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RESARCH (BEL~'VE:%To develop ttne c;apability to obtain full-copy structural
genes from C. reinftardtll by irrmrnoprification of specific m.HNA5 *,rom
polyscrr~es canined withefcntLA sytieslb ana cloning.

Specific research aim~s I-ave included the developr)ent or' a method f.or
efficient Isolation of Intact polyscres from C. reinnardtil, rositcto
of* Isolated polyoarx s usInig anitloodles against the srail 3ubunilt of rIbu~ozse
bisphosphate carboxylase and in vitro tr;4rislation of" Immwiose_-ectu(_d 7,itNA,
cloning fulli-length po.Ly',A+) RNA, and construction of" a plasunld vtector "or
stable transfor mtion of' C. nreintiavdtil.

Polysume Isolation
MTe abl.'ty to loolate anrai ntari Intact poiy:cxmk~z Is an scjta

flrst step .'or po!.sorn-jo Aarwiuco. n I r-y,'e2 meth -
isolat, on of Intact po.Ljscrnes froan the C. re-IlarItil 2e 1  a-'eLs 71a*;:.nt C1
has been develcopedx. D1iferent mex-thods were ccxmpard on th. a~es of'h i~
of' poiyscmnes, the Inttegrlty of tcpolyscm s dc'enadied by a,- aytus of, Lt:t!
population of polysom.s In denislty grdlents, and the eff"Iclenicy of ,cf*~
polysatm s In in vitro translation systems. Teciques f'or LysI6 U!f

Creinihardtli :4i5 OcfilS tnat were examrined Included sonication,
homogenization of cells Vrozen In liquid nitrogen, and gentle sw~riling In thle
presence of' 0.05Z or 21 Nonidet P-40. Homogeization and detergent ly:31I:
resulted In yields of' crude polysarxL pellets (obtained-i by nrf ito o
lysates %;hrou4i a 2 M sucrose cus;hlon at 235,00 x g .'or 2.5 n,; that were
2-fold the yield of crude poiysomevs by sication :,Thablt 1-. However,
analysis of' the poiyscxms on sucrose densit.. gr-adlernts lI5-45%j snowf-i Tha"t
Intact polyscxnes with highoer "mc-r" numbers were Isolated -Lao-t w:I~n~'hen,
cells were lysed by sonicatlon ~rPig. l,.

Buffer systems and RNases Inhibitors for use In lysis and purIfication
procedures were examined. Th~e use of a This-acetate buffer tesulteI In
Increased yield of Intact polysanes In conparison withi a Tris-chiorld:e buff~er
system. Polyscines were more stable on stora±ge In Th.'s-acetate buffer. A pH of'

84was required to obtain Intact C. reinhardtii polysa-ns. lniiltion of
endogenous RNdses Is the most critclal factor in the ability to Isolate of
Intact polysanes. Dithiothreitol (MYI), heparin and Wr1IA were used as R*ase
inhiibitors. Heparini at concentrationji of 500 %/mln was essential for
isolation of Intact polyscmns as determined by analysis of polyscine
populations obtaibed by sucroee density gradient fractionation and el-rtron
ricroscopy (PI v.l1, PIE; ZZ7 ati ipa.in acted synergistically to Increase
um~ yield of intact polyscxnes. The results showed tnat strong lysls processes
resulted In higher levels of endogenous Rtbase activi-ty and lower yields of
polysaits.
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Thus, the optimal conditions for efficient isolation of intact polysomes
from C. reinhardtii CW15 include 1) lysis by sonication in Tris acetate/
magnesium acetate/potassium acetate buffer (pH 8.44), 2) amending all bufrers
with 5 mM dithiothreitol and >0.5 rg/nml heparin (an extremely effective RNase
Inhibitor), 3) fractionation of a loosely-adhering ribonucleoproteiri fr-ction
from the firmly-attached polysoe pellet in the Initial polysame isolation
procedure and 4) the use of a linear 15-45% sucrose gradient for purification
of polysomes of discrete "mer" numbers. These results have been pubiisned
(Tabor and Cho, 1987).

Pollysa Imzuioselection and In vitro translation
Polysoes isolated from C. reinhardtii CW15 by the method described

