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" ABSTRACT-

Enzymes,involved in sucrose. metabol|5m ViZ. sucrose synthetase
(UDPglucose :D-fructose. 2~glucosyltransferase, EC 2.4.1.13), ‘sucrose
phosphate synthetase (UDPgluoose D fructose 6- phosphate 2-glycosyltrans-
ferase, EC 2.4.) lh) SUCrOSe phosphorylase (dlsaccharlde glucosyltrans-

Ferase, EC 2. h 1.7), a- glucosndaSe (a-D—gluc05|de glucohydrolase, EC 3.

2.1.20), and unvertase (B D- Fructofuranosnde fructohydrolase, EC 2 2 1.

< 26) in excused tomato rOots (Lycoperszcon esculentum var. Sutton”s

.

'Best of All') Were studled " Sucrose synthetase and sucrose: phosphate ;

synthetase acthItles were only detected in roots grown in. glucose, not

~d

in: ‘sucrose’ med ium, ’ The KfrUctose for sycrose - synthetase was calculated

.as 3 8 mM and the KfructOSe 6-ph05phate“f°r sucrose phOSphate synthetase

actnvuty was found in the cytoplasm but not In the cell-wall “The

' part ally purlfled a-glucosidase attacked sucrose at only one th:rd the

) ratel it attacked maltose <;lnvertase actnvsty was present in the soluble

~as well as the CEIl Wall fractions. The effects of pH and temperature

S

on the actnvuty of soluble anpfcell wall nnvertaSes were very similar;

bOth enzymes had opt!mal activity at’ PH -e.and bq C. The invertase in.

the cell wall could not be solubllnz-‘ by carbowax 4, 000, Tween 20
Tween ‘80, Truq%P X= 100 deoxycholate. and borate buffer. It could

however, partlally be solublllzed with sodlum phosphate- cltrlc acld '

buffer at netural or- alkalnne pH. The soluble lnvertase actlvlty was

. resolved nnto two specleS (nnvertase ! and 1t) by Sephadex G-100

flltratlon ihe molecular welght of lnvertage | was estimated as
106 000 and that of lnvertase Il as 85, 000. ‘The klnetlc properties of

—
|lu

Yy

Cas 4 omM, No SUCrose phOSphorylaSe aCtIVItY was detected a-Glucosidase

\



these two invertases were very simifar: However, the twé enzfﬁes

. differed by their thermoStabfllty; invertase‘l.remained stahle at
htemperatureS\up to 50° C whereas the unvertase 11 was stable only uo‘toA

‘: 35 C The half llfe at 50°C for |nvertase | was‘approxnmately IZ
d minutes and that for |nvertase Il was approxumately l minute. BN N

‘Q ' The dlstrnbution of soluble and cell wall nnvertases along the

- root ax:s was studied. While the soluble |nvertase actlvnty rose ’

3wrapidly in the growing region and was malntalned at a hugh level in the* ”x

i

_,f?egion that had ceased to grow, the cell wall nnvertase showed an

obvious peak of actnv:ty in the grow-ng region. . AR fﬁig. Lo

ffr‘ff7j ‘A close correlatnon between growth rate and |nvertasegactiyity__g B

"lwas found wlth’ roots cultured. in dnfferent sugars and varynng sugar
A -
‘%ncentratsons When roots were transfe -ed from one carbon source to

_§ther, changes in invertase activity preceded the change in growth

- the. Reducnng growth rate by lowering lnCubatuon temperature dld not -

reduce unvertase actnvuty These resu¥{s’;;;;:;ted that sucrose rather

than high growtb rate was |mportant in mauntalnnng high invertase leveis.

Treatment with gvbberelllc accd or abscisic acnd caused a declrre
.In invertase actnvlty adﬁ growth._ Naphthalene-acetlc acud Iowered the

lnvertase actlvity but did not affect growth rate consnstently. Kunetnn
N\ .

had no obvious effects ‘on roots grown in 1.52 sucrose meqnum~ houever

o
lt :ncreased’the cell wall invertase :ctnvnty. but not the soluble
o a5
actlvity nor growth rate, of rogts in 0.5% sucrose meduum. .
‘

It Is suggested that proper regulation of ' carbohydrate metabollsm

ls essential to the growth of excnsed tomato roots and |nvertases play

-

an Important role in this renula'uon.

o
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INTRODUCTILON

A<l

The technlque of plant tlsiue culture, whlch uses defnned medla

.and controlled envnronmen% in the culture of excused plant parts,
: (\

has been developed since the thurtues (Nhlte, 1931; Gautheret l937)
1.

With th:s type of’ technlque many ‘plant cultures can be propagated

-

vegetatlvely and - clones can be establl)hed. Materials obtaincd by

clonal culture are“useful inrstudies which do not require genetic

-~

c o L o .
variations. As the composition of the medium .and the.envnronment

~2 -
in which the cultures are grown can be controlled the cultures :

~are useful in studylng the nutritional requurements. morphogenesis,
nutrient absorptton, senescence, and other*physiological activities .

of plants. - o v B : T; :

The contlnuous culture of roots was fnrst establlshed by
ln hll

R

White (l93&) with tomato roots of varlety"Bonny Best'

"pnoneer work of searching for suitable carbohydrates to 5uppo>t\

the growth of exclsed tomato roots, White found¢that sucrose was

markedly supe7#or to any other Sugar/tested Vlth another tomato

varlety, 'Sutton's Best of All , Dormer and Street (l959) . 'Ff- |

.Street and Lowe (l950), and Ferguson,tStreet. and David (f958) - \ff\y o

obta:ned snmllar results. ' K\) - s | A “
Many workers, |ntr|gued by the appaZLntly unnque role &f sucrose

in the culture of excused tomato roots, have tried to pin potnt the .

o,

role of thl%isbgar in growth On comparrng dlffe{ent sugars»and

N e :



-

phosphorylated sugarc in rafpiration ;:udies on excisaz

Morgan and Street (1959) found a large number of carbohydrates to be

ln ctuve,,and galactose, maltose, rafflnose, xylose, glucose- l phosphate
and’ glucose 6 hosphate to support only a low level of resplratlod,
_The poor grow —supportlng ability of these sugars m&ght be

. attributed to their |njffectlveness as regpiratory substrates. In
contraéb, glucoSe and fructose were foundito upport a simllar level of. .
‘oxygen uptake to sucrose showlng that the ine f|c1ency of glucose and '

2y

: frUCtose to malntaln growth was ‘not due to heir unablllty\io support

: S
.resplratlon. A _ . s 5

Morgan and Street (1959) observed however, that the hagh rate of
oxygen uptake establlshed in tbe presence of sucrose persisted for a’
longer time after the removal of exogenous sugar than was the case wnth
etther glucose or fructose. They, therefore, suggested that desplte the
equally hlgh oxygen uptake lh the presence of these three substrates
sucrose uncubatlon Supported a larger uptake and consequently larger ;:
_ build-up of. endogenous sugar. Weston (l967) jater studled the
absqug;zn/of sugars by feednng the roots hwth radloactlve sucrose and ‘v
'glucose.' On the basls of weight of sugar absorbed, at concentratlons of
vone per cent or’ below no.;lgnnfjcant dlfference in lhe uptake of
sucrose.was.found. Yet the growth of roots nn l% sucrose was markedly
'htgher than that in 1% glucose. showcng that the poor growth ln the
‘rglucose medlum was not caused by a low absorptlon'rate.'

Dormer and Street (l9h8) observed that sucrose grown roots ' were
.‘larger and had a great r number of cells than the glucose grown roots.

‘Also. the sucrose-grown roots usually had well developed secondary

xylem, whereas in glucose grown roots the secondary xylem was usually
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absent ' ThlS led Dormer and Street to speculate that sucrose was more
readlly utilized than glucose : However, Thomas et al. (l963) determined
the dlstrlbutnon of radnoactnvuty in respired carbon dloxxde, alcohol

soluble hemucellulose and cellulose of roots fed with radnoactuve n.

sucrose and glucose and found no sagnlflcant difference. ;,‘

Thus, although there have been many attempts to account for the
_unique ablllty of sur'“se to support the growth Of'EXClsed tomato =
roots,-no satlsfactory answer has yet been found Nevertheless, these -
stud1es help to rule out some of the speculatlons Thus'there is
evadence to show that ‘the lneffectiveneSS of glucose is‘not due to@a-
~low absorptlon rate nor its lnablllty to serve as a substrate for -
'resplratlon or polysaccharlde synthesns The view has been expressed

o .
(Thomas and Wenr, l967) that tomatOvroots requure a crltlcal leyel of
‘'sucrose -in ‘their merlstems and that this level. lS establushed and
.malntalned only by’ the provusnon of exogenous sucrose. Thus pre- :
'
supposes the absorptlon of the undegraded sucrose molecule, and the
— {

lnabllnty of roots to synthesnze sufflcnent quantltnes of sucrose from
: glucose or any of a wide range of other substrates, The present |
|nvest|gat|on was desugned to dlrectly test these two essumptlons, and
also to determlne the relatlon between growth and the. levels of
sucrose metabo|12|ng enzymes under a number of dlfferent growth
condnt:ons.v It was hoped that these studles woudd refute or
'.corfoborate the views of Thomas and Welr, and also throw light on the

TR

nature of the crltccal requlrt‘ent for sucrose. ' EE s

1 .
‘ . o .

<r



REVIEW OF LITERATURE -

-

~There are several enzymes which ‘could. be |nvolved in the

. : \
metabolnsm of. sucrose, viz. |nvertase (B D‘fructofuranoside fructo-
!

'_vhydrolase, %C 3 2.1 26), a-gluc051dase (a-Dwglucosnde olucohydrolase,
fEC 3.2, ] 20), sucrose phosphorylase (dlsaccharlde gluco-
syltransferase, EC 2.4.1.7), sucrose synthetase (UDPglucose :D-fructose
2- glucosyltransferase, EC 2 A 13), and sucrose phosphate synthetase
"(UDPglucose -D- fructose -6~ phosphate 2- glucosyltransferase. EC 2.4, Ih)
some. studces on these will now be reviewed. )

~ A. INVERTASE
1. Acid and neutral'invertases

-

‘lnvertase has long'heen‘knoWn.to-be an lmportant enzyme in sucrose
utilization (Berthelot, 1860) .- ThIS enzyme attacks not on;y sucrose
. but also related glycos:des that possess an unsubstltuted Q—D-fructo-
‘ furanosyl resndue Its action produces elther hydrolys:s or a transfer
o;hthe fructosyl group.
‘ Based on thenr pH optimum, |nyertases from plant tussues can be

@
dlvlded nnto two types One has »ts pH optimum between k and 5 and

‘bis called acid an rtase;’the other has optlmum actnvuty at pH 7 to
7.5 and is elther own as neutral or alkalnne |nvertase. /Egth types

\are widespread in plant tfssues. Acid nnvo:tases have been found in
‘sugar beet roots (Vaughan and HacDonald 1967) pea roots (Lyne and
Aerees. 1971) Alkaline invertases have been found in sugar® cane
(Sacher, Hatch, and Glasziou. 1963). carrot roots (Rncardo and Ap Rees.

4 S



1970), and sycamore cells (Copping and Street, 1972).

