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Rapid Isolation of Nuclear Transport-Competent Xenopus
Nucleoplasmin Produced in Escherichia coli
Stain BL21 (DE3)

John F Kalinach and David E. McClan
Readinom amemistr-t DepaufmenL Arwwd Forms Radwoagy Rewarch Instiutr

*8901 Wtsconsin Atinue. Brihesdn. MaYN-iond 2088-30

Re"red Uctaber 19. 19W and tn ,ve'iwd form Jarnuary 12. 1994

constitutes up to 100-1 of the nuclear protein 46.7)- To
Nucleoplamsia is a thmmsotahle karyophilic protein avoid the high cog of purchasing and Mzintainn toods,

widely , d insuce tr~ ansport studies. An expieo, we have devised a method to produce and isolate milli-
siom vecter wa evomqbuct" tht contains a string of gram quanitities of nuclear tranhport comipetent nucleo-
I1G hoifte residues, liated. us mramse, to the aminbo plami fromn K.heiA dii.

Larium~aJ~' A~~E ~fri~ii3gene.7iw 7The expression vector pET- l6b contains the lac oper-
W@ctfhr was then traustrmed into EaehkobOi ator and repressor downstream of the 7-7 promoter (8)
strain DUhI(M3). It"i strain possesse the wene for Th1is allow tr~n= ipAior of the cloned gene to be al-
T7 RNA p*UWU uebe contIel of the I3ctYV5 pro ams completiely eliminated until induction is initiated.
noter 716e indctic, at the RNA pe1 wan an Iubo n addition. pET- 16b codes for a stretch of 10 histidine
sequentp suction ofunalepiomi seem aftwe residues after the initiator methionine. folowed by a

toesle. Th Factor Xa protease, cleavage Mte 491 A small cloning

a F"wen' rodced'alaai qnttk e region allows for the introduction ef the gene of interest
methd tat nclues eta cheatin crumaapohy n framne with the oligehidine and prrt@*se clesyWg

to puri* the '. OF..e auelaop.in. 7, regions- 7bte ohgohistidin region permits the rapid pu-
hWW truasport studies indicate that Sueresceaty w- nfcto of the expressed proteen by metal chelation

bese mucleopkenia is trdslocated to the sucer in. chrosfltogra'phy 010. 11)-
toiler of pmrsse"ae-d V79AS ceis. wbile MK0 E, coli strain BL2 1; DE3 ) contains a single copy of the
plasmin that lacksa a nucl earlca~zatdon signal (ew ni RNA polymerase geme under control of the 1acUTV5

.. cleopla is ma mt imiported The Useofti e thod promuoter (12,13). This allows for the ----preso Of
to p1roduce acertum-spaotnd a -, pisasamit-ctalning gene tottoweng induction with
phoamina aVod the lengthy purifiction pocedure ispropyl-*5D-thiogalactopyranoside (MMr). This Sys-
used to iselate, muceo in rm enspus l v is ow tem., along with the expression vector pET- l6b. was
cytes s wiel w the coa of porehasiag and mnaintaining used to produce nucleoptasmin in K COL. Raped purifi-
a tead coilony, cation of the nudleoplasinin was then accomplished by

a heating step and metal chelation chromatography.
Experiments indicated that purified -r. coh-produced
nudeoplasmin can substitute for nudeoplasmin iso-

The pro of protew. translocatmnt into the cell nu- lated from. XIsm-tvs oocytes in nucliear transport stud-
dleis is currently an area of great interest. One of the ics. This method curcumvents the time-consuming pmo
mowt widely used probes for nuclear transprt studies is cedure of isolating and purifying nucleoplasmin fromn
nucleoplami. a thermottable acidic pentameric protein X loevas oocytes as well as the costs in~olved wid I hp.
involved in histone binding and nucleaomne ormiation chasing and maintaining a toad colony.
Q1- 4). A procedure to pekuluce smal anxiutt of rach1ola- JUEN
beled nudleoplamn via a coupled in vinur trancri-in
translation protocol has been .reporte (5). However, ino- Conearigction o~fpETI6b-NKD
lation of mifliram quantities of nudleoplammnin requires Plasmd pET- l6b was purchased from Novagen
the use of Xnwipus lanvss socytes. where nudeoplasmin (Madision. WI). Plasmid pET16b-NED was consUceted

