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Abstract — Polymerase chain reaction(PCR) was conducted with a pea cDNA library using two primers
synthesized from homology analysis of amino acid sequences for animal and plant cytosolic FBPases. A PCR
product with 650 bp long was cloned into pGEM-T vector and sequenced. The deduced amino acid sequence
of the cDNA fragment was 98, 91, and 85% homologous with those of cytosolic FBPases from spinach,
sugarbeet, and sugarcane, respectively. It was 51% homologous with amino acid sequence of FBPase from
pea chloroplasts. Northern blot analysis was proceeded with the cDNA clone resulting that 1.2 kb transcript
was highly expressed in light-grown pea leaves but almost not expressed in dark-grown etiolated pea
seedlings. When peas grown in the light for 10 days were transferred to darkness, the transcript was gradually
decreased with dark treatment, indicating that the expression of the enzyme was induced by continuous white
light but suppressed by dark treatment. Pea cytosolic FBPase was highly expressed in leaves with trace

amounts in stems. but almost not expressed in roots.

INTRODUCTION

Fructose-1,6-bisphosphatase (FBPase) (EC 3.1.3.11)
which catalyzes the dephosphoric reaction of fructose-
1,6-bisphosphate to fruciose-6-phosphate and inorganic
phosphate, exists as two isozymes in the cytosol and
chloroplasts of higher plants. The cytosolic enzyme is
required for the synthesis of sucrose from triose
phosphate, which is the major form of reduced carbon
exported from chloroplasts. On the otherhand the
chloroplastic enzyme is involved in one of the critical
steps constituting the Calvin cycle of photosynthetic
carbon dioxide fixation. Cytosolic FBPase is regulated
by AMP, fructose-2,6-bisphosphate and citrate, as are
all other gluconeogenic enzymes from other species.’
Chloroplastic FBPase is distinct from the cytosolic
enzyme in several ways, the most striking being that its
activity is stimulated by light.*6 It is activated by
alkaline pH, Mg?*, and reducing agents, such as
dithiothreitol in vitro, similar to conditions occurring in
the stroma of chloroplasts upon light illumination.® In
contrast to chloroplastic FBPase, the cytosolic enzyme
is active at neutral pH and insensitive to reducing
agents.*’

c¢DNA sequences of cytoplasmic FBPase has been
reported in spinach,® sugarbeet,” and sugarcane.’” The
expression of the cytosolic enzyme is down-regulated
by water stress,” but induced by light illumination.’-2

* To whom correspondence should be addressed.
tAbbreviations used : FBPase, fructose-1,6-bisphosphatase ;
PCR, polymerase chain reaction
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Recently we purified and characterized chloroplastic
and cytosolic FBPases from pea leaves.”-'* We also
cloned and sequenced ¢cDNAs for pea and soybean
chloroplastic FBPases.”"/¢ In connection with previous
works, we report here a cDNA sequence and expression
of pea cytoplasmic FBPase in an attempt to elucidate the
comparative properties of both enzymes in plant tissues.

MATERIALS AND METHODS

Materials. Peas (Pisum Sativum L. Alaska) were grown in a
growth chamber with 16 h/8 h light-dark photoperiod at 25°C.

Sephades G-50 was purchased from Pharmacia Fine
Chimical Co.. Nylone membrane (Hybond-N), [a-32P]dATP
and sequencing kit (Sequenase version 2.0) were from
Amersham International Biotechnology Inc.. Bacto-tryptone,
yeast-extract and bacto-agar were from Difco Co.. Phenol,
chloroform and alcohol were from Merck Co.. X-gal (5-bromo
4-chloro 3-indolyl B-D-galactopyranoside), IPTG (Isopropyl-
B-D-thiogalactosidase) and other chemicals were from Sigma
Chemial Co.. Restriction enzymes, T4 DNA ligase and DNA
polymerase were from Poscochem Co.. Specific oligomers for
polymerase chain reaction (PCR) or DNA sequencir{g were
from Bioneer Co.. PCR mixture were from TaKaRa Inc. and
T-vector for PCR were purchased from Promega Co..

Polymerase chain reaction. Phage DNA was prepared from
a ¢cDNA library constructed from 2-week-old green pea
leaves.”” PCR was carried out with phage DNA as template
using two oligomers synthesized from homology analysis of
amino acid sequences for animal and plant cytosolic FBPase
(Fig. 1). Reaction mixtures contained 100 pmol of template,
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PCF : 5" -GCCAAGCTCATAGGACTTGCAGG-3

PCR : 5 -CCGTTGGGGCTCTTCCTATC-3

Figure 1. Synthetic primers for PCR experiment. The primer
sequences were from analysis of cytosolic FBPase cDNA
sequences for plants, yeasts, and animals.

