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Pathway of Starch Breakdown and Sugar Translation in Tobacco Leaves During Flue-curing and Their Regulation
SUN Jing-quan, TANG Jing-xiang, REN Si-hai
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Abstract This paper described the pathway of starch breakdown and sugar translation in tobacco leaves during flue-curing. Maltose is the ma-

(Tobacco Research Institute, Anhui Academy of Agricultural Sciences, Hefei, Anhui

jor form of carbon exported from the chloroplast. Sucrose is made by sucrose phosphate synthase in the cytosol. The hydrolysis of sucrose yield
fructose and glucose in the vacuole. The expound of the pathway provided the basis for regulation of starch breakdown and sugar translation in

tobacco leaves during flue-curing.

Key words Flue-cured tobacco ; Flue-curing ; Starch breakdown ; Sugar translation

FENAAE MRS 1o A b, ST I I P B SR (o5 T
25% ~40% ) KB II R , O F2 2 LISRME A A H A B 2
SBUTHIEMET P . BEFERE, HR P I S5O (32280 2R
BRI ZIESE ) 5 R HEIR A K HE B B S 2 MR B 1)
JoEE TR, T UL, B P it SO 20 e A P R I 25 2
AR 5 T L, B R X LA e s A
TR PPARE T HA o ) EE R PR AR AR 2 — o AR
IR, 5 IR S R A SE AR S 7 A EOE BB 3=
TR SME IR AIRESE o T UL, R S A I A AR R E
OIEEAC R AE A A AR AR TS A 53 0h, RT
768 HA I DY IR LR T 2H O3, RO R P i 22 S AR K,
RWE R, AR T, OB o RS R AR P A
W FE I AL R SRR A B A PRt A R DRI, AR
A3 M TR RITERENR 5 H 2 R HR L T 2 AT R A

DAy S BRI T R R 0 K AR 0 ST o AL
JOE B R HAMERE 1 A A R SR O AL s AR I 5
T HOCHEAPE N R o RN, 284 1 /D X B s A5 -
A IRAR R SERE WA  Z T4 S AR T T A A
PR AR AR 734 AR A
1 gt RRENERSESELER
1.1 MEERNEMREBSEE 2P0, RIUGRA
W i AR (V)R JFCTREAGS e i A ) A 00 P S A e it A
EARPIROREE . 21 28 0), AR IR ARl iE 7L
VERFEA L REATR R I I 2 A DN BV o e e 7 (HL B
Oy T A RORTEAR Y SR PR N BE s R D7 T BTS2 1 H
PR RATE AL BB R SR R P B0 T B i 5 R A I
FLIN TR 1 AR 8 AN [R] . A 0l A2 2R Wl e s 1k DA
(mex1) {9 S, AONJEE B IE. 17 o 25 X S5 S 1N 0 i ) A

E&UWH
EERT

G B B3N8 2013 £AHHR B (ahyckj2013037)
FIAR(1964—) , B | BT AN, FFR TR, T I8 3% B
BT

I EE 2017 -04 -26

Lo Niittyla 5 ERT 1 22 2P0 it T 5 ) A )
W A FEEFRA TG T AR 22 R 1
VEM AR ) LR A 2, T L AR SR T S AR g T
BYREMRAIRAS . Zeeman 451~ Sk i Fr I 1k Py i A I A a2k
BN TEAN A .