M2 1064E * -
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by ligation of a 06k i- iim Hl fragmnent. con buffier '20 mmi Tns-HCI. pH 7 9- 05 i NaCI. 5 mm4
taining the X Iaetus nucleoplasmin gene. from pT-7- imidazole' and 6 column vol1 of wash buffer i20 mmt
NED 15, into Ndu'l/RamKJ1-cut pET-16b The nucleo- Tns.-HCI. pH 7 9. 0 5 m4 NA('I 60 mm4 imadazole' The
plaamin cDNA 12.3 used to construct pT7j-NED was oligohist~dine- linked nucleoplasmin was eluted from
kindli prov-sded by Dr Thomas Burgiin -Maitsachusetts. the column with 6 colum-i vol iif elution buffer 20 mmt
General Hospital. Boston. MA' E ccde strain DH1I was Tns -HCI1. pH 79. 0 5 i N aCI. I %i i midazole, The
transfo,-med with the ligation mixture using CaCI.. eluted protein was cro'cent rated in a Centncon C'-10
and transfonnants postessing the pETlIbNED plas- microconcentrator ' W R Grace Co , Beverly. MA, n
mid were selected by plating on LB medium supple- desalted by passage through a Sephadex G-25 column
mented with 5A) ag/mI carbenicidhn Resti-iction diges- The chghisidine region could be removed from the
tions. agarose gel elect rophoresis. ligation reactions. nucleoplasnain by treating with Factor Xa 16'. but
and transformations were as des-cribed '14,' The link- since this region had no apparent effect on the ability'
age region between the pET- 16b oligohistadine leader of the protein to localize to the nucleus of permeabilized
seuence and the nucleoplasmin gene was confirmed cel!I,. it was not routinely removed
by DNA sequencing using the dideoxy- method 115'

M~s'ri~ruis ethod,;
Preparaion of Transformed RL21sDE3, Nucleoplasmin lacking a nuclear localization signal

E colt strain BL2IUDE3 F iisdS gaiompT, (' core nucleoplasmin'i was prepared as described 17
was kindly provided by Dr Paul Herrng ' indianai L ni- Electrophoresis of nucleoplasmin purification fractions~
versity. Indianapolis. IN' Preparation of plasmid using SDS-polvacrylamide gels was performned by the
pET1fib-NED DNA and transformation of E. -tdi strain ww'thod of Laerml 118i Antiserum to nucleoplasmin
BL2IDE3' usqing CaCI2 . were as described <14' Stable %. 'kindly prov-ided by Dr Carl Feldher-r Universit'.
transformants were selected by plating on M9ZYB me of Fic ida. Ciav.3.e. FL, Western blot analysils was
dium '1I gllter NHl. 3 g/liter KHIPO. 6 g/liter perfoL- id as dei-cribei '19i Purified nucleopiasmin
NaHIRPOi. 4 g/liter glucose. 2 mmt MgSO,. 0 1 ins; and core nudeWpla sia. v. ere fluorescently labeled with
CaCi. 10 g/hter tryptone. 5 g/fliter NaCI. 5 /liter yeast ttramnet-hyir-odamii.,c isoflitocyanate T -RJTc. by the
extract' supplemented with .50,ug/mi carbenicillin and method of Newmeyer et : '201 Polyacr'.Iamide 9eic
1 0 m,.% IPT1 .12i' and Westir" hbla-t. wc.* scanned by a Molecular Dv-

namics Laser Densitometer 'Susinvale. CA and the
Expre'ssion and Isolation of Nucdeoplasmin density voilumes calculated using tho, associated Image-

