The structure of ribonucl eotide reductase conpl ex

The t hree-di nensional structure of the | arge subunit of
Cass | RNRin E. coli has been determned, and it serves
as the nodel of RNRin E. coli and eukaryotes (Figure
5)(Nordlund et al. 1990; Nordlund and Eklund 1993; Uhlin
and Eklund 1994). This enzyne consists of two identical

| arge subunits, or a honodinmer of o, (171 kD, 2 x 761
residues) and two identical small subunits, or a honodi ner
of B, (87 kD, 2 x 375 residues). One |large and one snal
subunit forman active site between them so the enzyne
conplex has two active sites. At each active site, the

| arge subunit contributes sul fhydryl groups from cysteines;
the small subunit provides a tyrosyl free radical (Tyr).

In addition to its sulfhydryl pair, each |arge subunit
contains two allosteric sites: an overall activity site and
a substrate specificity site (Thel ander and Rei chard 1979).
The overall activity site controls the general supply of
dNTPs for DNA synthesis. Binding to the overall activity
site, dATP (a product of RNR) inhibits the enzyne activity
by feedback, whereas ATP enhances the enzyne activity. The
substrate specificity site regul ates the bal ance between
the four ribonucl eosi de di phosphates. Binding to the
substrate specificity site, a nucleotide enhances the

synt hesi s of anot her nucl eotide: dGIP enhances dADP
synthesis; dTTP enhances dGIP synthesis; dATP and ATP
enhance dCTP and dUTP synt hesi s.

The three-di nensi onal structure of the | arge subunit of RNR
in E. coli has been determned (Uhlin and Eklund 1994)
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(Figure 6). Two redox-active cysteines, Cys 225 and Cys
462, are directly involved in the substrate reduction.

Al t hough they are far away from each other in am no acid
sequence, they are adjacent at the active site of the

t hree-di nensi onal structure. Another cysteine at the active
site, Cys 439, may forma cysteine free radical. This free
radical may draw away the H atom (H) at the 3" C of the

ri bose noiety to start the reaction.

The | arge subunits of RNR have conserved am no acid

resi dues, which are the sane in other organisns (Unhlin and
Ekl und 1994). A few extrenely conserved residues are
illustrated with the residues of the |arge subunit of RNR
in E.coli. They are the cysteines for reducing the ribose
of the substrate (Cys 225, 439, 462), the tyrosines for the
transferring the free radical fromthe small subunit (Tyr
730,731), and the am no acid residues for binding and
transformng the ribose noiety of the substrate (Ser 224,
Asn 437, Qu 441). These conserved am no acid residues are
features that help identify the |arge subunit of RNR

Besides its tyrosyl free radical, each small subunit
contains a cofactor or a prosthetic group. The cofactor,
two iron ions connected by an oxygen atom affects a nearby

tyrosine to formthe tyrosyl free radical.

The three-di mensi onal structure of the small subunit of RNR
in E. coli has been determ ned (Nordlund et al. 1990;
Nor dl und and Eklund 1993) (Figure 7). Its basic recurrent
nmotifs are eight long helices. The cofactor is buried
Wi thin the subunit. Above this cofactor and near the
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surface (10 A fromthe surface) is the tyrosyl free radical
(Tyr 122), which is essential for the catalytic activity.

The small subunit of RNR has 17 extrenely conserved am no
acid residues (Nordlund and Eklund 1993). Al these 17

am no acid residues are identical in at |east 10 organi sns
exam ned. These 17 amno acid residues are illustrated wth
the residues of the small subunit of RNRin E coli. They
are the iron ligands residues and its environnment (Trp 48,
G u 115, His 118, du 204, Asp 237, Gu 238; H's 241), the
tyrosyl radical and its environnment (Tyr 122; Phe 208, Ser
211, Phe 212; Ile 234), the residues for the binding of the
| arge subunit (Asp 59, Arg 236, G u 350, Tyr 356), and the
residue for a helix turn (Pro 331). These conserved am no
acid residues are features that help identify the smal
subunit of RNR
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Figure 5. The conceptual structure of ribonucl eotide

reductases in E. coli and eukaryotes
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Figure 6. The three-dinensional structure of the |arge

subunit of ribonucleotide reductase in E. coli

A single large subunit is shown. Three redox-active
cysteines, C 225, G462 and C-439, are shown in red.

