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Effects of Na,CO, stress on the ultrastructure of mesophyll cells in Puccinellia
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Abstract: The ultrastructural changes of mesophyll cells in Puccinellia tenuiflora occured during suffering from Na,CO; stress,
were observed using transmission electron microscopy. The results showed that under the normal condition, mesophyll cells
arranged loosely, various organelles were morphologically integrated, some starch grains and electron-dense globules
(plastoglobulus) were presented in chloroplasts. No alteration of ultrastructure was found by mild Na, CO;(2g/L, 4g/L Na,CO,)
stress . While under moderate Na, CO; (6g/L, 8g/L Na, CO,) stress, the most conspicuous change was the swelling of the thylakoid
membranes, disorganization of grana, a marked increase in the number of plastoglobulus, and no starch grains in chloroplasts with
the shape of spheroid. The breakdowm of cristae and appearance of certain crystal structure were observed in some mitochondria.
The ultrastructure of cell nuclei and vacuole became degraded. Under severe Na,CO; (10g/L, 12g/L Na,CO, ) stress ,‘ the
chloroplast membrane and the lamellar structure were almost disorganized with a mass of plastoglobulus, mitochondria became
disintegrated, the whole mesophyll cells was full of vesicular multicycle-like membrane structures and degraded. These results
indicated that the injury in membrane structure of various organelles, especially chloroplast, was closely associated with the

eventual death of mesophyll cells.
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HEa EYERNEELEEAETHEE BEMAMERALEY . £ FTREMHEEA Na* a1~
HEBTMK G SIS TEEBE, ARALTRN Na" BT DB ENERETE 5 HRELZ
MBS 4 A5 3 AR o AL B B B A L R B B AT A Y . EME B,
B RBEEERMN A, X F M A B0 E S N 4 58 & 0 80 KN B o SURY o B %S 1R B xR Y
B Rk, LR M AR AR R £ 38 O R, B B B ( Puccinellia tenuiflora ) J& — P £h B T 1 45 38 0 R A B}
WE REFREFEAEIHY  ESERMET R LAEREFY, BER, LM OEMEREREM, KERT
EEEHHNB T HHHFED it EEERMEMT MBI FIT. FHRNE T NaCO, W FEE
B P4 I A M B AR 4k, USRS B TTZE SR B8 R H B A9 A B AR 4L A0 ER PR SR S R 4R
1 BERAEE
1.1 MR

A 20cm 58 13cm B 24% 2/3 AR ERE , 1 600ml ) Hoagland I HF M EH R HBIE G EE EF
FHEWEHA L, TEAER. FOGKZE 2 o8t ARE N 0.2.4.6.8.10.,12¢/L K Na, CO, ¥ T 8:00
AbER A EAY Rl RO E N AR A, A 7d BB B 2 R PR E SRR S
1.2 BT GERGH & 5ME

BT RS EERE 2.5% 8 B 4% % 8 HEE 1% PHT BRATE 2 W (0. 1mol/L, pH 7.2 BEFR 69 2 vP IR BL
i  EEFERMAEME TR, ARERFTHITEEHE,0~4CHEE 2d, FAHERMERBEEE S K, B 1%
O AL (2 PR R T ) = IS B 2 2.5he B A LR E BTt 3 K, RIZ &M /K, Epon 812 R E W I &
W, BMETD RV, TR EES 7004, Y1 K SRR E S AT BB Y 6, C AT Tecnai 12 B BT B
A I,

2 LRER
2.1 KA P40 BB A

EHEAT,EEEY A4 RHF BN, SHTE NERE-EMEHF ETEMNELEE 1), AR
PR R RN R A BRI KM (B 1. B 2), MEEEEMERIEEHERE, R TR
B 5 KT AT HES (B 2. 3), MERIEN ORI, FARE SRR TEEN/NRIEIR
FER(E3), PRAEEZE,  MEXRERERS, SHEMAREREEME(E 2), 4EZAZT L, H
ML B, WM R E RS (E 2), KPEREREANMRE MR, F4RERRP O
i, WE WL TR, I AT 0, B FHLHESI(E 4),

2.2 EhriE X A R 4 B R TR

BE (2~ 4g/L Nay CO,) I8 , MR A WIER , BARAAZE W, RE T B B BT T 50 8 1 vk (B 5),
BELWERENRE, M RELEHZERRBEAEW(E 6~ E 14), FEE(6~8g/L Na,CO,)HE T, M
FEERNABIEEK, R RS K(E6), A A (E 7), HAHFIFEEL,EILH T &iE$ ;58
FRERSE &, B A T RRLZ 8], A B A R AR TR R AT, B FRMBRIE WL B (B 8), B
FE#R (10 ~ 12g/L. Na, CO,) 38 , I8 RBR E — 1 &, BARBIAE K, (B FEL A 2R 17 W] SRR 3], m- ¢ A S0 B4R £7
TR(E9), BEHFEERBENE, MR ERERGEITREM, 5 S RZ RGO ENE TR, I HER
PRF I, SRR P SRR W AR R, S BOIE BB A B 40 MU T P (B 10 ~ B 12) A S pY 4R B R i R AK
WA, R A RAREIHA, AR P RS RN IR (A 13,8 14) 80 N AR P RLLTR
fe Rk EEEEWZEZaB(E 15.8 16), Bt MBI RS ERM B2 REH(E 17).

