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RESFARCH CBJEUI'IVE:{‘Ib develop the capablility to obtain tull-copy structural
genes from C. reinnhardtil by immunopurification of specific mRNAs t'rom
polysames combined with erfiziint cilva syntnesis ana cloning. - - . -

Specifiic research alims have i{ncluded the development of a method {or
efficient isolation of Iintact polysames {rom C. reinnardtii, irmunosclection
of isoclated polysomes using antipodies against the smaii subunit of ribu.ose
bisphosphate carboxyluse and in vitro translation of irmunose.ected miNA,
cloning full-length poly: A+; RNA, and construction of 4 piasmid vector for
stable transformmtlion ol . relnnardtif.

Polysame Isolation

The ablliity to isoiate and medntain (ntact polysames L5 an essentias
first step for polysam? lmunuselectlion. An improved metnoed fer officiont
isolation o' Intact poiysames from the C. reinhardtil cell wd..iess musadil Owis
has been developed. Ulfferent methods were comparcd on th. bases ol tihe yleln
of polysames, the integrity of the polysames determined by ana.ysis off uie
population of poliysames in density gradients, and the etficlency of puriliied
polysames in in vitro transiatlon systems. Tectiiques lor iysis of
C._relnhardtii OWib ceils tnat were examined included sonication,
homogenization of cells trozen in liquid nitrogen, and gentle swirliing in the
presence of 0.05% or 24 Nonidet P-40. Hamogenizatlion and detergent lysis
resulted in ylelds of' crude polysame pellets {obtalmnexd by centrifugation o
lysates chrough a 2 M sucrose cushion at 239,00 x g tor 2.5 n; that were
2-fold the yleld of crude poiysames by sonication :Table 1,. However,
anaiysls of the polysames on sucrose density gradients (15-45%) snowed tiat
intact polysames with higher "mer" numbers were (solated most efficientiy when
cells were lysed by sonication (Fig. 1.

Buffer systems and RNases i{nhibitors for use in lysis and purification
procedures were examined. The use of a Tris-acetate buf'fer resulted in
increased yleld of intact polysames In comparison with a Tris—chioride butfer
system. Polysames were more stable on storuge in Tris-acetate buffer. A pH of
8.4 was required to obtaln intact C._reiphandtil polysames. Innibition of
endogcnous RNases 1s the most critical factor in the ablility to isolate of
intact polysames. Dithiothreitol (DIT), heparin and EDTA were used as RNase
inhibitors. Heparin at concentrations of 500 mg/ml was essential for
isolation of intact polysames as determined by analysis of polysame
populations obtained by sucrose density gradient fractionation and electron
microecopy (Fig.l, Pig.2). DII7 and nepa: in acted synergistically to increase
tne yleld of intact polysumes. The results showed that strong lysis processes
resulted in higher levels of endogenous RNase activity and lower yields aof
polysames.
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Thus, the optimal conditions for efficlent isolatlon of intact polysames
from C. reinhardtii CW15 include 1) lysis by sonlcatlon in Tris acetate/
magnesium acetate/potassium acetate ouffer (pH 8.4}, 2) amending all buffers
with 5 mM dithiothreitol and >0.5 mg/ml heparin {an extremely effective RNase
inhibitor), 3) fractionation of a loosely-adhering ribonucleoprotein fractlon
from the firmmly-attached polysome pellet in the initial polysame lsolation
procedure and 4) the use of a linear 15-45% sucrose gradlent for purification
of polysames of discrete "mer" numbers. These results have been publlsned
(Tabor and Cho, 1947;.