2. Localization of invertases

Ricardo and Ap Rees (lSiOl, in their studies on the invertase of
\

carrot, proposed that the acid lnvertase was located in the cell wall
and the tonoplast and actlve in the rapid hydrolys:s of exogenous and
endogenous sucrose. The neutral nnvertaselwas consndered to be in the
cytoplasm to functlon in the release -of hexose from sucrose in. cellsv

wlth a lower sugar demand- ln sugar cane the actlvely grownng tissue

(Tas characterlzed by hlgh activity of the acid lnvertase, but, . durnng;

maturatlon of the tlSSue, the acid enéyme was replaced by a neutral
: .
enzyme (Sacher ot aZ., l963) Sacher et al. proposed that the acid

invertase was located in two separate locattons, the storage compartment

A.'/

and the outer space. They suggested that the outer space e zyme was

Pl

_'conflned to the cell wall or cell surface, and that its f ctlon was to
~control the flow of sucrose from the conductang tnssue 't the growung
cells.  In thls tissue. sucrose hydrol sus was a prerequlsate for ltS'
klabsorptnon._ They also proposed that the neutral. nnvertase had a
similar func ion: for durectnng the movement of sucrose. So far no
studies have been reported substantuatlng the suggestlons put. forward o
".by Sacher et al. and Rlchardo and Ap. Rees about the untracellular_,
locatlons of nnvertases._ It is, houever, known that in many plant

tlssues lnvertase is present in the cell wall and the cytoplasm

‘(Copplng and Street 1972 Straus, 1962 Hawker. 1969) In addltlon.

v
o

lnvertases of" yeast and Heurospora were also found in the cytoplasm as

o

”uell as the cell wall (Gascon et al., 1968 Chang and Trevlthlck l972)
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:acud invertas

- slgnlflcant amounts of enayme from the wall. However, with snall gutl

3. Solubiiization of invertase
Hawker (1969) reported that the |nsoluble lnvertase in grapes

could be solubilized by treatment with borate, polyethylene glycol, and

noneionlc detergents, and therefore suggested that |nsoluble invertase

from grapes was an artefact of extractlon caused by the formatlon of a
tannln proteun complex and/or a protein- tannnn cell wall complex. The

lnsoluble invertase of ‘carrot roots or corn coleoptules, however, was

"not solubtllzed by these treatments (Hawker, l969) |nd;cat|ng that the

formatlon of the suggested complex did not account for the occurrence of

in the cell wall fraction of these tlssues ) thardo ‘and

Ap Rees;(1970) eported that the wall bound acld lnvertase of carrot

\
roots could be partlally solubkllzed by hlgh pPH. They concluded that

" the pH affected the blndnng of the acld lnvertase to the cell wall or

to a component of the homogenate that sedimented w th the cell wall

v

Recently, partnal solublllzatlon of nnvertase from the cell wall of

tomato fruit (Nakagawa et di., 1972) and cultured sycamore cells

' (Coppnng and Strees. 1972) wlth extractlon medla of hugh pH was - also

L -reported Nevllle (1972) studned the effects of 5% Tween. 5% carbowax‘f

QOOO 5% Télton-x 100, 5% dlmethyl s oxlde, 2% ?% dlmethyl formamlde, A

vl% B?mercaptoethanol 12 bovine serum albumln, 5% polyvunylpyrroludone

.and 20% glycerol on solubilizatloﬁ of wall bound lnvertase of Larder

barley rootlets and found none: of the reagents effective in freelng

‘the lnsoluble enzyme _ Chang and Trevlthuck (1972) trled to
' solubf]nze the wall bound lnvertase of Neurospora with Truton-x 100,
.p-mercaptoethanol .EDTA, 1 M potasslum chloride, cellulose and’ buffers

‘ of pH from 3 to 10 and found that these treatments fanled to release :

[ 2

S
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juice or le~3-glucanase prepared frem Baeilllus cfrculqus WL~l£:\EGTe |
than SOZtof the.wall enzyme uas released. They, therefore;/concluded
that the invertase was bound to the wall by covalent bonds and was
released only when these bondS‘were disrupted. Although the bundnng
of |nvertase to the cell wall is a very wadespread phenomenon. the
studres on the soldblllzatlon of the enzyme from the wall reveal that
.the effectuvenessyof a partlcular treatment varies wuth the tissue and
there is no single treatment that could release the enzyme from all
the tnssues studled

)

With histochemical staJnlng Vaughan an§>MacDonald (l967) observed
that dur|ndlthe agenng of carrot dlsks nnvertgil developed fnrst in the
cell wall and- subsequently In the cytoplasm Usnng fluoresceln- |

labelled antlbodles Tkacz and Lampen (1973) found that most of the newly
formed lnvertase in yeast was at the surface of the wall surroundlng the

developnng byd; These dlrect observations thus conflrm that lnvertase

does oeCur naturally in the wall-and is not an artefact of extractlon.

_ 4, Relatlonshlp.between cytoplasmic and cell wall anvertase

in comparlng the soluble and the cell wall bound lnvertases of
tomato frults, Nakagawa et al. (l972) found no S|gnlflcant differences ln ,
,klnetlcs between the two ' enzymes wlth regard to the effects of pH
l“'substrate concentration and several organlc and lnorganic lnhlbltors.
However, the two forms of enZymes showed consqderable dlfference in
temperature stability and temperature dependency The soluble enzyne
was totally lnactlvated by lncubatlon at 55°C for five mlnutes
'whnle the cell wall enzyme retalned 65% oT lts actuvlty after the

treatment. There was a marked break ln the Arrhenlus plot at l9°

wnth the cell wall |nvertase but a llnear llne waa,obtalned at a ?’“.

5{31

e i
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temperature of 10°C to 30°C with the soluble invertase. Neville (1972)

" reported that the soluble and ﬂell wall invertases of barley reots had

similar pH optima and-Michaelis cons{ants. However, the two forms of
enzymes dlffered in heat stablllty, the cell wall en2yme Was. sllghtly
more stable at 50°C than the soluble enzyme The soluble»and the
external invertases of yeast were also found to have very similar Kp
values, . Vmax values, pH act:vuty curves and serologlcal cross- reactlng
propert’es (Gascon et aZ., 1968) . .Moreover ‘both enzymes were absent
in the three sucrose-negatlve mutants. They.dIffered, however, in

2t

havlng dnfferent pH stablllty curves and dlfferent mObl]ltleS in

polyacrylamnde gel electrophoresus : ’ _ S

5

It has been found that 'the bindi ding of invertase to supporting. ¢
i
materials affects the Llnetlcs and physncal properties of the enzyme.'vn
i )’,

,,.
.
Y

Fllippusson and Hornby (l970) devased a chemlcal method of attachlng

invertase to a polystyrene chann.' The bound |nvertase was found t'v

a simllar pH activity curve as the unbound form but the Vmaxw

bound enzyme was found to decrease nlne fold and the K

i

fold They concluded that the attachment of the enzymes to

styrene.might |nso|ate the enzyme from the bulk of the substgjff

solutnon and thus alter ItS accessnbnluty. Alternatnvely, the hydro~

phoblc polystyrene mlght not favor equal partition of the substrate

"between substrate solution and surface of the polymer. If the

concentration of substrate is lower in the envuronment of the bodhd
enzyme than in the bulk of the substrate solutlon then an lncrease in
the observed Kn would result. :Invertase was alsoofound capable of
covalently couplong to Pporous glass partlcles (Mason and Weetall

l972) The klnetlc values for the bound enzyme were snmllar to the



' Trevnth:ck and ﬂetzenberg (196h) observed that intact Neurdspora
H

secreted only a small amount of “invertase into the medium.

» L ¢

P \\<; o o { 9
soluble enzyme with the exceptnon of" th pH optlmum, the bound enzyme

showed optimal act|v1ty at a hcgher pH ' o : ‘ .

ln studying the orugnn of the cell wall invertase of Neurospora,

.eVer, if
the cell wall of the fungus was. digested with- snall—gut juice large. |
amounts of |nvertase were secreted. They suggested that the low o
secretlon of |nvertase by |ntact cells was the result of the retentton
of the enzyme by the cell wallg Bigger ¢t ql. (l972) recently studled

the invertase secretion of the sllme mutant of Neurospora by electron

o

'mncroscopy. They observed that the sllme Mmutant was . llke an, artuf:cnal- o

ly prepared protoplast in that it lacked a Cell wall. The mutant

Y

secreted over 952 ofwthe unvertase into the medlum whereas‘Eells of the

ced },
LTl

W|ld type retained almost all their |nVertBSe. These results lndlcate
.‘u‘

" that theaexternal lnvertase arose by secretlon followed by blndnng to:

the cell wall. Although cell wall lnvertases are common in hlgher 3

plant tissues, no lnformat|0n on their origin is avallable.

5 Puriflcatlon of lnvertase A

2~

Hetzenberg (1964) found that the lnvertase from Neurospora could
be separated into heavy (H) and L;ght (L) fOrms by gel flltratlon. The
H form could be converted’lnto subunits wthh resembled the natural L
form by heat hlgh salt coniantratlon and hlgh or low pH. No evldence i

was obtalned for. more than one type of subunit. The conditlons USed

. . . -
for the d|5$0cuat|on of - the H form Caused a small amount of lnactav-

»

'atlon. However, there was . no change in actlvnty upon reaggregatlon of

the subunnts to. the H form enzyme Thus it appeared that the subunlt

‘has the same actlvlty whether present cn moﬂomerlc or polymerlc form. )
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Eoth forms of'invcrtase ve found in tha cytoplasm and ia the call

i~
TR
S

wall. However, the H form redomlnated in the cytoplasm.
 Heavy ‘and llght forms of lnvertase were also found in’ yeast
- (Gascon et aZ., 1968) Unlike Heurospora. in which both H and. L forms

‘were found in the cytoplasm as well ,a5 tk:\\gll wall, yeast H ‘and L
n

lnvertase corresponded to the external a |nternal enzymes. The

i purufued-L Jnvertase had\a molecular weight of 135,000 and was free ofl
‘carbohydrate. The molecular weight of the H form was 270 000 and only.
approxlmately half of this was,proteln? the other half benng carbo-

A‘\’hydrate. There were other dlfferences between these two forms. The H

'|nvertase contalned cystelne and L lnvertase dud not. Further, the H- “

form was more Stable to heat and acid pH.  Since three sucrose- negatlve 7

mutants\lacked both H and L forms of'lnvertase, Gascon concluded that

the. biosynthesis of the two forms was related. |
Sasakl et al. (197l) examined the |nvertase from low-temperature-'
'i7 ‘treated potato tuber. with ammonium sulphate fractionation and DEAE- .
cellulose column chromatography. They found that the unvertase could
be - resolved lnto five. fractnons. Fractlon 3 and k were not detected in
- signlflcant amounts and fraétion S was retanned on the top of the |
column. These three fractlons were not studned closely. ‘Fraction 1
and had optumum actlvnty at pH 3 to 4.5, At 50°C'fractionil was. more
stabt . : than fractlon 2. The anhaelus constant for fraction l was :
_23 m_ and for fraction 2 was l2 mH ‘ _.“\‘f'
. ln studylng qhe lnvertase of barley roots with electrofocusung. o
x Nevllle (l972) found that the soluble enzyme had only one peak of ‘\\\\\i

. actlvlty. lsoelectrlc at pH 9 8 The enzyme from shoots, however. had

'j.two peaks, one lsoelectrrc at about pH &, 2 called the acud enzyme and
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4 the‘other at about 3.8, called thd basic-enzyme he root ‘enzyme hdu
' optlmum actuvcty at pH 4.1 and was stable to long exposure to a range
of pH From b to'10. The molecular welght of the enzyme was estlmated

to be 92 ooo +‘“\opo and’the Mlchaells constant calculated to: be ‘9 mM.

The basic shoot invertase had properties similar to the root enzyme

except that its anhaelns constant was 3 mM. The acid shoot enzyme

3@%0 had a molecular wenght of around 92 000 but it dlffered from the
‘Q‘.-,root enzyme and the bas:c enZyme in having a pH optumum at 5 being '
T@'heat sens;tnve, labile at pH. 7 and having a anhaelis constant of 5 mM.

The studles on the purlfncatlon and characternzatlon of |nvertases

thus show that mult:ple forms of invertase are rather common.v‘

’ 6._NaturaP inhibitors of invertase
The'presence_of natural inhibitors of invertase was first
«reported by Schwimmer et al. (1961). “Based on the knnetlc data

. obtanned they suggested that potato tuber possessed an unhlbltor of
§
o nnvertase. This was |ater conflrmed by Pressey (1967) who successfully

|so]ated the |nhab|tor and showed lt/76‘b:—a low mo]ecular weught

g? ( bouﬁ 17 000) The mechanusm of |nhtbit|on was not known
lt wds known that the |nh|b|t|on was non-cqmpetltive probably

due o ?he formataon of an undnssocuable complex. The effect of potato

ﬁgs
snhcb:tor,on varlous plant lnvertases ranged from negllguble to total
Y

:nhnbltlon. The |nh|b|tor did not affect yeast or Neurospora
- |nvertases. Invertase nnhlbitors have also been found in red beet.A~
-sugar beet, and sweet potato roots (Pressey, 1968) Recentlyf an.
‘nnvertase |nh|b|tor was aLso detected ln maize endOSperm (Jaynes and NeISOn

R 1971) ‘This |nh|b|tprswas probably a proteln and it |nhlbited only one

i -

'of the two forms of lnvertase found l*im@{;e. "' "‘: v

L
. N
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7. fCorrelatlon between Invertase activity and growth

In studying the dostrnbutnon of invertase along the ax;s of Y‘cia-
fbba roots, Roblnson and Brown (1952) reported a sharp peak of
' K¢
lnvertase actlvnty at the reguon of rapid cell enlargement Thls

correlgtlon between |nvertase actuvnty and elongatlon has also been

’
[XAN

»obserxe%other roots (Hellebust and Forward, 1962; Sutcliffe and
]

Dol ,
Sexton ). In these experlments no attempt was made t

detect'
soluble'and lnsoluble/enzymes. Recently,_Lyne.and Ap ReeS'(l97
demonstrated that roots of}Pisum sativum possessed acid and n‘
-.lnvertases. They found that durlng the rap:d enpansnon of cells there
was no change in neutral nnvertase, but the acid - lnvertase lncreased

Al

sharply. A correlatuon between nnvertase activity and grOwth was

*

I

also’ found in sugar cane (Hatch and Gla52|0u, l963) Developing~sugar_

cane internodes contained an acnd |nvertase (Glasz|ou 1962), which was

located in both the cytoplasm and ‘the cell wall " The level of total
soluble acid lnvertase correlated wnth ‘the ‘growth rate, whereas the

enzyme located in the cell wall was relatlvely stable (Hatch and"

‘Glaszcou. 1963). The soluble acnd nnvertase disappeared When nnternode

~ 4 v :
growth ceased and at the same time the level of a neutral lnvertase

-lncreased While the soluble acnd lnvertase was found to correlate
wlth growth, the neutral. lnvertase was found to correlate wnth\nhe

g

‘levels of hexoses in the tissue.

