of　the　bacu｝ovirus　p　l　O　mRNA．　This　systera　was　prepared

using　a　method　of　Drosophiga　cell－free　system　axxd　the　productivity　and　the　charac－

ter玉sもics◎f嶽e　sysもem　were　noも（iescribed．

　　　In　order　l　o　prepare　a　highly　efficient　cell－free　protein　symthesis，　syf，　tem，　it　is　of　the

utm◎st㎞P（〉嬬ance　t（）9xtract　c◎mpo鍛enもsもhat　partえcipaもe拠pr◎もe盈sy難もhesis　wま．も紮h嬉h

efficiency．　．Furthermore，　traditiuna｝　cel｝一free　protein　Symthesis　systeras　such　as　the　wheat

germ　and　rabbit　reticUlOcyte　cell－free　systems　carmot　synthesize　glycosyぬted　prote㎞。　To

produce　gly（rosylated　protein，　the　addition　of　canine　panereatic　microsomes　to　the

traditional　cell－free　protein　syn，thesis　sys　tem　is　n，ecessary　（Walter　and　Blobel，　1983）．

Wh¢at　ger獄is　disrupted　by　g撫di貧g　a繋d　reもiculocyもes　bu臨i嚢wa纏，　such撫aももhe

microsome　in　the　wheat　gerrn　extract　and　reticulocyte　lysate　may　also　be　disrupted　or

bursL．　Likewise，　inost　extracts　de｝rived　frora　cultured　ee｝ls　are　swe｝led　in　hypotoRic　buffer

and　disrupted　with　the　use　of　a　tight－fitting　Dounee　homogenizer　（Moldave　and　Fischer，

1983；　HeRshaw　and　PaRniers，　i　983），　iR　w／hieh　inicrosemes　may　also　swell　aRd　m’iderge

homogenizat，ion．　The　osmotic　shock　can　lead　to　inefficient　translation　and　failure　of

posttraRslat20R．

　　　The　Miirti－Bomb　cel，1　disruption　charnber　（Mmi－Bomb）　is　a　unique　device　designed　to

disrupt　mally　biological　rfiateria｝s　while　al，lowing　high　actMty　tg　be　preserved．　kKhe

MinFBomb，　cerrtpres＄ed　gas　frora　a　standard　high－pressure　tank　is　applied　to　the

biological　material　att．he　desired　pressure．　．Following　equilibration，　the　sample　is　re．leased

through　a　Reedle　valve．　The　sudden　decompression　causes　controlled　disruption　of　the

bioiogical　material．　ln，　a　recent　study　（Tarui，　lmanish．i　and　Hara，　unpublished　results），　we

㎞鍵od慧cedもhis　deVice　t◎ac㎞ev＄disr慧pti◎鼓（＞f圭縦se蕊ce慧s撫or（蓬er　t◎pr｛≧P鍵e　aR¢：～ζもracも

for　cell－free　protein　synthesis．　We　found　t；he　insect　cell－free　system　obtained　to　be　capa－

b沁of　translaも魚g　ex：oge登◎嚢s　mRNA¢fficie鷲1y　a盤d◎fξ；1ycosy董aも鎗g撫e蕪asce繋t

po｝ypeptide　in　intact　microsomes．　However，　the　optimal　conditions　for　cell　disruption

with　the　Mmi－Bomb　were　net　established．　Moreover，　the　insect　ceR－free　system　was　not

fully　charaeterized．
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　　　IR　this　experimeRt，　the　opttmal　coRditicr｛s　for　cell　disruptiox　with　the　Mini－Bomb，

aimed　at　preparation　of　an　insect　cell　extract　retaining　trallslatioR　activity，　were　deter－

mined．　ln　addition，　we　also　found　that　the　iRsect　cell－free　system　had　translatability

different　from　that　of　the　wheat　germ　extract　and　retieulocyte　lysate　systems．

MATERIALS　AND　METHODS
Ce】ほ。猛至t皿re　co】【塾ditio］【ls

　　　The　IPLB－Sf21－AE　ll　（Vaughrt　et　al．，　1977）　was　routinely　maintained　as　a　spinner

c撮ture　at　27℃at　densities　between　O．l　and　l．5×106　cens　per　m㎜ter血IP圃medi㎜

（Gibco　BRL　Life　Science＄）　supplemented　with　100／o　（v／v）　heat－inactivated　fetal　bovine

serum　（Gibco　BRL　Life　Sciences）．

PreparatieR　ef　insect　eell　extract

　　　Ce｝ls　were　harvested　at　a　deRsity　ef　1．O×106　cells　／mi　（4．O　X　Ie8　eells　tota｝），　theft

washed　three　times　with　extraction　buffer　（40　rnM　Hepes－KOH　pH　7．95　at　250C，　100　mM