Polysare immnoselection and in vitro translation

Polysomes isolated from C. reinhardtii CW15 by the method described
above were used in studles to dztrrmine the speciticity of an avallabie
antibody (IgG) agalnst the ribulose bisphocphate carboxylase small subunit
{RUBISCO SSU). HMirst, polysamal poly({A+; RNA was obtained by dissociating
polysames with EDTA and using oligo-(d)T cellulose to isolate po.y At, RNA.
This RNA was used in o whedl SeiT -2l Volro trans.oot.oon 5,5t g o ot o of
the translation products were immunoselected using the anti-5SU antibody ana
Protein A-Sepharcse columns. 7The single, 20 kDal peptide immunoprecipitated
by the antibody is the same size as the precursor of the RUBIECO 35U .Fig. 3..
When intact polysames were added to the wheat germ in vitro transiation system
and a portion of these translation products were irmunoselectea in the same
manner, a single immunoselected peptide of 16.5 kDal was found. This
{mmunoselected peptide 1s ldentical in size Eg the peptide obtained when
proteins were labeled in vivo by the use of *"C-acetate and antibodl~s mixed
with the postmitochondrial supermatant for immunoselection Fig. 4,. Finally,
intact polysomes and anti-SSU antibodizs were mixed and polysames specificaliy
binding the anti-SSU antibodies were isolated on Protein A-Gepharose coiumns.
The polysames were dissociated and poiy A+) RNA was ilcsolated by the use of
0ligo-d(T) columns. The immunoselected polysomal RNA was transiated using the
wheat germ system and a single, 20 kDal peptide was found "Fig. 5.. The
intact polysame preparation used in the in vitro translation system apparently
contalns sufficient endoproteases to process the precursor SSU to the mature
form during the in vitro translation procedure. The anti-sSU antioody from i.
Schmidt, Univ. of Ga. was exhausted and could not be replaced from this
source. The RUBISCO SSU peptide was purified from C. reinhardti! using the
procedure of Mishkind and Schmidt (1983, and antibodies were proauced in
rabblits following the protocol used by Schmidt (persomal comranication).
Antibody of sufficlent titer was harvested and the IgG fraction was isolated
by the use of Protein A affinity chromatugiaphy. nsitnough the antibody showed
specificity for the RUBISCO SSU in immunoprecipitation of in vitro translation
products from C. reinhardtiil RNA, polysomes could not be lmmunoselected using
this antibody.

Cloning C. reinhardtii full-length poly(A+) RNA

The vector/primer system of Tkayama and Berg (1982) and poly(A+) RNA
isolated from C._reinhardtil were used to construct a cDNA liprary for
C. reinhardtii. Yields of 5 mg RNA were obtained frum % x 1U° C. reinhardtit
CW15 cells using the cian'Atn. tilocyanate/hot phenol method. Poly(A+) RNA
#as izoiated using map, 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 synthesls was assayed using oligo d(I‘)lZ primer and
reverse transcriptase. A U4.5% conversion into cDNA mdicateg the mRNA could
be used readily for reverse transcription. Poly(A+; RNA was annealed to the
vligo d(T)-tailed plasmid primer of Okayama and Berg (pSV7186) und 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 riNA:cDNA/plasmid
primer using terminal transferase (thc addition of d(C) residues was monitored
to obtaln 20 residues per end) and an oligo d(G)-tailed lirker .from pSVi9ysc.
was added to pramote circularization of the plasmid by using E. coli DNA
ligase. mRNA was replaced by second-strand cDNA syntnesis using RNase H to
selectively induce nicks {n the mRNA strand and E._coll Pol I to carry out
nick translation. E. coli K12 strain MC 1061 was transtormed with thc
constructed vector. The total numpber of independent transformants in tne clliA
library was calculated to be 1.2 x 107. Plasmids were {solated trom
independent transformants and digested with various restriction endorucleases.
Different restriction fragment patterns were found lor each transformant,
indicating that different DNA fragments had been cloned (Fig. 6.
Hybridization analyls using labeled olNA derived from C._reipnardtil poly (A+,
RNA showed that 307 of trans{ormants had strong sequence homology witn C.
reinhardtii mRNA ‘Fig. 7). Attempts were made to modifly the Ckayaman and Berg
method by eliminating the step repizcing RNA in the insert molecule, Ligpting
the plasmid ana cloning the RNA:DHA hybrid directly. We were not able to
recover plasmids with intact inserts .from Pstl ana Pvull digests; from the
transformed population. This indicates that RNA incorperated into the vecter
stgnificantly decreases the staclilily of the piasmia in transiormed ceils.

This study comprised the basis o the Master's researcn project of a
student in my laboratory, T.Z. Lin, wno graduated n December 1406.

Construction of a plasmid vector for transformation of C. reinhardtii
A thid, preliminary study to construct a plasmid vector to transform 2.

