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The B-D-fructofuranosidase (EC 3.2.1.26) is an important enzyme from a historical point of view, dis-
covered by French biologist Berthelot in 1860 and was first used to study enzymology. B-D-fructosfur-
anosidase catalyzes the hydrolysis of sucrose into D-glucose and D-fructose. Four biochemical sub-
groups of B-D-fructofuranosidase have been investigated in plants. There are vacuolar (soluble acid),
cytoplasmic (soluble alkaline), membrane-bound (insoluble alkaline), and cell wall-bound (insoluble
acid) B-D-fructofuranosidase by purification. Their biochemical characteristics are distinct. It suggested
that those enzymes might be different gene products. The contribution of each of these enzymes to
sucrose management in the plant is likely to be correlated with their localization. Common local-
ization in developing cells in tissues from a range of developmental stages and plant parts suggests
that all of the isoforms may be closely involved in nutrient transport. The B-D-fructofuranosidases
were most commonly found associated with maturing tissues in developing fruits, leaves, and roots.
The B-D-fructofuranosidase activity varies in the relationship between growth and expansion through
cell division, development of storage organs and tissues, and the relationship of plant defense
responses. It is necessary to summarize more researches in order to know the definite physiological

function.
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%oltt. B-D-fructofuranosidase™ sucrose (1-a-D- glucopyr-
anosido-2-B-D-fructofuranoside) 7} 714 €& 714 o]7] uf &
of W] £ "sucrase"et L BEHY, o] A& T4V} B-D-fructo-
furanosidase©] 7] W&o A& 'FaA'E TEY FaATA
(sucrose a-D-glucohydrolase, EC 3.2.148) %= TZTH9).
Invertase™ fructosyl Zoll A A2 & QA H = &h0]7]
uj £ B-D-fructofuranosidase (EC 3.2.1.26)2 E&3}t=7
Qg5 th(Fig. 1) [18]. o] E4E FHER)Y A EolM BA
sol gkt

fny

2329| B-D-fructofuranosidase
T HO|(EE) B-D-fructofuranosidase™ 3] 4318 9
A AT12, 17, 23, 4] AH8-H o gtk ER 9| B-D-fructo-
CH,OH
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Fig. 1. Sucrose structure. The - fructosyl hexose sugar indicates
site of attack by B-D-fructofuranosidase (EC 3.2.1.26).
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furanosidase 715 2 U2 A 23 T4 A4, 181
Zu) &1 d 2F, pH &4, dAA Y &&)d o Be
wEol FHYsA AFHAJY. AR B-D-fructofuranosidase
ofs) MorEr] YA e 71do] A$HA ¥e B-D-fructofur-
anosyl 2715 st glojobdtt. A4 & Fructose®] C-6
2 C3oM FFIAE 44 2 OH 2152 53 o 279
TE AZAY. g4 FH9 T4 7 2FS AT A
7} sle 4719 71d BElE A ¥4 F ortgE
718 Y82 @ Sulthydryl 152 S0 28] Foste
), ol A ZH A e 2 v F7} &

furanosidase &4+ Hg T+ Agell 93
uj £ 0] TH[31,42,43]. Ul F &2 (M EA H?ﬂ)i v @3 g4
ojm], (/3 A% ¥) FAR IEE Hro~-gHs)
F 4 (Lampen, 1971) FHE F 714 34 & B-D-fructo-
furanosidase’} ATt o] AAEL L HA FAE7FF Y
18 28 Ha Uohg]. 1 FAAES A e Lo
2 & B-D-fructofuranosidase$} A& 2 7]%

7} 3 Hol $ETh[58].

g E

AlE9| B-D-fructofuranosidase

B-D-fructofuranosidase= 4] &d d& £XHo JoH,
EAE AYste B2 A7 E2HAY. o] B4 JtF

g Aejsta Ao e FAES 1004 oY FrlFA
e T 549 AA G EA 79 9 4T JRo|A B
Ao A H2Z7HA WEAA gt IRk 02 B-D-fruc-
tofuranosidasex "7F&4 F& ;H A (soluble), & 45 &4
02 AE 2HgM A F=
B84 (insoluble) & FFE9 A&
u]- =z g /“ ol;]. o]g% T,b_L
pH 35~56°] WA HA o 242 2
furanosidase % pH 7.09] 7M7h& HA &4 & 2te T =
= 47’ B-D-fructofuranosidase = & & FTH1].

AlE B-D-fructofuranosidase A3isty 2

AHR 7HEA 2 Ak B84 B-D-fructofuranosidase”l 7}
iAo 2 dAFEE N &34 G 242 A=A
Hud WsA 21 H3 Yohe3]. &84 A4 B-D-fructo-
furanosidase® &3 22 F84Y EAS Zterh 282
R o2 FAFo] 23 kDa9t 68 kDa (SDS-PAGE®! 9] 3l)
Atelel s pH7E ¢F 35563 BF B8t H Tl do|tt, o] 9
pl & 3.2004 9.3 Apojoln, Aol thEF Km-2 0.650 A]
16 mM ARo] o] th(Table 2).