KOAc，　1　mM　Mg（OAc）2，　2　mM　CaC12，　4　rnM　DTT）．　The　cell　pellet　was　resuspended　in　a

half　volume　of　extraction　buffer　（approximately　1．0　×　108　cells／ml）．　The　cells　in　the

extractioR　buffer　were　traRsferred　to　the　cold　MinFBerab　cell　disruption　chamber

（KONTES　G｝3ss　CompaRy，　ViReland，　Nj）．　The　cell　suspeRsieR　was　pressurized　aRd

allowed・t◎eq瞳braもe・fOr　3◎m鎗aも類tr◎ge嚢pressure　of　1◎kg／c澱2．　The　ce丑s　w破e　theR

disrupted　to　fiow　viRder　atmospheric　pressure　at　the　fiew　rate　gf　4　fftYmin．　This

preparation　（“pressate”）　was　kept　on　ice．　The　effieiency　of　cell　lysis　was　cheeked　by

count血g　the　cels　tn　a　lysate　d且uted　with　extraction　bUffer　and　sta血ed　with　trypan　blue血

a　henrtocytometer　under　a　microscope．　For　the　Potter－Elvehj　em　homogenizer，　a　cell　sus－

peRsiolt　at　a　deRsity　of　1．0×　108　cells／ml　was　homogenized　wtth　5　stroke＄　ef　the

raotor－driveR　Petter－Elvehjera　hoffiogeptzer　at　500　rpm．　The　disrupted　eells　were　ceR－

trifuged　for　15miri　at　14eOe　rpm　at　4　eC　ir｛　a　SW4eTi　rotor．　The　pellet　was　discarded　aRd

the　supernataRt　（approximately　2　ml）　was　collected　and　chroirtatographed　through　a

Sephadex　G－25　fine　colum　（16．0×1．O　cm），　previously　equilibrated　with　co｝imm　buffer

（40　mM　Hepes－KOH　pH　7．95　at　250C，　IOOmM　KOAc，　5　mM　Mg（OAc）2，　4　mM　DTT）．

Fractions　of　O．5　mi　were　eluted　with　the　same　buffer．　The　two　fractions　with　the　highest

RNA／protein　concentration　were　pooled　and　aliquoted，　imrnediately’　frozen　in　｝iquid

nitrogeR，　aRd　stored　at　一80“C．

　　　Prior　te　iisiRg　the　extract　for　celYfree　protein　symthesis，　eRdegeReus　mRNA　was－

digested　with　micrococcal　nuclease　（Pelham　and　Jackson，　1976）　as　follows：　1　pal　of

nuclease　（1000　U／mi）　and　2　pt1　of　4e　mM　CaCI2　were　added　to　20ptl　of　extract　diluted　with

the　same　voluine　of　water　and　incubated　for　5　itm　at　200C．　The　digestion　was　stopped　by

addition　of　2　pt1　of　80　mM　EGTA．　After　the　digestion　reaction，　3．5ptl　of　creatine　phos－

phokinase　（IOmg／m｝　dissolved　iR　I　O　raM　Hepes－KOK　pH　7．95）　were　added　te　the

数積dease一もreaもed　extracも．

Ce簸一」臣ee　prote目皿syn漁esis

　　　The　trlsect　cel－free　prote血synthesis　reaction（5μD　conta血ed　3．2μl　of　insect　cel

extract，　20pag／m｝　of　BMV　mRNA，　20．6mM　Hepes－KOH　（pH　7．95　at　25”C），　1．5mM
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Mg（OAc）2，　100　mM　KOAe，　2．5mM　DTT，　1．2mM　ATP，　O．25mM　GTP，　444pag／mi　creatine

phosphokinase，　8．0　mAM　c’reatine　phosphate，　O．25　mM　spermidine，　O．32　del　of　biotinylated

Iysyレt　RNA　and　25μM⑪f　19　am血。　acids（mhms　lysinの．　Assays　were　carried　out　at　27℃

for　90　min．

Detectien　ef　symthesized　pretein

　　　A｝iqitots　fr◎瓢もhe　p蹴eiR　sy識thesis　reacもa矯were　dissdv五重n　SDS－samp圭e　buffer　and

bo艶（i　for　5】漁．丁簸e　ob漁拠e（i＄amples　were　elecもroPれoresed　on　10％P◎1yac】酬a搬童de　ge1＄

もogeもher　wi捷mdecular　weighも搬arker＄（Bめ一Rad）．　Follow蟄g　e1愈。もroph（）resis，　bioもiny－

lated　polypeptides　were　traRsferred　to　PVDF　membranes．　NoR－specific　binding　sites

were　blocked　by　incubation　in　50／o　g．　kim　rnilk　dissolved　in　PBS　for　1　h　at　room　ternperature．

After　washng　the　PkDF　membranes　three　tirries　with　PBS　containing　10／o　rlXNeen一…20，　the

membranes　were　incubated　with　1／1000　diluted　streptavidin　conjugated　horseradish

peroxidase　（HRP）　（ArrtersharR　Pharmacia　Biotech）　for　li　h．　Foilowing　washirtg　as　described

above，　the　transferred　proteirts　were　incubatecl　with　E　CL　reagents　（Amersham　Pharmacia

Biotech）　for　1　rr｛iri　accerding　to　the　supplier’s　．irtstrnctioRs．　The　biotinylated　bai｝d＄　were

磁su段嚢zed　by　exposure乞（）an　Xイay趣戦（Fuli　photo　f㎞）．　Quantiもat玉on　of　pro（沁cts　was

carr圭ed◎ut　usin9撫e　comPut韮ng　densito1嚢eもer王盤age　Q嬢ant（．Mo圭ecu玉ar　Dyn麟嚢cs）．

N2　gas

B　Cell　suspension

　購
SlllS

轟…禰

Mini－Bemb
cell　disruptien

chamber

Disrupted　cells

Fig．1．　Mjni－Bomb　cell　disivption　chamber．
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D叢sruptio無ef践¢ie鍛cy　w韮th　MiRi－Bo搬b¢e｝1《濾sruptiOR　eha澱ber

