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Changes in Cell Wall Components During Potato Tuber Formation
on Stem-Segments Cultured, iz vitro
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Crop Physiology Laboratory, Department of Botany Faculty of Agricultnre,
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WHOLERK B, HEHEEERT 5 EECHI
iR, 21k, B IE CCRllaBE 0 BB by ¥ 1-9 4 %
2 bR TW5%, 2 OMEDF KL R T5 cellulose
#i#E1r, Rhamnogalacturonane, Arabinogalactane,
B LU Xyloglucane 7 EOLPF LR L, Thbix
MBOBHC X VETOERRHHH, VIR bERY
WL L AR LT3,

TO L5 InMREE R BT AP RBURIC I L,
MRt 5 MiBasE sy, & SO HMWBENET)
BT 2P S 55, BIRESE OSMiao R 2 ussl
RFORMEL b+ 2R ERTH &, HdhEaH
NaBER Sy DB B S BEH OB L& 5 L = AL
T Bz, = v Moo R34 —F o~ s
T XY, FoBMEoMaEEr 4 ¥ h b Xyloglucane
BROBEE MRS SN, F T XF 0 LK)
RS hEA R, AOIRBEREREE & 330 - D ififusE
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DEWEN BB, FRO L 5 1L BRI 350 5
WEMBRHA OO RO ERY, BENEBIEL T
BRERDEBE IR TV, AHRC R TR L A
v R L O REECRE T b0, EUEEY
T 5EM N OEFEEEEREC X VERYT-C, BE
TR 31 5 RTE SRR O MIBRBERL 53 DB Bh D\
TER L,

REHME XURRS®

1) BRGIUCEHRFOEE

SuA v g BE (Solanum tuberosum L. 3fE, B
W) b iEE R SRR AT EY X DB S hE
bR BIEFTCER L, M, 25°C CHEL TREELF
BT, cofEEO—EidatrEM OEBEERIL
OKAZAWA and IRIUDA (1980)1% o J5 #:1 H€ » 7o
MURASHIGE and SK0OOG (1967)®) ¥z {(pH 5.7) i
8.0% gk, 0.8% EREIHMUNBER LEE 7 7 A =
@ 30 mé 3oL, MBYRE LIc0b, Siadislh
{BX10cm) ZEERCEE LI, I, dBEREL
TR HEX 4280}, 0.1 mg/é » gibberellic acid (GA)
T a2, BEPHLRR & ERET Ui, B
VERERT 20°C © 4 FARIFRIR L7,
2) MRRESEOHMB LS

BEZEM R L 0 B RS G mm 10 K) 2%
77 A X DHERE FEHEODL, 80% ethanol
FhCHERE LR R IR B 2 R OFLS CER L,
ZOEEERNE L TE LB % ethanol-ether ¢
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WHAE FIE E3F

BEAE L7z & ORREIC 5 ml DK A% 20°C €5 HH
FHAR L, BRI e Bie L e, Z 0B EX B AL,
28O LEREEDI, i, BREEeciRkETS X
7z, a-amylase B (30°C, 2R #177cv, &
LERE G CRYOE & Lic, BER L-KI A
L W EBHORENEDSRIND s Tclesd T kit lBES
B e,

COMRBES Bk, Smlo 1Y HERT 2= LT
80°C 3 g Wyl Lot (3,000 g x 543) L, EiFHK
# Pectins Sl & U, BE: 2 M CF;,COOH (TFA)
T121°C 2 [FRAK g Uiz b, @O0 EE (3,000x g,
540 L, L& % Hemicellulose 43, ¥ % cellulose
SEE LT,

3) EHED Acetylation & Gas chromatography

BPEAO 7 w5 A E A U o3y NaBH, ©
SRR LEAREMEM T LEBEL (Bl » 7T
methanol & 0% JHE L CIB /MBI 3w K % 0 %,
CH,Cl, 7 w5 A4k Ui Bl FhB I L 7o,

