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MEREEREHE BERMEEFET., EREAW: TEMA Lycium barbarum F 5 40 2] 10 #4, = &4
A2, L. yunnanense #= ¥ B #) 42 L. chinense R 5% A0 2] 7 #445, k7 #42 L. chinense var. potaninii & 5 ¥ 4 2] 6 #+
ey MAMMEREARE, HEABFEESL, ARZAFTIBRTIANMLRERRANABER T2 HEKREZNE
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i, A ZA D, REREEFGBEMERS, FEZA K, EEANARELF TR PR B S R (SS)F K4
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Sugar accumulation and sucrose-metabolizing enzyme activities in four

Lycium species during fruit development

ZHAO Jianhua'?, LI Haoxia®, YIN Yue?, AN Wei?, WANG Huafang'
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Abstract: To explore differences between sugar accumulation and fruit quality formation for the physiology of
Lycium, sugar contents and sucrose-metabolizing enzyme activities in four Lycium species (Lycium barbarum,
Lycium yunnanense, Lycium chinense, and Lycium chincnse var. potaninii) were determined during five stages
of fruit development. The relationship between sugar contents and sucrose-metabolizing enzyme activities was
determined using Data Processing System (DPS 14.5). Results of the gas phase chromatography (GC) showed
ten sugars in L. barbarum, seven sugars in L. yunnanense and Lycium chinense, and six sugars in L. chinense
var. potaninii. At the mature stage the main sugars were fructose, glucose, and sucrose. The fructose and glu-
cose contents increased gradually with fruit growth and development, with growth rates of sugars in late fruit
development stages being much higher than in the early stages. Sucrose content showed two changing trends
during fruit development stages, and there were great differences among species for developmental stages. Also,
during the fruit development process, three of the sucrose-metabolizing enzyme activities had large differences:
acid invertase (Al) activity was low in the early fruit development stage with no major differences among
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species, but in later stages Al was high with species differences. During the fruit development process sucrose
synthase (SS) activity in the four materials was higher than sucrose phosphate synthase (SPS) with the con-
tents of fructose and glucose in L. yunnanense maintaining a lower level. Fructose content and Al activity were
significantly (P << 0.05) and positively correlated (r = 0.807,0.949 and 0.912) among the three species,
Thus, increasing Al activity was favorable to hexose (fructose and glucose) accumulation, and invertase played
an important role in sugar accumulation of wolfberry fruit. [Ch, 3 fig. 2 tab. 23 ref. ]

Key words: botany; Lycium spp.; fruit; sugar accumulation; sucrose-metabolizing enzymes

FiAd Lycium Ay i B} Solanaceae HIfCJE Lycium ZAE4 AR, HAARMIBAGHLVE, 2o R $h ot
MM A, 2t 80 Fl, FEAMMAIEILFEMWAEI hE HRSGAH TR 3 AR, 206 T
oAb AR X . fEiE 2 Fhh, AR ZHA R EARE A A, WA T EAS Lycium barbarum % 33 K ]
AR . ALYk, BRT 10 ZALEMSMY, HTERESEGWRT . . B, BS. 558,
B E R ThRE, w0 B2 SRR T B AMEBR A= B A 20 20 80 A AR f A AT Al 5 B R IS4 S AR
AR, BHED, TSR B — MRt Fh B IR, SRR 2 000 A0, Mt )E TR A,
HR P& F R RS, SUNG 45 5 i AR 03 — 0T 3% A AL (GC-MS) 78 T B A Fd R S v s i 11
T epull s A7 08 A5 7 SO 35 (GC) I e 7 B MAC AL SEROBE i A S, R BORNE . A R RE s R
H A 27 S5 51 P s 5000 0 3 3 00 2 A v OB RN SROE , R B . AUWE L A AR AR 3 R EopE RN
REBE . 22200 2 FIIRIRME ;¥ 36 55k B M AT R S rbol A B SR R LA A AR O 32 R R B AN
JH 1 280 R €2 10 S AN () b DX S AR AT SR S A A A, SRS N R R R R, WA R LR, R
Ko FEBR AL YR N B ) — R oK S Y, RO ACI R S 0O B RS S U (SS) . WRER
WG 5 (SPS) R RERE AL (IN) , BT T R A TR BHAr, FoAc rons R m 46 ¢
WFoE B IE T AR L, AR AR T IR 0 AR R . AR ST E T 4 R AL A, IS A AT SR
SR B R R O B o AT AR S P G R, B AR A R SRR R 25 R A LAY, A —
A ) AR i S5 TR 8 R 9 s AL ) 2 3L B A 4 o