　　　W漁the　aim　of　exもracもing　i厩aeも鞭a識＄1aもio白熱哉。㎞ery，　the醗面一B◎mb　was“s¢d宅o

hreak　the　cell　membraRe．　The　MiRi－Boirltb　is　a　device　desigRed　to　disrept　biologlcal

raateri．a｝s　with　nitrogeR　pressure．　Figure　1，　ll，｝’u＄’trates　the　Mirti－Bornb．　The　ced　g．　u＄x＞eri－

sion　e，f　bi，ologica｝　materia｝s　iri　the　Mini－Bemb，　was　piaced　under　pressure，　fro｝n　nitrogen

gas　derived　by　a　pressure　tank，　and　equilibrated　for　an　adequate　time．　The　needle　valve

was　opened　gently　and　slowly　such　that　the　entire　suspension　was　extruded　through　’the

orifiee．　Alteration　of　nitrogen　pressure　ai），d　fl（，）w　rate　resulted　in　controlled　disruption．

Fu／　the．rmore，　nitrogen　gas　prevents　the　biolog，．　ictal　materials　from　oxidating．

　　　The　pressure　placed　on　the　cell　suspen＄ion　might　be　the　most　remarkable　factor

con’tributing　to　the　disruption　of　cellg．　while　allowing　translational　efficiency　to　be
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Fig．2．　Disruption　eff量ciency（）f＄脂玉¢醗sミ蒸s斑g漁e鍵㎞i－Bomb

　　　　　　ce玉至　d韮sr建P雛◎R　ch銭職b愈r　a鴛d　も鼓愈　PG慧er－E至V｛｝㎏e澱

　　　　　　kgi￥iogenizey．

　　　　　　Sf2i　ce取瞳．O×1（ド。麟＄）＄㈱脚翻。難si想播1◎fex惹rac一

　　　　　　雛on　bu鐸e！うwer愈茎擁a（）ξ｝d董Xl　a〈こ〇三《i　Mii’ti－Bo搬b　an（iもhe蓑

　　　　　　equ油rated致）r　30癩事触ヒ縫載r賊fogen　gas　pressure，　as

　　　　　indicated．　The　suspensions　we．　re　then　re｝eased　frorn　the

　　　　　Mini－Bomb　at　a　flow　rate　of　approximately　4　mYmin．

　　　　　The　suspended　cells　were　also　disrupted　by　5　strokes　at

　　　　　500rpm　with　a　motor－drive：r’z　Potter－Elvehjem　homoge一一

　　　　　nizer．　The　disrupted　celas　were　stained　with　trypan　blue

　　　　　to　visualize　the　nuclei　and　counted　in　a　hemocytometer

　　　　　under　a　microscope．　lncoxnplete　disruption　was　indicat－

　　　　　ed　by　persisting　nuelei．　rl’he　ruimber　of　cells　disnipted

　　　　　completely　or　incompletely　wug．　indicated　as　solid　bars　or

　　　　　hatched　bars，　respeetively．　Open　bars　indicated　undis－

　　　　　rupted　cells．　Tke　disruptiori　e£ficiency　achieved　with　the

　　　　　Potter－Elvehjem　homogex｛izer　is　indicated　by　colum　H．
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retained．　Figure　2　shows　the　effect　of　nitrogen　pressure　on　the　degree　of　cell　membrane

disruption．　When　a　nitrogen　pressure　of　5　kg／cm2　was　applied，　the　membran　es　of　haif　of

all　cells　placed　in　the　Mini－Bomb　were　ruptured，　though　nearly　400／o　of　the　nuclei

remained　intact．　More　than　800／o　of　cells　placed　in　the　Mini－Bomb　were　disrupted　at　a

nitrogen　pressure　of　15kg／cm2　or　higher．　Even　though　the　higher－pressure　treatment

resulted　in　more　efficient　disruption，　nuclei　and　other　organelles　were　more　like1y　to　be

damaged，　resulting　in　contamination　of　the　pressate　with　these　components．　ln　contrast，

lower　pressure　（2　kgtcm2）　treatment　caused　inefficient　disruption．　Only　about　300／o　of　all

cells　were　disrupted　when　the　motor－driven　Potter－Elvehjem　homogenizer　was　used．

Furthermore，　half　of　the　cells　placed　in　the　Potter－Elvehjern　homogenizer　were　disrupted

incompletely　and　cytosol　of　the　cells　remairted　with　partially　damaged　cell　membranes．
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Fig．3．　Effect　of　nitrogen　gas　pressure　on　protei皿productivity　of　the　i皿sect　ceH　extract．

　　　　　　（A）　Follovvirtg　preparation　of　the　insect　cell　extracts　from　4．0×108　cells　disrupted　using

　　　　　　the　Mini－Bomb　cell　disruption　chamber　at　nitrogen　pressures　of　5　（lanes　1，　2），　10　（lanes