Al t hough they are far away from each other in am no acid
sequence, they are adjacent at the active site of the

t hree-di nensional structure. The structure originates from
1RLR in the Ml ecul ar Mbddel i ng Dat abase at the Nationa
Center for Biotechnology Information (NCBI); then it was
mani pul ated with Cn3D, a 3D nol ecul ar structure view ng and
anal ysi s program from NCBI
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Figure 7. The three-dinensional structure of the smal

subunit of ribonucleotide reductase in E. coli

Two smal | subunits, or a honodiner, are shown in blue and
green respectively. The cofactor is buried within the
subunit (red). Above the cofactor and near the surface is
the tyrosine 122 residue (purple, marked Y), which is
essential for the catalytic activity. The structure
originates from 1AV8 B in the Ml ecul ar Moddel i ng Dat abase
at the National Center for Biotechnology Information
(NCBI); then it was mani pulated with Cn3D, a 3D nol ecul ar
structure view ng and anal ysis program from NCBI
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Cl ones and sequences of ribonucl eotide reductases in
eukar yot es

Subunits of RNR have been cloned and sequenced from many
eukaryotic organisns (Table 2). However, little was known
about RNR in plants a few years ago (Chaboute et al. 1998).
When this study began in 1994, RNR cl ones and sequences in
pl ants had not been reported. In 1995, other investigators
publ i shed the cDNA cl one and sequence of the snmall subunit
of RNR in Arabidopsis (Philipps et al. 1995). By 1997, |
reported to nmy advisory commttee the cDNA cl ones and
sequences of the conplete |large and small subunit of RNR in
soybean. The sequence of the small subunit of RNR in
soybean has been published (Xiong and Cowl es 1999). O her

i nvestigators published the cDNA cl ones and sequences of
the large and small subunits of RNR in tobacco (Chaboute et
al . 1998).
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Table 2. C ones of ribonucleotide reductase in eukaryotes

Organi sm Subuni t Ref erence
human | arge,smal|l | (Parker et al. 1991)
(Pavl of f et al. 1992)
nmouse | arge,small |(Caras et al. 1985)

(Thel ander and Berg

1986)
hanst er smal | (Chaudhuri et al. 1992)
zebrafish | arge,small | (Mathews et al. 1996)
fruit fly | arge,small | (Duronio and O Farrel
1994)
nemat ode | arge (Wlson et al. 1994)
cl am smal | (Standart et al. 1985)
Urechi s smal | (Rosent hal 1993)
baker’ s yeast | arge (El'l edge and Davi s
1990) (Yagle and
smal | McEnt ee 1990) (Ell edge

and Davis 1987)
(Hurd et al. 1987)
(Wang et al. 1997)

fission yeast | arge, smal | | (Fernandez Sarabia et
al . 1993)

Lei shmani a smal | (Lye et al. 1997)

Pl asnmodi um | arge, smal | | (Chakrabarti et al.
1993)
(Rubin et al. 1993)

Di ctyostelium smal | (Tsang et al. 1996)
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Trypanosoma | arge, smal |l | (Dorneyer et al. 1997)
(Hofer et al. 1997)
Ar abi dopsi s | arge (Lin et al. 1999)
smal | (Philipps et al. 1995)
t obacco | arge, smal |l | (Chaboute et al. 1998)
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The gene or gene famly encodi ng the subunits of
ri bonucl eoti de reduct ase

