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W E TP R BT R (MCs) (138 B EALE A8 SCE K B SEER RS T AN [V MCs
(5.10,50,100 pg-L™") X5 RGN M DU A0 3 1 2 ) T2 A% 3 M 480 (ROS ) B BB 45 st Ak Je 2B
KB 25 R R, MCs (5—50 pg- L") W 7 d J5 8 R sl S A6 Y (POD ) Filid &AL & ( CAT) [F] T
AT AR 32 R LT b POD TR MRS IR KT CAT, H POD [R] T A 5 455 H B (O HB b B L )
T8 AL T (SOD) 1% M 5 H 1R T/ 20 i 38 Je A8 1k, R R BH 3 F (0,7) i = T EL &
(H,0,) , Sf# Py ZFE (MDA ) & B3N, T 2 R4l T F K. 100 pg- L™ MCs ZbBR# A i POD I CAT 36 M
I ek, LR A S BE AN FE v T A AL B (R TR SOD 6] Tl A B [8] R Wi 187, SOD 375 #4755 % i
TWEZES 0, WIRMNK, FEELBR R, 5N T EEES K AKE 7 dJ5,5 ng-L™' MCs 40 FE
M Fr SOD 1M (CAT TG M P9 & BRI v NG ¥ T E A 22 60 BOK P, 10 g L7 TS50 g L™ MCs 42038
BRI A G R0 T Ma 1, 1 100 pg- L™ MCs b3R8 A AL A AT 30, A K APK 2. 458 |, MCs il
RERL T CAT F1 POD [F] T 3¢ 15t 4 i 1) 38 5 Wl 76 M V8 B MCs 15 & 9 H, 0, B2 58 BN MCs
BT 322, LM TR 152 MCs MR BERR .
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Effect of microcystins on antioxidative enzymes activities
and isozymes pattern in cucumber seedlings

GU Yanfang'” DENG Yuan' LIANG Chanjuan'"*

(1. Jiangsu Province Key Laboratory of Anaerobic Biological Technology,School of Environmental and Civil Engineering,
Jiangnan University, Wuxi, 214122, China; 2. Jiangsu Cooperative Innovation Center of Technology and Material of
Water Treatment, Wuxi, 214122, China)

Abstract: To further clarify the adaptive mechanism of crops to microcystins ( MCs ), we studied
effects of MCs (5, 10, 50 and 100 pg - L™') on antioxidative enzymes activity, isozymes
composition, reactive oxygen species ( ROS) and plasma membrane peroxidation, and growth in
cucumber ( Cucumis sativus 1..) seedlings by hydroponic experiments. Activities of peroxidase
(POD) and catalase ( CAT) were increased in cucumber leaves treated with 5, 10 or 50 pg- L™
MCs for 7 d, and their isozyme bands were thicker and brighter. In addition, the increased degree of
POD activity was greater than that of CAT as a new POD isoenzyme band appeared (not seen in the
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control treatment ). However, the activity of superoxide dismutase ( SOD) and its isoenzyme
composition were not changed, and the increase in superoxide anion (O, ) was higher than that of
hydrogen peroxide (H,0,), which led malondialdehyde content increased and dry wight decreased.
MCs at the concentration of 100 pg+L™" caused the largest increase in activities of POD and CAT and
the width and brightness of isozyme bands in leaves, but did not affect SOD activity. At the same
treatment the increase in O, content aggravated oxidative damage and suppressed badly the
accumulation of dry weight. After 7 d of recovery, activities of SOD and CAT, malondialdehyde
content and dry weight in cucumber treated with 5 pg+ L™ MCs were all recovered to the control
levels. All parameter above mentioned in cucumber seedlings treated with 10 or 50 wg-L™" MCs were
better than those measured during the stress period. However, the oxidative damage was irreversible
and the growth was difficult to recover in cucumber seedlings treated with 100 pg-+ L™ MCs. In
conclusion, increase in CAT and POD isozymes expression in cucumber leaves caused by MCs stress
were beneficial to increasing the enzyme activity and removing H,0, induced by MCs, thus
enhancing the tolerance of cucumber to MCs. In addition, the regulation ability of these antioxidative
enzymes was limited by the concentration of MCs.

Keywords ; microcystins , cucumber , antioxidative enzymes ,isozyme ,reactive oxygen species.