\

Acld and neutral lnvertases were found in both the cytoplasm and
-cell walls of cultured‘sycamore cells (Copplng and Street, l°72)
;Thelr actlvltles were low in statlonary phase cells but lncreased
‘foliowlng sub culture and reached peaks of actnvnty towards the end of

l,the'perlod of most actlve cel rowth and davus:on. The activntles

3

12
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declined gradually as the cells re entered_thé7§tatlonary phase.

- 8. Effect of plant growth regulators on lnvertase actlvity and growth -
Many |nvest|gators have studned the correlatlon of growth and
s |nvertase acttvuty\hy using plant growth regulators to modlfy the
growth rate of the plant tlSSueS. Kaufman, Ghosheh and lkuma (l968) \

=]

showed that glbberelllc acid (GA) promoé;h growth and snduced

onvertase activity within sux/hours in Avena stem segments .The

L
"nncreaﬁe\lf3|nvertase actlvnty closely paralleled the. growth

promotuon caused. by the hormone Thns growth promotion and increase

~

in invertase actlvnty was lnhlblted'by the proteln synthesis lnhlbltor,f

cyclohexumlde Actlnomycnn D, an anhlbctor of m-RNA synthesls, had

g \

lnttle or no effect on the GA-promoted growth except at" high concentr-

P,
atigns (40 and 80. ug/ml) where i- depressed both growth and lnvertase*

- 1
actlvnty. Kaufman et al. concluded that the GA-promoted growth and *?F, -

v

!nvertase act:vuty lnvolved synthesns of new proteln IQe full

development of actlvnty and growth was |nhlb|ted by knnetln and there

/

was a correlatlon between the . decay of invertase act:vnty cau5ed by

K3

klnetln and . the cessatuon of growth (Jones anﬁ Kaufman, 197l) 'sL' ‘
OIH

~

and Kaufman suggested &hat part of the effect of kanewln on the gr

. of Avena |nternodes ‘was to enhance the decay of invertase ?ctnvlty <iiﬁ
With lentil eplcotyls. Seitz and Lang (1968). also found- that GA

: enhanced growth and lncreased nnvertase actlv:ty. Nhen GA was added

ln the mld-course of growth. the GA dependent 1ncrease in invertase

P "? b4

actlvlty preceded the tncrease ln growth rate. The osmotlcum. poly-

"/
ethyleneglycol nnhabuted the increase of both growth and lnvertase "

v

actgvlty. Thls led them to conclude that the GA-lnduced growth of

lentll eplcotyls involved an lncrease ln the synthesls of ln»ertase. -

(',", .«

S
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Tﬁey further observed that the enhancement of "both growth and
invertase actlvlty was inhibited by cyclohexim?de. Actinomycin D and
- S-fluorodeoxyurldine. Sspce cycloheximide caﬁ%ed the complete
lnhibltlon of growth and a decrease in |nverfase actlvnty wnth no
apprecnable lag phase, they concluded that the increase in invertase~
“activity resulted from de novo\synthesus of progsin. Actlnomyc%nAD
shOWed ‘an effect only after a lag period of approxumately two to three
hours. This was' lnterpreted as a measure of the stabnllty of
invertase'm-RNA.. The prom%flon of growth and invertase. actnvuty by

GA were also found with dwarf pea ‘internodes (AntJe, 1971) and rice

{
coleoptile sections (SarVJlt and Kaufman, 1972).>
; - C £ . R

9. Effect of sugars on invertase activity ’
~ Y

ln addltlon to plant growth regulators, sugars were also found to .
affect the levels of anvertase., Jones and Kaufman (1971), and
-Kaufmaﬁ//ﬂ~al (l973) reported that the growth and unvertase actnvuty )
of - developlng Avena tnternodes were promoted by ‘sucrose treatment oo

N /_\ -~

Promotlon of |nvertase actlvnty and growth by sucrdse was’ "also found -
with rice coleoptlle sections (SarVJat and Kaufman l972) Antje

o

(1970) reported that - the lnvertase actnvnty |n potato varied accordung

" to the sucrose levels in the tissues., The part of the potato with the

hlghest sucrose content always had the highest lnveftase actlvnty
th addntlon. Pressey and Shaw (1966) reported that the accumulationvgf*w ’
sucrose in tubers stored at cold temperature lnduced the productnon of

~

lnvertase.
Davles (l956) reported a fnve to ten- fold |ncrease in ihvertase
actlvlty ln yeast treated wnth 0.005 to 0. 02 M sucrose, glucose or

]

fructose. However. wlth higher sugar concentratuons (0 OSM) glucose



SR

»

- o o ‘ ' ‘ : 15
and fructose were strongly inhi itory to invertase development. Dodyk
~ Ny
¥and Rothsteln (l96h) #ound that several - lntermedlates of glucose

metabolusm, viz. acetal?ehyde, ethanol, acetate, succinate, fumarate.

and malate were also |nh|bltory to lnvertase formatlon They observed

that with increasinc glucose concentratlon,_the rate of glucose uptake
and pyruvate formation were _increased. "The pyruvate could be
metabolazed elther‘byﬂthe oxldatlon pathway with the productlon of
acetyl CoA or by a decarboxylatlon pathwgy wnth the formatlon of
acetaldehyde, ethanol and acetate.‘ When the glucose concentratlon of
the meduum,was»low thevproducts of.the degarboxylation were mlnimal but
‘as the glucose‘concentration'increased these proddcts accumulated; As
the. addltnon of these two-qarbon nntermedlates in the presence of non-‘
‘suppresslve concentratlons of- glucose inhibited lnvertase development.’
Dodyk and; Rothsteln suggested that the nnhlbltory effect of glucose was7f
v N4

due to the accumulatnon of one or more |ntermedoates of th: decarboxyl—

' ation pathway. This suggestlon was supported by theur flndlng that the

-|nhlb|tp?y effect of glucose occurred at a lower- glucose concentratlon

under anaerobrc conditions, under whlch.the decarboxylation pathway,

A . -

prevailed. o T R
Represslon of nnvertase synthesns by glucose has also been

descrlbed in hngher plants. ln sugar cane, lnvertase synthesns was

- ﬁnhlblted by glucose, fructose and mannose (Glaszuou Ualdron and

1967) Glucose prevented |nvertase synthesus under condltlons

: where Actlnomycrn D had llttle of no effect. When tlssues were.
transtj;red to water follownng a glucose treatment Actlnomycin D

"completely repressed the lncrease in actnvnty and this led Glasznou et o

‘aZ to propose that m—RNA regunred for lnvertase synthesls was
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destroyed during glucose treatment - the hali-life for loss of tne
lnvertase actuvuty of sugar cane was calculated to be two hours and
this half llfe was found not to be affected by the qroteun synthesns
|nh|bltor chloramphenlcol (Gla52|ou, 1969). The reSults lndncate that
the glucose effect was on the rate of synthesus rather than on the |
destructlon of nnvertase»(Glaszlou et al. '1966) -

The regulatlon of . lnvertase synthesus by sucrose: ahﬁrglucose IS,

) ‘ \not unlversalt Ricardo et al (l972) Studled the effec}s of sugars on
nnvertase productlon by .carrot cells and found that the productlon of
acud |nvertase in both tussue culture and dnsks of storage tissue was
neither repressed by hexose nor enhanced by sucrose. Hexoses also did
not repress the lnvertase formation in” cultured sycamore cells, 'ln
fact, Coppnng and Street (1972) found ‘that glucose'grown cells had

higher lnvertase levels than cells grown in sucrose or a mlxture of

s,crose “and glucose. - g o ﬁ',n_F~'

B. a-Grucosldase 01 ' »t g

In addltlon to lnvertase, a-glucos d‘se can also hydrolyze sucrose,

2

- but differs from invertase by attacklng sucr se from the glucosyl end
’Thls enzyme is not specuflc for sucrose; ‘it attacks a great number of
« ‘glycosldes that possess an o-D-glucopyranoslde end (Harvoson and ‘
Ellias, l958 Phrfl'ps. 1959) The spec-f:%nty of thts enzyme is .
conf:ned to the glL >se moiety. and to the aﬂomerlc character of the
.llnkage and.notvto.the partnc ‘ar aglycon monety. . L

u-Glucosldase has been fdund ln duﬁferent strains of yeast j

- -7"

'alvorson and Elluas. 1958 Phlllnps. l959 Chaba et aZ., 1962), molds

’;1$azur and Takahudo, 1960) and other plant tlSSueS (ngam and Gurn 1959;2

-~

N ' . Vi . bl : . N
o g L . - S



. Takashashu‘gt al., 1968: Jogcr::n 2nd Jogensen, ‘963), and in some case'
- the enzyme ‘has been. purlfled to ygeld a homogenous proteln «in-ultra- |
- centrlfugal analysis (Halvorson and Flllas, 1958; PhllllpS?’lQSQ

Takashashl et al. l968) Crystalllne form a-glucosidase obtalned by
Sugawara et aZ. (1959) was estlmated to have a molecular welght of

. 85 000 % 30,000. The pH optlmum of - yeast a-glucosndase is pH 6 6 to

(Chlba et aZ., 1962) and that of buckwheat is pH 5. 0 (Takashashl

et al., 1968). .- ,)’\

/fﬂ‘.'Sucrose-phosphorylase

Suc o. 2 phosphorylase catalyzes the transfer of ‘the glucosyl

“moiety of sucrose to lnorganlc phosphate formlng fructose and .gtUcose- .

P
’.

C - phosphate (G 1- P) S ) : o ',//'

D-sucrose + H3PO, ~ % .D;G-I-P o+ fructose
Theireactlon-is reversible Z.e. G 1- P can act as a glucosyl donOr and
Q}'Fructose as acceptor, ‘and the enzyme catalyzes the exchange of . l"C-
'fructose into sucrose (Flttung and Doudoroff 1952)‘and of"zP into
G-1-p (DOUdoroff et aZ l947) Bes:des the transfer reactlon,‘sucrose .

_ phosphorylase also cataly;es the hydrolysls of sucrose and G-1- P
although ‘the: hydrolytlc reactlon pﬁbceeds much more slowly than the

‘ phosphoryllc reaction (Mleyal et aZ.,,1972)

Sucrose phosphorylase was first found in Pseudbmonds saccharophzla.

which grew more act”vely when supplted wlth -Sucrose than wlth glucose

: (Doudoroff et al., 1943) fhe synthesis of sucrose phosphorylase by ,?
p.: saccharophzla is |nduced by sucrose (Hleyal et aZ., l972)

' H,Doudoroff postulated that sucrose phOSphorylase was essentlal for the f

-

,absorptnon of sugar and cons:dered that the lnabillty of P._A
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eoeﬂharﬂnhzla to utiilize glucose was a consequence of the specifict ty
-of thns enzyme. Sucrose phosphorylase was also consudered ‘to play a
role in the absorptlon of sucrose by excised. towato roots (Street and
Lowe,ﬂlQSO), They found a similarity between the sympton?/of
phosphorus and carhohydrate deficiency and'uere able to dembnstrate
a phosphate actuvatton of sucrose absorptron by phosphorus~defucuent |
roots. Phlorldzln. a compound known to unhnbut certain phosphorylations
(Hartt 1943), lnhlbnted the growth of exc:sed tomato roots. The.
) phlorldzln |nh|bntl6g/;f growth was revers:ble, proportlonal to the
concentratlon -of phlorndznn used and partnally ‘counteracted by high

sucrose cghcent?atnons, Moreover, no similar pthrid?in inhibition.Was

observed with attached-seedling roots.v This led Street and’Lowe to - ;ﬁ/““‘

\\;Hgéest that sucrose phosphorylase was unvolved in sucrose absorptnon.