WRAECA BB R , 20 2R A 9 D oy e e e =
Y s o R R AL LU 5 AN B B D E R B R
A6 QBRI TE PR 2R AR s LR A R R
BRI T IR SRR O 2R
a1 yy gl . Baunsgaard 4090 Rittea %57 BFIY 3
B, TR BARIR AL 2 I VA R AR Y T 2, i o — SR K
T IR A SO K TR 2 IR 1 AR B
BRSSO A e R A REBERR . EARERSE BFgE
W ML ok R e, TR R AR Py R o W0 T A
SRETEIR 45 2R, O HL AR v 3 by 98 R 1 Tl % M s
Scheidig 45"\ Yu " R ITIA A , GEAR MR SZ ORI, B
POBITE #5372 7 4 T 2R PR T P AR PROT A B A . IR RE B
o = JERI AL BRWPRTTE B — TN 3 AR A R AR
MR AR AR AR o — TRy Tl A0 RO il 56 DA 40 Rl B X D
AR e L JEE SN AN, T ) B — S T 114 258 DR ol o B U S 25
VER T B R RS B R W A R
B — VE BTG 11 5y , L) TG 1 A A A 2 DU
GERAR . dnT UL A A E R R B - TEM
R AR . Weise 25 BFGRIN N 7 - A PR S S e A 1 2
LT R 2 TR, A A TN S B e A & R L A
A ZFWERG IS T ROME R, 22 200 A SR N e s 22 40 i
TR
1.2 R AEENGE  #is 2N 2 2P
AL G R, FO AR T A LAR 6 AP 3R (D22 280k
FA A RIS s QAR AL R 6 - BERR M A0 ; D6 — Bk
FRAT AT AL 6 — BERRMEFN 1 — B A 450 s D1 ~
BB A FIRE AL N PRAT —BERR A4 0 s IR B A 4 1



102 G OR A 2017 &
16 — W R T 1 LA R TN 5 (ORI A TR 16 0 PR 2 1y f  — pa I
W 22 2PEYEEE AN N LU , 7622 205G A S A R = \

FIF WAL A, L 5 B5E T 42 2R A LG P —> (13 >
W22 ZEMEL AL A TR S AV, 0 T 40 I N e ¥ R ?B; RLRLA
WA R TR R B 2, & BB R LT 2, Veramendi i T

2 ER] T Hexokinase 1 J& I F M-SR A4 A B s it oo At J L.

FH IR, 4 Hexokinase 1 TH LR H1KE T BT ER0K N E
KN RER T BTl S B R . TR 4 ML JST PR & 1) T, L
Form] EEIR TIHAFERR K AL A& P Y % B B2 U0 RERE T oK
HIR/IN e 2G5SRI, 40 BT PN I8 B D1 2 T ik 6 85
B2 AU Y (E 25 O A R AR (25 R AR B4 ) 240
UL I3 A S S )R A DO 5 ok 325 s o i A VRIS
Mz AT LARENS BRE AT EE 25% ~40% BITERs , 5 M4
PR T IR A O, e, A ROGEVE R RERVES, %
e DR T IO (25 AL B ) S B A A s b  SEMTE M i N8
WFR R o TSR MUE LS e R v R I SR e A g v i)
Y (CUNZ2 200 RIS ) 2255 AR 2 LT P45 JC R M -3 ot
5 T S g AL
1.3 FEMRHERRANFEEKE SR, RN
JT B 1) MR )3z i e 1 2 VR 1Y) o A A VU PN 1 RE A
FRAEAE (LR T AL R R A . HEINEKE 45 fiff
SEUEH, K P RS 32 AR T A BT N, T ik 98% Y
s AR WO . Klann 252 2 B 55 du W, OO
PRI AR o i 7 S S i et 2 YR I T P AR ) 0
PRI FERG R, (H R AR SR80 f B A4 28 gt ot o R S i taok
PR TRV — B AR TR I AT S IR R e AL i Y
FERBAMG T , R R 7t i AR SN AR SR AU Ay AR
BURAY, Yau 25 BF55 W 46— 2.5 kb (K J& DNA
Boafi AB YLk FLIE BRI acid soluble invertase isozyme
I #5644 2 S BORATE RO N R, R F IR R A
Hh YR A SO R R BT RERE R L