B 7 v FABEED 7 v b SRR O ¢ &
Chromosorb W (80~100 mesh) iz 2% Silicone OV-
225 MR FHE Lich 5 A 5 5 4 (1.5 m x4 mm) THEE
L7z, Carrier gas (3% #% % 10 mé/min OFE T, s
oW 210°C, FRREARE 215°C iR » 2. A%
BREBEIABEEO C— 7 0K =/ABE (K- 27Fx
AfEHE) 1 X DB Ui,

4) HBRAEE Cellulose DEEMKDIEE, EEFZS MR

BEEWR X9 B4 UcBLRE 6 mm) »bEk

ZAEBERO cellulose & 3 M H,SO, &% 100°C 20 [
BIEEINAK DR LT, ZhieKE ML THNL D BED
438 (3,000 x g, 5 43) L7-kH & cellulose 11, anthrone-
AR (VILES and SILVERMAN 1949)%) = X hE &
LAEEHTD cellulese BOEHRTCRLI,

¥t BB A LIRS L 7o cellulose
# 05mé o 5mM MES (pH 55) w##E L, 01lmé
cellulase (BIJGBLZE, 1000 Hfr) ZuRin L 37°C 4 kefafi
HL#Db, 0.4mé D 80% ethanol # inx BERRIGH
{81k, BIGHK &ECsrEE (10,000x g, 5457) L CK T fiE
cellulose i,

¥ 7

1) EMAEEROBERLRE

HEEIX & iR mBER (0.1 mg/é © GA &ML
#) kB EOEBERNY Fig. 1 wRlLi, HE
WRIKIEET BB & b ARRIE S g K (Swelling)
AR E, 11 B Bl ko lBRs 24 4 33 B RRSE %
B4R EL -1, e, BEEBROBEIZTH
EhAB R, BAH, JERH, iy CEE
HOEREERTC ENTES, FARBER (HRX)
TIRFE L AR BRET 2R HUERR TS Oh
fein ot (Fig. 1),
2) REFRRIBES MR OMIEERS DL

M RABER 5 % 3% (Cellulose, Hemicellulose,
Pectins) i 5p@ LB L oo BETZHIX C1a A se8m30
fRao e cellulose SR HEN G HE) 725

Fig. 1.

Tuber formation and shoot elongation of shoot-tips on potato

stem segments cultured i/n vitro with or without gibberellic

acid.
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Fig. 2. Changes of cellwall constituents in shoot-tips on potato stem

segments cultured in vitro.
(A) Process of tuberformation, —GA.
(B) Process of shoot elongation, +GA.
The cellwall constituents were separated into cellulose (—0O—), hemicellulose

(—e—), and pectins {(—[]—).

AW (10 B H) & 2 fgommaiiZobh, ks
SEEEIIE T Lz, Hemicellulose, Pectins 4
it Cellulose 480 1/6~1/5 8¢l K i >3
winL o (Fig. 2-A), iERX cix (Fig. 2-B),
Hedevmiiaiiao Cellulose EE I E £ Rkt - T
MMUTchs, BB e & biw—Efia R Ui, Hemicel-
lulcse &8, MBFRAEWIICE E (1.2~1.8 #g/mg
) BRLER, TODOBEA Ui, Pectins &2
B AR 0.45 pg/mg A HCHAL L e »7e, Fig. 2
R T & 5 I RRIR & b BRBIAH 5~10 HH O cel-
lulose GiEDIHINAE L < EBMOERICHE 5 A %
O MR O LB R RE L T\ 5,
3) Hemicellulose 538D PS> DEE),
Hemicellulose ##+ 58 & L Tix, Rhamnose,
Arabinose, Xylose, Mannose, Galactose ¥ L O°
Glucose ##Hi L7 (Fig. 3), Table 1 (33K 3
LU REX o Hemicellulose #BES DA%
E S ERTIR L e JRTEAUR Tl ], TER M 22T
Glucose & Xylose 2ERS T, 5EHHHI 12 Arabinose
DREZ I MM B - Foe & MK LB RR R TrL, 4
R RS 25% U Glucose {(40~54%), Xylose (12~22%),
Galactose (11~16%) @ 3FEIORERE N5 % b7z,
COR T BRER S COH— AT TH D,
Hemicellulose # #§ % 3 A HEOMERIZ & B IL - 7o