E8A4 44 B-D-fructofuranosidase= £ 2 & SDS-
PAGE®] 9@ #4%o] 28kDa} 64kDa Ato] o] B 33 &
gl o, pHE o 4.0-50, pl ¢ 9, A<l tE Kme
1.2-5.5 mMo| th(Table 3).

Table 1. Four different kinds of B-D-fructofuranosidase isoenzyme classified by localization and pH optimum

Types of isoenzyme N-glycosylation pH optimum Localization
Soluble alkaline No 6.5-7.8 Cytoplasm
Soluble acid Yes 3.5-5.6 Vacuole
Insoluble alkaline No 7.0-8.0 membrane bound?
Insoluble acid Yes 40-5.3 Cell wall

Table 2. Biochemical properties of soluble acid B-D-fructofuranosidase
Sources Mr (kDa) Km (sucrose) mM pH optimum Reference
Etiolated Pea seedlings 22,45 7 1.8 5.3 [24]
Citrus fruit 69 73 4553 [22]
Radish seedling 48.5 47-75 54 5 [15]
Urtica dioica 58 9.3 12 5.5 [14]
Pea leaves 2.5 45 [56]
Carrot dry seed and seedling 68 3.8 5 5 [64]
Potato leaves and tubers 58 52 7.9 52 [4]
Red beet roots 65 and 46 21 5 [38]
Tomato fruit 52 435 45 [29]
Wheat coleopti-les 50 4 2 [68]
Sweet-pepper fruit 42 45 [36]
Barley leaves 64,116, 155 8.1,1.0,1.7 around 5 [44]
Lily flower buds around 77.5 1.0, 64, 6.6 40 - 5.0 [37]
Rice 46 6 6.6 45 [21]
Arabidopsis 52,54,67 475, 4.7, 7.65 512, 5 55 [60]
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Table 3. Biochemical properties of insoluble acid B-D-fructofuranosidase

Mr (kDa) by

Km (sucrose)

Sources SDS PAGE pl mM pH optimum Reference
Etiolated Pea seedlings 66 8 5.95 4.0 [25]
Radish seedlings 485 6.75-9.2 34 5 [16]
Maize kernels 40 18 5 [10]
Carrot seedlings and suspension culture 63 9.9 4.6 [32]
Urtica dioica 58 9.3 12 45 [14]
Pea stem 64 42 [69]

£33 ¢Z8gA B-D- fructofuran051daseL SDS-PAGEY
of&l EAk#o] 60 kDa%t 70 kDa AtolQl B ] g3} gl g
ojltt. £ # &4 hv A E % 65 A 809 HA
pHE Zt¢ 4%A ¢ 8FAE RIH I th(Table 4).

B84 42484 B-D-fructofuranosidase FA4S 7]& o

9 71 BaA7 T[22, 26, 34]. B84 &ZE 4 B-D-fruc-
tofuranosidase= Ross ¢} Davies [50] (Table 5)°ll 2|3} Broad
beandl| A} HA GA =W Lee9} Sturm [33]0 &3] Tl
Al FEAo s E4o] HuHTh ol AdFe
wkol Ao AR A Kim [26]0] &JsiA EH1 BAHU
o 48 AFAELS &34 A4 B-D-fructofuranosidase’}
Mo =3k Hof EA st = AAR FAATHe4], T
ol AMEAY AR Lo 2AATE B TH14] =
44 A4 B-D-fructofuranosidases= ©]-& Adte] o A X4
o 2% # RS2 A7 Av70]. 7448 ¢z 2 E8A4
&Ze)A B-D-fructofuranosidase?] Al EU YA+ 3 &3}A
% Th(Table 1). stA T F=WH ol M3 @EsEo oA
TYHAATL 7FsstA A RS AEA HA st B4
S Az A4 | AHE E2A%0L 34 &+ Aok B
g A A 75 oA EHgsiti2e]