23 b B MR RS o R oy e e W e A i A2 T ) L
a1 R
2 IR TR M B fR S HE D LR

FEHRALRE W PR Ve R S A IR AR R BT, e BT
FA AR MRS T2 AAE A SR T BBARSE , XHE R R
il SR S A T R B R SRR

LR N A TE R R B — VE R MR AR R AR 11, 1
B — VEMS BTG A2 A2 S B IR T EL, A S O
PREHIG P B Hex — 1 i PR 2 1 ooy 7 o BELAS S A0 (e e
HCAUHRIN) A0 ] Gt OB PR B Hex — 1 BEPR K BT 1t
JCFRY Vo VA FEE R A W A T A0 B PR A AL i DPE2 15 e,
PETTER 5 22 28 WE VR BE A B — Tk M M, S B R
BT AT O, o T i i e A M, 7 A R RE S A
ZHT o B 2 A SO B R SR OB IR B R
SRR TER AR AT

T8, CHEEG Hex — 1 ITHTES ATP HE254 ¢, B R
HEVE M T3 A, 5 S OR BRI 20 10 7K ke 4 415 20 I 0 5

FHH —— R
i |

REHE —> F &> 6P

UTp 1P

TE:GOP Wy 6 — BERRAIZIME ; GLP Jy 1| - BERRHI 450 ; 1A - P ook
FRTHERE  FOP Jy 6 — BRI ; UDPG S SR — B A A
Note: GOP is glucose-6-phosphate; G1P is glucose-1-phosphate ; sac-

charose-P is sucrose phosphate; FOP is fructose-6-phosphate;
UDPG is uridine diphosphate glucose
B 1 iRt i2iE i g SN U igE
Fig.1 Pathway of starch breakdown and sugar translation in to-

bacco leaves during flue-curing

JE o BT RARAE T BRI A, B IR A I B I P
VERIAT A6 B R e I DR 32 PR e, W B2 R 1) 70% LA I
TEN F R TARRE . MK 3 FEAR R S0% 7o 47 e A figt
A A TRGE . AR E KRG BRI R W, dhks
T 35 ~38 CAE Y JFEMM L BSAE K 12 h FI7E 42 C A%
PET 2 12 h, A ) T30 B RO & B s . 3R
SV , SR MR IR AR AS #, 18 ol THR A (i Jk s
FRIE, A et DA TR R Tl R A 0 A PO PR 55 , A5 M) T e
VERTRORER o IR AL B - AR B ) TR 32 ~ 38 °C, A
X 74% ~81% il A 48 AR5 1L 0.5 “C/h THlk
754 ~55 CHBGE R,

AL SCHER BBE - e A v A2 ] A, SRR TR0 A - Y
HwHE SRBE 20k B T REMEE IO N AL, walt2 i,
MRS S R v, W 20 A ) 5 1) 2 TR ST 7 0 T3 Py A2
R R B A S R B ORI, SRR BERE UK
FE A A SR . X ARG M AR TR S SR P A
WA St AR 2 (Bl 22 A R) BRI 5k s
T P A Ay i R R o R e ) 0 AR G B e oy 2 fie
AR R T B HAE

SH RRATAT) o A R o ha, BLJB Rod FR 32 FE A3 Al T
AT SRBEREAL. SRTTT, M IE AR 2 5 1 3 Bz
AR, B B0 SCRE . ULl U, A0 BT N 5 R R fE
RT3 e 128 ZE IR0 I 5 A S SR A0 4 2 W B ok 1 4 i



45 519

INBAEF PR A S A T AR 5 A o AL AR B 4% 103

P/ RS E , B S R Sk A G, o LRI B 2R AR
AR PRI Dok 55 8 1 DA 2 L o RO 1) i v e s i
ST AT, 45 R R A8 JA I B 5

3 ZHiE
S AR 0, 2 o R P 5 o e ) 2 s, 3

LB TT O RS NAMERE B OE T 9 R A RE T, Do A5 1

PR FE AL BRI TR RRe . (PSP A 2, ]

AR WL A T TR o DAL , 70 2 R i ot 2o XU A it A

TR BLT , SRR L AR b iy e o B S K o BAT B

S MBI B R B B DA 2 T

RG22 WA S A G, EAE" BT B R

WL B DR AR e I 11

SE

(1] 2R JHER A= EFRAIEE A M. SR, S5 Ll i
AHibekE,1993.