How r, they dld not dlrectly demonstrate the presence of thns enzyme
|n excased tomato roots. Sucrose phosphorylase has been detected mainly
in bacteria e.g. ?. saccharophzla (Doudoroff et aZ., 1943) and ..'p
putrefactens (Doudoroff et al., 1949). Reports of sucrose. phosphorylase
ln higher plants ‘are scarce and attempts to detect it by H;:snd a;: 7
‘ Doudoroff (1950) and Gibbs (1959) were unsu /r;sful Shukla and

Prabhu (l960) and Pandya and Ramakroshnan ( 56) have publlshed brlef
descriptions of the presence of the enzyme in preparatuons from sugar
cane juite and leaves. respectively. Hatch Sacher and Glaszlou (1963)
however, were not able. to detect the enzyme ln a nu;ber oé sugar cane

& S . S
tissue extracts: Q? L . O Lf/f“\\fw

o
o
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D. Sucrose synthetase and sucrose phosphate synthetase

Two mechanlsms for the blosynthesls of sucrose in plants have been

P T Q}"‘ g



demonstrated:
). UbPglucose + D—fructose . + _.UDP + -sucrose
(2a) uDPglucose + D‘fructose-6-phosphate 2

upP -+ sucrose-6 phosphate

[

(2b) Sucrose-B-phosphate + H0 Sucrose + P;

Reactlon 1 is catalyzed by. sucrose synthetase, whlch was furst detected .

in wheat germ (Cardnnu et al., 1955) The reactnon is freely
reversuble and the equulnbruum constant in the dlrectlon of sucrose
synthesis was estlmated to be between 1.6 and 8 (Cardlnl et aZ., 1955)

. »
Although the— url:hruum is unvfavor of sucrose synthesns this. ‘enzyme '

is consudered to be active in the degradatlon of sucrose (Avcgad 196k

;lner and Avigad, 196k) The complete breakdown of sucrose is

‘POSSlble nf the UDPglucose is used’up in other metabolrc p §ses;

Sucrose’ synthetase has been demonstrated in.a varnety of plant tnssues. _

'd‘e g- Phaseo seedllngs (Grimes et aZ., ]970)' sugar beet (Avlgad and
Hilner,{JSﬁzsg potato tuber (Lav:ntman and Cardlnl, 1968), and artichoke
tuberv(Avigad, l96h). In Phaseolus seedlings aCtnvity was High in

non- photosynthetlc tlssues, but sugnlflcantly lower in photosynthetlc
tussues (Delmer and Albersheim, - 1970) Based on thlS dlstrtbutlon |

7

pattern, Delmer and Albershelm concluded that sucrose synthetase was -

‘unlnkely to play a role in the buosynthesus of sucrose._rather, they

3

5uggested thatéhls enzyme served predommantly to catalyze the

: 5;conversnon of. translocated sucrose to UDPgluodse and fructose in non-

photOSynthetlc t:ssues. Sucrose synthetase is not speclfic for upP-

N

: gluCOSe, but is capable of: utlliznng other nucleotndes especlally
[
'ADPglucose (Gromes et al.. 1970) whlch is a precursor of starch

Slabnik, Frydman and Cardini (l968) suggested thag\slnce ADP
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: competed Nlth UDP in rea tlon l, ‘sucrose synthetase might, serve as a
. j

link between sucrose and the- formation of starch. This was corrobo-

rated by the fact that a number of phenolic glycosides, which inhlbit‘

the syntheS|s of starch also lnhublted the formatlon of sucrose from
UDPglucose or ADPglucose ln thlS context sucrose. synthetase has been

found ln numerous starch synthesuzung ttssues, e. g sweet corn (Fekete

~and Cardini, l96h), rice (Murata et aZ \l96h), and potato tuber

»(Pressey.,l969) and has been nmplncatedkln sugrose-starchvtransformation

B .
"
P

in these tissues.

Reactlon 2a is catalyzed by sucrOSe phosphate synthetase (Lelonr

[}

- -and Cardini, l955) The equ1l|br|um constant‘of th:s reaction in the

direction of sucrose-6- -phosphate formation was calculated to ‘be 3250

at 38°C and pH 7.5 (Hassad 1960) . when thns reaction is coupled wuth.

reactlon 2b, catalyzed by phosphatase, the bnosynthesrs of sucrose can

be consldered essentlally lrreversnble Sucrose phosphate synthetase

has been demonstrated ln many plant tussues, e.g. whe t germ (Lelblr.
19643

and Cardlnl 1955), tobacco leaves (Bird et aZ , spinach leaves f

"(Hendlclno, 1960), sugar beet leaves (Rorem et al. , 1960), seeds of

malze broad bean, and castor bean (Hawker..l97l) Although reactlon

'Za ls reversnble. the hlgh equlllbrlum constant in the dnrectlon of
synthesus suggests that thls enzyme is. operatung for sucrose 6-phosphate
‘synthesls in vzvo. lnflltratlon of 1"C-glucose into Camna leaf d:sks e

.resulted in the fructofuranosyl monety of sucrose becomlng hlghly

labelled before any label<%ppeared in the free frpctose pool nndtcatlng .

. that free fructose was not. an lntermedlate in. sucrose synthe5|s in’

vzvo (Putman and Hasald lSSh) Therefore, reactions 2a and 2b and

. not reactlon ] are consldered responslble for sucrose synthesls.'

a.



MATERIALS
N

| -
1. Chemicals-

Uridine- 5'- duphosphate (UDP) and'hrldnne 5' d_Ehpsbhate glucose
'(UDPglucose) were obtained from Sngma Chemlcal Company, Missouri, USA.
Fructose 6- phosphate (F- 6 =P}, bovrne albumin, klnetun and naphthalene
acetic acud (NAA) ‘were obtatned from Nutrntlonal Blochemlcals -
Corporatlon Cleveland Oh«o, USA Rafflnose, g:bberelllc acnd (GA)
nncotlnlc acld 2 thnobarblturlc acnd and thlamine hydrdchloride werev'
purchased from Eastman 0rganlc Chemlcals, Rochester, New York, USA bhfl
1 h-bzs[z (5 Phenyloxazolyl)] benzene and 2 5- duphenyloxazole were
obtained from Nuclear Chlc:go, Des Pla|nes. lll:nots, USA Ferric . e
chlorlde sgautﬁon was supplled by Johnson Mathey Chemlcals Ltd.,

’London, England Sephadex was obta:ned from Pharmacua Canada Ltd.
‘_Montreal Canada.' Sucrose-U- “C and. fructosyl-I“C sucrose were
purchased from Amersham/Searle, Des Plalnes, lllanlS, USA. . Cyclo-
»hexlmide was ohtalned from Calbiochem, California USA. Absc151c acnd
(ABA) was- a glft from Shell Development Co , Callfornla, USA. All
other chemicals were purchased from Fisher Sclentlflc Co .» Edmonton.
All chemlcals used were of the hnghest analy[ucal grade avaalable

2, Biological materlal

A clone of tomato root was establnshed from a slngle Seed of

\
-

Lycop;rszcon escuZentum varsety Sutton s Best of All The seﬁ‘was
surface sterillzed by. |mmerslon in 12 bromlne water for S mlnutes and

washed 5 times in sterile dlstllled water. It was»then transferred‘to
| 21



- a sterile petri dish con*alnvng Tilter paper moastencd with distiTlz4
water and . lncubated at 28°C until the radicle was 25 to 30 mm long‘
“A 10 mm raducle tip was then cut and transferred .to a l50 ml Erlenmeyer
flask ‘containing 50 ml of modlfled Whlte s medium (Whlte, 1943, Sheat

et aZ., 1959) and |ncubated -at 28°C. After |ncubat|on for seven days, -
2N

' }@?ors of .the main axis bearung 4 to 5 lateral roots were excused and
transfern@d to fresh medlum At the.end of seven deys,lO'mm tipslwere
exc;sed from the laterals of thesevseetors and transferred.to fresh

.medium. In this way lt was'possible to'huild up a large clone'and

~ K]

" maintain thé tissue COntlnuohsly in culture All manipulations were
carried out in a sterule transfer room. Tip cultures only were used in

expernments»descrlbed herein.

) ) . . . 3

(a) Hedlum composntlon

The mednum used in thls study ‘was basucally that of whute (1943)
but was modlfned ‘by:, (l) the addition- of molybdenum and replacement
of FeClg by Fe EDTA (Sheat et al., 1959), and (2) the omlssnon of
vglyc:ne (Ueston.'l970). The‘composltlon of the medlum is llsted
_ln Table l The pH of the medlum was adjusted to 4.8 with 0 1N NaOH
| (b) Medium sterlllzatlon - ' |

Sucrose mednum was sternlnzed by autoclavung at 15 lb/sq Jin. for

R

5 mlnutes. Glucose medlum prepared by autoclavung the medlum-'

is detrlmental to the growth of excised ‘tomato roots . (Fergu‘on é% a;.,

| l958). Glucose, fructose, and raffinose medla were therefore pfeoared

.by autoclavung aqueous sugar solutlons and salt-vntamnn solutlons

"separately and thén mlxnng them together aseptlcally To avold the

“M‘>posslbolity that plant growth reguljxors may beﬁ%:composed by autoclav- '
FHE

ing, medna supplemented wnth plant g-.
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. S CTABLE 1 /
| g Standard Culture Medium |
' Consti%uents mg/ligre 4
~ Ca(NO3), 2008
_,ngso“ | // N 360.90
KNO 3 . 80.00
kel . e 65.00
Na;S0, \\ ). ._ :200.00
NaHaPO, O\ | ) 16.50 N
K. " -~ v | 0.75
_maCl; ) \‘\ - 4.50
JZnSQ, _ f__. {/ ‘,];50
HiBO, R 1.50
HMoO, / //‘ 0.0017
CasOs T /0.013
- Anedrfn HC1 . O;IO |
Pyridoxin 010 &
Nicptin?;»acid. : 0.56‘
Fe-EDTA* ) | 10.00 ml1/1itre
: Sucrbséﬂz - ’ lS.OObéllifre
*Fé EDTA was prepared by msxlng 0.08% FeCl; solutlon with 0. 62%
Na- EDTA solutlon in equal volume e
. o R
S o fb
RN
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| | 2%
addlng filter-s;erillzed solutions of ﬁlant growth regulators to auto- L

, I R

.

claved medlum

<1

. METHODS

- A. Extraction and partial purification of enzymes
1. Inuertase | z

§tep | Seven-day-old roots were harvested.vincubated in

distilled water for two hours,.and‘washed 3 times with dfstilled water.

The roots were homogenlzed with 0 05 M sodlum phosphate*cntruc aci H."

buffer, pH 7.0 wrtﬁ(a Ten Broeck glass homogenlzer The homogenate

;r/—§> . was’ centrlfuged at 12,000 . x g for 10 mlnutes and the: 5upernatant used -

‘as the soluble enzyme. - The pellet was washed with the same buffer-and

's and the washang process

v*ﬁﬁﬁ ' repeated twice. final sedime' was resuspended in 0. 05 H soduum
'cid é:??::f

as the cell wall enzyme. - ‘,‘j IR

s,

| phosphate-cit 7, with a glaSs homogenlzer and used

In studying the enzyme dlstrlbutnon along the main axls, roots

we;e/sectioned w:th specnally constructed metal rug, snmllar to that

F

. described by Hellebust and Forward (1962) and the |nvertases extracted
as described above. e ';j = - _ f‘ o

The soluble and cell wall fractnons obtauned were tested for .

lnvertase. a-glucosidase. and sucrose phosphorylase actavuty.f Enzyme
preparations from step I re usegfln the studies in Sections'fll, v, -

v, and Vl

W

‘A{-. ~'Step 2 -- Solnd ammonlum sulphate was added slowly to the crude’
5,

: oluble extract to bring it to 20% saturatnon. The sugpensaon was

allowed to stand for 2 hours after whlch th-‘preclpltated prote!n was*



=

, Sa
cutrtc acud buffer, pH 7. 0.- Elutlon rate was adJusted to give a f

..b ‘ ) 25
removed by centrnfugatlon‘ipr 10 mnnutes at 12 000 x g and d|scarded.

/

The suPernatant solutloq)was’&héh brought to 80% saturat off JMth
B i/ ~ _
ammon|u> sulphate and again allowed to stand for 2 hours After Te

centr1fugatlon foralO minutes, at 12, 000 X g, the precnpltated proteln :

was retanned and the supernatant fluid dlscarded The preC|pltated

protein was - d|ssolved in 0 1 H sodium phosphate citric ac:d gbuffer,

- o

pH 7.0, and the ammonlum sulphate removed by dlalyS|s agalnst»the same

buffer overnlght. . ,

Step 3 \ Sephadex(E’lOO was- al lowed to swell - for k days ln cold

-“ 0»05 M sodium phosphate- citric acid buffer pH 7.0 wnth occasuonal.‘
) stirring;‘ The flnes on the top were. removed by suction and the gel
vlpacked in a column (2.5 x 50 cm) as descrnbed in Pharmac1a bulletin.