50 pmol of each primer, 500 mM KCI, 100 mM Tris-Cl, 10
mAM dNTPs, 250 mM MgCl, and 2.5 U of Tag DNA
polymerase.”” PCR temperature cycling was composed of 3
cycles. First cycle was 5 min at 94 °C, 2 min at 55 °C and 3
min at 72 °C. Second cycle was | min at 94 °C, 2 min at 55 °C,
3 min at 72 °C. Third cycle was | min at 94 °C, 2 min at 55 °C,
7 min at 72 °C.

Subcloning of PCR product. The 0.7 kb DNA fragment was
isolated from PCR products by agarose-gel electrophoresis and
then subcloned into pGEMR-T vector. Recombinant clones
were transformed into E.coli IMI09 (recAl, endAl, gvrA96,
thr, hsdR17 (. ,my.,. ), relAl, supE44, A (luc-proAB)), (F,
traD36, proAB, laclgZAMI15) on LB plate supplied with
ampicillin, X-gal and IPTG.

DNA sequencing analysis.  Plasmid DNA was prepared by
the method of Maniatis er al.’”” A partial fragment of the
c¢DNA was sequenced according to the dideoxynucleotide
chain termination method using double strand DNA as a
template. ' Sequencing gels were prepared from a stock of
38 % acrylamide and 2% N,N'-bis acrylamide to a final
concentration of 6% containing 7 M Urea. Nucleotide and
amino acid sequence analysis was performed by DNASIS and
PROSIS programs.

Northern blot «nalysis.  Northern blot analysis was carried
out with total RNA prepared from pea leaves, stems and roots
using the cloned cDNA as a probe. Total RNA was extracted
with guanidium thiocyanate-phenol-chloroform extraction
method.’”” Total RNA was separated by electrophoresis in
1.2% agarose-10% formaldehyde gel before transferring to
nylone membrane. The filter was dried briefly, fixed by UV
light and then prehybridized in buffer (50% formamide, 5 %
SSC, 0.19% SDS, 5 x Denhardt's reagent, salmon sperm DNA)
at 42 °C for 3 h. The filter was hydridized with the labeled
probe at 42 °C for 16 h , and then washed with buffer (1 x
SSC, 0.1% SDS). The filter was exposed to X-ray film with an
intensifying screen.

RESULTS AND DISCUSSION

FBPase (EC 3.1.3.11) is a key enzyme for sucrose
biosynthesis in higher plants. Two isozymes have been
identified in the cytosol and chloroplast.”*?’ In previous
studies pea chloroplastic and cytosolic FBPases”/#/4
were purified and characterized as a preliminary work
for elucidating light-modulated activation mechanism
of the enzyme. cDNAs for pea and soybean chloroplastic
FBPases were also cloned and sequenced.””'* In this