T BETE 2R (microcystins, MCs) J2 i /K 46 Hh HH B R a5 g 7™ o i ORI 35 I ™ 9 — R
2 K A MCs VREE— R 1 pg L7 & 100 pg- L2 MR DAL 1 peg- L MC-LR
KK % bR FH3Z MCs 159 7K 24 TR B A SO AR AE D (0 A 1 7= i JB o AS RS, L AT
SRS MCs ZERAVEY ] E3500 h BL R 0 8 B e o A AR e e v e i ) B R E T
MCs FOREY)REPE AL £ 15 10 1 2 1% R 6 0.5 0k, BELAS A 42 78 72 WM, 375 3 LA L 38, PR IO & 350%
A8 Hodh MCs 5 S R PEAEL(ROS) P2 A S MCs OB E LT 2 — , i i AY ROS nT S 808 7 i
AR DNA K HA 20 M2 2 (4 = 45 455 ROS IOTE BRI P AL B R 48, T bt S Ak B A 3R Ge A A
P& MCs oirae () 9815 1 X BT R A0 % MCss 36 190 38 0 P L o 8 A 0 2 SR AR P AL i (SOD)) |
it EAL S (CAT) Filid AL (POD) /R M AEPI P A AL Bl R G2 h R 1 (R P9 ROS BRI B2 O A
WFFEIRIE T MCs Wit ST A AL B 16 PEAG R M 0 0 120 g - L' MCs it R KRG 4D B SOD
WML FHIM POD M TC R E 8L ;5 ng- L' MCs 25 30 d /5 /KR4I H 1% SOD 16 M3 . & A i 92 1
N, AR TGP XT MCs (1m0 B0 IR — 350, 22 Jhih a6 5 B A 40 40 o 56 DR 3R S i), T 36 1k A8 A 1Y)
PRILE ML 6 A 37 BT A0 A PR e S AR A7 6 AN ) ) B T e ) T il STV Pl A ] ) 4 4 A g ) T il K]
AT, PEAR DA R B R e R E B E ) B A R WL MCs 52 0 A 4 4 Ak 1 ) T
(14 A A 55

W AR SCLRL A SRR MCs 75 YL BUR AR | DL B8 S AR TR g Aok, DL BH B MCs il
TN YIPUAALE S AR A S R TR AR TR O R T AT 25 A ROS B R A AR 1 A AL R AR 1L,
HE— A s H BT E AL R G AEAEAE N MCs k38 H B4R FHBLTT , ANAURT R 2 & MY MCs BUREHLER 3R
BEB B , ok TR BRI MCs Bt i A2 48 (8T 1.

1 MBS HE: (Materials and methods)

1.1 MCs 14

IO I 5 9, 2 BRI A5 A0 0 5 1 45 T FRIBL 1 g THRAY SRR, DA 40 mL 5% FIVK 2%, %I
4L 2 h,4 °C,8000 r-min™" B0r 15 min, Y _FIEWR, UUTEH 40 mL 5% VK CFRAR S Fimee , R 2 Ik,
AIF 3 YRR VS, PR pH (R 3.0, 885 B R BRI 11, AT pH {E R 7.0, B A KL B R 2
Wik 0.45 wm JERFS , 45 10 mL HEE(100% ) #1 10 mL #B4E7K i3 AL #Y Sep-pak C18 # (500 mg/6 mL,
Waters corporation, 3¢ [# ) FIAHAI, 22 S5 EE ML W48 2 1 mL. >R & RO 3% (ultimate 3000, Dionex



i

3404 2D 1k 39 %

g3

corporation , % [H ) B & MCs Ay &,
1.2 XS b B

P B K ( Cucumis sativus L) SR “ Bt 4 57 PhEAERART R F 20 IR A, B TEIR
JERAIEFRAE T (25 °C) M2 2 d, 4R BE A h 3G 3R fRE Pt s 2RI 5, %% £ 9 F Hoagland &
FEW B 6.88 L EFEA KRG ESRIE 3 d T 1 YA B A 5 2 R IEEE, IR [R) R MCs
AbFE(5.10,50,100 pg L") , AT MCs BB FRIAE 5 8 SN0 B 3 W e 7 d Je #7448
BRI E (a0 SRS RIAHIARTEXT B R 3% 7 d(WREE 1) | FRBOCREDN 2
1.3 fapnill e