　　　　　　3，　4）　and　15　（lanes　5，　6）　kg／cm2，　translational　reactions　were　carried　out　with　aanes　2，　4

　　　　　　and　6）　or　without　（lanes　1，　3　and　5）　BMV　mRNA　in　the　presence　of　biotinylated

　　　　　　lysyl－tRNA，　as　described　in　Materials　and　Methods．　Biotinylated　polypeptides　were

　　　　　　separated　on　a　12．50／o　SDS－PAGE　gel　and　transferred　to　PVDF　membranes．　The

　　　　　　biotinylated　bands　were　visualized　using　HRP－streptavidin　and　an　ECL　kit．　（B）　Relative

　　　　　　productivity　was　densitornetorically　estimated　by　calculating　the　amounts　of　protein　2a

　　　　　　and　coat　protei皿synthesized．　The　amounts　of　protein　2a　and　coat　prote血synthesセed，

　　　　　　血the　extract　prepared　with　a　nitrogen　pressure　of　10kg／cm2，　were　each　set　at　100％．
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Cell－free　translatieR　of　BMV　mRNA

　　　The　irisect　cell　extrac’t　p／　eparation　and　the　condition，s　ef　cell－free　translatien　were

based　on　a　rftethod　described　by　Eriekson　and　Blobel　（i983）　for　preparatioR　af　wheat

germ　Gxtract，　w宝th曲or搬od雌ca滅on＄。　Ce聾一f欝もra簑s圭aもi◎n鎗an沁s¢ct　ce登exもrac細as

carried　out　with　addition　of　brorne　mosaic　virus　（BMV）　mRNA　as　an　exogenous　mRNA．

The　BMV　has　three　genornic　RNAs　（RNAs　1－3）　and　one　subgenorRic　RNA4　（Shn　et　ag．，

1972；　a976；　Basti，n　et　al．，　1976）．　RNA．1…3　aRd　subgeRoinic　RINA4　code　proteins　l　a，　2a，　aRd

3a　and　coat　protein，　respeetively．　wrien　the　BMV　mRNAs　were　translated　in　the　insect

cell－free　system，　mainly　two　types　of　protein，　i．　e．，　protein　2a　and　¢oat　protein，　were

synthesized（F嬉．3A）、　He簑ce，癌thi＄experiment，もhe　pr◎も磁n　pr◎duc穏viもy　of　the短sect

cell一．free　system　was　monitored　according　to　the　amounts　of　protein　2a　and　coat　protein

syRthe＄ized．

Opti．mal　disruption　conditions　with　the　Mini－Bemb　cell　disruption　chamber

　　　Optiffta｝　disruptioR　coTiditigks　for　preparingL　a　high　prectuetivity　extract　were　sys－

tematically　determined，血t◎rms　of醸rogen　pres＄ure，　cell　dens玉ty　upoR　placement　in　the

Mini－Bomb，　equi，1，ibration　ti．me　and　flow　rate．
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Fig．4．　Effe（臨◎f　ce玉戸d奪難s建y　on　pro鉄きi装pr◎d噴く路玉v黙y◎f　ins¢（臨

　　　　　cen　ex’tract．

　　　　　F◎嚢◎wingもhe脚eement◎f臓e　cd韮Sl．lspeRs三◎燕s滋

　　　　　varめ難s　de飛sit三es＆S三飛dicaも磁頭沁綴e漁．．ii－Bomb，も恥

　　　　　suspensions　were　＄ubjected　to　I　O　kg／cm2　nitrogen　pres－

　　　　　sure　and　al｝owed　te　equ通br就磁for　30　m加．　Afもer　disr囎一

　　　　　もk｝数，もhe　ex慰r盆（慮＄　轡ere　茎）r磁欝農red　fr（｝撚　t銭ξ｝obもaiR穆（ミ

　　　　　press，　ate　as　described　in　Materjals　and　Methods．　After

　　　　　tran＄lation　with　BMV　mRNA　in　the　extracts，　biotinylated

　　　　　pr◎duc乞s　were　d就ec乞ed　us聴｝！RP－stre髄avid重n　and　a捻

　　　　　£CL　k呈も，　as　deser呈bed　in　Mater圭a至s　aRd蟹《鶏h◎ds。　The

　　　　　produet　amounts　were　estimated　densitometorically．
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　　　Firsも，もhe　e£艶。も◎f搬鋤oge簸pressure◎澄pr◎te血productivity　Was　exa惣ed（Fig．3）．

Harvested　cells　（4×　108　cells）　were　resuspended　to　4　ml　in　extraction　buffer　and

subjected　to　a　pressure　of　10　kgtcm2　for　30　mn，　after　which　the　eells　were　disrupted　wtth

decompressiort．　The　extracts　derived　from　the　pressate　prepare’d　at　a　iiitrogen　pressure

of　10kg／cm2　had　the　highest　productivity　of　both　protein　2a　and　coat　protein．

Higher－pressure　treatmeRt　disrupted　iRsect　cells　efficieRtly，　but　redl」ced　the　proteik

preductlvity　of　the　obtained　extract．　Higher－pressure　t’reatmerit　appear＄　to　be　excessive

for　preparing　the　extract　for　cell－free　translation，　as　the　translation　inachinery　may　also

be　da買茎aged　wiもh　higher　nitl畢oge簸pressure．

　　　Secondly，　the　irtfluence　of　suspension　at　various　cell　densities　applied　to　the　ehamber，

on　the　protein　productivity　of　the　obtained　extract，　was　exainined．　Harvested　cells　were

resgspeRded　to　4　ral　ir｛　extractioxx　buffer　at　various　cell　deksities　aRd　subjected　to　a

pressure　ofエ◎kg／cm2　for　30　min，　after　which　the　cells　were　disrupted　with

decompression．　Figture　4　show＄　the　protein　productivity　of　the　obtaned　extract．　The

highest　pf◎d嚢。もiviもy　was　observed溢癒e　extracもprepared　fr◎：m　ce丑s這spe簑si膿s◎f　L◎

and　1．5×108　ceUs／血1，　which　represent　the　suspension　tn　the　buffer　of　half　of　the　pac：ked

eell　volume　aRd　the　cell　pellet　obtained　with　centrifugation　at　600×　g　for　10min，
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　　　　　0