2.3 EhRhia xR A B A R B T
REERM A RA RN RN, PERMEN, /NIRRT IR R AT, EE RN O K
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WMk, ERPHRRBEEH(EI18.H 19, BEFH LR, WNEZINERFENLREW (B 18.8 19, BEFH L
iR, KRB EEHRNRRETE. BERRME KREEHEEWMaEE, BAERKER (B 20),
2.4 bR XA A A R R TR
BRI A T, B R R RS (B 7), B 5 £ 118 95 5 340, 40 M A% f8 1k, & 2o - P 40 it AT LA TR 2% 3
SRR AR R T (B 21) 0 |
2.5 HhME X LRI R SE R R |
M) RN F RN TR R (B 7). AREEREHEENE,FESERENR :
(B 22, BEEHLNR), EHRMABR P AT ERK/ADAFRRE IR, =BT 40 M BT, 7T 88 2 iR
NERRA (B 23, BREFELAR), RERMEE, ARAPTEIFSEREGEHN, WEINE L EBEF.OHH
HBERDR S ML (B 17), MEDIA i AR SRR ESHWT T, BRI A SHME(H 24), %5
WHRAMABRRGEET RARFERIRPE TEEEM,
3 itig
M 58 T LA R A7 A 2 7 TR BB L, O S O % 0, B R R AL PR MR AR S B gt
Ttk E X B B EH AARBHMENNERMELRE. AXHNEREVN EEEEMBENRLET, R
MEBMEHEARZER, X SEXNERMR R S ERHETELAREER Y, Eh . FRER
AT EEEHRARZIAAFRNBENGE, CHUN AN RABLALE ., tHREREY ™ E S
M TEEARS EEFHELT, . HRERNEHREN =S MERL THELHERE, &R K SOD 7]
BHREAHAETHRELEMAN H0,, L5 H,0, HERFEREL AsA-GSHIEHRR . kRt T a
B MR SR B B R T ik H,0, W B, H,0, 2IRE LN, AT Haber-Weiss &I 7= A B 7
HEBRMZE R, BT Rk, BRI E S, AT s Y Bk, dh A Y A 3E R R
BEMHRERREENARE L — BHREHENWALBEREENRRTAR"S Kk E T, o Rk
R ARALE  HERRKENAR, HEASHTHEEIAARBRENBIR, YMRELI—EHNEES T
REWTEEER ERAEFLEBEENEK, A E L%, HERBANBER K, HRIENBE N LBER
GEBE R EREER, TREAERRY L, HRENEEWHEEREKERE ., &S, A INEZETE.
AHFE BB BN R . RS T EREH 2 R824 25 19 A8 4k J 5 2 0 40 B A0 - 4 B b %
BEEHAR T, BEREKBHEARMERDFEAR, B AN JERRELXBEERURIBELH
BEMEENER HEIEIARESHMAE LB RS ", i QAR T E BN IR SR AR ML
MEORBR, T RIERER o T8 BBk 80 7 A5 30 T 42 & 240 0 76 vk 1 R (K 8 B 3 IR IE 7K 43 0 B AL
BB FRA R, BTUME RERN E AR LR TRFHERE . AR, RN SRR :
WERRMETAEBRER XIVHOLEEERRERREN —MER, B SER SMNEABR, %S5
RIENEE2ME,MASMERBIR, S MaMbkE, R ENERE LG ER. :
3 T S [ e B kR8T B4 i P A B A S M R LR, R LR B R PR 4 M ) T AR X B B 3 A0 SRR
M RZERAFN . TEARFZHRENZRESME B PERBE ARABARABENGE. THEE
R 5 Foh 368 5 SRR 0 40 2R , LV R RV 0 40 A X ol 8 s A R, X P 3B R SRR A 4 M 2R R R R AN Y
RAG , WRNE I E R AT EZ AR, RPAET R EESBRPHREE, A5 FRRERSA
R EMAEZER NEERRAPREGEREEEBERYRY ., PESBE T EEEH MR TS |
— /N RRARIERERRIE R, WL N, Famants @ &R AT BB EGSTBARIEL T LBIER R
A RENELE, FAARBA DNAXF AL RE I RANENETRETFHEARERZRFE, EMERE
OERBHREHE, XAANRBETESSERHREREBEBTE™ ., B TrHAARENBAE — 28
B EEHTHARENERNTEXRPAEHER, FRRABSREDAE TENESHW AEFELRBEA
TEEBEBER.
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Ch BFHEMFCW WEBEEC REHM G MRAEERLM SRR MC MPBAIMN IREP FREER.S RERLV BN

B 1~ d4: KB No,CO, ALERRYDH P 4NN, B 1 % P J1 6 2 ML P PR ML B HE 0, L 2 7 O ) BI04 0 T 3 S PRR K, 2  F 26 I
B4R Py gy BB R S (8 1. x 1600; B 2. x3500; [ 3. x30000; M 4. x23000)