1 M5 &*

1.1 RIe s

IR 5 ) R T B AL Lycium barbarum, U7 #IAC L. chinense var. potaninii, = F§HIAC L. yunna-
nense FIH EHMIAT L. chinense, ¥k A F 7 B AMBl2= B VY B X 218 & ARG 5 M Ad Fp s s YR dl, 10~
15 A MDA AR . BETCPE R 2 M- MR, EBUR SR FMLIRI RS 9~12 d), FRIMOFEE 14~
19d), @AM FERE 20~25 d), I8 (OFE)E 25~30 &) FIRCA (TR A6 34~45 d) 45 5 A 4T
KAt o 4 FHIACIE AR AE WL 1, AR AR A T AR A A0 R i B R 7R, 3z % (] 52 36 25 7 BV 0 3
TR VK AR IR AT
1.2 RIH=E
1.2.1 #REH M2 RHASHETE(GC) AT R &8 E . FRBACEFE 3.0 g, & TRk ot
BEJG, S RME ARG, RT3 ECh 80% R 75.0 mL, FIAREL 1 h, B HRaTuE, ki Ak
MR 80%#K & IV e % (29 25.0 mL) , YEJG W — Al ik 8 0F A U8 P, ¥ 352 45 2 100.0 mL,
U 4.0 mL JE 2= B ZER R, AT, I AERE 1.0 mL 230 (L5 5, T okokis ik
WA 0.4 mL N R Z Rk fE . 0.2 mL =R GAELE, T 20 CAMF T ##E 30 min, &.0, W& G
W, FAMETE(GCO)ME . A E &M THEFF 91 180 C, ££+F 20 min, LI 20 C-min™ J} £
280 °C, fRFF 10 min; FID Al &3k 22 o 300 °Cy #EAE L JE O 280 C; 20U (He) it 30.0 mL+ min™;
AN i 30.0 mL-min™; 20 300.0 mL-min™; J33i by 20:1; #EFEESN 1.0 pl, X5 Fr il bx
FECRYE . AW FEWE . RGO TRl . BZE0E . A bl . B30 358 Sigma 24 W) 477,
122 E¥ARMEEEENE R (AD) ISP & 5 I LOWELL "0 k17, Mg, 7 1.0
mlL {9 52 0.6 mL 0.1 mol - L™ ZBR4H- 2 (pH 4.8), 0.2 mL 0.1mol - L™ #EHE, 0.2 mL 42, 78
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T E MK Lycium barbarum

677 Mi#E L. chinense var. potaninii

23 F MUAL L. yunnanense

& M AL L. chinense

HRW FHRM AW PR R
B 1 4Fvade S K H IR KT SHAE

Figure 1 Morphological characteristics in 4 wolfberry species at five stages of ripening

37 C/K# 40 min J5, finA 1.0 mL 3,5- Z 6 5K 4% B2 11X 5] (DNS) 7843 I W, FEMl /K 5 min, BHI 2=
i, 4000 r-min™ #.0 10 min, & WG D(520) K, X HEAE SO A4 2 o Ak J5 B . TP 1
ZEE R TR SO 7 A R, SRR AR 0TS P, A DU A RO 0 A i R TG . kRS AL
(ND G € Tk ) AL, HOZ2 4 MR EN- L2 (pH 4.8) B AT I TR H-F1 &R (pH 7.2) o B IR HEME 5 BT
(SPS) & PEM & , 70.0 wL i f& & 1 & 50.0 mmol - L™ 4-38 £ KEUR R £ it iR (hepes )-Z A AL (pH 7.5) ,
15 mmol - L™ &4k, 1.0 mmol -L™" Z Z P4 Z / (EDTA), 16.0 mmol - L™ SR — # 2 % %5 % (UDPG) ,
4.0 mmol - L' 6-B§ iR S 4 (F-6-P), 20.0 mmol - L™ 6-B5 R 4584 (G-6-P), 30.0 pL EFHEHOE . 30 °Cl ) 30
min, Al A 70.0 pL 5 mol - L™ S AL AN ZE 1L O, 7K 10 min, ¥ H1J5 A 1.0 mL 0.14 mol - L™ B[ (¥
fif ¥ 13.80 mol - L™ MR ), 40 CHN; 20 min, 7 WG HEE D(620) o X BRSO AR R A 6- iR
SRR O-TR TR A I M o RENE B L (SS)E MEIN 2 55 SPS 28101, B IRy 1A Z P i 61 I S A% i SR i
1.3 #HELE