　　　　　　　　　5　le　15　3e　60

　　　　　　　　　Equilibration　time　（min）

F嬉．昏．鷺鎚ecも0£e（刀銭ibra雛◎R宅㎞e◎三｝pr◎右e血prodUC縫vi砂。

　　　　　　恥恥轍9雛e幽ce搬e薙of　ce銭suspe難si◎ns（L◎×1◎8

　　　　　　cells／ml）　inte　the　Mini－Bomb，　the　suspensions　were

　　　　　　subjected　te　10kg／cm2　nitrogen　pressure　and　allowed　te

　　　　　　e（茎級銭重麦）raもe　f（＞r　var圭◎慧s　慧澱es．　A魏e罫　disyUl）縫◎R，も蓋e

　　　　　　extracts　were　prepared　from　the　obtained　pressate，　as

　　　　　　described　in　Materials　and　Methods．　After　trans1ation

　　　　　　wi撫B瓢V醸NA　j㎞もhe　exもracts，　biot熱ylate（童pr（）d疑cts

　　　　　　w¢re　deもec舵d　usi灘g醸P－sもrep乞avi（掘aRd＆R£CL　k呈も，

　　　　　　as　described　in　Materials　and　Methods．　The　produet

　　　　　　amounts　were　estirnated　densitometorically．
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respectively．　These　resuks　indicate　that　the　M／ini一一一Bomb　has　the　ability　to　officiently

extract・　intact　translat，ion　maehinery　from　cells　suspe．nded　at　a　high　density．

　　　Next，　the　effeet　of　equilibration　tirne　on　the　’protein　productivity　of　the　extraet

prepared　from　press胡馬s　Obta無ed　us重塗g　various　eg嵐麟b職もion　times　was　exa踊n融d．　Afもer

apptyirig　a　pressure　eH　O　kg．　／c．．ra2　on　sgispeRsioRs　ef　1．0　×　］．08　cellsfmi，　the　suspexsioms．　were

equilibrated　for　desired　periods　（Fig．　5）．　We　found　that　the　cell　suspension　needed　to

equjllibrate　for　at　leas　t　1，5．　m，i，n　to　acquire　efficient　translation　activity．　At　this　tirn，e　point，

重；he　nitrogeR　gas　may　preve難もthe　pressaもe食。澱beまn＄Oxま（蓬ized　a塗d　iRacもivated．

　　　FiRa｝｝y，もhe魚貨肥州。礁◎fもhe且◎w　rate　at　the　decompressi◎n　sも¢P　O繋pr（）tei繋

product，ivity　was　exanti．ncxct．　Extract・s　derived　from　the　pressate　extruding　through　the

ori／fice　at　flow　rates　of　12，　4・　and　1　mYmin　produced　essentially　the　same　amounts　of

protein　2a　and　coat　pretein　（data　not　shown）．　The　flow　rate　thus　had　no　infiuenee　on　the

proもein　pr◎（iucも重viもy　of　the　o妻）もaiRe（i　extracもs．

Translation　efficiency　and　stability　of　synthesized　proteins

　　　To　clarify　the　use．fulness　of　the　Mini－Bomb　for　producing　the　extract　for　cell－free

pr◎もein　syn撫esis，　the£r闘＄laもion　effidency◎f撫e　inse（篤ce｝｝exζracもwas　comP撚磁wi撫

that　of　the　extract　preparc’d　with　the　Pgtter－Elvehjem　homegekizer．　r］］he　i／yis．　ect　cel｝

extract，　was　prepared　with　the　MiRi－Bomb　or　’the　motor－driven　Potter－Mvehjem

homogenizer　under　opttmal　conditions，　determined　in　accordance　with　the　amoun’t　of

prQtein　pro（iuced　in　a　90丁血period（for　Potter－Elvehjex￥i　homogenizer，　data　not＄hown）．

The　extracts　prepared　wi’t，h　the　Mmi－Bomb　and　the　Potter－E｝vehjem　homogenizer　had
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Fig．　6．　Time　course　of　protein　syiithesis　in　inseet；　ced　extracts　prepared　with　the