17eh okee L UMBERRIR Cra ik IHET D M4
ErOHEMKA O £ FH OB L, Hemicel-
lulose %HRLT % BB OBE BB S his

4) fEREEE cellulose D%

PUEE D A R X TSN 5 mm DR X 9 4>
Bt L7e cellulose o 37~49% AT X - TMAK 2
RENTEoTce L LIEABHERRK C1, MEL
R < BTEm: cellulose o & & 234Ky (29~
379%) %, WAl # D EIG A3 MR 7 L 7o (Table 2),

iz Lo Cellulose # Cellulose LB L7234 4,
P D EARX TR 7 cellulose GEIUTIE—E
18 (56~68%) %R Licnd, MK Ci— K\
{8 (22~35%) %7K L7 (Table 3), i 12 Befy
#: Cellulose 458, Cellulase fitt: Cellulose 458 &
L, EFEROERCMIIEE cellulose o & &1k &
Al Ly SR R B, F o DRI
JIR AR A RE X DBk L 7 Cellulose # 5 % 25 pm
DOETH HI LTz & 25 25 pm LUF R T 1 BE T o
cellulose #338% ¢, 25um LI FoT Ci323% »iE
M TH » 7o S B OFEFIE K Bl fusen Cel-
lulose PIKBI AR I N, o ks Lie Cellulose
WX B HfEE O PR E L LR S h B,
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Fig. 3. Gas chromatogram of neutrla sugars from hemicellulose.

Rha: rhamnose, Ara: arabinose, xyl: xylose, Man : mannose,
Gal: galactose, Glu: glucose.

Table 1. Sugars constituting hemicellulose fractions isolated from the
apical 5-mm part of shoot-tips developed on potato stem-
segments cultured in vitro with or without gibberellic acid
The data are expressed as per cent of total sugar consti-
tuents in hemicellulose fraction isolated

Culture day Glucose Galactose Mannose Xylose Arabinose Rhamnose

A. (—GA Tuberization)

4. (Stolon) 38.4 3.4 11.0 26.0 114 9.8

7. (Swelling) 28.8 3.2 44 37.8 9.8 16.0
14. (Developing) 454 45 43 26.4 125 6.9
28. (Maturing tuber) 28.9 5.3 3.8 24.9 27.7 9.4

B. (+GA Shoot-elongation)

5. (Shoot-tip appeared) 54.3 15.6 10.8 11.5 3.8 4.0
10. (Developing) 43.5 10.9 9.2 21.8 5.9 8.7
16. (Elongating) 38.4 13.2 10.8 21.0 7.9 8.7
20. (Lateral shoot) 39.6 13.7 8.8 l 215 9.7 6.7
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Table 2.

The resistance to acid hydrolysis of cellulose fractions isolated
from the apical 5-mm part of shoot-tips developed on stem-
segments cultured in vitro with or without gibberellic acid
The data are expressed as per cent of cellulose contents before
and after acid hydrolysis of cellulose fractions isolated

A. (Tuber formation)

Culture day

Percent of cellulose left

B. (Elongation growth)

Culture day

Percent of cellulose left

31.0+1.3% 5 48.4--2.4%
375+1.0 10 491421
14 29.6+2.5 16 37.530.4
28 32.5+1.8 20 41.2+1.3
Table 3. The residual amounts of cellulose after cellulase digestion of

cellulose fractions isolated from the apical 5-mm part of shoot-
tips developed on potato stem-segments cultured in vitro with

or without gibberellic acid

The data are expressed as per cent of cellulose contents before
and after cellulase digestion of cellulose fractions isolated

A. (Tuber formation, —GA)

Culture day

Per cent of cellulose left

B. (Elongation growth, +GA)

Culture day

Per cent of cellulose left

30.8+25%
35.0£1.6
14 231£20

5 56.3+5.0%
10 68.6--1.1
16 64.4-05
20 67.940.8

28 21.8+0.4
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AuAg v g OBERBUL, R4 RO RERIEE
sz R LIERE R~ LIERT5 2 &€, L
BRIV EEN B B BRI R ORHE Rl Lo,
BT =L LU R E L LCom#l2RL T
VB, .