above were used in studies to lzt--dne the speclficlty of an avallable
antitody (IgG) aginst the ribulose bisphosphate carboxylase sma"Ll subunit
(RUBISCO SSU). First, polysomal poly A+) RNA was obtained by dissocIating
polysomes with EUTIA and using ollgo-,djT cellulose to isolate poyAA+) RNA.
This RNA was used In a wheat muL. -. v-. tro t' -t~ n sts. --' t o:'o. &
the translation products were inmanoselected using the ant-3SU antibody ana
Protein A-Sepharse colums. The single, 20 kDail peptide Lnlunopreclpitated
by the antibody is the same size as the precursor of the RUBISCO S&U ,Fig. ,.
When intact polysones were added to the wheat germ in vitro translation system
and a portion of these translation products werm irmu.noselectea in the same
manner, a single inmmnselected peptide of 16.5 kDal was found. This
it=Lnozelected peptlde is identical in size 9 the peptlde obtained when
proteins were labeled in vivo by the use of 'C-acetate and antlbod'les mixed
with the postmitocnondrial supernatant for imaunoselection ,Fig. 4,. Finally,
intact pol:;somes and anti-SSU antibodies were mixed and polyscines soeciflcaly
binding the antl-SSU antibodies were isolated on Protein A-: pharose columns.
The polysanes were dissociated and poly:A+) RNA was Isolated by the use of
oligo-d(T) colaians. The Immunoselected polysomal RNA was translated using tne
wheat germ system and a single, 20 Kial peptide was found ;Fig. 5,. The
Intact polysome preparation u3ed in the in vitro translation system apparently
contains sufficient endoproteases to process the precursor SSU to the mature
form during the in vitro translation procedure. The anti-&SU antloody from 3.
Schmidt, Univ. of Ga. was exhausted and could not be replaced from this
source. The RUbLSCO SSU peptide was purified from C. reinhardtil using the
procedure of Mishkind and Sclhmidt (19,3) and antibodies were produced In
rabbits following the protocol used by xuhmndt (personal coxTrnmcat'on).
Antibody of sufficient titer was harvested and the IgG fraction was isolated
by the use of Protein A affinity chromat.gri;Apy. AILnoug the antibody showed
specificity for the RUB1SC) SSU in Immunoprecipitation of in vitro translation
products from C. reinhardtil RNA, polysomes could not be Ilmtunoelected using
this antibody.

C1ordig C. reihsrdtli NU-lerth poly(A+) RNA
The vector/prmer' system of Okayama and Berg (1982) and poly(A+) RNA

isolated from C. reinhardtii were used to construct a cENA library for
C. reirhardtii. Yields of 5 n RNA were obtained rl,,,n '4 x io G. reinhardtil
CW15 cells using t! :.'4 ',., t.,-ecanate/hot phenol method. Poly(A+) RNA
wiz oiated using mop, poly(U) paper. Poly(A+) RNA represented from 1.5 to
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3.3% of the total RNA. The ability of the isolated poly(A+) RNA to act as a
template for cDNA synthesis was assayed using oligo d(T) 12 _l priner and
reverse transcriptase. A 4.5% conversion into cDNA indicate the rritNA could
be used readily for reverse transcription. Poly(A+) RNA was anneaied to the
uligo d(T)-tailed plasmid primer of Okayama and Berg (pSV7186) and cDNA was
synthesized using reverse transcripase. The conversion of RNA to DNA was
1.1%. In sequence, oligo d(C) was added to the end of the rP.NA:cDNA/plasmid

primer using terminal transferase (the addition of d(C) residues was mnitored
to obtain 20 residues per end) and an ollgo d(G)-tailed linker from pSV1932
was added to promote circularization of the plasmld by using E. colt DNA

ligase. mRNA was replaced by second-strand cDNA syntnesis using RNase H to
selectively induce nicks in the mRnA strand and E. oli Pol I to carry out
nick translation. E. coil K12 strain MC 1061 was tr-ans'orm ed with thc
constructed vector. The total numier-of independent tr-ansi'orm-ints in tie cLGA
library was calculated to be 1.2 x l05. Plasmids were Isolated from
independent transforrants arid digested with various restriction endonucleases.
Different restriction fragient patterns were found for eacn transformant,
indicating that different DNA fragnents had been cloned (Fig. 6).
Hybridization analyls using labeled cfA4A derl-'eu frown C. reIrnnaJtII polly ,A+,
RNA showtd that 30% of trail'orrants Iad strong stquence homoio ;y wltn C.
reinhardtli mN4'A Ii"g. 7). Attempts were made to modify the Okayam and Berg
method by eliminating the step replacing RNA in the Insert molecule, ligting
the plasmid aro cloning the RNA:DNA nybrid directly. We were not able to
recover plasmlds with intact inserts ,from Pstl ana PvuIl digests, from the
t ransforrned population. This .ndoats tht hNA Incorporated Into the vectc,,
sig1ficantl decreases the 'a ly of tie plasmid In transfo, -d cells.

This study comprls. thie baiss of the ,Master's researcn projetct o. a
student in rr laboratory, T.. wi o graduateA n Lcemner i b6.