HR4 Sharma %51 Y75 142 L SOD, CAT Al POD KLES , BL 0.2 g MRk A T HA IR, A
5 mL PUEALEHEBOR (50 mmol - L™ pH 7.8 AUBEBRZE thifL , Horh & A 10% 3R ZAR MLl ) | vk s i s 22
A1 FRAEAI3E T 4 °C 10000 remin™ B0 15 min, b3 W R AL 0L BERH T B0 48000 T 355 1 000 S A
[F) TR K. DA 2 I 8 O bR R % T i vk I 8 R B B R A

PR R T AR T AR AR P S P s BRI F vk, P T2 K 43 7 ko A P AR L R R 1
TEARFTHL A | A4 HE L DK AT B8 28 AN [R) FIIEE I 109 43 T A DR 38 VA T 43 85 AR s, & — I E IR/
YL AT Y419 3 2 15T B LB [ T EH% 1K .SOD A1 POD [W) T/ H Yk R FH M B R 109% 43 85 e Fl 5%
ARG, CAT W) T Ji o UK R FH M B R 7% 53 B e FN 3% e it , FAERE S 30 L IR (& 20 wl LB
A0 L RIS , Hod AT A 20 50 e S TE & pH 8.3 A4 Gly-Tris 25 vhifi () 3 Ll
VKA AT, B r KA R TR Ry 4 C AR 1R 2R 1AM WRAE R LR Ry 75V, A ESREFLR R 150V,
TR WS BT 1 om Ab%5 5 AL Tk U, e 8. SOD [R) T g% FH 280 U ms g (2 71150 CAT [A) T 1 % FH
B b e ik oD [l TRER S PRI A B e ik ) et 5K PR 2k et 1l P I A% 2 G40
HRORAE.

SOD .CAT F1 POD & Pl 2 2 UL Fidalgo 25" 438 , SOD 7 P 5 2R F AU PUmME SEiR IR, POD 1
PN 7 R FH A B AR W3 75, CAT 136 1 D SR FH 8 A ik A ( MDA ) 5 2 00 7 SR FH B4R 12 Lh 2 TR
P G EAR A (H,0, ) AR R R R E Y AR F(0,7) Al R R A A s aE T
PR gt RV 2 98 TN i PR T
1.4 B Aab BN 23 A

PR B ¥ 0 3 YOk Sr A e i - B s AR HE DR 25 (Mean+SD) |, 2k HI SPSS 20.0 44k B4
Origin 8.5 BT R AR FRERR B EE2E R (P<0.05).

2 ZER 5L (Results and discussion)

2.1 (R PR RN NG B U T R TR 5 )

PUA AL TR A P9 B0 BR A T 2R 22— |, 35 Jiiha ml AR ] T AR R [RIK P 363k, &
SOH2E R P AL | 3o e e 70 R B[] T R RS 1) 2%t A S RIS E L. SOD JE AR W MR BT AD Bt 1
Jin ROS Ko H SR =9 9 55— B 2R, B0 0,7 B Ak Az iiH, 0, Rl 0, 4P 1A Ff7R, MCs 58 7 d
J7,5.10,50 100 pg- L™ MCs 4ZbFEE 0T B SOD 1% PE 34 5 X} B U0 18 3% 22 5. X 5 A0 AWFSE il 5—
50 pg- L™ MCs 5 SR R4 SOD Tl 138 AR TH], % v] B S A Y I SR [ 45 56 Chen 2511 238 SOD
T PEXT MCs (00 7 A7 78 ) B 22 5 V. SOD [8] Tl 3% I R i 7 2% SOD [a] T 4574 (&l 1B) , 5,10,
50 wg- L' MCs AbFRE AN i H b 7 45 SOD [6] TS I8 FE M SE S 5 X B 3% 22 57 X 5 ]
AbFER SOD TR PR —F (& 1A) T 100 pg- L™ MCs &b B0 H-vh SOD 1 1 SOD 5 45745 715 G A5 2%
SOD 6F1 SOD 7 4478 s A5 78 | WA [A] SOD [R] T. B4 100 pg- L™ MCs Wi 3 77 4E 22 5, Hirf SOD 1,
SOD 5.S0D 6 F1 SOD 7 Xt MCs [ % e 45 4 Rl W J MCs AbFF SOD {7 PEAE (L il 1, 100 pg- L™
MCs AbFE SOD 1% 155 %} PR G i 3 22 5+ T e /& SOD 6 #11 SOD 7 A= RIS SOD 1 1 SOD 5 ik
IR 45 . 220 i 2 R B e BE NaCl i85 SOD V{4 4%, 1l oAt [) T 06 P 380 5 | Bre 20 R 30
N SOD G s 45 5 Ug 41t & IR B Cd 36 3K R SOD [R] Tl 45747 52 BE L 86 SOD % 4, i
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100 pg-L™" Cd KRG SOD [W] TV 3 (S3 Al S4) By ik, MEH SOD 1% M e Atk , MCs i
SOD 1% 37 H R T L [ M K2 7 d 5, A MCs AbBE(5-100 pe- L") #JR Hod SOD Jf #4755 %)
WRTC 22 5, 4% R) Tl iy MR O 2% HEUK -