[2] NIITTYLA T,MESSERLI G,TREVISAN M, et al. A previously unknown
maltose transporter essential for starch degradation in leaves[ J ]. Science,
2004 ,303(5654) :87 - 88.

[3] ZEEMAN S C,SMITH S M,SMITH A M. The breakdown of starch in leav-
es[J]. New phytologist,2004,163(2) :247 -261.

[4] ZEEMAN S C,DELATTE T ,MESSERLI G et al. Starch breakdown ; Recent
discoveries suggest distinct pathways and novel mechanisms[ J]. Functional
plant biology ,2007,34(6) :465 —473.

[5] YU T,KOFLER H,HAUSLER R, et al. The arabidopsis sex] mutant is de-
fective in the R1 protein, a general regulator of starch degradation in
plants,and not in the chloroplast hexose transporter[ J ]. The plant cell
2001,13:1907 - 1918.

[6] BAUNSGAARD L,LUTKEN H,MIKKELSEN R,et al. A novel isoform of
glucan ,water dikinase phosphorylates pre-phosphorylated a-glucans and is
involved in starch degradation in Arabidopsis[ J]. The plant journal 2005,
41595 - 605.

[7] RITTEA G,HEYDENREICH M, MAHLOWA S, et al. Phosphorylation of
C6- and C3-positions of glucosyl residues in starch is catalysed by distinct
dikinases[ J]. FEBS letters,2006,580(20) :4872 —4876.

(8] DELATTE T, UMHANG M, TREVISAN M, et al. Evidence for distinct
mechanisms of starch granule breakdown in plants[ J]. The journal of bio-
logical chemistry,2006,281(17) :12050 - 12059.

[9] STREB S,EICKE S,ZEEMAN S C. The simultaneous abolition of three
starch hydrolases blocks transient starch breakdown in Arabidopsis[ J]. The
journal of biological chemistry,2012,287(50) ;41745 —-41756.

[10] KOTTING O,SANTELIA D,EDNER C,et al. STARCH-EXCES$4 is a
laforin-like phosphoglucan phosphatase required for starch degradation in
Arabidopsis thaliana[J]. The plant cell ,2009,21(1) ;334 —346.

[11] HEJAZI M,FETTKE J,KOTTING O, et al. The laforin-like dual-specifici-
ty phosphatase SEX4 from Arabidopsis Hydrolyzes both C6- and C3-phos-
phate esters introduced by starch-related dikinases and thereby affects
phase transition of a-glucans[ J]. Plant physiology,2010,152(2) ;711 —

0

MBI FERE

722.

[12] CRITCHLEY J H,ZEEMAN S C,TAKAHA T,et al. A critical role for
disproportionating enzyme in starch breakdown is revealed by a knock-out
mutation in Arabidopsis[ J]. The plant journal ,2001,26(1) ;89 —100.

[13] WEISE S E,WEBER A P M,SHARKEY T D. Maltose is the major form
of carbon exported from the chloroplast at night[ J]. Planta,2004,218(3) :
474 -482.

[14] CHO M H,LIM H,SHIN D H,et al. Role of the plastidic glucose translo-
cator in the export of starch degradation products from the chloroplasts in
Arabidopsis thaliana[ J]. New phytologist,2011,190(1) :101 - 112.

[15] EPRER WM, BRAL 5. BB SRt I e Ky e e MR S P 1Y
SN[ T]. FREHRE R, 2005,11(5) 135 -38.

[16] SCHEIDIG A,FROHLICH A,SCHULZE S, et al. Downregulation of a
chloroplast-targeted B-amylase leads to a starch-excess phenotype in leav-
es[J]. The plant journal ,2002,30(5) :581 —591.