Al t hough only one | arge and one snmall subunit of RNR have
been found in nost eukaryotes, there are reports that a
gene famly encodes different large or snmall subunits of
RNR in a few eukaryotes. In baker’s yeast, two genes encode
two RNR | arge subunits with about 80% am no acid identity
bet ween them (El |l edge and Davis 1990). One gene is
essential for viability and is regulated with cell cycle.
The ot her gene is unessential for viability and is strongly
expressed foll ow ng DNA danage. Likew se in baker’s yeast,
two genes encode two RNR snmall subunits with about 52%
amno acid identity (Ell edge and Davis 1987; Hurd et al.
1987; Wang et al. 1997). One snull subunit has catal ytic
activity; the other does not have catalytic activity, but
is required for the enzyne conplex. It is not clear how
these different large and small subunits are selected to

formthe enzyne conplex in yeast.

Recent findings fromplants show that a small gene famly
encodes different |large subunits of RNR in tobacco
(Chaboute et al. 1998), whereas a single gene encodes the
only small subunit of RNR in tobacco (Chaboute et al. 1998)
and in Arabidopsis (Philipps et al. 1995). Wether a gene
famly or a single gene encodes the |large and snmall subunit
of RNR in soybean is part of this study.
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Cene expression of ribonucleotide reductase in E. coli and
i n eukaryotes

In E. coli cells, RNR gene expression is cell-cycle
dependent (Sun and Fuchs 1992). An operon, nrd, encodes
both the large and small subunit of RNR, and it is
transcribed into a polycistronic RNR nRNA. I n each
generation of synchronized E. coli cells, the RNR nRNA

i ncreases when DNA synthesis starts; it decreases back to
basal |evels soon after DNA synthesis starts. This cell-
cycle regulation of nrd expression is controlled by five
upstream ci s-acting el enents (Jacobson and Fuchs 1998).

In nouse cells, RNR gene expression is cell-cycle dependent
(Bjorklund et al. 1990) and i nduci ble by UV-1ight
treatnents that damage DNA (Filatov et al. 1996). Both the
MRNA encodi ng the | arge subunit and that encodi ng the snall
subunit are very |ow or undetectable during G/G phase.
They are high during S phase and | ow again during G+M
phase. By UV-light treatnents, the pronoter of the gene
encoding the large subunit is induced up to 3-fold; the
pronoter of the gene encoding the small subunit is induced
up to 10-fold. The transcription of the pronoter of both
genes is controlled by nultiple protein-DNA interactions
(Jordan and Reichard 1998). The small subunit of RNRis
phosphoryl ated by cyclin-dependent ki nases P34cdc2 and CDK2
(Chan et al. 1999). Over expression of the small subunit
enhances nal i gnant potential of nouse cells (Fan et al.
1996), but the |arge subunit suppress the nalignant
potential (Fan et al. 1997). Despite sone phenonena, the
20



rel ati onship between RNR and cell cycle regul ation and

checkpoints is still unclear.

In baker’s yeast, RNR gene expression is cell-cycle
dependent, and it is inducible by treatnents that danage
DNA or block DNA replication (Elledge et al. 1992). Gene
RNRL and RNR3 encode two different |arge subunits of RNR
Gene RNR2 and RNR4 encode two different small subunits of
RNR. Through the cell cycle the nRNA | evel s of RNR1
fluctuates 10-fold; and the nRNA | evel s of RNR2 fluctuates
2-fold. By treatnents that danage DNA or bl ock DNA
replication, RNRL is induced 5-fold; RNR2 is induced 25-
fold; and RNR3 is induced 500-fold.

Not much is known about RNR gene expression in plants. RNR
gene expression in tobacco is cell-cycle dependent
(Chaboute et al. 1998). In synchroni zed tobacco cells, the
MRNA | evel s of both the Iarge and small subunit are high in
the S phase and lowin the G, Mand G phases.

In intact plant tissue, there are no reports of RNR gene
expression affected by environnental conditions. It is
wel | -known that if young soybean seedlings were grown in
the dark, the prinordial shoots remain yellow and in bud.
However, after transferring to light for a couple of hours,
the prinordial shoots begin to green, grow and devel op.
Thi s phenonenon inplies that |ight nmay turn on or increase
sone genes for cell division. Because RNR is a key enzyne
for DNA synthesis and cell division, I want to know if RNR
genes in soybean are expressed both in the dark-grown and
i ght-grown seedlings, and if lighting turns on or
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increases the nRNA levels. | estimated RNR nRNA | evels in
prinordi al shoots of young soybean seedlings by Northern
hybri di zati on.