　　　　　Mmi－Bovab　and　the　Potter－Elvehjera　homogerLimer．

　　　　　Tra訣sl滋三Q銑r鰍。嫉◎登s　were　carried◎就w魏熱．　B瓢V搬R舞A　i嚢i汽sect　c磁s

　　　　　preρared　w鶏h伽蟹蝿一B。紬（●，動◎r細賊総r－Elvekjera　homOgeRizer

　　　　　（○，口），as　described玉n・Mater圭a蓋s　and漉撫。嬢＄。　Re1就ive　producもi嘘y　was

　　　　　estimated　ctensitometorically　by　calculating　the　amounts　of　protein　2a　and

　　　　　coat　protein　synthesized．　The　amount＄　o．　f　protein　2a　and　coat　protein

　　　　　synthesizecl　in　the　each　of　the　extracts　were．　＄e’t　at　100｛Yo．
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Insect
cell

extract

Rabbit　Wheat
reticulocyte　germ

lysate　extract

Protein　2a

Protein　3a

BMV　mRNA　一　十　一　十
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Fig．　7．　Comparison　of　translational　profile　among　various　cell－free

　　　　　　systems．

　　　　　　Translation　of　BMV　protein　with　the　insect　cell－free　system　was

　　　　　　carried　out　in　the　presence　of　biotinylated　lysyl－tRNA　under　the

　　　　　　optimal　conditions　as　described　in　Materials　and　Methods．

　　　　　　Cell－free　translations　with　wheat　germ　extract　and　reticulocyte

　　　　　　lysate　were　carried　in　the　presence　of　biotinylated　lysyl－tRNA

　　　　　　according　to　the　supplier’s　instructions．　Reaction　mixtures　of

　　　　　　，5　mi　were　separated　on　a　12．596　SDS－PAGE　gel　and　transferred

　　　　　　to　a　PVDF　membrane．　The　biotinylated　bands　were　visualized

　　　　　　using　HRP－streptavidm　and　an　ECI」　kit．

similar　rates　of　protein　synthesis　（Fig．　6）．　Translations　of　both　protein　2a　and　coat

protein　persisted　for　about　90min　in　the　insect　cell　extracts　prepared　with　the　Mini－

Bomb　and　the　Potter－Elvehjem　homogenizer．　After　termination　of　the　reaction，　the

synthesized　proteins　were　stable　in　the　reaction　mixture　of　the　extract　prepared　with　the

Mini－Bomb．　ln　contrast，　both　protein　2a　and　coat　protein，　synthesized　in　the　extract

prepared　with　the　Potter－Elvehjem　homogenizer，　were　degraded　over　time　and　about

600／o　of　synthesized　coat　protein　had　degraded　within　180　min．　Potter－Elvehjem　homog－

enizer　treatment　may　disrupt　lysosomes　and　release　proteinase，　leading　to　the

degradation　of　synthesized　proteins．

Comparison　of　translational　ability　among　various　cell－free　systems

　　　To　clarify　the　specificity　of　the　insect　cell－free　system，　BMV　mRNA　was　translated　in

the　insect，　wheat　germ　and　rabbit　reticulocyte　cell－free　systems．　When　the　BMV　mRNAs

were　translated　in　the　insect　extract　system，　mamiy　two　kinds　of　protein，　i．　e．　protein　2a

and　coat　protein，　were　synthesized　（Fig．　3，　7）．　However，　protein　l　a　and　protein　3a　were

not　clearly　visualized．　ln　contrast，　protein　2a　and　protein　3a　were　mainly　detected　in　the
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reticulocyte　｝ysate　system，　and　protein　3a　and　eoat　protein　in　the　xvheat　germ　extract

syste，　m．　Thus，　the　translation　of　BMV　mRNAs　was　controlled　in　a　cell－specifTic　man．ner．

These◎bservaもi◎Rs　s這99esもtraRs｝atめ難a三regulatめ嚢◎f　the　i登sect　ee11もransまati◎難

machi，nery　to　be　specific　to　the　wheat　germ　or　rabbit　reticulocyte　systems．

DISCUSS．IO’N

　　　The　Mini－Bornb　cell　disruption　chamber　is　an　apparatus　designed　to　achieve

disruptj，on　of　several　materials　including　cells　and　intracellular　components．　Gas　from　a

high，一pressure　taRk　is　iRtroduced　iRto　the　Mini－Bomb　where　it　is　applied　to　iridividual

cel｝s　（．iuring　the　pressure　cycle．　When　the　pressurized　cell　suspeRsioR　is　suddctsnly

exposed　to　atmospheric　pressure，　the　gas　expartds　and　ruptures　the　cells　forrning　a

pressate．　Unkke　mechanicai　shearing　metkeds　based　oR　the　Potter－Elvehjem　horaeg－

enizer　or　the　Dounce　hemegenizer　which　re｝y　oft　bringing　exterRal　forces　iRto　contaet，

with　each　individual　cell，　this　nitrogen　disrupti．on　method　urriformly　ruptures　all　cells　in　a

suspensioR．　The　cell　disruption　can　be　coritrol｝ed　by　simp｝y　varyiRg　the　nitrogen

pressure．　The　RitregeR　disruption　method　preveRts　cytesc｝　proteins　from　being

inactivated　by　oxtdation，　which　is　sometimes　sus’tained　by　mechanical　shearing　methods

oper就㎞g　l浪air．　Many　chambers　operate◎R　th“saτne　pr㎞ciple　and　are　used　for　a　va艶．もy

of　purposes，　For　example，　tke　Yeda　press　i＄　wi〈’lely　used　fer　several　bio｝ogical　raateri，als．

Under　low　pressure，　it　is　used　to　yield　a　preparation　of　Class　A　chloroplasts　（Beiknap　and