FIH] Excel 2003 F1 DPS %46 4b 2 R 48 (14.5 S H O #1788 g0t , R fe/D W 3 1% 22 7 (LSD) i 3
(TR ST 800 i

2 HERGAH

21 MIREHAPRRIERESH

AL A (GO YRR 4 Bt A0 1A SR S0 21 RN 5 70 B A7 I (6 1) o 7 A RS A I il
10 Blopl, FP2CERZ, 0ol o SR0E . AR . RERE . SREENE. BURLERE . RN, AR, IR, R
PERILANE s = R AL A b AR I 2 7 Aol , 0500 R . ADEIRE . R . REERE . BTRL{AM . A
BRI FLE; LT MRS R 6 Rl , 23BN SRBE . REWE . AR, SREENE . BTRLART R LR 72
4 FORIAC R S b R TN BB O A . R L R . REERE . BURLOBE AR LR, b, SRR R pE
R o 73 o W 20 ) 9890 L b o 7 S AT R S SRMI A 4 W I B s, LTI IRZ,
MRS AN P E MIRCEAR o 2 B ARG SR S M DR B, U T MG IR Z, TR ML R AR 4 Rl MIACIE 3
PR B S P RO IR B R E SR o AT L, S TR AAC (908 2 R R BT AR RR 22 S

AT AT R AT R SR B R B T ISR R, N 87.79; dtIrMifdikz, A 31.57; =
FIMIAC IR, 0 27.69. 4 Ffk A (6] S B2 (L2 IR 3 B8 22 5, XU W 7 B AC 1 U8 35 0 T LAt 3
FHIRE (R Do
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1 MENARARIBERESBEN

Table 1  Changes of sugar contents in four wolfberry species at fruit ripening

W5 AR TR AT (0 B I 3 450/ (mg g7 S YUNTER T
T E AL e g5 ke PR o AT (LSD, P<<0.05)
o 48.99 + 1.081 31.57 = 1.112 9.39 + 0.300 14.99 + 0.221 3.874
7 26 4 2.34 + 0.063 1.57 = 0.077 0.42 + 0.025 0.71 + 0.030 0.118
T 0.43 + 0.068 1.11 + 0.156 1.40 = 0.054 0.96 + 0.027 0.189
7R BE A 0.07 + 0.003 0.16 + 0.003 0.31 + 0.025 0.03 = 0.001 0.027
[IERISE 0.04 + 0.000 0.05 + 0.004 0.11 + 0.008 0.01 = 0.001 0.011
ey 0.02 + 0.000
Fesia 0.01 + 0.001 0.08 + 0.005 0.01 = 0.001 0.008
- FLA 0.02 + 0.001 0.08 + 0.004 0.04  0.014 0.02 = 0.001 0.018
A 0.01 + 0.000
1A 0.02 + 0.000
0l 87.79 = 2.000 57.46 = 2.160 18.14 + 0.600 27.69 = 0.380 6.900