reinhardtil has been accompilshed. The E. coll,mouse cell line snuttle veclor

pSLI38 (kan®, and the herpes tk promoter reglon to ailow expression ol the
gene 1n eucaryotes as G418 resistance; ‘a gif't trom S. Larson, was modified by
the Insertion of the C. relnhardtil chloroplast Eco Ri mem, Ris .a gif't
from M. Wu), which contains an origin of repllcation - ctiA) und scquences
pramoting autonomous replication in C. reinhardtii. A plasmid (pQSiJi, was
constructed by ligation of the 1solated Ri3 fragment in pSlish. The uce of
low catlon concentrations and high pH were required to obtain tmns‘.‘ommms.
Serial transiere o2 {ncreasing concentrations of the antibiotic G418 were
necessary to lsolate stable tmg:u crments. Using this method, the
transformation frequency was 10¢ C. reinhardtii vrase{ciTon®s per 107 celis.
Analysis of plasmid size and restriction enzyme digests of plasmids from C.
reinhardtii cultured in selective medium shows that the plasmid undergoes
rearrangements, as well as reduction in slze. Even though selective pressure
by the antibiotic G418 18 tuinladmy, pidsiid dhin call 1OL U8 coovered rom
transformed cultures after 80 generations (a j-weck period,.
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Training activities
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'86 semesters. T.I. Lin ls Crom Talwan, C.-L. Cho is {rom Korea w 3.
Stievenart i{s an Indiana native.
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Table captions

Table 1. Yields of polysames resulting fram various methods of lysis. Buffer
A ic 25 mM Tris-acetate (pH 84.), 2.5 mM mRgnesium acetate, 0 mM potassium
acetate, 5mM ditniotreitol (DIT), 1 ug/ml cycloheximide 0.5 mg/ml heparin
(>150 U/mg). Bufter B 1s 25 mM Tris-HCl (pH 7.5), 25 mM potassium chloride,
25 mM magnesium chloride, SmM DIT, 1 ug/ml cycloheximide, 0.5 mg/ml neparin.
For liysis by hamogenization, cell pellets were frozen in liquid nitrogen and
ground to a powder. For lysis by sonication, 15 ml aliquots were sonicated
three times for 10 sec in an ice hath. Polysomes were pelleted through a 24
sucrose cushion for 2.5 h at 235,000 x g.

Figure captions

Fig. 1. Distribution of C. reinhardtil polysomcs in sucrose gradients.
Polysomes were separated on 15-45% sucrose gradients {centrifiuged for i nh at
227,000 x g) and gradients were scanned at 254 rm. a. acetate buffer with 0.9
mg/m. heparin, b. acetate ouffer and no heparin, c. acetate pulfer, heparin
and 2% Nonidet P-40, d. chlorlde buffer with heparin, e. loosecly-udiering
polysome fraction. "m" indicates the monosomul fractlomn.

Fig. 2. Electron micrographs of pooiled polysames fractionated !rom density
graalents. Magnification is 72,000X. a. buflier containing no neparin, Ub.
butfer with 0.5 mg/ml heparin.

®lg. 3. In vitro transiation products of poly A+, RiA. Lef't lane, tota. in vitro

products. Right lane, polypeptides selected by anti-iUziSow 55U

Fig. 4. In vitro transiation products Craa intiact porysanes.  wef't lane total
transiation products. Right lane, lrounoselected transiation products Qrom
polysames.

Fig. 5. In vitro translation products of poly A+, RNA isoiated frum
irmunoselected polysomes. Lweft lane, translation products off total po.y A+
RNA derived {ram total polysomes. Right lane, in vitro trans.iatlion products
of total poly A+, RNA derived {rom irmunoselected poiysomes.

Pig. 6. Agarose clectrophoresis of cloned plasmiis contalning C. refnnaritil
cDNA. Lane A, lambda DNA markers; lane B, pBR32e; lane €, plasmids lsolateg
from transformation mix and digested with Pst I; lane D, Pst [ digestion of
pCrl; lane E, Pst I digestion of pCr2; lane F, Pst I dLgestlon of plrs, lane
P, Pst I digestion of Crd4; lane G, Pst I digestlon of pCry; iane H, Pst 1
digest of clening vector, pSV7186.

Pig. 7. Dot-blot hybridization detecting cDNA clones. Twenty independent

5 ormants were transferred to nitrocellulose and hybridized with
D-labeled cINA derived from reverse transcription off C. reinhardtil poiy(A+,

RNA.

———y




TABLE 1.

Paul S. Tabor, ONR Fimal Report page 6

YIELD OF CRUDE PELLETED POLYSOMES

FROM VARIOUS EXTRACTION METHODS

ACETATE 2% NONIDET] CHLORIDE A26Q units/ml
BUFFER HEPARIN P-40 BUFFER [SONICATION JHOMOGENIZATION
X X 42 58
X 12 20
X X X 25 43
X X 18 62
n A
il ‘
Figure 1 fv I |

Abs (794 )

Aby (294 )

abe (2% w»)

Aba (294 am)

Abs (294 rm)
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Figure 2a.
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