35
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SOD activity/(U-mg Lmin™)
o

O 5 110 50 100 0 5 10 50 100

L —— — — — —
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[ 432 1 Recovery period
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b e = L b
] e
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B 1 MCs X # R SOD 3tk (A) IR T EEZH AL ( B) A9 5210

Fig.1 Effects of MCs on SOD activity (A) and isozyme composition (B) in cucumber leaves

CAT BERSHH, 0,73 4 H,0 F1 0, , ZiERE ROS (U5 BBk AnE 2A Fizs,MCs 463 7 d ),
5 pg L' MCs AbHEE N A CAT 36 PES X B E I 2 22 5% ,10 .50 100 wg- L™ MCs &b PR I 5 rp
CAT JEYEZ 7 T4 IR 6.96% 23.6% F1 35.7% ([l 2A). CAT [A] T.BHE K W 2 45 CAT 447 (I 2B) ,
Hor CAT 2 78 MCs il NASKLAR 75 380 CAT 2 XF MCs s 5 R 8USK, CAT 2 85 & /= ANE PER &
CAT 15 M N A B B R N 2 — B S AT IR Mt B CAT [ T B SR 58, CAT 7 M B T, 1858
TOKRE R . Du 258 Hi23E SR 0 15 S #OTAR T CAT W] TR K, M i CAT W) TR JC R, i
B CAT 1% PE T RE. 22 W] CAT R L /GG PE & CAT iG M fh iy IRz — % 7 d J5,5 pg L
MCs AbFREE I CAT 3G A 4E 576 X BE7KSF-,10 .50 100 g+ L™ MCs ZbFH 5 T B rf CAT 36 P47 i 5
MR, 5391 20.7% 27.0% 1 36.8% , CAT [R) "L 55 15 Ot BEOML AN 5 | 6 B B i B MCs 2885, fH )
TRIN CAT AP 5w 16 . AT I 5 ) 2 MR S A vy O TG A R T 2 1 L e .

50 A

40 +

20r

CAT activity/(U-mg "-min"")

[ 1iipifa b Stress period
[ ) 433 8 Recovery period
2 c
ed dd ks
0 5 10 50 100
MCs/(ug-L.7")

0 5 10 50 100 (U] 10 50 100

<« CAT1

<« CAT2

B Stress period $& 5 1] Recovery period

B2 MCs X # R A CAT EPE(A) K6 TR A ( B) 5210

Fig.2 Effects of MCs on CAT activity (A) and isozyme composition (B) in cucumber leaves