LA Liedss, BEMAR RO il
WS, AERoB b X AAFHOER TH D, LoT,
Avd v OEMA LSRR L, £ORERIGE
FRIZ 1 2 Ml e i Ak A i oo M B S Bl A- il L
< Pectins, Hemicellulose, Cellulose w4yl L4 #i %
AAdc, AEBCIL, BHEPMDEBELCC OfEIEE
Cellulose 734> © Pectins, Hemicellulose (3%
T Ieds o1z,

HOFF and CASTRO (1969) 133V A v aMiZE DM
JaBE1: Pectins’ 55%, Hemicellulose 7%, Cellulose
28%, WEH 0% v ELLMEL TV S,

OKAZAWA and IRIUDA (1980) iz k %338/ M2 D
Y&, A -—2 4 T Pectins, Hemicellulose Cel-

lulose iz % h2h 6%, 6%, 88% ¢, BE Tixrhzh
8%, 5%, 87% THolee ThbDWE LI T5 LR
STl £ 80 Cellulose & & %R LA,
Th ol LOEREFOHRCHET 2L 0TH
Bo RFROMER X v HEPEEC BT 5 Mgt ogr
b%BET 5 L, Cellulose H& & LDEHHEDOLR
RTBLNERD B,

BEAR M X b Rl U - (AR F e © Cel-
lulos &EIIBUZETBRE O WK MEW b A 2
FCHML, 20D BIERICE - Tl Lie, ¥l
fiic A 70\~ Pectins, Hemicellulose 48102\ 4 i
R ERI T ofe S BIINE IR U,

BURSTROM (1974) i34 Rrh o = v v o ZHiRIHE
DHifasE Pectins, Hemicelullose, Cellulose o4& E:
BT L, Pectins O#hNIMIEL 2 & —3F 525,
Cellulose DRI HRMFREOIESE I & —332 &
A UAERRBERL ) &R & DOBIRE B X5,

FUBe RISk D Cellulose DEEINK 4) 7
B D FERRZ AR DS D Cellulose pifod4:
Fifio Cellulose X b %D Polymerization o {£F
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Db HEHERCE B, Wi, ZORERINONELRTD
Cellulose # Cellulase B LA, fio 4
W Cellulose & pafiufittEA R L1, Efs, =V FY
DR R DK OB Cellulase 2385+ L5 5%
O ik B DY, AERIC 35T b HIERE A B Cellulase
OIS HE T E B2, MEMALERD Cel-
lulose &E D L W=, Cellulase wIEic 7e b #
v Cellulose DFRIEBE T 5 & BTE BT, 5D
Dot Rz,

v Y v (GA) ORHIADFEMGMEK IR OB
L& ET 5, BERMABOK AR, WEEMTIE
e SRR & BRI &5 kit uw it (Fig 1),
HemicelluloseZ3 B §ER B ORELE, 3 X UCellulose
SO YR, LFNERIHETHS, KE
B & 20l o> 55 BAMA & RIRR (iR R o B ZE 8 Y
WESTFLR T LHEE XN D, SHIBAOKA (1974119
Zihl, GAARR X hMRERYRET L7 XFTF
sl fz > Cellulose microfibril 13 #Hpa o el
FLBEATACEIIL T 5O CHEERDIEY Ji13 7
B7avd, Cytokinin U X oy diBagesn & SEfF L <
B LA R Uk B/l L b, fNakkih
FNERT D ERST B, S Af > aDIETR T
v, BRI ER D IR o vk TH AR AR M o i K i #f &
BY, Lol 2 OHEWELRRK 81 5 Milakk & iy -~
v EDOBEME OV TR IR S hTu ey, K
EEBOFERIT, REVECBROEER X - THIELHE
AifaoffasE Cellulose RAERY LT3 Mo
HifarE Cellulose b LUCHifee Cellulase woxd-¢
LT CIE T +% 2 &, Hemicellulose %
T A BB R X T Glucose, Arabinose
& Xylose BEMH TH B, WHEOMHE L EX TR
Glucose & Xylose ¥ L Of Galyctose 2354 CTH %
ZEERHLIMTLI,