Togasaki，　1981），　intact　rnitochondria　（Belknap　and　Togasaki，　1981），　outer　and　inner

envelope　rrtembraRes　from　eh｝orop｝asts　（B｝eck　et　ag．，　1983）　aRd　to　iso｝ate　inside－out

thy］akeid　membrane　vesicles　frem　ch｝oroplasts　（AnderseR　et　ag．，　1980）．　The　Yeda　presg．

is　also　used　for　complete　disruption　of　the　organelle　membrane，　aimed　at　isolating

biologically　active　proteins　withn　the　organel．｝e　rwembrane　（Walker　and　Harwood，　1985），

which　are　difficu｝t　te　disledge　frgm　the　memb’rane　by　csraotie　sheck．　The　nitrogek

disruption　method　is　suitable　for　breaking　down　bioiogical　materials　such　as　cell　and

organe｝，｝e　membranes．

　　　in　Shi＄　experimeRt，　tke　optlraa｝　cezzditiofts　for　cell　disruptieR　ustrig　the　Mini－Bemb

were　determ．ined　based　on　translational　e£fic．iency．　The　cell　disruption　efficiency

increased　wtth　rising　nitrogen　pressure．　The　degree　of　disruption　was　found　to　be

coxtroiled　by　varyiRg　the　nitrogeR　pressure．　Furthermore，　ccmpared　to　the　Petter－

Elvehj　em　homogenizer，　the　Mini－Bomb　was　capable　of　disrupt　cells　with　high　efficien¢y，

while　allowing　the　translation　efficieney　of　the　cells　to　be　retained．　The　protwi，n

conce．n，tration　of　the　extract　prepared　with　the　Mini－Bemb，　at　a　RitregeR　pressure　ef

10kg／cm2，　was　appreximately　3－feld　that　of　the　Petter－Elvehjera　homegenizer　（data　xxot

showrD．　More　severe　treatment　with　the　Potte，r－Elvehjem　homogenizer　reduced　the

translational　efficiency　（data　not　shown）．　The　Doimce　homogenizer，　which　is　generally

慧Sed驚（）h◎獄Oge癒Ze　C温tUred　Ce登S，　WaS鰻mableも（）h（）！n（）ge短Ze泌SeCもCe璽S　aS　it　WaS　leSS

effrcien，tthan　the　Potter－Elvehjem　homogelti7．er　（data　not　shown）．

　　　A　higher　protein　concentration，　in　the　extract　condensed　with　ultrafiltration

membranes，　raises　the　traRs｝at・ioR　efficieRcy　（NakaRe　eg　ag．，　1994；　Kim　et　ag．，　1996）．

Aithough　the　rate　of　protein　stynthesis　was　increet／ged　with　condensed　extract，　microsomes

in　the　inseet　cell　extract　are　apparently　damaged　and　we　speculate　that　a　posttranslation
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fac’tor，　serviRg　as　a　sigr｛a｝　recogRitioit　particle，　ruight　a｝so　be　elut，ed　through　the

ultrafdtration　merabrane　durtag　the　coRdensation　proeedure．

　　　To　increase　the　protein　ceneentration　of　the　e，xtract　without　condensation，　the　cell

de．nsity　of　the　cell　suspension　needs　to　be　increased．　Usually，　when　extracts　for　cell－free

translation　are　prepared　from　various　cultured　ceks，　the　ceU　pellets　are　resuspended　in

paCked　Ce王1　VdU搬eS◎f　hyp◎t◎慮C　b㎡罫er　the　Sameも◎も㎞eeもim¢S　v◎至買me，　theR　all◎．Wedも◎

swell　for　efficient　horriogenization．　Conversely，　th（：．　Mini－Bomb　allowff　disruption　of　the

c磁sresuspe灘ded加halfもhe　vdume◎f　packed　ce簸s　or　eve縞he　cen　p醗et　obta短ed　by

ce慮血gaもi◎難就6◎0×g　for　1◎min．1薦his　exper．㎞enいhe　extracもderived　from　ceRs

suspended　．in　extracti，on　buffer，　instead　of　hypotonic　buffer，　（at　a　density　of　1，．O×108

cells／mi）　had　more　thazz　doub｝e　the　protein　productivity　ef　the　extract　derived　frova　eells

suspended　in　2　volumes　of　extraction　buffer　（at　O．5　×108　cells／mi）．　The　ability　to　disrupt

the　cel｝　suspeRsioR　at　high　density　resulted　in　the　insect　extract　having　high　protein

productivity．　These　observations　showed　the　Mini－Bomb，　which　has　properties　of

eontrolled　and　efficient　disruption，　to　be　a　suitable　device　for　preparing　the　extract　for　a

c醗一free　p臨e蟄synもhesis　system．　F麟her搬◎re，嫉澱e　c◎urse　a簸alysis　revealed　sy譲the－

sized　protein　to　be　stable　in　the　reaction　mixture　derived　from　the　extract　prepared　with

the　M瞬一B◎獄b．　In　co慮ast，　sy魏hesized　pr◎te㎞s鎗もhe　reacもio登mixture　derived　fr◎搬

the　extract　prepared　with　the　Potter－Elvehjem　horaogenizer　were　not　stable．　This

obsevation　suggested　that　the　Mini－Bomb　may　oniy　disrupt　the　cell　membrane，　ieaving

organelles，重．　e．1ysosome，　of　the　ceRs　wi撫㎞tact．　That　is血agreement　with　the　fin（血g

that　the　extract　prepared　with　the　Mmi－Bemb　had　intact　microsomes　and　had　the　ability