;‘The column was then»equnlnbrated with 0.05 M sodium phosphate-cltrlc'

acid bul’fer, pH 7.0. 4;; |

- An allquot (0 5 ml) of @e enzyme preparatlon fror Step 2, contam-
lng approxlmately 50 mg of protenn. was applned wath a-m\:ropcpette_:
to theltop of the column by layerlng under a small volume'of-buffer‘

already presentl The column was eluted wuth 0 05 M sodlum phos‘hate-

rate-of 20 ml per hour The effluent was collected in fractions of

e
‘2. 5 ml wtth .3 fractnon collec&or (lnstrumentatlon Speclalltles Co.,
.Inc., Hodel 326) .- The proteln content in each tube was determnned
. by spectrophotome ¢ -method (Uarburqg?nd Chrlstlan, 1 Ql) The‘ -

' unvertase, a-glucosndase and sucrose phosphorylase actlvltles In each"

fractlon were assayed. The fractions containlng each enzyme were

then pooled and the proteun levels of\the pooled fractnons determined:

vby Folin phenol method (Lowry ‘et al., 1951)

~ ALlT the above operations were carrled out atfh°C;
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2. Sucrose synthetase and sucrose phOSphate<3ynthetase -
Step l -- Seven day old roots were :ncubatedﬂdh\dlstllled water
for 2 h0urs and then washed three times with distilled water. The
roots were homogenlzed with 0.05 M Tris- HCI buffer, pH 7 3, contauntng
0. 01 M cystelne, in aglass “homogenizer. The homogenate was centrlfuged
for: IO minutes at 12 000 x a and the supernatant used as {he crude L
preparatnon after dlaIYSlS overnlght agalnst four lltres of‘.yOS M
Tris HCI buffer contaunnng 0 00] M cyste'ne, pH 7.3..
Step 2 -- The dlalyzed extract from Step 1 was brought to 602
f,saturation with ammonium" sulphate, stlrred slowly for 2 hours and the“
prec:pltate removed by centrifugation at 12,000 x g for 10 minutes.

‘The pellet was redlssolved in a volume: of O 05 M Tris-HCI buffer

. contalnlng 0 001 M cystelne equal to half of the vo]ume of the initial

A -"'

cxtract The resuspended pe]let was dnalyzed agannst 2 changes of the
S R . .
buffer used -in. the extractton and - then ‘tested for sucrose synthetase &
and sucrose phosphate synthetase actlvutues .
v

Step 3 -- An equal vo lume of 2% protamune sulphate so]utuon

;(adjusted to pH-7. 3 wnth NaOH) was added slowgy with constant starrlng

'bf to the enzyme preparation from Step 2, and suspensnon cen{;ufuged at

+12, 000 x g for 10 mnnutes The sucrose phosphate synthetase was\
prec!pltated whereas sucrose 5ynthexase remanned in the supernatant..
Step 4 -- he supernatant for Step 3 was brought to 70%
saturatlon with solid ammonlum sulphate The . suspenSlon ‘was centrij-
fuged at IZ 000 X é, the precipitate red:ssolved in 0 05 M Trus HCI
buffer. pH 7.3, contalnlng 0 OI H cy: «ine, and dlalyzed agalnst the
same buffer overnlght A precnpitate formed durlng dualysus, thxs was

“_renwved by centrlfugation at |2 000 x g for 10 minutes and dlscarded
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The enzyme preparation'obtainedeasvthe partially purifled sucrsse
‘synthetase. | | . | |
The precnputgie ootanned from Step 3 was redlssolved in Trns HCI

buffer, 0.05 M, pH 7. 3, containung 0. OOT M cystetne and brought to 602
saturatton with solld ammon i um sulphate ' The preclpitate was
_co]lected by centrifugation at 12, 000 x g for IO .minutes and redtssolved
in Tris-HCI buffer, 0.05 M, pH 7 3, contalnlng 0. 001 M cysteune. The
‘preparatlon was dnalyZed wuth thebsamg;Luffer overnnght and the

dlalysate used as the parttally purlfted sucrose phosphate synthetase.

A1l the above operatnons were carrued out at h°C.

.
B, Enzyme assay g

l.'!nvertase‘

The nnvertase -assay ‘system contained 290 umoles sucrose. 90 umoles .

sodlumlphosphate-c1tr|c acud buffer, pH 4.8, and enzyme preparation
(0.1 mg proteln) in a FcnaL volume of 2 ml. The reactlon mixture was
incubated at 28°C. At the end of the reaction an allquot of the
reactlon mnxture was rapldly transferred to l ml of copper. reagent

(see below) _ Prellmnnary study had shown that this reagent*effectively

stopped the reactnon. Controls containlng no substrate or enzyme were

d)against

‘included in every experument and the results were cor
. =

L)

. control values. 2

m_ .

Heasurement of reducung sugars -~ Reducnng sug;{s were measured

“7\

he test were

[y

by the method ‘of Somogyn (1952). The repgents qu
B prepared as follows: '

Copper'reagent: D . 4}

24 g anhydrous sodium bicarbonate, lO s !um potasslum tartrate.'

b9 CuSOu 5H20 16 g soduum bncarbonate ”n 180 -9 anhydrous sodium

">



~ Arsenomolybdate reagent

\,. ' . - 728

sulphate uere dissolved and made up to-1 litre with glass distilled‘

’
water, The solutuon was stored at 25 C to prevent crystallozat:on A

small degree of self reductlon occurred durlng the flrst three days

\
after storage. The reagent was fulte;gd‘before use. durnng this peruod

To 25 g of ammonlum molybdate in 450 ml water was added 2 ml
2.,

concentrated sulphurlc acid and 3 a sodnum arsenate dlssolved in 25 ml-

s

water. The solutlon was made up ‘to 500 ml, incubated at 37°C for 24 ;

hours and stored in'a'brown'bottle.V

.
-

In the determlnatlon of reducnng sugars 1 ml of sample was

'dellvered lnto a test tube contaanlng 1 ml of copper reagent. The

-

' mlxture was heated in a boullng water bath for 15 m:nutes, coolec and

/'

1 ml of arsenomolybdate reagent added After thorough mnxlng the

solutlon was made to 10-'ml with dustolled water and the |ntensnty of

e

colour read on a 'Spectron:c 20 colorsmeter at 525 .nm. A blank in
whlch dlstllled water instead of reaction mixture was used was set up
-~ each tlme. The quantlty of reducung sugars was determnned by reference

to a standard curve prepared under the test conditions w:th standard

glucose solutions. Three repltcates of each estlmatnon were carried

‘out each time.

‘2.ra-Glucosldase'

The assay system for u°glucosldase contalned 290 umoles maltose

or 290 umoles trehalose, 90 umoles sodtum phosphate-cntr:c acid buffer,

pH 4, 8 and enzyme preparatlon (0. l mg proteon) in.a final volume of
2 ml. ’The reactlon mixture was lncubated at 28 C At the‘end of the

reactlon, an allquot of the reaction mlxture was rapudly transferred to

] ml of Somogyl's copper reagent. The reduclng sugars formed were



--activity.

-determined by the method of Somogyl No-enzyme and no- substrate

. controls were set up in each experiment. Haltose,and.trehalose were .

much:less susceptible to chemical hydrolysls than sucrose;

results were corrected for controls as before.

3. Sucrose phosphorylase' o e

The assayvsystemlfor sucrose phosphorylase contained 290 umoles
sucrose, 90 umoles sodlum phosphate cntrlc acnd buffer pH 6, or 30
umoles phosphate buffer, pH 6, and enzyme preparatlon (0.1 mg proteln)
,in a total volume of 2 ml. The reaction mixture was incubated at
28°C. The reaction was stopped by Somogyl s copper solutIOn and- the
reducnng sugars determlned as . before. Controls in whlch cntrlc acid-
sodnum citrate. buffer, pH 6.0, was used lnstead of buffers contalnlng

¢ 1

phosphates—were set up. Phosphorylase activity was determined as the

,/‘ »

difference |n reducung sugar produced in the presence and absence of

phosphate. ‘ o o .

f. 4, Sucrose synthetase °

-Three assay systems were used ‘to_test theé sucrose synthetase

4

: ' _‘ e

Hethod 1 --- This was the me thod of Grlmes et‘ai\;(ﬁg70) In this
system the reaction muxture contanned 25 ul 0 02 H UDPglucose, 25 ul
Trls phosphate buffer,_O Ol H contalnlng 0. 001 M EDTA pH 7 3, 25 ul

l k sucrose solutlon contannlng 0.8 uCi *¢- fructose (specffnc actlvlty
65. 8 mCu/mM) and enzyme preparatlon (0.05 mg protein) The purpose .

of addung unlabelled sucrose was to reduce lnvertase hydrolySts of the.

1w C-sucrOSe synthesized in the reactnon. The‘reactlon-mlxture was

2

‘ incubated at 37 5, : axg.' e ;:

&

.; s
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’The 14 C sucrose formed .was separated by’ mlcrozone electrophores:s
At the end of the enzyme reactlon sample was applled w:th a sample:'
appllcator (Beckman) to the centre of a strlp of electrophoresns
membrane (5.7 x 14 cm, Beckman) W Markers of sucrose, glucose,‘
and fructose were applled to the.marglns‘of the membranes. Electro—
phoresls runs of half an h0ur were carrled out ‘in sod:um tetraborate,
n0.0S M, pH 9 6, using a Shandon Unlversal Electrophoresns ;pparatus

) . :

(Hodel No. 25#9) A constant current of 2 5 mA per strip of membrane
- was used. -After:the run the outside langs bearlng the markers were
CUt and stalned by flrst dlppung into a mlxture of 1 volume of a

saturated aqueous solutnon of snlver nltnate in 200 volumes ethanol and,

_ then lnto 0. S% NaOH in ethanol The sugars developed as brown spots..

. The locatuon of the sample lane correspondlng to the sucrose spot on.

reference lanes was cut out .and placed ina sclntlllatuon v:al wnth

El

15 ml of fluer contalnlng 0 SZ 2 5 dnphenyloxazole and 0 032 ] h-ozs
[2-(5- phenyloxazolya)] benzene in toluene (w/v) Rad:oactnv;ty was
determlned in a Nuclear Chncago llquld scnntlllatnon counter (Model

~

Witex 1), RS

A Hethod 2 -- The reactlon system contanned 0 5 umole of UDPglucose,.

0 LY umole of fructose 5 umoles of Trls HCl buffer, pH 7 3.,and
"fenzyme preparatnon (O‘QS mg proteln) in a fnnal volume of 0 1 ml o

(Lavlntman and Cardlnt' l968) The reactlon mlxture was |ncubated at

37 C. The reactlon was stopped by addnng NaOH to a ﬁ;nal concentratnom' '

of 0 25 M and heatlng at l00 C ln a water bath. for: 15 mnnutes to

fdestroy unreacted fructose (CardurJ et al., 1955) The sucrose formed

\ e

~ was estlmated by the “hlobarblturuc acnd method (Pencheron. l962)

The thlobarbltur c acid system contanned l m} sample. l ml concentrated

R

&

Ty



wat,the‘sagz time. The. reaction mixture was incubated at 37“C and

HCI; and R mlvthioharbituric acid, 0.02 M. The mixture was heated in

a bollrng water bath for 6 mlnutes. The mlxture was then made up to

10 ml wuth glass dlstnlled water and read on a colorimeter (Spectronic
Lo . .

“20) at h32 5 nm. Controls in whnchuno subStrates Or no enzymes were
_ set up in each experlment T quantuty of'sucrose was referred to a

standard curve prepared under the test condltlons wnth sucrose

solutnons . | : o ' . B 3
kY ' - v 2 IR
’ Method 3 -- The thlrd method was to deté#mlne sucrose cleavage‘
by sucrose synthetase (Pressey, 1969) The reaction mixture contained

- 250 umoles sucrose, 10 umoles UDP 10 umoleé NaF 50 umoles Tris-

o phosphate buffer, pH 7 3, and enzyme preparat:on (0.1 mg protein) ina

|

total volume of l ml. Controls wi thout UDP or withouf’enzyme,here run

§ o~

the reaction terminated: by transferrlng the sample to copper reagent

J

(Somogyo, 1952) . The fructose llberated was determined by Somogyi's

me thod (Somogyn 1952) The results were corrected for controls,

5;'Sucrose phosphate synthetase

Two methods were used to assay sucrose phosphate syﬁthetase

3

)

‘actlvity These two methods were the same as Method 1 and 2 ‘used fOr

the assay of sucrose synthetase wnth the exceptlon that fructose -6-

‘ phosphate was used |nstead of fructose. o ;bv B,

C..Heasurement of growth ' o

Growth was measured b;ﬁthe increase in the fresh weight or the
. 15

' ’lncrease ‘in the length" of the main axns._ Fresh welght was determlned

after removal of surface\\ater by repeatedvblotting.
¥ N » o

,.
s
>
;e
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D. Sucrose ahsorptvon experiments

. .
lﬁ ‘the absorptlon experlments, 25 7-day-old roots yere |ncubated

for four or six hours either in sucrose’ ium with 10 uCu fructosyl-

)

‘}“C sucrose added or in glucose or/fruct se meduum w|th 25 uCi sucrose-

U-; C (specfflcity‘act|v1ty'32 an/mmo!e) dded. After the lncubatlon

5

the roots were washed three times with the same medlum but wlthout the

'radnoactnve su arsf Each wash lasted f’ munutes. The roots were
9 7 !