B 5. 4g/L Na, CO, 40T 4 0 P 40 0, TR HER K25 B x 16000 '
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B 6~7: 6g/L NepCO, RETH GO PO AR/, R 6 RO SRR SL RIS IR R IE B R A 228 I K, 1 7 o SRR - 3 (1 6. x 16000; B 7. x
2600)

Bl 8. 8g/L Nay CO; &b 74 i 0 P 40 L, 7% R 4T MR 48 A2 R AL x 16000

Bl 9~ 11; 10g/L Nay COy AL TR A M ) A , B O 7RO SRR BRI 35 AL, NG I BRSM 2, I 10 ~ 11 7% o 4k p S0 I FO S M A1, L AR S 3 I (B 9. x
16000; A 10. x 16000; M 11. x 16000)

Bl 12~ 17: 12¢/L N, COs AL TR BB PRI, A 12 TRERIM A SR 50 20 A0 MBS AR, T 13 ~ 14 7% A0 400 L 7 0k A2 400 4. 38 O M B, SR A3, PR
15~ 17 7R M ML P B SRR IBE A IR 4540 (7B 12, x 11600; P 13. x 2600; P 14. x 8100 B 15. % 23000; B 16. x 14000; E 17. x 23000)
P18 ~ 19: 8g/L Nay CO AbTH B O 4 ME , 7 S0 00 A9 W 46 , 25 5 o o T AR A6 0 (P 18, x 29000; P 19 x 23000)

P 20: 12g/L Na, COs AL FE B4 /P 40 B, 7~ M5 404 T 28 B % 23000

B 21~ 23: 8g/1. Na, CO; 4bFE 9 P9 4050, 18] 21 7% - P S0 MO PP B AR 4, IR 22 % B PO 40 LR M P G, TR 23 7R P Y B S P B9 TR 28 2000 (1B 21,
6400; P 22. x 8100; A 23. x4000)

B 24: 12 g/L Nay COy 4L IR O AV 41, 7R B HOR S TEWE % 4000

Explanation of Plate

Ch  chloroplast; CW cell wall; EC  epidermal cell; G granum; M mitochondrion; MC  mesophyll cell; N nucleus; P plastoglobule; S  starch grain;
V: vacuole

Figs. 1 ~4: Electron micrographs of normal mesophyll cells; Fig. 1 showed the arrangement of epidermal cells and mesohyll cells; Fig.2 showed the structure of
mesohyll cell; Fig.3 was the magnification of chloroplast, showing the granum and stroma lumen; Fig.4 showed the structure of mitochondrion (Fig.1. x 1600; Fig.
2. x3500; Fig.3. x30000; Fig.4. x 23000)

Fig.5: Electron micrograph of mesophyll cell affected by 4g/L Na, CO; , showing the structure of chloroplast; x 16000

Figs.6 ~ 7: Electron micrographs of mesophyll cells affected by 6g/L Na; CO; ; Fig.6 showed the swelling of the thylakoid membranes. Fig.7 showed the chloroplast
without starch grains. (Fig.6. x 16000; Fig.7. x 2600)

Fig.8: Flectron micrograph of mesophyll cell affected by 8g/L Na, CO; , showing the deformation of chloroplast, x 16000

Fig. 9 ~ 11: Electron micrographs of mesophyll cells affected by 10g/L Na, CO; ; Fig.9 showed the chloroplast with disorganization of grana and a marked increase in
the number of plastoglobulus; Figs.10 ~ 11 showed the chloroplast membrane and lamellar structure almost disorganized with a marked increase in multicycle-like
membrane. (Fig.9. x 16000; Fig.10. x 16000; Fig.11. x 16000)

Figs.12 ~ 17: Electron micrographs of mesophyll cells affected by 12g/L Na, CO; ; Fig.12 showed the plastoglobulus around by multicycle-like membrane structure;
Figs.13 ~ 14 showed the chloroplast disorganized with many plastoglobulus around by multicycle-like membrane structure; Figs.15 ~ 17 showed the multicycle-like
membrane structure, (Fig.12. x 11600; Fig.13. x 2600; Fig.14. x 8100; Fig.15. x 23000; Fig.16. x 14000; Fig.17. x 23000)

Figs.18 ~ 19: Electron micrographs of mesophyll cells affected by 8g/L Na, CO; , showing the breakdown of cristae and appearance of certain crystal structure in
mitochondria (Fig.18. x29000; Fig.19. x 23000)

Fig.20: Electron micrograph of mesophyll cell affected by 12¢/L Na, COy , showing the mitochondrion around by membrane structure. x 23000

Figs.21 ~ 23 Electron micrographs of mesophyll cells affected by 8g/L Na, CO, ; Fig.21 showed the cell nuclei degraded; Fig.22 showed the invagination of plasma
membrane; Fig.23 showed the secondary vesicles. (Fig.21. x 6400; Fig.22. x 8100; Fig.23. x 4000)

Fig.24: Electron micrograph of mesophyll cell affected by 12g/L Na; COy , showing the cell full of vesicular structures, x 4000
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