難◎t◎R｝yt◎sy鍛thesize　pr◎tei嚢，　but　als◎も◎9王yc◎sylate　t蓑奪pr◎もein　in、　the　r虚cr◎s◎瓢al

Iumen．　However，　the　extract　prepared　with　the　Potter－Elvehjem　homogenizer　failed　to

synthesize　g｝ycosylated　protein，　predueing　oRly　the　polypeptide　backboRe　（Tarui，

Imanishi　aRd　Hara，　u叩ubhshed艶su1もs）．

　　　The　i皿sect　ceU　extract，」皿particular，　translated　prote血2a　and　coat　prote㎞（．Fig．3，

6）．　The　3’一UTRs　ef　the　feur　RNAs　of　BMV　coRta．in　3’一terminal　Rucleotides　for／ftmg　a

tRNA－like　structure　which　stiirmlates　the　translation　of　capped　（Daniel　and　Kobayashi，

1994）　or　uneapped　mRNA　（Karpova　et　ag．，　1995）．　However，　the　region　of　four　RNAs

inight　not　affect　cell一一specif7ic　translation　because　these　RNAs　have　high　＄，i．milarity　in　this

region　（Ahlqnist　et　at．，　1981）．　The　effect　of　sLUTR　or　BMV　mRNA　oR　tra　rtslation　remains

unc｝ear．　The　intrinsic　traRslatiomal　efficiexey　cf　the　irtRNA　is　depeRdeRt　oR　cis－acting

elements　alone　or　a　cis－acting　element　with　the　tTans－acting　factors．　Several　cis－acting

e｝eraeRts　exist　oR　5’一・UTR　which　eRhane’e　or　iRhibit　the　traRslatior1a｝　efficiet’iey　ef

eukaryotic　rdRNA　（Yamaguchi　et　esL．，　1982；　lmataka　et　aL．，　1994；　Roberts　et　a／．，　1997）．　For

inst，ance，　the　5LUTR　of　growth　re｝ated　protein　p23，　which　affects　cell－specifTic　translation

ef貸clency，㎞Nbits　tra勲slatl◎簑e雌ciency　i貧E㎞塁ch　ascitesもミ㎜or　ce翌s，蹴lculoc細1ysate

and　Xenopzts　oocytes，　whereas　the　5’一UTR　does　not　affect　translation　efficiency　in　the

wheat　germ　extract　（BChn　eg　ai，．，　1991）．　The　5LUTRs　of　RNAs　that　contairi　cap　struc－

tures　at　the　terininus　of　each　mRNA　show　weaker　homology，　except　．for　RNAs　1　and　2

（Ahlquist　et　ast．，　1984）．　The　5’一UTR　of　BMV　RNAs　1　aRd　2　share　substantial　homology，

there　being　o，Rly　two　misvaatches　betweert　the　fi．rst　42　bp，　though　the　remaiiimg　74　bp

5’一UTR　of　RNAI　constitute　a　subset　of　the　103　bp　5LUTR　of　RNA2．　Although　some

regieRs　gf　the　5’一UTR　ef　RNA3　bear　distiRgi21shab｝e　hemology　te　RNAI　aRd　2，　the
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rema㎞der　show　n◎such　homd◎gy．　C麟一spe¢澁e　translatめ鍛◎f　RNA2　and　RNA3◎bserved

among　these　cell－free　protein　synthesis　syst（／“．ms　is　probab｝y　regulated　by　the　cts－acting

elerfteRt　eR　the　RoR－homolegical　regioR　of　the＄e　5’一｛JTRs．　CoRversely，　the　RNA4　of　BMV

has　the　5LUTR　ef　a　short　mori－coding　regior｛　of　9　nucleotides　（Al｝lqnist　et　al．，　1984），

which　might　be　too　short　to　censtruct　a　E　econdary　structure　at　this　region　to　act　as　the

o乞3＿acting　eleffteRt．　The　r就e（）f　RNA繧愈ra筑s三a穏◎xx　raighも　b㊧癒滋もed　by　a鑓掘もy　of　the　cap

bin（img　protein　elF　4E　to　5’　eap　stru¢ture．

　　　We　found　the　novel　Mini－Bomb　device　to　be　useful　for　cell　breakage，　aimed　at

preparirtg　aR　extraet　for　eell－free　pretein　sytKhes，　is．　Moreover，　insect　cell　extracts，　pre－

pared　with　this　device，　had　the　unique　property　of　allowng　proteins　symthesis，　a　property

lac㎞g血traditional　rabbit　reticuloc皿e　lysat⑭arld　wheat　g¢rm　extract　systems．

　　　Many　proteins　are　rotitirte｝y　synthesized　using　either　a　rabbit　reticulocyte　cell－free

system　or　a　wheat　germ　cell－free　system．　An　akermative　sy＄tem　is　used　in　the　event　of

one　system　not　being　able　to　synthesize　a　particu．lar　protein　efficiently．　This　insect　cell一’

free　sysもe搬mεしy　serve　as　a　RovE｝1　assay　sys重；川州be（｝attsc｝of三ts　u鋏玉q慧e　enhance憩ent　of

mRNA　trans王at玉on，　as　compared　t◎もhe　tra（滋も玉ona玉sy＄tems．
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