(T AAG CTC ATA GGA CTT GCA GGG GAG ACT AAC ATT CAG GGT GAA GAG 48
A K I I 6 L A G E T N I Q G E E

CAA AAG AAG CTA GAT GTG CTC TCA AAT GAA GTT TTT GTT AAG GCT TTG 96
@ kK K L D V L S N E V F V K A L

ACA AGT AGT GGC CGA ACT TGC ATC CTT GTG TCT GAA GAG GAC GAG GAG 144
T §s s 6 R T C 1 L V s E E D E E

GCA ACA TTC ATT GAG CCA TCT CTG CGT GGA AAG TAT TGT GTT GTA TTT 192
A4 T F 1 E P S L R G K Y C V V F

GAC CCT CTG GAT GGA TCT TCC AAC ATT GAC TGT GGT GTT TCA ATT GGG 240
np p L D G S S N I D C G V S 1 G

ACG ATA TTT GGG ATT TAC ATG GTG AAA GAT TTT GAA ACT GCG ACT CTT 288
T 1 F 6 1 Y M V K D F E T A T L

GAA GAT GTC CTG CAA OCT GGA AAG AAT ATG GTA GCT GCT GGT TAT TGC 336
E b Vv L @ P G K N M V A A G Y C

ATG TAT GGG AGG TCT TGG AGG CTT GTT TTG AGC ACT GGA AGC GGT GTT 384
M Y G R S ¥W R L V L 8§ T G § G V

AAT GGT TTC ACT CTA GAT CCA TCT CTT GGA GAG TAT ATT TTA ACT CAT 432
N G F T L D P s L GG E Y I L T H

CCA GAC ATC AAG ATT CCA AAC AAG GGT AAG ATC TAT TCA GTG AAT GAA 480
p D I K I P N K G K I Y S V N E

GGC AAT GCA AAG AAT TGG GAT GGC CCA ACA ACA AAG TAT GTG GAA AAA 528
G N A K N ¥W D G P T T K Y V E K

TGT AAG TTC OCG ACA GAT GGT TCA TCA CCC AAG TCT CTC AGA TAC ATT 576
c K F P T D G S S P K S L R Y 1

GGA AGT ATG GTA GCT GAT GTT CAT CGC ACT TTA CTA TAT GGT GGC ATC 624
G S M vV A DV H R T L L Y G G I

TTT TTG TAC CCT GGT GAT AGG AAG AGC COC AAC GG 659
F L Y P G DR K S P N

Figure 2. Nucleotide and deduced amino acid sequences of a PCR
clone for pea cytosolic FBPase. The synthetic primer sites were
underlined.

work ¢cDNA for pea cytosolic FBPase was cloned by
PCR method and sequenced.

PCR was carried out with phage DNA as template
using two oligomers synthesized from homology
analysis of amino acid sequences for animal and plant
cytosolic FBPases (Fig. 1). Phage DNA was prepared
from a ¢cDNA library constructed with 2-week-old
green pea leaves.”” The PCR products were analyzed by
agarose-gel electrophoresis and the expected 0.7 kb
DNA fragment was isolated. The ¢DNA fragment was
subcloned into pGEMR-T vector and sequenced

Figure 2 shows the nucleotide and deduced amino acid
sequences of the cloned ¢cDNA. The sequence
contained total 660 nucleotides which could encode
more than two third of full-length polypeptide. Fig. 3
shows deduced amino acid sequence comparison of pea
cytosolic FBPase cDNA with those of cDNAs from
spinach,® sugarbeet,” and sugarcane.’” The amino acid
sequence of pea cytosolic FBPase was 98%, 91%, and
85% homologous with those of spinach, sugarbeet, and
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Spinach --HCERKCAS GEERE-SR-R -REKRKMDHA GD-A-M-RTD LMTITRYVLN EQSKRPESRG 60
Sugarbeet = 0 0---------- --DK-YS-GR AKEE-E-EH- GSCSGSTRTD LMTITRFVLN EQSKRPESRG
Sugarcane --T-TG-K-A S-PIQVP-A- GS-E-GE-MD HAADA-HRTD LMTITRHVLN EQSRNPESRG

Pea = ---em--e--- me-----ees sesomoseos smssseomos momssoses mmseooeoe-
Spinach DFTILLSHIV LGCKFVCSAV NKAGLAKLIG LAGETNIQGE EQKKLDVLSN EVFVKALTSS 120
Sugarbeet DFTILMSHIV LGCKFVCSAV NKAGLAKLIG LAGETNIQGE EQKKLDVLSN EVFIKALISS
Sugarcane DFTILLSHIV LGCKFVASAV NKAGLAQLIG LAGETNVQGE EQKKLDVLSN EVFVKALVSS

Pea = o memmeemmes mmmeeeeeeo e AKLIG LAGETNIQGE EQKKLDVLSN EVFVKALTSS
Spinach GRTCILVSEE DEEATFIEPS LRGKYCVVFD PLDGSSNIDC GVSIGTIFGI YMVKDFETAT 180
Sugarbeet GRTCILVSEE DEEATFVEPS LRGKYCVVFD PLDGCSNIDC GVSIGTIFGI YMVKDLNNAT
Sugarcane GRTCVLVSEE DEETTFVDPK LRGKYCVCFD PLDGSSNIDC GVSIGTIFGI YMIKDKDNVT

Pea GRTCILVSEE DEEATFIEPS LRGKYCVVFD PLDGSSNIDC GVSIGTIFGI YMVKDFETAT
Spinach LEDVLQPGKN MVAAGYCMYG SSCTLVLSTG SGVNGFTLDP SLGEYILTHP DIKIPNKGKI 240
Sugarbeet LDDVLQPGKN MVAAGYCMYG SSCTLVMSTG SGVNGFTHDP SLGEFILTHP DIKIPKKGKI
Sugarcane LSDVLQPGKD MLAAGYCMYG SSCTLVLSTG TGVNGFTLDP SLGEFILTHP DIKIPKKGKI