22 MRERIXELIBRPRIERES BTN

4 oA A A 2R 52 A o A R SR R 0 R B AL AP 2A M 2B FR . BERESRIEIIAERAT
SRR A i ORI R B AN T T R S DA R UTE T SR SRR A A b RO, 2B
RS m . Az RS ORI A A, P B ROAC 2 RlORE B RO 3 T R 3 R AT 5
MR Z )5, T 2R, jtﬁ*’]*ﬂﬂﬁjl?i‘ﬁﬁ%ﬂuﬁi%iﬁ TERIAM, H E AT B IR A, 735
N 26.09 mg-g™ 1 1.03 mg-g™, 1T EMIAC AT MIAC IS0 08 R, A0 RS2 U IR Bl B i B, R
T M RT SR A 2 0 R A 42 Bk 49.08 mg-g” Al 2.34 mg-g!, T HIRE K 31.54 mg-g™ Al 1.58 mg-g”, 2
FAAC [R) A ) 0 25 22 5 o FERENRITE F R, z:@*’rﬂﬁéﬁﬁﬁiﬁcﬁ%ﬁﬂl%%*ﬁ R, HA)
P E BN AR T AR 3 R AT

60 A 1SD,.sk2.058 277 B LSD,40.063 ; 9T C LSD,.ys41.883
040 T8t o6 L F:
=18} =Te} H
E ) £ <
< E = 8
£, L 209 £3 ¥
R B i H b
0 lemf = H l @ : o L& = s 0 LLEE 4 iH [
B R R B R R B =R ® B R é'é‘E =
®ox M OE = ®oo® B ® % B OE =
® £ 9 R X § & 9 SHEE T
KE W KE ! KB

OrEkx Bkl BHamkald BPEML
B2 47 RELXFTMIRTRR T HENR

Figure 2 Changes of sugar contents in four woltberry species at five stages of ripening

BEEMFC R AER KT, 4 P fc RS2 RERE BT i o U I 2 A s fk a4 (18 2C), Hirr, ?E*’lﬂ
R EA RS R BT e, AR IR G208 K, 7R R T E AT B 1
R, ZEgET G, T EARAk SR W AR, 76 A8 517 E Al i IR, ﬁﬁqjlﬂﬁﬁazﬂ,ﬁ

WAEAFL, Bl 7 A S B PR AT, 7 R S A B R R AR jlﬁﬁ*’ﬁﬂ*ﬂx@ﬁﬁ)ﬂ@l%%ﬁ?ﬂﬁ%ﬁﬂ
T E, EERYEEARRE, E09 N 6.76 mg-g™ F15.40 mg-g™, FEH ML, V)BT
AL BN E, T = M AL AR ZEREAIK, HAER A AT b P R AR R B 0 35 25 =
23 MIERIEZEIEPREEBAGEETETL

4 Fiop AT R 0 kB B R RS AL WG AR QNI 3A R, BEERSLLRE, ALTEMEEI S 2 Fhas
fead, TEMALEIE TR G, R AR AT ALE R RN, RGA B %
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Figure 3 Changes of sucrose-metabolizing enzymes activity in four wolfberry species at five stages of ripening
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Fe b [ b A A2 B0 LR B T R, R R CR F AR SE T, RS R T, AU A B i
i E . TR A = AL AT G PR &, 368 191.07 pmol -g™'-h™, HEMALIRZ, dtIr ML &AL,
HEZERTamfemp B, E8 R LTF S RP A e 4E R 5 i ALWEPE. B, ATRVE
MR RE R B A, e ATIE PR Al AEfh/, (H A 648 38 RS gl A ips B
AL WEYES . AP AsfL K,

Kl 3B fR . MG RIAE @A 7 AL NIIE PR T, BEJG 218 BEAR, e ot , 7ER 58
BT B i, O 45.29 wmol- g -h's JLITHIAD L 25 B HIAC R EROAC S B e T S B AR A A,
AR F RIAW T &, E A EMRAL T RS, H 81.07 wmol- g™ +h, 1Ak I A AL R 2 e A
oAk s Ft e, HAERI B & 2k 06E, 4358 62.50 wmol -g™'-h™ £ 119.46 pwmol g™ -h™, P [A] 22 5
BE, MEZEREIR, RN RILLEFLR, omiidrReE Bom NG, 107 2 A fd fde s # fd 4
FFAA BEAR NI T 1