POD {1 R iEBRH, 0, 1 55 —Fh e AL B , 235 BR ROS IS =il B . & 3A Ff7R,MCs (5.10.50,
100 pg- L") ZbBE 7 d J5 8 NI Freft POD 3P 531l 5 X6 B 95.7% 188% ,290% il 345% , Wi 1y v & 1% T
CAT, H#% MCs 4b¥E POD 36 PEX4 IR &5 F CAT, X 1] G815 POD H1 CAT XTH,0, 5% M 114 &, POD %FH,0,
R %R, POD [R] TG &1 /R 4 2% 1R T (&1 3B) , HH POD [R] T/ (POD 2 1 POD 3) 477
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7E 5—100 pg-L™" MCs il FBOH AR R . ZE 0 POD 2 1 POD 3 [a] X MCs il 45 8UR%, MCs Fira
R F e POD 2 A1 POD 3 [R) T A 158 1 AE 2 POD i M58 14 J5E IR 22— 3R /INEE 2600 s 2% B R
R8T KFEL T POD [R) Tl 25 R AR G, POD 3614 L F, Bk R B i FR M. b Ak, i =i v B MCs
(10—100 pg-L™") b3 HEH Y POD [F] T/ (POD 4) £ (X HRAD IR L) . BLR 2 25 Y % Jism i T
TR L BET B POD 4545 (O BRAL B DL ) A2 3 POD 1% P30, 1 58 T 2K 048 25 Pk 1 B 4 R
PG, =R B MCs 38 POD [R] T A% (9 B I nl GBS POD & M 34 i) L — 2. 45 & CAT
TS A TR AR A0 (1 2) 4 POD 3P 3 i 45 5 L R] Tl Aty 14 24 56, R IR [l bt A AL i
Xt MCs A9 2 55 T[] TS 20 A 563X ST e 45 S0 MUK 7 d J5, IiA MCs Ab 3 5 JR
I H POD 376 1 5 T X R A BLAELAEG T it 300, [) T 8 2% 5 5 W a0 3018 A0 A0 1, R W A Bk MCs i3t )i
POD 1H A —E BRI E.

210 _
_ A [ ria ) Stress period
- . a
‘= 180} [ #6524 Recovery period —— B
z b 0 5 10 S0 100 0 5 10 S0 100
.S_.Z 150
= < PODI
T 1204 & d
E e
2 ool f £
£ aP =. « POD2
-
g 60f . < PoD3
o) h h POD4
£ 304 H

0 [HpiE ) Stress period 3L Recovery period

0 5 10 50 100
MCs/(ug-L. ™"

3 MCs X8 KM POD 3644 (A) K& 5] TR AL (B) A5

Fig.3 Effects of MCs on POD activity (A) and isozyme composition (B) in cucumber leaves

2.2 (R EEER RO H NG T I B BRI T R A 5 )

R A R 38 1 B RN B S0 A i ROS , ROS RETC i A= Wy B b i) 2 AN RIG 5 182, 51 & B R
i EACTE R, A R i AL =, Ho MDA SRR B Ak i L = 2 — |, K B R AP Y R it
SEALARRE , 1E 1T (8] 422 28 AF 40 M 0 2R 45 2 00 R R ) 0 B i MY An IRl 4 R, MCs (5.10.,50,
100 wg-L™) Zb38 7 d J5 8N F b 0,7 (H,0,F1 MDA 5 1 B35 & T4 R AL FE ( P<0.05) | H 2 e IR
FEPERS . W] MCs B8 F 8 5 ROS B ShA& T B i R, 0, FIH, 0, B R 5 304 i S Ak 1 & A=
Horp b E B MCs (10—100 pg - L7) A FRE R B 0, W4 IR 2 K F H,0,, 43l /& ) 105%
(10 wg-L™" MCs) .141% (50 pg-L™" MCs) F1 163% (100 pg-L'MCs) (& 4A, B).f1F 0,7 aJ #% SOD
Ak 1 H, 0, , H, 0, AT 5 11 H, O, T/ 5 ( CAT A1 POD %8) #:4k 4 H,0 F1 0,. SOD i PEMIFa E fE— &
AR F4EEE T 0,7 #:4LH, 0,195 & , T CAT H1 POD i PERY ISR T; T H, 0, 1VERREE T , A F TR
H,0, 1t A R (B 4B) Ktk A1 L 0,7, H,0, & &3 iR A/ Al RE 5 MCs 3B & SOD &M AZEF CAT
F1POD [ TERIA B ILIE RS A O (& 2 FiE 3) MK 7 d &, BT A MCs 463 0, FIH,0, & s T
X BEAEAR T8 3, MDA 876 5 pe- L7 MCs ZbFRK A 206} HRZKSF, v BB R UMbk MCs 822 /5 , ROS
(AR SRRl BRI, S it e AR ) T RS S R N, R S S A M S A 549510 g - L7VFI 50 g+ L' MCs
AEFE MDA £ B T R T A, 454 0,7 FIH,0, & A8 4k, W # KM 5~ CAT 1 POD [A] T
it P14 15 ik S LS PR R 38 A R Tz 0,7 FITH,L O, & AR B Js s i &AL 17 100 pg- L™ MCs 4b
B MDA 5 s A7y 0 BR300 00 25 5 X v B2 PR O, FITH, 0, &A= Fenton N, 7 A5 B 14 B 5%
(- OHL, Jn i A e A it 405 0 S )t 5 PR vk B MCs FBUKRERAR 2R & A= Ak 7 , st AR &R
XELIPK A .
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C
30k a
a —+—
s b 1
= 23 —
0
T 20f c ¢
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g 15p f ¢ '
E ¥
(¥
< L
D I.O
=
05F
0
0 5 10 50 100
MCs/(pg-L™")