A 25-mI culture of E. cila strain BL2l' DE3, con- Qiiait software
taining pET16fb-4NED was grown overnight at 3T7C andCelutr onios
'230 rpm in M9ZNB medium supplemented with 50 ji elg!tueCo'daan
ml carbenicillin- The overnight cultu~re was used to in- Alpha minimal ess-ential medium. fetal calf serum-
oculate 500 ml of M9ZYB-carbenicillin, After reaching penicillin. streptomyscin. L-glutamine. and N-2-h'.-
an OD3 ,, of 1.0. the culture was induced by the addition droxyethylpaperizine-X -2-ethane stulfonic anid i Hepes'1
of IPTIG to 1 0 mm. After 3 h the cells were harvested were purchased from Gibco/BRL 'Gaithersburg. MD,
by centrifugation at 300(g and VC for 10 min. pooled. Chinese hamster lung fibroblasts clone V79A03' were
and washed once with water. The pellet was resus- maintained as monolayer cultures at 3TC in an atmo-
pended in 20 mm. Tris-HCI. pH 7-. containing 0.5 m sphere of 5% CO, in air in alpha minimal essential
NaCI. 5 mm. imidazole. 1 m~ phenylmethylsulfionyl mnedium supplemented with 10-, fetal calf serum. 100
fluoride I PMSF 1. and 1 mg/mI each of pepstatin. leupep- U/mI penicillin. 100 sg/mI streptomncin. 2 MM. L-glUta-
tin, and aprotinin (10O mI/titer of culture, and disrupted mine. and 25 mm~ Hepes. For nuclear transport experi-
by sonication '4 -30 s. setting 7: Heat Systems Cell ments. cells were plated onto glass coverslips '9 -35
Disruptor with microtip'I The mixture wast centrifuged mm;_ Cells were used when they were 70-80%I conflu-
at 12.000g for 15 nun at VC. The supernatant. con- ent. To prepare for permeabilization the cells were
tamning the nucleoplasmmin. was heated at 80CC for 10 placed on itv. washed with cold Buffer A' 20 imm
min and centrifuged at 12.000g for 30 min at 4VC To Hepes. pH 7 3. 110 mm potassium acetate. 2 mn" nag-
punfy the nucleoplasmin further, the supernatant was nesiumn acetate. I .m'.; EGTA. 2 mm. dithiaothreitol. I og/
lo_!ke onto a Ni1-inetal chelation res-in column 120 ml each of aprotinin. leupepttn. and ptpstatin' ' 21.22'
mng protein/2.5 ml] colun,,i 1 12aia N-vagen i Column and tlm n incubated ' min on ice with 35 aag/ml digitonin
preparation and chromatography were conducted at M Bui- A * The cells were washed once again after
described in the manufacturer's instructions. Briefly. permeabihzyation with cold Buffer A- ad W.f in zzld
the column was washed wisth 10 column vol of binding Buffer Ak unti needed
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Prirntion of Cytoeojw Fractioni A ij__
V79A03 cells were harvested by scraping from the T, P .,

tissue culture plates with a rubber policeman The cells L '

were washed with cold Hanks balanced salt solution . 0

and resuspended m hypotonic buffer ' 10 mm Hepes. rWI
pH 7.4. 5 mm MgCi,. I mm PMSF. and lI agnil each . 7K/, 1 /.
of aprotin. leupeptun. and pepstatin) at 10 ml/10.
ro.la. The cell suspension was left on ice for 15 mn and
then disrupted with 15 strokes of a Dounce homage-
nizer tpestle A1. The mixture was centrifuged at 10O0g
and 4C for 10 min. producing a supernatant that was Od am no I we

then centrifuged at 1.00g and 4T" for 20 min. The ,,'

supernatant resulting from this step was centrifured
at 150.000g and 4 for 2 h. The resulting supernatant
from this high-speed centrifugatior step was dialzed
overnight at 4C against multiple changes of Buffer A*.
concentrated in a Centricon C-10 Icroconcentrator.
and brought to a protin concentration of 40 mgml
with Buffer A' ,. -

In Vitro Nuclear Transport 633 K

A standard transport reaction contained bovine se-
rum albumin '1 mg/ml). ATP tI mm'. creatine knase
'20 U/mi'. creatine phosphate t5 mM1. cytosolic iraction
1 0 rng protein/ml 1. and TRrT_ nuck-lop mm 15 pg/ B
= :. buught to a final volume of 20 Al with Buffer A* A1 .GGCCATC ATCATCAA WAWAT(AT CAT'.ACAGCA