[17] YU T S,ZEEMAN S C,THORNEYCROFT D, et al. a-amylase is not re-
quired for breakdown of transitory starch in Arabidopsis leaves[J]. The
journal of biological chemistry,2005,280(11) :9773 —9779.

(18] 'BKa, A MRILAE. KBRS SRR ip R ey R v A ) 6

PREERRITEL) ] FRERE,2002,8(2) 116 -20.

[19] LU Y,SHARKEY T D. The role of amylomaltase in maltose metabolism in
the cytosol of photosynthetic cells[ J]. Planta,2004,218(3) :466 —473.

[20] VERAMENDI J,ROESSNER U,RENZ A, et al. Antisense repression of
hexokinase 1 leads to an overaccumulation of starch in leaves of transgen-
ic potato plants but not to significant changes in tuber carbohydrate me-
tabolism[ J]. Plant physiology,1999,121(1):123 - 133.

[21] HEINEKE D,WILDENBERGER K,SONNEWALD U, et al. Accumulation
of hexoses in leaf vacuoles: Studies with transgenic tobacco plants ex-
pressing yeast-derived invertase in the cytosol ,vacuole or apoplasm[J].
Planta,1994,194(1) ;29 -33.

[22] KLANN E M,CHETELAT R T,BENNETT A B. Expression of acid invert-
ase gene controls sugar composition in tomato ( Lycopersicon ) Fruit [ J ].
Plant physiol ,1993,103(3) :863 —870.

[23] KLANN E M,HALL B,BENNETT A B. Antisense acid invertase( TIV1)
gene alters soluble sugar composition and size in transgenic tomato fruit
[J]. Plant Physiol ,1996,112(3) :1321 -1330.

[24] YAU Y Y,SIMON P W. A 2.5-kb insert eliminates acid soluble invertase
isozyme 1l transcript in carrot ( Daucus carota L. )roots,causing high su-
crose accumulation[ J]. Plant molecular biology,2003,53(1) ;151 -162.

[25] LIZOTTE P A,HENSON C A,DUKE S H. Purification and characteriza-
tion of pea epicotyl B-amylase[ J]. Plant Physiol ,1990,92,36(7) :1311 —
1327615 -621.

[26] KIM Y,HEINZEL N,GIESE ] et al. A dual role of tobacco hexokinase 1
in primary metabolism and sugar sensing[ J]. Plant,cell and environment,
2013,36(7) :1311 -1327.

[27] BREE, R MR BB AR R IR B AR K > SiE kR
AT ] AR A,2003,36(2) <155 - 158.

(28] <2, TENAN , ALV, 5. HUB T B AR s S B MRy gt Y
SN ] PRALAp RS R A (BRI ,2009,37 (1) < 117 -
121.

[29] RN s, EIRER, 5. MR e Pl 1 S S R I Y
RAMFEI]. 4R ,2005,20(4) :17 - 20.

4 vk 15

K EPR BT A8 . W4 AR DNA (B ERMRR) (RNA (CBERZIR ) (ATP ( =BERR IR H) (ABA (LK TR) |
ADP( IR ) (CK(XHIR) (CV (257 R %0 (CMS (AN et A 7 1) JTAA (5] £ 7% ) (LD (ZFE5 i) (NAR (#4+[A] £k
) PMC(AEMHHEAAN) LATCH 1A %) (LSD (/M 35 22) (RGR (AR A2 1 3R ) |, B0z 44 4t i IRRL( [ B ok s 4F 52
Jir) FAO (B FEARACZH ) A o X T 3C Ay S Bl I 55 130 5 F) ) (2 B JRT o oy T O A% LA B S b 2 B )

G R SARACI ), W AT I 2 240 i B S AR S  (HAG 25

@ii%‘ﬂ%ﬁi o

— U B AR, 2 S P e ) T R S TR i, LA