Multiple poly(A) sites in plant nmRNA

Al nmost all eukaryotic nmRNA has a 3' poly(A) tail. In the
nucl eus, the pre-nRNA | oses its 3'-end by endonucl eol ytic
cl eavage and then obtains a 3' poly(A) tail by

pol yneri zation of AMP (M nvielle-Sebastia and Keller 1999;
Wahl e and Ruegsegger 1999; Zhao et al. 1999). The pol y(A)
tail of nMRNA functions in exporting the nRNA fromthe

nucl eus to the cytoplasm initiating translation, and
regul ating nRNA stability.

Ani mal nmRNAs normal |y have a single poly(A) site and three
cis-acting elenents locate the site. The first elenent is a
hi ghly conserved AAUAAA sequence, found 10-30 nucl eoti des
upstream fromthe poly(A) site. The second elenent is a U
rich or GJrich sequence, found usually within 30

nucl eoti des downstream fromthe poly(A) site. The third

el enment is the cleavage site, or poly(A) site itself. A CA
di nucleotide is frequently found just before the cl eavage
site. So the first adenine ribonucl eotide of the poly(A)
tail in an animal nRNA is |ikely gene-encoded (Zhao et al.
1999).
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Based on a rather small nunber of functional studies, it is
proposed that three cis-acting elenents |ocate the pol y(A)
site in plants (W et al. 1995; Rothnie 1996; Li and Hunt
1997). The first elenent is a near-upstream el enent, found
10- 40 nucl eotides upstreamfromthe poly(A) site. It is an
AAUAAA-1 i ke or a rather unrel ated sequence. The second
element is a far-upstreamelenent, found 13 to 100

nucl eoti des upstream fromthe near-upstreamelenent; it is
usually U-rich. The third elenent is the cleavage site, or
poly(A) site itself. A dinucleotide Y(= Cor T)Ais
frequently found at the poly(A) site. The cis-acting

el ements locating the plant poly(A) sites differ between
MRNAs and are hard to discern by sequence inspection al one.

Many plant nmRNAs have nultiple poly(A) sites (Wi et al.
1995; Rothnie 1996; Li and Hunt 1997). For exanple, 14
pol y(A) sites were found from 22 cDNA cl ones encodi ng a
chl oropl ast RNA-bi nding protein in tobacco (Klahre et al.
1995). These multiple poly(A) sites were confornmed by RNase
A/ T1 mappi ng of tobacco RNA. Sone researchers consi der
multiple cis-acting elenents as the cause for nultiple
poly(A) sites in plants (Li and Hunt 1997). To determ ne
possible multiple poly(A sites of RNR nRNAs in soybean,
sequenced nmultiple clones containing 3' ends of the cDNA
encoding the large and small subunits of RNR in soybean.
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Mat eri al s and Met hods

Pl ant materi al

The soybean (d ycine max) used in this study was the

Cul tivar “Chesapeake”, which was kindly provided by Dr.

d enn Buss, Departnent of Crop and Soil Environnenta
Sciences, Virginia Polytechnic Institute and State

Uni versity, Blacksburg, VA 24061. The soybean seeds were
germnated in potting soil in an incubator at 20°C in the
dark for four days.