MERB OB O\VTE, 2 20E A RH ISR T
W5, FO 1o WARNER (1934)6) = ¥z [HLE TR
WORBEESREY & & Y 40 CN i X » Tl
HEhTD] &5 dDTHB, ThbbhEr K
AL OBEERE XL, ThIMERROBEENE
RThsrETHLDTHE, THIF LT, GREGORY
(1956 13, THHSMEH T CESPAR TR LT v
PR LRSS L X BB B S h
5ol &L, OKAZAWA (196711 1, Ao ~1v ) v
GROET 285 L, PALMER and SMITH (1969)')
AR DOEER R LT R B 4 A A = REN

THE LWL o CTHERNEMBS S 2 LR L
2o LA L3, %< ORISR HDIZD
2303 BB ORI DT R R B 7 A3
\,

FEE M O W DBUERETZRL, RS O ML skAT
o> MR i S0 B B i B LS e Bl Bl i
D, TOMWEIREER & RS ARE S h
T EEERTE D,

i %=

SvAd s OREREOZM R BRIV CARHER
B o ke seim i BB o M faEER 2 & Hemicellulose
SrEIRRERCT B B OIS £ O Cellulose o4
PR B A R,

BT RIE C o MR AL Mk O A0 K B2 13 Cel-
lulose & & 23 <, Hemicellulose, Pectins & & 1.
Cellulose @ 20% BTh -1z, Cellulose 48 0 Fk
fEEAIIOMIT, =DM o Cellulose (R
ThH Y, Cellulose OEE L 7x b By AL L2
microbibril TH 5 LHEEL 12,

ALY v (GA) IR TR U AR oo Jevki
HEAIRRL Y, MELEREPES T Cellulose S8 MM+
5P, TOE—FEOMHEE o7, = Cellulose 34
XWX D T LI L CEERe Cellulose i & T i
0 H 5 EEGTEHE O W E % 75 U 72, Hemicellulose
ERIFRMINCEEE R U, EOBRA L,
Pectins FRITFE R M F i~ el (EE1g Ky
0.45 mg Pectins) #/RL 7z,

Hemicellulose 4 & #3 % BOBFIL, METRX
Tt Glucose, Arabinose, Xylose %, {fB4EKX T
1% Glucose, Xylose, Galactose M4 %5 » i,
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Summary

The changes in cellwall composition differenti-
ated from subapical part of potato stolon were
investigated during the tuberformation by means
of potato stem segment cultures, in vitro, while
gibberellic acid was used to promote elongation
growth of stolon as an inhibitor of tuber forma-
tion.

The isolated cellwall preparation was separated
into three fractions: pectins; hemicellulose; and
cellulose. Among the cellwall constituents, the
cellulose content increased prior to swelling in
stolon-tips. Since the cellulose isolated from the
stolon-tips at the swelling stage was the most
resistant to acid hydrolysis, it could be assumed
that the nature of the cellulose in this stage was
having crystallized with the minimal size of poly-
merization degree, suggesting that cellulose was
involved in a very active turnover during tuber
formation.

The main hemicellulosic sugars of the cellwall
from stolon-tips were rhamnose, arabinose, xylose,
mannose, galactose, and glucose, although their
relative proportions were different from those
found for GA-treated shoot-tips. The levels of
arabinose, galactose and mannose were influenced
by growth and differentiation of stolon-tips,
whereas those produced no significant effect on
the behaviour of xylose, rhamnose and glucose
contents.

It is possible to say that the first sign of tuber
formation appears to change in the cellwall con-
formation in the subapical region of potato stolon
probably by the action of a certain signal prior

to the swelling in the stolon-tips.