)

then ‘extracted with SO ml boallng 802 etm nol for 20 minutes: The
volume of: the extract was reduced to 2 ml in a stream of air.  Sugars

in the extract were separated with desc dlng paper chromatography

| sing Nhatman No. 1 paper. SyCTesegbglucose, and fructose markers
| were applled.to the maréins £ the chromatoérams; Thevdeveloping‘ '
solvent was_pYridine:ethanolﬁwater; 8:2:i‘(v:v:9) and the'chrcﬁatogram
was developed for 24 hours. The lanes bearing\the harkers»were cut
and the'sugar sppt detected:usihg‘thekfol16wing reagents‘(Trevelyan
¢t al., 1950): | |
(a):i volume of a‘saturated watertsoldtiOn“of silver nitrate
~In 200 voldmes acetene. ‘_ .
| (b) 0 5% NaOH in ethanol.
‘Strips were dlpped in reagent (a) briefly, dried, and then dlpped in
vreagent (b). When the strips were dried, the sucrose locatlons |
showed up as light brown and the glucose and fructose as deep bronn
: spots.v The locations of the sample strips correspondlng to the sugar_

spots on the reference strips were cut out and placed in sc:nt:llatlon

>vlals with IS ml of scintlllatlon fluor which consnsted of 0. 5% 2,5+

"'Z:diphenyloxazole and 0.03% l k-bzs[z (5 phenyloxazolyl)] benzene in

&
toluene (w/v). Radloacttvity was determuned with a llqund



K
scinti llataon .counter (Nuclear Chlcago £s:p., Model Unilux ‘3).“
Labelllng patterns of sucrose were determrned by hydrOlyznng the
sucrose wuth yeast invertase (Slgma) The sysfem cons:sted of 0.1 ml ,l
sample, yeast enzyme (0.1 mg protenn), and 0.2 ml 0.1 M sodium phos-
phate citric acnd buffer, pH 5. The mixture was |ncubated at 37 C for
.h hours. The products were then separated by paper chromatography and f

the raduoactuvnty of glucose and fructose determined as before.

>
Y

E. Cell counts ‘ I o T ‘ -
Cell counts were made by the chromlc ac:d‘macerataon technique of

.,Brown and Rlckless (1949) . Sectlons of roots were su5pended in SZ

; chromic acid for 24 hours and the flnal suspensuon repeatedly forced

~ as a flne jet through a Pasteur pipette. Cells were counted'wlth.av

' -
haemacytometer. i

F. Protein determination

Protein determunat:ons were made by the Folln phenol reagent

<

“method of Lowry et aZ (1951) Crystall?ne bovnne albumin was used

as a standard. Thls method was used in all determnnatnons except fnh the
experlment descrlbed in anure 22 (see page 25) a spectrophotometri

method (Uarburg and Chrfstlan, lSkl) ‘was used for con?enience.

"‘\-‘

Experlments 1, u 8, VI B, Vi c, vt p, vu E were repeated once
and all the other expernments were repeated at least twnce. Only

results wnth good reproducubllnty were reported andfin each experlment

only one set of results was presented
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" SECTION 1| o i

-«

Absorption of sucrose by excised tomato roots

@

EESISed,tomato roots were fed wlth fructosyl-xgc-sucrose for 4 and
6 hours- If sucrose was absorbed as’ such then the asymetrlcally |
ﬂ-labelled sucrose should remaun unaltered 0n the other- hand, should
hydrolysns be a prerequ|S|te of absorptnon, then randomlzatlon of -
labelllng would result The results of this experument are shown in
-Table 2. Approxnmately 30% of the radnoact:vnty was “found in glucose
\l and fructose, lndlcatung that some fructosyl-l c- sucrose had been
hydrolyzed Further, the appearance of radnoactuvnty in glucose showed
that there was converslon of - ﬂ(uctose to l"(I glucose - The bulk of
the radloacttvlty. however, was recovered in sucrose and when thus
sSucrose was hydrolyzed it was found that more than. 90% of the radlo-
»actlvlty was retalned in the fructosyl monety The remarkably small
alteratlon of the: labelllng pattern of sucrose. strongly lndacated that
sucrose was. taken up by exclsed tomato roots wlthout prior hydrolyS|s
This was tested further in the followlng way. Roots were,uncubated
,ln 0. 5% gldcose medlum .or 0 5% fructose: meduum. both c°htainlng-251

- uCt '“c-u- sucrose (speclflclty 32 mCu/mmole) I f |nver5|on was
.essentlal to" Sucro;e absorptnon. the sucrose in the roots must be the
4result of resynthesls _The presence of a’ large quantlty of non- radlo-
'actlve glucose or fructose in the lncubatlon medlum should, therefore;
' alter the labelllng of the resyntheslzed sucrose pattern Table 3

1

::shows that thls was not the case The labelllng pattern in sucrose'

3% -
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TABLE 2
Dlstrlbutlon of Radnoactuvnty |n Excnsed Tomato Roots

Fed with Fructosyl-i C-Sucrose

s
J
4

Tiﬁe o g - Q;I“C-glucose li’(.“—Afructo_se_ 1"C--sucsb'c:,sev G/F ratfo»
(hr) = ' - (cpm)i fA (cpm) (cpm)- of sucrose*
4 Y -~ 2,080 3,320 - 19,070 - 0.0k
6 .0 h200 3,400 14,580 ~ 0.05.

s : ¥
Roots Were\uncubated for b or 6 hours in medlum contalnlng fructosyl-

lec- sucrose waz?ed 3 tnmes wuth non- radnoactuve mednum ‘and extracted
‘

wlth boullng -80% ethanol Sugars were separated by chromatography
Radnoactlvaty was determnned by scuntnllatlon counting enther dlrectiy.

or after treatment wnth unvertase

»A

* G/F ratlo of sucrose: ratio of e ~glu-ose to "“C-fructose 'in
. . Co

. " o . R Co
_ extractej/ MC sucrose oo S . ' l
. ( . - . . s B
LAY
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agaln strongly suggests that the recovered sucrose arose from dlrect
~ absorption rather than from hydrolysus and resynthesns. Table 3
 shows several other interestung phenomqpa, e. é: the fructose- -sucrose
‘ mlxture allowed virtually twuce the sucrose absorptnon than the

| glucose-sucrose mixture. These |nterest|ng‘observations were, =
however,itakentnO’further Thus, - the feedlng experlments show

convlncingly that excnsed tomato roots absorb sucrose without prlor

hydrolysis. ‘ ‘ - o ' \w



S

~ * G/F ratio of sucrose: ratie(fT '“C-glucose ‘to '“C-fructose in

, : )  TABLE 3
The Effect of Non-radioactive Hexoseé on the Distribution
of Radioactivity in Sugars in Excised Tomato Roots Fed

with 1*C-U-Sucrose

o _ l"C:-Sugars in tﬁe Ejrrecg o o _
Sugars in . A o (cpm . G/F Ratio
the mediumr | ‘ Glueose frectose Sucrose _of,sucrose*
'*C-U-sucrose + glucose : 1,560 6,400 28,242 | - 0.92
'i“C-U-sqcrose + fructose f 8,682 1922 63,726" {’ 1.12

3
o

’ b |
‘The roots were lncubated for &4 hours in 0. 5% glucose - orah}67 fructose

medlum contalnnng 25 uCn 14c-y- sucrose, washed with non- radnoactive

" medium three times and extracted WIth bonlnng 80% ethanol. Sugars

.were separated by chromatography.. Radloactivity was Hetermfnedéby

scintillation counting either directly, or after treatment with °

-

_invertase.. O : N . B

L . “ . o .
extracted 1 C-sucrose. ™ - 3 ‘
g .
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* SECTION |1 o ST
4 ,'/
- The effect of sugar on the occurrence of sucrose

synthetase and sucrose phosphate synthetase: in’

yei?}siﬁftomato roots
A. Sucrose synthetase and sucrose. phosphate synthetase act1vuty

in sucrose- grown roots N
. N »“'
. Sucrose synthetase and sucrose phosphate synthetase were

")

extracted from 7-day- old roots as descrnbed earller The crude
extract and the partlally purnfred fractlons were tested usung three
assay systems for sucrose synthetase and two assay systems for sucrose.

phosphate synthetase, as descrlbed in the Methods section. Preliminary

\~., ’

'studies showed that the extractlon and assay methods were effectuve
~in thls laboratory with wheat germ sucrose synthetase and sucrose
phosphate synthetase.. No sucrose synthetase in excused*tomato roots
or sucrose phosphate synthetase actuv:ty could be found despnte

trepeated attempts.

1

gB Sucrose synthetase and sucrose phosphate synthetase actuvuty in

glucose grown roots

A

Vith glucose-grown roots both sucrose synthetase (Table 4) and-

! &
sucrose phosphate synthetase (Table 5) actlvntnes were detected The

' demonstratlon of the presence of the twq sucrose synthes:zlng enzymes

A,

',5_suggest5 that the poor growth rate of roots in glucose and fructose

'ls not due to the roots Iacking the.ablllty to Synthesnze sucrose.

To study these two enzymes more closely, they were partnally . v

ﬂ .

':??Purlfied with ammon|um sulphate and PrOtam'"evS“IPhate fractionétidns.,
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mately a 66~fold increase of specific actnvity. T e total enzyme units

B

. 3.8 umoles/mg protein/30 min.

e | - 39

" The puriflcatlon of sucrose synthetase (Table b) re ulted in approxi-

A
after the first ammonuum Sulphate fractlonation exteeded that of the -

czyde extract. This was possibly due to the removal of inhibitory

Dsubstance(s) This preparataon was not completely ree of sucrose

phosphate synthetase actlvaty but the sucrose’ phosjhate synthetase

—

actuvuty was - oniy approxlmatély IOZ the rate of sucrose synthetase.h

Table 5 shows the data for the purnfucatlon of sucrose phosphate L
. l .

\
-synthetase. An approxnmately 82- foid(L:crease in speCanc actnvnty

was achieved Both the flrst ‘ammon i um ulphate and the protamine

3

tredtment increased the number of ‘enzyme units suggestlng that

lnhibntory substances were: agaln present in the crude extract. This
3,

\preparatioﬁ was free of sucrose synthetase actuvnty and used only

'

fructose 6- phosphate as substrate.

C. Effect of fructose concentratlon on sucrose synthetase actnvnty

The effect of fructose concentratlon on 5ucrose synthetase
activity was,studned wnth assay method 2. A ciassical hyperboiic

R

curve (Figure 1) was obtained wuth fructose concentratlons from 0 5 mM

to IO mM. The Lineweaver-Burk piot (Llneweaver and Burk 193h) shows

*

a stralght Iine (Flgure l inset). The Km for fructose was calcuiated

from ‘the piot-as 3.8 mM. The Km was slightly higher ‘than that of
wheat germ (Cardunn et aZ., 1955), Hung bean (Grimes et aZ., 1970) ‘and

artichoke»tubers (Avigad, lSGh) “The value of Vmax’was estimated to be

-

-
il

/-
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TABLE 4 -
- ’ : \
Purification of Sucrose Synthetase
Total énzyme Total protein ‘Specific Purific-
L ‘ ' S { - ation
" Fraction " Units* (mg) - activity** (times)
Crudevextractlﬁ~ (-‘. 7.05 _ 168 - 0.042 e
--Ammon i um sulphate N ' IR o . o
- (0 - 60%) 23.13 k.2 - 0.8 T n
Protamine sulphate »
(12) + ammon i um. S o o
sulphate (0 - 70%) - 15.68 5.6 . 3.8 66

~ Enzyme actlvltyﬂwas determ:ned by assay me thod 2.

P‘

 %0ne enzyme uni ls?defi . as the amount of enzyme wthh catalyzes the
\ -?z&.g'w
r,,, % ] : .

' ?Sgl A .
formatlon of I um6¥§:%§' %crose in 30 minytes.

#$< 5
**Specnflc actlvnty is- exbv@ssed ln un1ts/mg proteln.v~-"
. W “a
') '



' TABLE 5 ,
¢ TR ‘ !
P Puflfigation of Sucrose'Phosphate'Syhthetase J
Total enzyme  Total protein  Specific Purific-
L ; : ' ‘ ation '
Fraction - " Units* (mg) activity** (times)
~ Crude extract 1502 168 0.09 "
Ammonium sulphate ‘ : ‘ ST
(0 - 602) { o 32 1482 0.72 8
Protamine sulphate R / . T
-(1%) _ ' 61.74 12,6 b.9 5%
Ammonium sulphate : ‘ : B ‘ R
(0 - 602) 35.52 : - 4.8 R 82
- ' . % oo

Enzyme activity'was determined by aSsay method 2.

