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Abstract of Thesis

Sucrose phosphate synthase (SPS; EC 2.4.14) catalyzes transfer of glycosyl group of
UDP-glucose (UDP-G) to fructose 6-phosphate (F6P) to form sucrose 6-phosphate (S6P) and SPS
activity is modulated by an allosteric activator glucose-6-phosphate (G6P). Plant SPS plays a
key role in photosynthetic carbon metabolisms, whose function is regulated by environmental
conditions such as diurnal cycles of light/dark and osmotic stress. Plant SPS consists of a single
polypeptide with a molecular mass of 120 kDa. Bacterial SPS, which shows no allosteric
regulation, consists of a polypeptide shorter by about 10 kDa than the plant enzyme by lacking
two regions corresponding the N-terminal and C-terminal region of the plant SPS. My research
aim was to study structure and function of the plant enzyme by focusing structural basis for the
allosteric property.

I have tried expression and purification of recombinant sugarcane SPS (SoSPS1) using
Escherichia coli and Sf9 insect cells to investigate structure-function relationship of the
regulation of the enzyme activity. When it was expressed in E. coli, two forms of SPS with
different polypeptide sizes were accumulated in the bacterial cells. The larger form was
comparable in size with the authentic enzyme from sugarcane leaves and the shorter one had an
N-terminal region trimmed by about 20 kDa. However, only enzyme with the authentic size was
produced in insect cells. It was shown that the purified trimmed SPS from E. coli and the full
size enzyme from insect cells were active, but their enzymatic properties were markedly
different: the full size enzyme showed changeable affinities with the two substrates with being
converted to a high affinity form in the presence of G6P, while the trimmed enzyme showed the
high substrate affinities without G6P.

It was further prepared a series of N-terminal truncated SPSs with variable lengths from
11 to 171 residues deleted. By kinetic analysis of the full length and truncated forms of SoSPS1,
three important results were obtained; 1) the full length enzyme showed a remarkable allosteric
activation by G6P, while none of the truncated enzymes tested here had such characteristics, 2)
specific activity of the full length and truncated SPSs showed a tendency that longer truncation
has higher activity, and 3) the truncated forms showed a similar substrate affinity with F6P and
UDP-G irrespective of the absence of G6P, while the full length enzyme showed such a high
affinity only in the presence of G6P. These results indicated that the N-terminal region of
SoSPS1 is crucial for the allosteric regulation and niay function like a suppressor domain for the
enzyme activity.

It was previously reported that plant SPSs are tetramer or dimer depending on
experimental conditions, whereas cyanobacterial and bacterial SPSs are monomeric enzymes.
Our results determined that both native states of full-length and N-terminal truncation enzymes




were oligomeric. It could be hypothesized that the N-terminal domain of plant SPS plays a
direct role in allostery by inducing a structural perturbation upon binding to G6P, which might
include model states as a G6P-bound state with high activity and unbound state with
intermediated or reduced activity. The 3D structural studies of plant SPS is necessary to draw
more extensive story of the allostery of plant SPS and I am now infensively trying crystallization
of the full length and truncated enzymes.
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VrOFCEIDVaBEOEEL, A FRITLREORY - ERWEHOBEREETHY . FEOHES
DRI EBELRUET —<ThHDH, AR THE, EYIBW T a BESROB 2 25 fructose 6-P & sucrose
6PIERITHERTHDY F Vil sucrose phosphate synthase (SPS) OHEFERHEHBEOMT LT,
BAEESH THERM L LR CLaBEOaBRANAERATVWS A, HHhARKSPS I, O X REHEORVWASZTY
THEZESES &S UNFRB LCCHKRAREADEREF L (Y. ZoERsEEiRcTLroBR5%
LTOTRBRWIEZS IO, T2C, AEFROKBPEBICEAFRERRZAVWEERKERRAREZMHMEL.
2R, C RRKBERE, RUCESONKBREEREZRASIE T, HRAGEENTERCELLRES
BEDETRYRIIRZELLZFLENOLASFZORNSFRESRZRUL T, OEEFREOHEROSES
MR LE, TORR. ATERDCHRONKERRFARREERRICIFMNICME. glucose 6-P HIFE
THILLTCIOMFDREMBRENSZZLERELE, TORER., EFFHTHAREOF R RTY v
fHOS T ERPESHITFELAMENFERTAVCCHALMILEDOTHD, ZOWER., HHoLy aFlEs
ROFEERCETIEERFRREREI I L L bIT, 5% O SPS OXPMN - RANETERBRF-2%D
EEZ2HHDOTCH5,
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