Cormtruction of a plamuld vector for tramformation of C. reiriardtii
A thlvd, preliminary study to construct a piasmid vector to trdnsl'orm

reinhardtii has been accomplished. The E. coil/,mouse cell 'Ine sttlu vector
p.SL136 (kan", and the herpes tk promoter region to ailow expresson o.' tr,
gene in eucaryotes as G416 resistance; a gift from S. arson, was Jif'led ly
the insertion of the C. reinhardtil chloroplast Eco RI 'ra)xent, Ri_ a g't
from M. Wu), which contains an origin of replication crIA) and qscurnces

promoting autonomous replication in C. rerhardtii. A pias.,il \pGZi)l) was
constructed by ligation of the isolated Ri3 fragent in pLl.J6. The uze of
low cation concentrations and high pH were required to obtain transf"orriints.
Serial transit . I Increasing concentrations of the antibiotic 346 were
necessary to isolate stable tr ~tz.ts.Using th s method, the

transformation frequency was 10 C. reinhardtli tra -fcian"s per 10 cells.
Analysis of plasmid size and restriction enzyme digests of plasmids from C.
rein ardtli cultured in selective medium shows that the plasmid undergoes
rearrangements, as well as reduction in size. Even though selective oressure
by th- antibiotic 041b is takinum o", n L'tcA t1kAi LM ,t:Vert!- from

transformed cultures after 80 generations (a 3-week period,.
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7hble captions
Table 1. Yields of polyscrris resulting fromn various methods of lysis. Buffer
A Is 25 mMi' This-acetate (pH 84.), 2.5 mM magnesium acetate, 1.. mM potassium
acet~ate, Wn ditniotreltol (LDlT), 1 ug./m. cycloheximide 0.5 rng/rnl heparin
(>150 U/rig). Buffer B is 25 nV1 This-HCl (pH 7.5), 25 rri' potassium chloride,
25 mM rrEt-1esiun chloride, 5rdM DIT, 1 ug/ral cyc2.oheximide, 0.5 mg,/mi neparin.
For lysis by homiogenization, cell pellets were frozen In liquid nitrogen and
ground to a powder. For lysis by sonication, 15 ml aliquots wen-! zonicated
three tixr-s for 10 sec in an Ice bath. Poiysomns were pelletedj through a Z
sucrose cushion for 2.5 h at 235,000 x g

Figire captions
Fig. 1. Distribution of C. reinhardtii polysorncs in sucrose graulents.
Polysofnes were Geparated on 15- 5r suc rose graJIenats ',centril'uged for i h it
227,000 x g) and gradients were scanned at 254 rn. a. acetate Ibuf!fer w~th 2.
rng/mil heparin, b. acetate ouffer and no heparin, (-. acetate rjuff11er, he parin
and 2Z Nonilet P-140. d. chioride buiffer with heparin, e. looscly-adhiernrg
polyscxne fraction. "in" indicates the rioniosorriil fractlon.

Fi1g. 2. Electron inicrogr-dphs of' poo~led polysxne:,; fractionated 'ron. ienslty
graalents. INaglf~cation Is 72,0U0X. a. buff*tr contaLlirng no neparin, b.
buffer wIth 0.5 ri/m eparln.

?-Ig. 3. in vitro translat'lon productz of' poly( A+l IU.A. beft La',tota±- In %,'_tro
products. R1it lane, polypeptllies selectud by at ~~z...

Fig. 4. In vitro tranolat~on product.; !rcxninta po~ysaTne. Lf Ln t.&
transiation products. Rignit lane, Izuo.otdtai~i~npro,,Aucts ~'
poiyscri-s.

Fig. 5. In vitro transl1ation products of' poIl.A HNA _Isolated :'rtn
Iiimnoselected poiysa~yus. Left lane, translat~lon prrwxu .: of' tota. po)-y A
RNA derived frcrn total polysarhws. Right lane, in vltro tasainp~J~
of total polAy'A+) RNA derived from Inumainoelected polysx S.

Fig. 6. Agarose electrophoreais of cloned plasril.; znann .rl~al
cL)NA. Lane A, lambd DNA nmirmers; l1ane B, pHH3d'12; ILne Cpa'lsolateu
fromn transforffdtion mix and digested with Pst 1; !,vie D, Pst i cigestlon o"
p~rl; lane E, Pst I digestion of pCr2; lane F, Pst : ilgestIor; of' pCr - lane
F, Pst I digestioni of' Cr4; lane G1, Pst I digestion of' pCr,3; lane H, P t I
digest of' cloning vectur, pSV7fl56.

Fig. 7. Dotl-blot hybridization detecting cOt4A clones. Tiwenty Independent
igansformants were transferred to nitrocellulose and hybridized with

4"P-1abeled cUl4A derived from reverse transcriptiuxi of' G. reinharatl poiy(A+,
RNA.
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TABLE 1. YIELD OF CRUDE PELLETED POLYSOMES

FROM VARIOUS EXTRACTION METHODS

ACETATE 2% NONIDET CHLORIDE A260 units/ml
BUFFER HEPARIN P-40 BUFFER SONICATION HOMOGENIZATION

X X 42 58

X 12 20

X X X 25 43

X X 18 62

A S

C D

i i\j
i \.;.

-- -- - -- ! m 1 Il / 1 1 d / III - " -
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