Al nucleic acid was isolated fromthe prinordial shoots of
young soybean seedlings. Genom c DNA was isolated after the
seeds were germnated for four days and the seedlings
energed fromthe potting soil in the dark. Total RNA was
isolated after the seeds were germ nated for four days, and
the seedlings enmerged fromthe potting soil in the dark and
then grewin the |ight (4000 food candle) for three hours.
Pol y(A)" RNA was isolated after the seeds were germ nated
for four days, and the seedlings energed fromthe potting
soil in the dark and then grew either in the dark or in the
Iight (4000 foot candle) for three hours.

| sol ati on of DNA and RNA

For genom c DNA isolation, the prinordial shoots (2-3 mm
Il ong) were ground to a fine powder in liquid nitrogen. One
gramtissue powder was solubilized in a guanidi ni um
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t hi ocyanate solution (1 g tissue/3 ml DNAzol ES, Ml ecul ar
Research Center, G ncinnati, OH), extracted with chl orof orm
(3 M) and centrifuged (4° C, 12,000 x g, 10 mn). The
supernatant was collected. DNA was precipitated with

et hanol (0.75 volune of 100% et hanol) and col | ected by
centrifugation (4° C, 5,000 x g, 4 min). The pellet was
suspended in RNase A solution (400 pl, 10 pg/ul in 5 nv
EDTA) and incubated at 37°C for 15 m n. The incubated
suspensi on was washed with a DNAzol ES-ethanol m xture
(1:0.75 volume, 4 m) and centrifuged at 5,000 x g for 4
mn. The pellet was washed with ethanol (3 nm, 90% et hanol)
and centrifuged at 5,000 x g for 4 min. The ethanol washing
was repeated once. The DNA pellet was briefly air-dried (10
mn), dissolved in NaCH (200 pul, 8 mVM and centrifuged at
12,000 x g for 4 mn. The DNA solution was neutralized with
HEPES (4.6 pl, 1 Mfree acid) to pH 7. 2.

Total RNA was isol ated as descri bed by Verwoerd et al.
(Verwoerd et al. 1989). Prinordial shoots (2-3 mmlong, 1

g) were ground to a fine powder in liquid nitrogen. The

ti ssue powder was honbgeni zed in hot exaction buffer

[ phenol — 0.1 MLid, 100 nM Tris.HO pH = 8.0, 10 nM EDTA,
1% SDS (1:1), 80°C, 5 m] by vortex (30 sec), extracted wth
chl or of ormi soanyl al cohol (24:1, 2.5 m) and centrifuged (4°
C, 10,000 x g, 10 mn). The supernatant was col |l ected and
RNA was precipitated wwth Lid (4 M 1 volune, 4° C, for 15
mn) and centrifuged (4° C, 10,000 x g, 30 mn). The RNA was
suspended in water (2.5 m), precipitated with NaQCAc (3 M
pH = 5.2, 0.1 volune) and ethanol (2 volunes), and
centrifuged (4° C, 10,000 x g, 30 mn). The RNA was washed
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in ethanol (2 mM, 75% ethanol), centrifuged at 10,000 x g
for 10 mn, and dri ed.

Pol y(A) RNA was isolated in a guanidiniumthiocyanate
solution and oligo(dT) cellul ose (Poly(A) Pure, Anbion,
Austin, Texas) according to the manufacturer’s protocol.
Prinordial shoots (2-3 mmlong, 1 g) were ground to a fine
powder in liquid nitrogen. The tissue powder was
honmogeni zed in Lysis Solution (offered in the kit, 10 m),
diluted with Dilution Buffer (offered in the kit, 20 m),
and centrifuged (RT, 12,000 x g, 15 mn). The supernat ant
was transferred to a fresh tube. Aigo dT cellul ose (one
vial T18 resin) was added to the supernatant. The m xture
was i ncubated with continual rocking for 60 mn and
centrifuged (RT, 4,000 x g, 5 mn). After the supernatant
was renoved, the oligo dT with bound nRNA was washed in a
high salt solution (10 mM Binding Buffer, offered in the
kit) and centrifuged (RT, 4,000 x g, 3 mn). Then the oligo
dT with bound nRNA was washed in a |ow salt solutions (10
m Wash Buffer, offered in the kit) and centrifugation (RT,
4,000 x g, 3 mn; discard supernatant; repeat 3 tines). The
oligo dT with bound nRNA was collected in a spin columm.
The colum was washed with a | ow salt solutions (500 pl Wash
Buffer, offered in the kit) and centrifuged (RT, 5,000 x g,
10 sec). The washing was repeated (3 or nore tines) until
the Ay, of the flowthrough was = 0.05. The nRNA was el uted
by Elution Buffer (offered in the kit, at 65°C, 200 pl) and
centrifuged (RT, 4,000 x g, 30 sec).
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Cl oni ng and sequenci ng of the cDNAs