2284 02 B-D-fructofuranosidase &8-S @A 5t ¥

=

S A8 B84 AA B-D-fructofuranosidases <45

A4 wjAn sz 2o F3E AoE UERT
[10]. Immunocytochemical 7] €< At&3to], 284 24 B
-D-fructofuranosidase= 549 FA2Z oA w23} ZH
HE ) AAAQ Heke] Bajste Ao 2 UEhth E3 im-
munolocalization 7] %<& AH-8-3}], Faye¢t Ghorbel [16]-
BES AFste dolste AU Aol #Hd 7}%"6‘
A4 B-D-fructofuranosidases WA T LA Aol A 2
B A 714 52L& B-D-fructofuranosidase & =7} A 39 o
A Wbt Vicia faba L. S 2ol ti Aol A, E&A
AA B-D-fructofuranosidase’} A 0] Q3 ALO]EE &g
21 23] AE gk Ho M TAHT. & B-D-fructofur-
anosidase ¥4 ET} &2 hexose ¥ &do] ATH69)].
HIde o] E49 FHAAE FAst7] At Arabidopsis
9} W 9] B-D-fructofuranosidase A4 A2] &7 dd qd
o] ARE AEst o A& A dolHu o] 2 (Phyto-
zome v. 9.1)¢] i3] BLASTP A4 & 4330t 942 &9
B A&7 Medicago truncatula, V. vinifera, Malus x do-
mestica, Glycine max$} Citrus sinensis 2 GAFAE 8 ol
A a8y 2xe Uirs 10 £ OE AE T4 B-D-fruc-
tofuranosidase X5 AP 1 23} FHAY &

Table 4. Biochemical properties of soluble alkaline B-D-fructofuranosidase

Sources Mr (kDa) by SDS PAGE pl Km (sucrose) mM pH optima Reference
Etiolated Pea seedlings 30(120) * 57 414 73 [24]
Citrus fruit (200) * 35.6 72-74 [22]
Soybean nodules 10 7.6 [39]
Pea leaves 42 7.3 [56]
Soybean hypocotyls 58 (240) * 10 7 (6]
Chicory roots 65 (260) * 10 - 20 7-7.5 [65]
Carrot suspension culture 57 (456) * 14.3, 151 6.8 [33]
126 (504) *
* = oligomer.
Table 5. Biochemical properties of insoluble alkaline B-D-fructofuranosidase
Sources Mr (kDa) by SDS PAGE pl Km (sucrose) mM pH optima Reference

Broad bean cotyledons 53.4(238) non-glycosylated 52 10 74 [50]
Etiolated pea seedling 20, non-glycosylated 7 13 6.8 [26]
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Table 6. Numbers of B-D-fructofuranosidase genes within each
plant species according to transcript data [7]

Plants Acid Alkaline
P. trichocarpa 20 25
A. thaliana 13 13
M. truncatula 12 7
V. vinifera 8 11
M. domestica 8 19
G. max 35 23
C. sinensis 20 20
O. sativa 16 14
B distachyon 15 9
S. Gicolor 15 9
Z. mays 21 19
P. patens 16 9
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Fig. 2. Sucrose partitioning from source leaf via the phloem to
sink organs in plants and Carbon metabolism in a plant
sink cell. Sucrose synthesized in photosynthetic leaves
is translocated in phloem to stem parenchyma cells,
where its post-phloem transfer can follow two paths:
symplastic (through plasmodesmata) and/or apoplastic
(through the cell wall space). Amongst the processes of
cellular breakdown of sucrose, B-D-fructofuranosidase is
the essentially dominant enzyme catalyzing irreversible
hydrolysis of sucrose to glucose and fructose

ol A 3kt o] o] "F9 EA"Y EA) TheAe AE AR
o) th3 B-D-fructofuranosidase & & &o] g} =43

7He dEEn. o Y B2 AF 5, AE £ ¢
g2 A 71d dg 9 AR xAY AXe Y gt
W8-S A E3tY B-D-fructofuranosidase o] A3 H&s B
askEdE U
Xl ols
A 484 A A (plasmodesmata) ¥ / Ee Al ZH 3}
AE 7+ F7HE w2} "apoplastically'S F3] *HHEIAY T
§_°I] A AZZ "symplastically" ©] 5% 4 ATk AT 9
F AZAM AT AFE A4S0 8 AF-dAA +
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At plasmodesmatas 53 AHEE o] 5 F UTh(Fig. 2).
AZAWAA A9 22U AF 5 F(mass flow)s &7
st A3 2AGA F2 718K &2 B-D-fructofuranosi-
daseol &3 A3 o3 2&& o] AF EF(UFOIE)S
freste o 283 w7 E A4S AEE Fxo 2
3 H 284 A B-D-fructofuranosidase= HHEAH O 2
"apoplastically’®] & #=37] ¢ T=FHE A=
7150l ATk A= o] $hri[49, 55].
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mis melo L. cv. Prince) L] &l A JE o2 Fr}[45]. 8 Ag4doA Bi H AF 4, Zhang F[72]2 £ 4
Table 7. List of plant - bacteria interaction researches responding to B-D-fructofuranosidase modulations
Plant B-D-fructofuranosidase Feature References
Etiolated pea seedlings  Insoluble acid Induction [27]
Carrot Insoluble acid Induction of PAL [57]
Ricinus communis Insoluble acid, soluble acid Change in sugar content, ABA synthesis [68]
Tomato Insoluble acid Change in sugar content [28]
Pepper Insoluble acid Induction of defense response PR-Q [54]
Grapevine Insoluble acid Callose deposition, modulation of SUC genes [52]
Rice Insoluble acid Change in sugar content, callose deposition, [59]
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