.22. Coverlips. containing the di-tonipermeab , -  GCGGCCATAT CGAAGGT"CT CAttrta C&Mtcr
ized cells, v'.,_: blotted on a paper towel to remove ex-
cess flid and placed cell side down onto 20 pi of the .
transport mixture " a sheet of paraflm. Traraport
reactions were run in a humidified box at 30-C for 15 C
min. Other additions to the trnsport reactions are as d G H UH H H H H H H i S S G 1 LGIA H

given in the figure legends. Reactions were terminated M A R I R A Q F R
by the addition of 250 ;1 of cold Buffe- A* The cov- Q . of pMWNED A Plasad ies o( pFT
erslips were washed once with cold Buffer A* and fixed , and p77,r J-mid the ti - Details are
on icwe for 5 mnn with 3%I paraformaldehvde in Buffer gn - in the tet The In rwrsmm grao is rwpntd by Laod. while
A tBufler A* minus dithiothre-tol and protease inhibi- the gmen uf cat emnilin 4 ampci in, resstanre ts deootd by
torsi. The coverslis were %ashed with cod Buffer A. bin 0-lactaame, ,1, DNA sequence of the epsslhnker rpn
blotted on a paper towel, and mounted on a glass slide bewe pKT-l-iand the nuhplaisamin geme The firvt 62 base

on one drop of. 1 mg/m phecylenediamine in 90I lr, uu.r'ue, are demie fnm KT- 1Ib The neo 20 bae pai
rOl' phospate-l saline. Nail pi result of the m7g , ure used to Fut " ,e

glver~l'I hophte-uferd slie.Nai plihe nuepam cONA into p?7--7 o5 The bald letters represent
was used to seal the edges of the coverslip. Slides were the first base pars of thle nurkhopmin c)NA 3Y C, The mniao
examined with an Olympus AH-3 flUoreScence micro- ad sequerm of the laer rgm, dembed in B The undedmed

ope and ot igphs taken with Polaroid rype_ ,ream indmte the Factor Xs jicateemcn dearag ,d

57 film.

REKSLTS AND DSCUL(S)N amino acids attached to the amino terminal end of the
protein. This stretch of amino acids contains 10 histi-

The consruction of pETI6b-NED is shown in Fig. dine residues that allow for protein irifcation by
IA A 0.68-kb NdelIBamHl fragment from p?7-NF) metal chelation chromatography and a Factor Xa prote-
containing the coding repon fir the X lotie nucleo- ase site that allows for removal of the -h ader sequenm
plasmin gene was litat d into NdeIIzrnHI-digested from the nudeopl a min. The ba and amino acid se-
pET-I16b. The rvulting plasmid. pETl 6b-NED. con- quencesofthe linker reion ar' shown inls 1 B iB, I
w.,aiea the no-leoplamnn geue plus an additional 21 IC. The presence of the leader oquenre CJW ,-t .,
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the abilty of the nuchl:oplasmin to be imported to the prepared b\ treatingz intact nucleoplasmin nith tr-pwin
nuclear interior...so it was not routinel' remoiedJ -datai 17, The 20-kDa hand i- the monomeric form of the
not '.hown coxre nucleoplasmi, while the higher-mo lecular-weig-ht

A repres entative E(',nmasse blue-stained SDS-pol)'- band represe nts the pentameric form A \Western blot
acr-wlamide gel of the fr-actions o}btained durng£ the PU- ofthe nucleoplasmin iso,|ation fraction- is how~n in Fz
ntication ,,f nucleoplasmin is shown n Fig "2 Lane 1 .1 Lane 2, uninduced culture show-. no reacti,,n A .12-
is an uninduced culture of BL21,DE1' c'ontainng kDa band was recognized b\ antisera produced a~ainst
pE Tl6b-NED The pr-tein profile in lane 2 was £)h- N Ia,,,.vs nucleoplasn in each 1if the islation frac-
tamed following a .1-h vnduction of nucleoplasmin by _on ,lanes b-6: Lane 7 ce-re n~ucl- planmn, sho -s
IPTrG As sen, an intense nucleoplasmin band migrat- ai reaction at 20} kDa
ing at a molecular eight of approx;matelv :12 kDa in addition to the 12-kfla band. the nucleoplasmin
constitutes much of the protein in this fraction Lane antisera also recognized the 21- and 26-kDa bands seen
:1I is the supernat.3nt resulting from the ..onicat in and in the ('omassie-stained gel indicating that these
centnifugatmon of the bacteria After heat treatment 10l
Fmi.' C and centnfugatin. the profile in lane was

obtained This step eliminated the majority of the bac- T4.RUIJ!
ral proteins However, along with the nucle-

plasmin. two additional bands, migrating at approxi -____ ___

mately 21 and 26 kDa. are apparent To purify the I'%

nucleoplasmi further, metal chelation chromatogra- F0;<., - : .jn' i.. '.t....