»

*One enzyme unnt is defnned as the amount of enzyme whlch catalyzes the

- formatlon of I umole of sucrose -6- phOSphate in 30 minutes. -

$

*#Specif}c actnvnty is egpressed ln.unWts/mg protein.
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_ FIGURE 1.

Tﬁe‘effect of fructose concentration on sucrose
‘SynfhetaSe activlfy : o ; .
The’reactton mixtures contaxned 0.5 imole of UDPGF 5 umoles of y
Tris-HC] buffer, pH 7 3 0.05 mg partlally purified sucrose synthetase,
and varynng amounts of fructose in a final volume of 0 1 ml.
The reactlon mlxtures were incubated at 37° C for-30. mlnutes .The
sucrose formed was estnmated by the thnobarblturac acid method

[ ] . ) : *
(Percheron 1962) : ‘ S . A .

Wnset: Lineweaver-Burk plot of 1/[fructose) versug\{gf. e

Y

e
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0. EfTz22t of fruc;oSe*Stphosphatc concentratisn on sucrose phusphate

Ly

syhthetase activityh _ 3
Assay‘method 2'was used to study the effect of fructose-6-

phosphate concentratuon on sucrose phosphate 5ynthetase actIV|ty. A

C"

hyperbollc curve was obtanned wuth fructOSe 6 phosphate cbncentratlons

from 2 to 7.5 mM. The Llneweaver -Burk plot gnves a stranght line .

, (Figu}e 2, inset) The Km value was determlned from the’ plot as b mM.

i

This value was sllghtly hlgher than those of: whéat germ (Lelour and

PR

.Cardlnl, 1955). The Vpmax was calculated‘as 10 umoles sucrose- -6-

Phosphate formed/mg PrOte'“/3° min.. = -

‘



FIGURE 2 o

The effect of fructose-6-phosphate concentration on

i ‘, on sucrose phosphate synthetase activity

A The reactfon mixtures contained 0.5 umole of UDPG, 5.pmoles of
Tris- HC] buffer, pH 7.3,-0.05 mg partlally purlfled sucrose phosphate

synthetase, ‘and varylng amounts of fructose 6- phosphate |n a flnal
y :
vo1ume of 0. 1 ml. -~

2

‘The readtion mixtures were incubated at 37°C fora30‘m1nutes The

5shcrose -6- phosphate formed was estimated by the thlobarblturlc acid
(o) P

. method (Percheron, 1962) . L IRNREEN

Inset: Lineweaver-Burk plot of l/[fructose16—phosphate]_vefsqs‘l/v.
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SECTION 111
4

Studies on the enzymes involved in sucrose utilization

A. Soluble and cell wall invertase

The most commonly known enzyme to attack 5ucrose Tnvertase.
~and actuv:ty was found in both the soluble and cell wall
Excised tomato roots, therefore, are llke‘many other plant tissues
.ln possess:ng both soluble and cell wall |nvertases (Glasgiou et aZ
1963; Straus, 1962 Copplng ‘and Street, 1972) To frnd o whethég
‘the presence of'lnvertaseyactlvuty in both soluble and wall fractuons
was the result of theur |ncomplete separatnon, the centrlfugatlon was
carrled out with varylngeforces. The results (Table 6) show that the
dlstrnbutnon was not affected by the centrlfugatlon force lndlcattng

that the soluble invertase actnvnty was not due to cell wall
contamnnatuon. The presence of cell wall contam:nants of the soluble
fractlon was studied by the mxcroscoplc examunatlon of this fractlon
'?stalned wlth perlodlc acud Schlffs reagent (Hotchklss, 19k8) which -

'stains ~poly ccharudes red "No cell wall material was detected in

the soluble‘fractnon. \

&

l; Effect of pH on soluble and cell wall Invertase actlvity

The effect of pH on solubie and cell wall lnvertase act?vit;fwas )
studied with sodium phosphate-cntrate buffer (anures 33 and 3b) The t-
effect of pH was ve;y s:mnlar and both lnvertaSes sﬁowed a pH optimum |
of k 8. No dlstinguishable peak of actlvlty at neutral or alkallne pHi_
uas observed |nd|cat|ng that both the fractuons contalned mainly acid

,Invertase. However, both sothble and cell wal! invertases appeared to
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. " TABLE 6

- .

The Effect of lncre:z}ﬁq Centrifuqation Force on the Dnstrlbution of '

9
Invertase Between the Soluble and(fell Vall Fracttons

)

. | _ |
== it
' Invertase Activity
féntrifugation‘Force oo ... mg hexose/mg protein/2 hrs

x g”fjfzrsg "'}, _ ' , . Sdluble jggg;. Cell Wal]'

270 SR S 365
1,085 s 1.20
12,100 | R 3.49 o 1.20
- 48,260 o o : ) . 3.49 . - 1.18

. ,Seven day-old- roots were homogenlzed w.ngo 05 M sodlum phosphate-

‘iltrate buffer, pH 7.0, and centrlfuged under varylng forces for 10

‘:jminutes The preccpltate was washed with the same buffer and v

) recentrufuged The process was repeated twtce and ‘the final pellet

was resuspended in 0.05 M sodium phosphate-citrate buffer, pH 7.0.
. _ : , : . ' ' . O
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* FIGURE'

i Il ~

Effects of pH on (a) soluble and (b) cell wall invertase .activities

The reaction mlxtures,contalned 290 umoles sucrose 90 umoleS'
sodium phosphate- cutrlc acud buffer, and enzyme preparation (0~l ‘mg

protein) in a final volume of 2 ml.

Reaction mixtures were incubated at 28°C for 2 "hours.

‘
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‘haVe aﬁshoulder in the region of pH 6.0 - 8.0 and thls could belcaused
by e trace‘of neutral invertase. To determine if this was the case
the soluble fraction was subjected to ammonium sulphate frac!lonation,‘
, a method whlch has been used successfully to separate the acid and
neutral |nvertases of carrot root (Ricardo and .Ap Rees, 1970L»and
cultured sycamore cells (Copping and Street 1972).) Figure 4 shows
that no neutral invertase activity couldfbe resolved, indicating th;?
“the: shoulder on the soluble fraction curve was not caused by a neutral
lnvertase. Slnce it has not been possuble to release ‘the wall enzyme

from the wall (Sectuon Vi) nt@uas ‘not feas:ble te subject the cell

~wall fractlon to this treatment.

L

2. Time course of _sucrose hydrolysis

A
The time course of sucrose hydrolysss by soluble and cell wall
oreparatlons was followed for 4 hours. ‘The rate of hydrolysls was -
fou. "o be linear for b hours for both soluble and cell wall
fractic. (Flgure 5) ln the followung experlments a2 hour lncubatlon
time was L.ed for convenience.
3. Effect of enzyme concentration .
: %
The ,oluble enzyme and cell wall enzyme with concentratlons
- equn\‘ it to from 0 05 to 0. 25 mg proteln~showed a linear relatlonshlp
wit"  eaction veloclty (Flgure 6). The results thus show that ‘ S -

caction rates reflected the . amounts of enzyme present. Schwlmmer et‘”
al. (1961) us:ng potato extract of.varying concentratlons showed that
the apparent aCthitY per unit weight of tuber lncreased with decreas-.
.Ing amounts of extract. Based on kinetlc conslderatlons they | |

concluded that the devnatnon from llnearlty was due to the presence of

t

k7
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FIGURE &

- -Separation .of soluble fraction by ammoniu%

sulphate precipitation

-
.

invertasevactivity assayed. at pH 4.8.

: invertase activity assayed at pH 7.0.

r
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P - FIGURE §

e
Time course of hydrolysis of sucroseig:/sofuble and cell wall fractions

) &
The reaction mixtures contauned 290 umoles sucrose, 90 umoles o

‘ sodlum phosphate citrtc acnd buffer, pH h 8, and enzyme preparatlon
(0 ] mg proteln) in a final volume of 2 ml. “ o o

3

Reaction mixtures were incubated at 28°C.

. ' a ey .
. .
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FIGURE 6 SR

lnyertase.actfvﬁfﬁ as a function of protein'QOncenxration
. @ : . e
The reactcon mixtures contauned 290 umoles sucrose, 90 umoles,

.sodlum phosphate cugrnc acid buffer, pH 4, 8 and X?FYIQQ amounts of

invertase preparatlon in a fanal volume of 2 ml. - .. ' &

2

Reactlon mixtures were rncubated at 28°C for 2 hours.
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.consistent change in lnvertase activ ty was obtalned ThIS suggests

v ' 58

‘an endogenous ?nhibitor. The linear rnlatvdnshnp between enzyme

cqncentratlon and invertase activity obtained WIth both soluble and
cell wall |nvertase shows that no similar invertase |nhibitor,exists'in»

exc:sed tomato roots.

; h. Effect of vigorqts blending on invertase activity

The presence of an invertase: lnhubltor in potato tuber stored at
,1

cold temperature was reported by Pressey (1966) who found that the

inhibitor could be destroyed by: vngorous blendlng. Tomato root

}

'extracts were ‘blended at maximum speed wlth a Verus '23' blender for 3

a total of 30 mlnutes and with the operatlon lnterrupted every S
w
minutes to cool the extract to 4°C. Aluquots were removedfevery 5

minutes and assayed for lnvertase actavuty.f lnvertaseuactIVIty In

soluble and cell wall extracts so. treated are shown in- Table 7 hofj,

L

Y v o

3,

'that no lnvertase lnhubltor simllar to that found in potato tuber was

e A ‘ R P

, SN , ST
present in excnsed tomato roots. - f’ L L e ,
[l - K ] ' ‘~ .

5 Effect of temperature on |nvertase actuvuty
The ef fects of temperature on the soluble anducell wall invertases,

s

were almost the same (Fugure 7) The opt:mum temperature of both of

these enzymes was h9°c. Thus experument |s evudence in favor of the

theory that the cell wall and soluble enzymes are of the same protenn

-specnes.

"8..u~Glucosfdase activity

In, addution to invertase u-glucosadase hydrolysés sucrose to

):

- glucose and fructose, but differs from‘?hvertase by attacking sucrose



- TABLE 7

The Effect of Vigorous Blengjng on lnverté;e Actjvity

o5

- - Invertase RLtiVity
Dufétion of B]ending' ; mg hexose/mg protein/ 2 hrs
" (minutes) - Soluble Cell Wall
0 I - L 33 B 1-34‘@§v
5 3.23 CT1.30
10 . - ‘ ‘ - | 3.34 | 1.34
15 - | | - 3.36 .31
20 | 3.38 1.28
s . T 3.48 1.33
U Y 1.24
R T S |
T =

Crude extracts were blended wifhﬂaxvi?Tis '23' blender at maximum

speéd.
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Effect of temperature on the aqtivitfes of soluble and cell%hall

invertases

The reactlon mn«tures contalned 290 umoles sucrose, 90 umoles

sodium phosphate cntrlc acnd buffer, pH 4.8, and_enzyme preparation

in a ftnal volume of 2 ml.

Reaction mixtures'were incubated for 2 hours.

Pl
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}e>t Sucrose phosphorylase actlvnty

v 62 .
at tﬁe a-g.ucosyl end lnstead of the B- fructosyl end. tn'fact it

- ‘

attacks not only sucrose but a number of sugars that possess a free

.-:a*glucosyl end e.g. trehalose maltOSe a-methyl glucoside (Myrback,
111960) Haltose and trehalose do not possess a B- fructosyl moiety and

are, therefore, not attacked by nnvertase Therefore, fnvertase will

" 'not :nterfere w:th the assay of. a-glucosndase, if these two 5ubstrates

“'are used The rate of hydrolysas of maltose, trehalose, and sucrose

Eby soluble and cell wall extracts is shown in Table 8. Only the

'soluble fractloh possessed a- gluc051dase actovnty, no a-glucosidase
A ¢

o

actnvnty was detected in the cell wall fraction. Later studles
‘(Sectlon vit) demonstrate that purlfted a-glucosudase attacked sucrose
at only one thlrd the rate lt attacked maltose. Thus, only approxl-
mately 3 to 4% of. the sucrose hydrolytlc actnvnty of the soluble™

extract was due to - - glucosndase actuvnty As the a- glucosldase in the

\ L
Q

soluble extract was low, ltS |nterference in. the assay of |nvertase
actJvlty was consndered mnnnmal Thus the soluble extract was used in

subsequent studles wnthout further pur:flcatuon.‘

a

- To detect the presence of sucrose(phosphoryluse in excnsed tomato

. \4_‘

. roots. 7- day-old roots were extracted wlth soduum cntrate-cntruc acnd
buffer, 0. 05 H, pH 7 0, and the fractnous prepared as, descrnbed in

";bthe 'Hethods ' The preparation s dnalyzed overnaght agalnst two L

.

changes of 4 lltres of. 0 OS H sodlum cntrate cntruc acid buffer, pH

3,7 0 The extracts prepared In thls way were tested for thenr abillty o

i “to hydrolyze sucrose by usnng sodlum phosphate citruc ac:d of'soduum fg.;