B4 MCs ¥#RH A 0,7(A) (H,0, (B)Hl MDA & (C) B
Fig.4 Effects of MCs on contents of O, (A), H,0, (B) and MDA (C) in cucumber leaves

2.3 PR EE RO E AN T AR K R
WK S iR, MCs (5.10,50,100 pg-L™") kb B 7 d J5 8 K4 1 1 58 50 5 T %F IR AL P 8.73% |
17.6% \26.4% F1 36.2%. 3¢ W MCs XF 5 JK & B 1 2 A4 300 0 4 B e B AR i b, 1X 5 Zha 251 & 3 MCss
(10—1000 pg- L") F0 i # JNAh 1 A6 K — B0 A IS8 A IRk B MCs XA A 1K T B 3850 il L 28 2 F
AR ABAEAR LU0 A e T PR PN R R BRI G2 3 1T S R T I MCs TR 52 B {E 4RI, A S
0V U A 3o LT 57 . 45 S U AL I (ROS & i FIAR B ok B AL AR B AR Ak, W] MCs X R4
T EIES MCs 755 CAT Fl POD 1GR9 T+ = A 2 LAY Bt & 19 H, 0, & SOD 3% 3Ri5 23 0,
(3t AR SRS R AR A AU 56 (1 4C) A it 010 mT S S A B A 5L, B IR S A R b Rk 4544
SEOCERE S Z WY A WA DL A RE SRR R, MCs Bl T & I 0, FITH, 0, F1 2350y
B A A B T B R MR BB R N 2 — X 5 FAYSED B 4aE — 80 e ah, R+ R
W5 MCs i T RS S EHYR AT FOTRWIZ AL WEZ 7 d 5,5 pg- L' MCs ZbHEH R4
BT E B BEKE 10 g L7150 wg- L7 MCs Ab B8 T 4h & 3 8K Tk BEAH & T 3 489, i
100 pg-L™" MCs AbHEE JIA 1 T S AZ 40 0 ™ 5, (IR A 56.7% . 25 AP A AL BT M g it A Ak ik &2
K BRI ER CAT TG AR Dot A A R 2 8 R4 i T A B R R 2 — S MCs &b
FREE A+ A8 IR R 1 — 2 i, A Rk B MCs 2288 ) , BV A B 2 8, HL /B R e i [
A5 LIP3 P R 55 R v B MCs X 850 IO g oot 804 8 S T 306 05 53 A O A1, MCs %o A 40 8 37 T
W A RE T RN LR R S5 # 5 D RE AR Al A B A AR A IOt mT i R AR W A K X LUK B Y R A
Z— B2, HINEIWKE fE 1152 3 MCs W EBR . 3X 55 Zha 5 3R 38 KRG A9 DK BE 152 MCs e )3 BR i
—E.
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Fig.5 Effect of MCs on dry weight of cucumber seedlings

3 2512 (Conclusion)

(1) ZEK PR MCs (5.10,50 pg-L7") BHa R, 8 R R SOD 36 44 K [R] T2 B3 5 % it
%5 ,POD H1 CAT [A) T B 5 5 LA, e POD A1 CAT 3538 H?Fﬁ?H 0,1 SRR 5| & 1%
A A 05, 2k e 3 ik 53 I A A K AR B A

(2) B MCs (100 pg-L™") Ba F , #IKEH SOD [a] B i A 6] | i SOD 7 #: e B 484k,
Jil 0, Rk AR R & A e it S0k, i 2R e R B JE AR A R e LA &R

(3) BJNA T SOD  CAT 1 POD i 1 S L [R] X MCs JPpaft (w77 4F 25 5%, POD X} MCs il
AU ) W R R K, i 7 25 S P DR PR R st — 2D AR
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