phy was used The nu,-leoplasmin-cntaining fraction .. ...._ - __ -~-----

was chromateraphed on a Ni ) column, which bound ;r#;. _I-'!" 12 1,,

the ohliohistidite ;eader smquence i pgated to the nuclpo- a.rngtu.., , %, I-h '..

plasmi The contaminatng proteins were then Hooi for of I (

washed from the column and the nuchoplasmi was _____________

eluted as decrlite The column-punfled nuclei:'- d. r %% n- in Fw,: .!h- ..

plasmin is shown in lane 15 The 21- and 26-kDa bands ,d Br.., 2- ,o crultur sows no rva con A. - -

wrIe Tt present in this fractin, albet as only a very aci is nuAlYod fi ina of the i .a-

tmall percentaue of the total protein 0 9 and 0 1'°. 7 "ire ., , '.,; .,, 4h-.,

regpectivel' Lane 6 is core nucleoplasmin nucle- A2 ,. aiti.. .th , han.-.ten... n

platmn lacking a nuclear aloalzatin hlnalo and was ,d of u.-t..,,
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hatnd- r+,pri'*-nt- a t runcated formn of niicleophtrni nd atrt iin dim i i-oihitm v' uld tfund 1-Ms1s
Even t hotwh t ht-*a protcmi- haid n'' MtfThl in t hc ili 't\ ACv' t Iilt j--ihi lit Furt h, rrmor. E , -.i t ruin
of nucl*,,opliarin tos wckiuflmIt ini t hi n urcar inti rissr~ BI-21 DF3 i- dcticient in -h- ! :z-s irld th- ",;I

wi-ssuiht to dvturnin t h*ir ''nion O rirnall' it \%a,- pr'itvtai- t hitm u cint rihuti to' -,rnph Pros' ,I\s i

hotitht hiw-4u hKnd r-'prui..unttd priitu-in priiuced 1.1 Wt mitinptedf tos iii nin:it. tho-4i trmiti 4A nui
irsini met hisnint, residue- It t- t he init iatuor met hio- deiapla-min hImn,- 1In t nmtun, ih, bactoi itiur
flint Thin- -shoiuld re-tilt in -hiurtir form- 'f nuci; " ithi fampikin t"~f tirIB;uiu 'i uhihit
pI.~tm thait niciht -tdl bw in'mUI,'slocaill ri,%:-znmA tran-.t'rptwsn it, thi lmotenial RNA iv;I's fhr1-a- ind

I, he nujclespi- min tntu:ra -ist iir, if hi- %%vir prtduc ion oif 'un's ham trmil proti 'ti-- 11fs; i n's dii -
the ca-i. thc 'Iwi~h-t idine leder -i4juvntt %wnuld nisi fvruncv- \% virn ob~vn id Ni t"t 'in thi :t I pat t# ri- ,( i

Ni pi-ent - and t hi t rancaed nuCjeip4'j~j-4ijn sJ~fiVie- Cleip~.j-jmn obtaned frontm rd~j 'ipicin -t riat-dlm tin -u

w-ould iw; s!himd t-- hi Ni ts-lunr A- -.hs~n in h~t h t ru.1rd t tlurs- ( htninn- th hincullat jon It m;i-r~it U
Fir,- 2 ini .1. the, truncated form- of nucle-oplt'~min 34: AT C . thi tiyt up miiiiu11 Ni 9)B M ~1,14 .1n
twiund to, thq N; column Thul -hir,.-nwi nuciess t h, har-s u T tini# -W nin 1- j1 1-r IB;ndiiti
plasnin qw'cic - mas h~t\4 rv-tiltr-d fromnpitii~- al-' had no itl- o'on th# di-t ribut i' '.1 Ithi intact uni
durne t hi i- slt io;i pir-i'dur v l' f . -ir t hi pn i -cm t r'i c.ite~d toin- ''ft irtut-op11-11n tLat a ntats'
sif the prot. ai- inhibitor- P.MSF rwp-t it in. - cuiept in. Th4 s'n):n si tht-& bind- rwi nr t, iN hi- di tammi
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Table 1 is ai -Ur~nlar of the punficatuon ol" nuchk,- clear tran~r~rt v. tem u-Ing pernieilized nliamma~i
pla .mun A-fter induction wi-th 11-1( . almos;t of the han cellk ,21.22. Shown in Fig: fA ar1 th, pha-. c-,n-