Pea LEDVLQPGKN MVAAGYCMYG RSWRLVLSTG SGVNGFTLDP SLGEYILTHP DIKIPNKGKI
Spinach YSVNEGNAKN WDGPTTKYVE KCKFPTDGSS PKSLRYIGSM VADVHRTLLY GGIFLYPGDK 300
Sugarbeet YSVNEGNAKN WDGPTTKYVE KCKFPKDGSS PKSLRYIGSM VADVHRTLLY GGIFMYPGDK
Sugarcane YSVNEGNAKN WDVPVAKFVE KCKYPKDGSP PKSLRYIGSM VADVHRTLLY GGVFLYPADQ

Pea YSVNEGNAKN WDGPTTKYVE KCKFPTDGSS PKSLRYIGSM VADVHRTLLY GGIFLYPGDR
Spinach KSPNGKLRVL YEVFPMSFLM EQAGGQAFTG KQRALDLIPT K-IHERSPVF LGSYDDVEDI 360
Sugarbeet KSPNGKLRVL  YEVFPMSFLM EQAGGQAFTG EQRALDLVP- KNIHDRSPVF LGSYDDVEDI
Sugarcane KSPNGKLRVL YEVFPMSFLM EQAGGQSFTG KERALDLVPT K-IHERSPIF LGSYDDVEEI

Pea KSPN--v--c mmemccmcmm mmmcmeem mmmemee s meemmeomme meme -
Spinach KALYAAQEK- TA-T-S-AVV -RS-ILKLFL KLHLSSH-S- ALQEYF-VL- LYILHKC-A 420
Sugarbeet KALYAAEQKN AASADVRSTV PSNWI-QIYF -LHI-T-V-V T-TE-LCA-R IY-APMCIT
Sugarcane KALYAEQAKS SSASGNPNEV PGSAV-T-FR VSDIS-FL-G -V-VV-S-LH S-VYIV-GR

Pea = —---e----- s-o-meoo-s mmmeommmes cesmcemmoe momsmmeseo moeeoeoo-

Figure 3. Amino acid sequence comparison of the pea cytosolic FBPase cDNA with cytosolic FBPases from spinach, sugarbeet, and

sugarcane.

sugarcane, respectively. It has 51% homology with pea
chloroplastic FBPase. The present data of cytosolic
FBPase were comparable with spinach cytoplasmic? and
chloroplastic enzymes.?

It has been reported that the sugarbeet cytosolic
FBPase is modulated by light-dependent manner.”’ The
enzyme activity and transcript levels of cytosolic
FBPase changes during a diurnal cycle.”” To test light
dependent expression of pea cytosolic FBPase northemn
blot analysis was conducted. Total RNA was isolated
from dark-grown etiolated pea seedlings and light-
grown pea leaves and then hybridized with the cloned
cDNA as a probe. Fig 4 shows that a 1.2 kb transcript

was highly expressed only in pea leaves grown in the
light. Peas grown in the light for 10 days were transferred
to darkness and then analyzed by northern blot. Fig. 5
shows that the transcript was gradually decreased during
dark treatment, indicating that the expression of the
enzyme induced by light is suppressed by dark
treatment. Pea chloroplastic FBPase is also expressed by
light stimulation at transcription level.”*?* However the
fact that the expression of chloroplastic FBPase is
induced by red light pulse® indicates that the expression
of chloroplastic enzyme is mediated by phytochrome
system. On the other hands, cytosolic FBPase requires
several hours of exposure to white light to observe a
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Figure 4. Northern blot analysis of light and dark grown pea
tissues. Total RNA was isolated from light grown pea leaves (L.)
and dark grown etiolated pea hypocotyls(D), and then hybridized
with the pea cytosolic FBPase cDNA.

L 1 2

12 24 48 D
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Figure 5. Northern blot analysis for the effect of dark treatn:ent
on the light grown pea leaves. Peas grown in the light for 10
days(L) were transferred to dark over the time courseth)
indicated. Total RNA was isolated and hybridized with the ;»a
cytosolic FBPase ¢DNA.

recognized expression of the enzyme'/-/?, suggesting that
the light-dependent modulation of pea cytosolic FBPase
might not be phytochrome-mediated. The enzyme was
majorly expressed in pea leaves with trace amounts in
stems, but almost not expressed in roots (Fig. 6) as pea
chloplastic FBPase.*
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