4 Pk Fe R 2K B Wt B o A 52 SPS iE AR AL i 1] 3C FraR, T B ARAD SPS 1 1 5 B SE R S T
AR, NI R P) 2 SPS TR SR FEAL, TERI AR RAE, W) 20 3 s SPS v M 22
1 It b Ty MRS A e A A A4 SR B R S W, 7R A P B M A B e, 36 26.51
wmol - g™ -h™, WAL MR AR LL T, TEVIBUIA B A miE, o 21.41 wmol - g™ -h', B 5 P A E R AR
KT BE RS AERK KT =B MAL SPS 16 P SR S 30 AR 3, DA &) 2R 0 3] € 7 1 52 0 S ARk
&, AR, RS GARE R AR, N 12,95 pmol-g™-hT, B ELTAL IS AL A E AL . TR
MR F AR, Jedr MR E AR OR R K SPS 1EYE, ~ M AACYE R BIK SPS WEPE . AT,
4 Pk AL AR R R B it SPS WM RO,

4 PR AL R 92 % B AR i R S SS IR AR AL (8 3D) R WY T E AL . 2 e M A R A A Bl R
SERKE, WREYR WA @A SS G oS REAL, N2 BI85, AER 3 T =2
fe A E A IR RS, oMl dksitm, HAERDMRELLFSRS, TEMESSEERERT
J& 2 FMAL, JE 2 FMACIRI TG i 25 s AU A AT SS IE R S I M S TR B A, A4 SR I B 5 2R 0 2%
MEREAR, BEJS W TR, WA B BN o8 T FE,  H i 0 8 08 T 7 = A
24 MIERIHMICERESUEEERGBEEENXR
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S0 ) R TR 0 B Y 3 IE AR 56 (r,=0.993) 5 M i 20 I 3 UM 96 (r=— 0.830), 5 ALE R %
TEAHSE (r=0.807) , JLREME R 72 5 AL R 3 DR OG (r=-0.934) 5 JbJ5 M RC SR o A2t 20 4 5 i 4
Jo e o3 B 3 IE A5G (r= 0.987), 5 AT AL NI P 22 35 1E AR 5C (r=0.949 F1 0.809) , L HEME B & 70 5
AT T NI {7 1 3225 5 56 (r=— 0.866 Fl— 0.917), JLRHEME i 70 % SS {25 IEAH K (r=0.870) 5 = R MIAC R
it e 5 A W TR 3 RO 5 TE AN G (,=0.999) 5 AL R B 38 IE A E (r=0.912) , 55 SPS i i,
F AR (r=0.870) , LA A BE R K0S AL P B IEAHSC (,=0.918) , LA 49 W 5 & 2 K5 SPS T 44
AN (r=— 0.891) 5 [ A AT AR i 20 K049 4 A o i 20 B30I 38 TE A 56 (7=0.925) , HLREMH o i 7
B ALTEPE 25 UM (r=-0.806) (% 2) . I L, MACIR I & A rp AR o i 0 oA 1) T 2R st v
AR AR B R A AT A SO R SR R R A AR

K2 AMARKRIERES B S EECHEEENEXRY

Table 2 Correlation coefficients between sugar content and activity of sucrose-metabolizing enzymes in 4 wolfberry species

Rk WAEIRE IR i P 2 A il oh 5 AL TR TR TRE A 5 AL T A it
FEMRK S 0.993%  —0.830% 0.807% 0.554 -0.500 —0.241
i -0.804 0.684 0.627 -0.423 —0.246
b —0.934% -0.604 0.804 0.665
Jeortfe BB 0.987%%  -0.748 0.949%: 0.809% 0.391 —0.784
A -0.635 0.895% 0.716 0.319 -0.695
b -0.866% —-0.917* -0.473 0.870%
ZEMIAD SREE 0.999%F  —0.720 0.912% 0.629 —0.896% -0.366
T -0.727 0.918* 0.647 ~0.891% -0.371
THE -0.811% -0.592 0.739 -0.311
rEMRD B 0925 —0.531 0.713 —0.063 -0.721 -0.247
Gk -0.741 0.759 -0.367 —0.648 -0.249
THE b -0.806% 0.634 0.204 0.646

BT F R K (P<0.05); ** ki B #F K1 (P<0.01).