protein present in the 'nduc'ed fraction- wsa nucleo- trac.t and fluo resce.nt ph,,t,,mucrograph- ,of a 10
plasmun .%nicathon and ce ntrnfugation of'the bac:tena mii transp~ort expenment run wi~th .and 'A ithout thy.
yilelded the "*hnionenate frac.tio*n - .Nucleoplasmun ac- cvt-lo1,c fraction W~henl incubated in the pre-sence ,o
counte-d for greater than ,ofthe protein ontent of thus the cvto .niuc fraction a]nd an ATI' re'neratin" --tern.
fraction The heat fraction- wa obtained after hea t nucleopla mun us imported to, the nuclear untenor off

tre~atment and centnfug-_atuon .Nucleoplas min made up digitonun-l rnieahlhzed \";'UI cell- W\hen th, uvii,-
well 'nc-r 73'. >f th" protein found in thus fracotio, with .olhc irac't:on u omiltted. thE. nucleopla~mun doe' - not
the truricated nucleopla. mun form- and small-mole(u- localize tn the nucleu' Th confirms the" re=.ult- ,of
lar-we ight contaminants acc'ounting for the remainder other unve .tigator usung: nuc'leoplasmun i=-n!lted .!rnni
After metal chelation chromatoLrraph_ . gre ater than .'" In'l.t u. oc te in similar nuclear transp,__rt .-t, Jnj-
9fr ' of the protein in the 'column fraction- was nucleo- ,21.22.24 Figu~re 413 demonstrate,- tha]t nuc'leplas mun
plasmun :12 1[Da = with the• remaining protein hbeing lacking a nuclear localization -irrual onr nucleo
mosth~ 21. and 26.-kl)a truncated forms of nuclee- plamun does not translocate to the, nuclear interior
plasriz ,approv~mate- I and 0 5', respettvel , The requirement for ATP is repreented in FuI: U'.

After '--:.latuon. the nucle4Iplasmin was fluo re-scent!- which ' how-s that ,rnl a nall amount o f nude, -
laheied i th rhodammne and te ;ted in .in a Jr" nu- pla.mun - localized to, the nucleu if an ATP rege-nerat -
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ing svstem is omitted from the reaction Mixture The -Di~,_rf Arza S4 Awre F %% 19N~ C.otrultitrC hoa

small amount of import observed can be attributed to i if- 1 nducibi* T- eavae em ~it Nbiub'kng th

endogenous ATP in the cytoelic preparation Ai; dem- tarti't T uf. t aith IM nipr"*-w~ -1 A#~ 19! *19. ; W.

onsraed n ig4. uceopasinproucd i E~~ 9 H{'Efriann A &nd Rkwefe R 14i* PurifiAtioei ofhif. rAwd
ontrte i ig4.nulepasinprdue i Eetdi P ,Mer. n fw denaturnft a~ii~~.~~~~. -~r iand purified by this procedure perform.s in a manner metlioo tor zP-Aei iniee-amio.n ~ui , ~4.~R,

clioo-to the !rotein isolated from X laet "~ ooiyes_ 6. r VI
We have developed a procedure for isoat-ng mnilh- Ifj M Furman T I' Ingr4ti T U) and ige.-r

gram quantities of nucleoplasmin produced in E colt i*W4 Ch~4tn peptide-immobNhr*tl metal 3ffinit% rf-m~-raume

strain BL2 1, DE31 The isolation procedure is rapid and '-ap% - A new oqxep" in AffinitiI chromatraph' f-- -t"rnhf

rotinely N-ields 70-80 mg of nucleoplasmin per liter n~nt P'ot&'nf- J 84"i Ciii U& -211 721;

of bactenia] culture The nucleoplasmin produced bN 1 Luntquimt C Breitho4tz A BKnt)NO.o H Mt4.k T t-hi*e

this procedure migrates at the same apparent molecu- M and %iikon B !4" Immoiml~ization &Md affinit-t purif<s
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