For cloning of RNR subunits in soybean, a PCR and cl one
strategy was used (Figure 8), which included PCR with

hi ghly degenerate priners and Rapid Anplification of CDNA
Ends techni que (RACE)

First, soybean cDNA was reverse transcribed (Figure 8)
according to the manufacturer’s protocol (Superscript,

G bco BRL, Rockville, MD). Total soybean (d ycine nax) RNA
(as tenplate), oligo(dT) (as priner), and reverse
transcriptase fromnmnurine | eukem a virus were used for
reverse transcription. Total soybean RNA (10 pg) and
oligo(dT) (5 puM 8 pl) were m xed (42 pl total), incubated
at 70°C for 5 mn, and chilled on ice water for 2 mn. To

t he above m xture, PCR buffer (10x, 8 upl), Md, (25 MM 8
plb), dNTP mix (10 mM 4 upl), DIT (0.1 M 8 pl), and RNasin
(2 U2 pl) were added. The new m xture was incubated at 50°C
for 5 mn. Reverse transcriptase (Superscript Il RT, 200

U1l ul) was added. The new m xture was incubated at 50°C for
60 mn; and then at 94°C for 5 min. RNase H (2 U1l pl) was
added and the new m xture was incubated at 37°C for 20 mn.
The final mxture (80 pl total) containing first strand cDNA
was stored at —20°C before it was used as tenplate for PCR

anplification.

Second, the first segnent of the cDNA encoding a RNR

subunit was anplified by PCR (Figure 8). Transcribed

soybean cDNA was used as tenplate for the PCR After a

single PCR product with an expected size was confirned by

agarose gel electrophoresis, it was cloned and sequenced.
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The sequence was used to identify the clone encoding the
expected part of the subunit. The sequence was al so used to
design prinmers, with which the 3' and 5' ends of the cDNA
were anplified.

Hi ghly degenerate priners were used in the PCRto anplify
the first segnent of the cDNAs (Table 3,4,5). Because
little was known about RNR in plants, the prinmers were

desi gned according to the conserved regions of known RNR in
ot her eukaryotes: human, nouse, hanster, clam nenmatode,
bakers’ yeast, fission yeast, and plasnodium Expressed
Sequence Tags of Arabi dopsis were also used. In the
conserved regions of the known RNR in these organisns, the
am no acid sequences are relatively conserved, but the DNA
sequences are still degenerate. For exanple, an upstream
primer with a degeneracy of 16,384 fold m ght be needed to
anplify the first segnent of the cDNA encodi ng Large
Subunit A (Table 4). A priner mxture with 16,384 different
sequences coul d achieve this high degeneracy, but so nmany
different prinmers would interact with each other, form
primer dimers, and produce wong PCR products. Mtching A
C, Gor T, deoxyinosine was used to nmaintain the high
degeneracy but decrease the variety of the priner. Five
nucl eoti des of deoxyinosine were used in this priner, and
the variety was decreased one thousand tines, from 16, 384
to 16. Degenerate priners are shown in accordance with the
I nternational Union for Pure and Applied Chem stry (1 UB)
code (Table 3,4,5).

Third, the 3 and 5 ends of the cDNAs were anplified
(Figure 8). Rapid Anplification of cDNA Ends, or RACE
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techni ques, were used according to the manufacturer’s

prot ocol (Marathon cDNA Anplification, 3'-AnpliFinder RACE,
Clontech, Palo Alto, CA) (Tables 3,4,5). Two rounds of PCR
were carried out during the RACE procedure. These 3' and 5'
ends were cloned and sequenced. The sequences were used to
identify the clones encodi ng the expected 3° or 5 ends and
to design prinmers, with which the conplete coding region of
the cDNA was anplified.