3 kGt

W20 0 R SR SRS At PO A S B, O Rl 286 5 0 i 20 800 51 52 XU A it 5 B AT i 5 g T
R R . 4 B N7 Y A A B SR o A Sk SO 3 A FR 2 2R B I iR
K, MSHRLMBPE KRB ERES 1, FIEYEREELR TS EEER R RIE " APFRFA
GC XA R AAT AR AT AN, LRI MG 10 MORE, 20l 0 RoBl . R0 . REWE . JREENE . BTRLFRE
BB . A B . CEIUME . RREANLAUEE, b T AT KL I 10 R, MRERZ; mm M AT E
MRS 2] 7 Folf, FRRZ s LI MACKT I ) 6 Rk, FhEEcb . HA5RS SUNG &) HI A0 Uil
I 1 125 (GC-MS) 76 7 B AAC A I 1y 11 Aol Al A7 g 92 26 7R T GC A I A AT 4 b 1 SR SE AR — 2,
ERAS N 7 ¥R i 22 57, AP SEAE 7 MG SR 55 v BEAT RS DN EAZ W o A [ o ] 2R S5 Pl o 6 5 ok 0 B 2%
SRR TEAAL R EAG A SRR, 245 TA 500 ZAEREE L, W5 Ah 3 AL 4R kAR P
el — 86 X AR, LR S A TR B (BRI R A %), X G AR I 0 2R S B ELAH — B MR
FHER I SRR 0 RO A T R T A S A, 5 — i R TR AL AR, Ak, tnTRE
Sl iA K, AT 25,

ASBIRFE X AN ) ol b A SR 55 A 7 0 R o SRR ] 2 o B A AR S A B A [ ol ] SRR A 4
BB B R BOR, o, ARSI T R 2 R A AC P R A AR, i AR AT 2 b R
WO TR AN A T AT 2 R R B s RN RICA T AR, MR R
AR AR A 2 W B 0 . T AT b 45 2R S HT N B RS S — B2 AR5 e IS [ e A A 2R
SCRERE R B BN R RS S, Hob, TR B R B, LRI E 0
ZNREAR, ZJFEMETH R, ARIBUN R B PO AR, R E ORI R TR TR LS R
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Jot e o RO A 2R S8 A A R S BOZ R I, AEAES 31 d TR s, BE SRR . AR S AN
e T ZAAS LA A —EL, ﬁm%% AU PR R AT R T AR T A R T RN SR B R

FEWE 2 R Z B AL Pis fn i Y BT, R 2 R SR B R i R AR S
Ja, EHad— MRS R, X s B ok AR A AR (IN) o RS G MU (SS) MR %
B2 £ LI (SPS) i 24 THEOME % 10 A TR S W IR R T 1 96 26 Pk B B M AT SR S e (i )5
FpFC AR S AT FSPS A TR PRSI W e, SS YT PR WA B R A BT B MR R S P Y 2 R
PTG G RS0 A 7T L U W R a4, SS LB et s T RS, 1 SPS AL IR EE B/, BEA
RER B SRR AR T SS; sRHEAE Rk BT G I T M AT 2R S A A B I AL B PR R TE AR
IR, ENFE (0 B A S TR S o ARBIETE A R - A [l oot A 2R S R A QY % 728 b 22 AN
[l At Horb oy EMIAC S AL B 1 A S B B T e, XS AT AR A — B A
T B MIAC A SR I F AT SPS A SS 13 PR AZ AL DA R TR AT IT , (HAE SRS A 7 IR ) AL A SS
G Pk T NI SPS, 3 55 4 [ Jop S HOIE 7 S A — B, Ui W] 77 SR AC SR 5 8 3 A o R A O Tl L A7 A
Ip 28 28 5 o ik — 0 o0 A R SOME 0 ERE A 2 ) A S 1 SR B Eﬁﬁ%*kﬁfﬁ$ 3 Fit
FCAR S P SRR BB S AT TG P 5 R ARG, TR o 26 ORI S TP A A A R B, X L B TR AL
Wl A AT R SR B SR e rh AP AR
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