Finally, the conplete coding region of the cDNA was
anplified by PCR with soybean cDNA (as tenplate), the
upstream start-codon-prinmer and the downstream st op-codon-
primer (Figure 8)(Tables 3,4,5). The upstreamstart-codon-
primer targeted the region upstreamfromthe start codon of
the cDNA. It was designed according to the 5 ends of the
cDNA. The downstream st op-codon-priner targeted the region
downstream fromthe stop codon of the cDNA It was designed
according to the 3 ends of the cDNA Part of the cDNA
encoding a third | arge subunit (Large Subunit C was
unintentionally anplified when the 3" end of the cDNA
encodi ng the Large Subunit B was anplified (Table 5).

cDNAs were anplified with Tag DNA pol ynerase or a DNA
pol ynerase m xture. When a short segnent of cDNA (<1, 000
bp) was anplified, Tag DNA pol ynerase (PCR Core Kit,
Boehri nger Mannhei m I ndianapolis, IN) was used. Wen a
| ong segnment of cDNA (>1, 000 bp) or a cDNA incl uding
conpl ete coding region was anplified, a DNA pol ynerase
m xture with proofreading activity (Expand Long Tenpl ate
PCR System Boehri nger Mannheim | ndianapolis, I N was used
to reduce the error rate of the anplification.
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PCR-anplified cDNAs encoding the subunits of RNR were
cloned with either one of two kits as suggested by the
respective manufacturers. The cDNA encodi ng the snall
subunit was cloned into blunt-end vectors with T4 DNA
ligase (Prime PCR Cloner kit, 5 Prine -> 3 Prine). The
cDNAs encoding the | arge subunits of RNR were cloned into
TA vectors with topoi sonerase according to the

manuf acturer’s protocol (TOPO TA doning kit, Invitrogen,
Carl sbad, CA). The cloning m xture included PCR product (1
pul), vector (pCR TOPO Vector, 1 ul, 10 ng) and water (3 ul).
The cloning mxture was incubated at RT for 5 mn. R-

nmer capt oethanol (0.5 M 2 ul) was added into conpetent cells
(One Shot cells, a vial). The cloning m xture (2 ul) was
added into the conpetent cells (One Shot cells, a vial) and
the cells were incubated on ice for 30 mn. The cells was
heat - shocked (42°C, 30 sec) and then incubated on ice for 2
mn. SOC nmedium (RT, 250 pl) was added into the cells. After
i ncubation (37°C, agitated at 225 cycles/mn, 30 mn), the
cells (50 pl each plate) was spread on nediumplates (LB
100 ng/ M anmpicillin).

cDNA cl ones were sequenced manual |y or by a commerci al DNA
sequenci ng service. cDNA clones were sequenced nmanual |y

w t h di deoxynucl eotide chai n-term nation nmethod (Sanger et
al . 1977) and DNA pol ynerase (Sequenase™ Version 2.0 T7,
USB, O eveland, OH). cDNA cl ones were sequenced by
comerci al DNA sequencing service wwth ABI Prism 377XL

aut omat ed DNA sequencer (DNA Sequencing Facility,

Uni versity of Chicago Cancer Research Center, Chicago, IL).
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The accuracy in the sequences was assured and the sequence
data were anal yzed. Accuracy in the sequence of the coding
regi on was assured by sequencing five different clones
encodi ng the sane subunit of RNR More than 99% of the
bases had identical base reading in all five clones; the
other less than 1% of the bases had the sane base reading
at four out of the five clones. Sequence data were anal yzed
W th Lasergene Bi oconputing Software (DNAStar, Madison, W)
and Basic Local Alignnent Search Tool (BLAST) prograns
(Altschul et al. 1990).
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Complete _ St 2P«

Coding RegiBn

Figure 8. A PCR and clone strategy for cloning a RNR
subunit in soybean
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