,cltrate-cltrlc acld buffers.- The results (Table 9) show that soluble

FOEE 2 RSN
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TABLE 8- —

The Rate of Hydrolysis of Sucrose, Maltose,/and Trehalose -

~

by Soluble and’ Cell wall Fractlons _;u7

- - Actuvlty ‘ :
o umoles hydrolyzed/mg proteln/Z hrs
Sugars o '7“J Soluble €f - lCell;Nall
jSuth;e h | ‘ ) ' 8.57 ‘.r'hk’j ) ‘l 2;§h‘
,"4Maltose N T . 0.95 B ;2 jfi ,O.A.
_ Tfehalose' - }%' o : 0{88 ) ;7h"h';’3 'fﬂ .+ 0

Reaction. mlktures consnsted of 290 umoles of suhstrate, 90 umoles
.sodlum phosphate c1tric acnd buffer, pH 4, 8 and 0. 1 ml enzyme

preparataon in a flnal volume of 2 ml : o
Reaction mixtures were lncubatgd at‘28fc fof.Z‘hoqrs. o



<

TABLE 9
The Effect of Phosphate on Hydrolysns of Sucrose by

Soluble and Cell yall Fractions

/ Activity
- mg hexose/mg protéin/2 hrs

Buffers B Soluble . Cell Wall
Sodium phosphate-citric.acid - -q2.98 0.97
Sodium citrate-citgic acid - ‘ 2.86 ‘ Q.QSf

Soluble and cell wall extracts were prepared wlth sodium cntrate-

cltric buffer, 0.05 M, pH 7.0. The extracts were ‘dialyzed overnnght

against two’ changes of 0. 05 H sodium citrate- cxtric acid buffer, pH

7.0. - . |
Reaction mixture contained 90 umoles buffer (pH 6), 290 umoles
sucrose and 0.1 mg enzyme preparatuon ina final volume of I ml.
Hlxture was lncubated at 28°C for 2 hours

'1
¥
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and cell wall invertases‘hydrolyze_sucrose at the saﬁe rate with or
without th&Apresence of“bhasphate. The results thus |ndicate that
vexcised tomato roots, like other plant. tissues (Hassud and Doudoroff
1950; anbs, 1959; Hatch et aZ., 1963), do not possess sucrosel

phosphorylase activity.

2



N\ o SECTION IV

v

/

- The Relationship Between Invertase Activity and Growth

of Excised Tomato Roots

A Distrlbution of soluble'and”tell wall invertase along the root akis
N\The qlstributlon_of soluble and cell wall invertase actlvltw and
cell /number in successuve 1.5 mm segments of . the nannhaxls of the
IS . roots is shown in Figure 8. The cell number was hlgh ﬂi the first
segment and dropped markedly in the second segment lndccatlng that the
'maln elongatoon region was between 0.75 and 2. 25 mm from the tnp.- From

" the second tofthe'fourthnsegment-the cell number fell slowly and from

3from the tip and, here onwards no further enlargement occurred

Nhen expressed on a per segment basns both soluble and cell wall
’ actlvltles were hlghest z: the actlvely growlng Zone. Both soluble and
cell wall lnvertases declnned as the enlargement process slowed ‘down,
‘however, the latter decllned Nlth a faster rate than the former 'ln °
" the: reglon where there was no apparent cell enlargement, whule~cell
wall activnty became very low, the soluble invertase actuvuty remalned
‘hlgh When the unvertase actlvuty was expressed on a unit. protean
basls (Flgure 9) the dlstrlbutton patterns of the soluble and cell wall
,benzyme were shown to be dufferent.. The soluble lnvertase actnvnty rose -
-rapldly ln the grownng region but remained relatively uniform there-

gt

after. - The cell wall lnvertase actnvlty also rose rapndly ln the grow-
~ bY
lng reglon but unllke the soluble lnvertase it. fell rapldly ln the . b

reglon where growth slowed down Thus. although both actlvitles were

Y
i
-

’ ",.-

B

.
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FIGURE 8 -

Distribution of .number . of eEIls and -

. . B /AN -‘
invertase’ actnv:ty along root. axis, '
expreSSed as per 1.5 mm seqment

»

Roots were sectioned

into l S‘mm segments w1th speCIally construct-
ed metal rig,

similar to that descr»bed by Hellebust and Forward (1962)
lnvertases

in these segments were extracted and actlvntles determlned

L)

The reaction’ mlxtures contalned 290 umoles sucrose,
sodium phosphate-citric gcid buffer, pH ] 8

90 Umoles

and eni?me preparation
in a final\volume of42 ml .e- |
| Reacti ixt » |

N

mixtures were incubated at 28°C for 2 hours. .

<,

- ~
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Dlstrlbution of soluble and cell'wall unvertases along root axls.;v

expressed as’ per unnt proteln‘J"' ®

Roots were Sectloned into l 5; mm segments wnth specJal[y

i

3

constructed metal r|g, snmllar to’ that descrlbed by Hellebust and
Forward (1962) .. Invertases in these. segments were extracted and
activities determined. - - - o ab

‘ The reaction. muxtures contSuned 290 umoles sucrose, SQﬂumoTesl

ie 5

- sodium phosphate citric acid buffer, pH 4.8, and enzyme»preparation;’

| : SN
.D/mel. . ; %ﬁ& e e

|xtures Were |ncubated at ?%‘c for 2 hours.

’ . » v . - . N ) ST
& . “ . . .
S . . . - . o ) . N
. . ' . L . .
. . R
. . : . . .

qln-a final volu
Ly . t

. Reaction
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high 12 the growth Zone, only the eell wall invertasc showed a peak of
XlaCt'V!$$i .

B. The effectuoﬁ cycloheklmide on’invertase.levels and growth

lhe rapid rate of decline\of the specific activity of cell wall
’lnvertase along the main axis in Flgure 9 was reduced from the thlrd
.segment onwards, thus producung a tall to the peak. _The‘sharpness of
a peak depends upon the‘rate of synthesis and breakdown’of the‘enzyme\__;;//::\
‘as well as on the rate of growth of the tissue. To study the rate of

@

breakdown of lnvertase, the proteln synthesns lnhibntor, cyclohexnmlde

(Slegel and S'sler, 1964) was used. Roots were grown in standard
medium for 5 days and then transferred to standard mednum plus 2 mg/,

o cyclohexlmlde.' The results of thls expernment (Flgure lO) showed that

1

growth of the roots ‘was almost lmmedlately stopped by Cyolohexlmlde.

-

LY

The half Tives of the soluble and cell wall enzymes vere found to be -

kg

approxlmately k8 hours. ThIS is longer than the turn?xer rate of both

sugar cane - lnvertase. whnch has a half ]lfe of only 2 hours {Glaszuou
* TR'

et aZ., 1965) and Lentzl epccotyl wlth a half-life of 14 hours (Settzu 4

;and Lang, 1968) Flgure lO shows that the growth rate of control S-day-' g

LS A

ER ' CN L .
‘ ~old exc:sed tomato roots from the flfth to, the seventhlday wa PR

R *\

?approxlmately 30 mm per day. This growth rate is 3, tlmes as fast as

the growth rate of the pea roots used by Sutclnffe and Sexton (1969)

The slower rate of breakdown of the enzyme together wlth the faster

growth rate’ of the tlSSue were probably the factors causnnq the tail of

the peak

&
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. . . B
4 ‘ .

o

‘Efféég of cycloheximide (2 mg/1) on rowth oﬁ,thelmain~ax}s and'inviftase

activity duriﬁg a ~hour period
At zero time S-day-old roots wereftransferred either to fresh

. ‘ . . - o i .

medium (open figures) or fresh medium containing cycloheximide (closed

figures).

BTN
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‘ SECTION V .
’4 . \ o . ’ o ‘o “‘1 .
g of Different Carbon Sources on Growth and "
A." ’ . ‘ . : . . ’ ‘.
¥ ~ lpvertase Activity
' & . : Ry N
[ . . DL
) root invertases
Growth of excused tomatp roots . in sucrose me
with the accumulatlon of glucose and fructose in the medrum (Dormer and . <.
ro L5
‘ Street, l949) To determine whether the aCCUmulatlon of hexose and
. N L .
'Jgrowth are related the levels of hexose iutthe med i um and the growth oft
K"“«'
the roots were followed (Flgure ll) Probably due to nnJury caused by
excusion the growth of excnsed tomato roots shOwed an Pni ‘l lag phase
durlng the flrst three days after transfer. From the thlrd to the
s sevegé? day the ro&%s grew rapldly, but after that the growth rate

declfned In contrast to growth reduclng sugars in” the medlum
|ncreased after the transfer. By the seventh day‘the reducnng sugars in’

the .medium reached a concentratlon of approxlmately 0 052 » Thls

/.,
LI

concentratIOn of neducang gpgars mnght concenvably exert produot

r s : -

& lnhlbltlon of lnvertase actlvlty and be responsnble for the reductlon

1
4 *-

o

ln growth rate after the seventh day. Due ‘to; these results the effects
—

-of . glucose and fructose on soluble and. cell wall nnverbases were

Chadm

N1

studled Glucose and fructose up to a concentratnon of 0. 052 did not
. a2
lnhlblt soluble or cell wall nnvertase actlvuty (Table 10) |ndtcat|ng

K

that_the decllne of growth rate at the latter stage of the growth

) perlod was not due to lnhubntlbn of lnvertase by glucose or fructose.

¥



. - FIGURE 11« -

’\,'- :

.‘.’ s

-The levels of reducjng sugar appearlng in the medlum in relatlon to

growth of excised’ tomato rOOts, (a) reducnng sugars, (b) growth of roots.
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’ TABLE IO
Effect 6f G]ucose and Fructose on Actlvlty of Extracted
& :
Tomato Root lnvertases*r
= ea&t~
lnvertase Actlvlty
‘ma hexose/mg protein/2 brs
i ; —
'_tonceﬁtration of Sugars ' ' Sojub]e_ = Ie]liwall
5% sucrose ' o _ S - 2.94. 1.34
,152 sUcrose +0.02% glucose- £ . 2.90. 3?1 32
. 5%. sucrose + 0 02% fructose Lo 2,60 - k A 32
_ ‘ o . ,
l 5% sucrose o ... no7 L? - 0.4o
Vl 5% sucrose + O 052 glucose .,;‘;f - - 1.04 - . 0;39
l 52 sucrose + 0. OSZ fructose-uﬂf_ > » 1.02 o "’ 0.39

Reactlon System consnsted of 90 umoles sodium phosphate-cifric‘acid

buffer, pH 4.8, l m) subsgrate. and enzyme preparation (0 l mg protein)

Maxture was uncubated at 28 C for 2 hours

ey v .
. o .
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B The effect of different carbon sources on. growth and lnvertase levels
The correlatton of growth and hnvertase activity was studled by:
growlng roots in dlfferent carbon sources, viz. sucrose. glucose,".:
fructose and rafflnose. Table ll shows that roots grown in sucrdse
had the hlghest growth rate and highest invertase activity; rogts grown h
in glucose, fructose and rafflnose medlum had lower growth . rates and
lnvertase actnvutles. The results thus corroborate those obtacned in

1

Sectlon v showlng that growth and. invertase activitles were related.
- C. The effect of. transferr:ng tomato roots from standard to l 5%
glucose medaum
The effect of glucose on grbwth and invertase“developnent-was

stud]ed by transferrlng the roots grown in standard medlum for 7 days

- to 1, 5% glucose medlum Flgure 12 shows that growth and :nvertase

actlvlty uecllned after transfer The hal f- llves of soluble and cell

wall lnvertases in glucose medlum could be estumated as . 5 and 6 days,

respectlvely. L . 3 - " f.d_' - -":p .
S L VRN Co
. ‘ R o N ., /

\

ro The effect of mlxtures of sugars on growth‘andx\?&értasebactlvity |
The questlon of the glucose repressuon of nnvertase synthesus was
further tested'by growang roots in- mlxtures of sucrose and glucose. |
The results of the experlment (Table 12) show that the addatnon of
glucoSe to sucrOSe medlum caused an |ncrease in growth and unvertase
actlvlty. Thus the presence of glucose clearly dld not repress the

«

synthesls of lnvertases



AN

~r

TABLE 11
. Effects of Four Stgars as Carbon Sources on Growth and

linvertase Actlivity

79

\\ : Invertase Activity
Increase’ in Main Axis mg hexose/mg protein/2 hrs

Carbon source . (mm) : . Soluble . ‘”’)éell Wall
e ; , ) ' -
,sl.SZ,sucrOSe B - 180 .. 2.93 . 1.45
1.5% glucose ‘ , o 83 1;2; ' - 0.65
1.5% fructose .8 1.67 - 0.73
1.52 rafflnose | 28 1.29 0.54
;

'Roots were grown"in different carbdﬁ‘f%urces for 7 days, then growth

was measured and lnvertases extracted, as descrnbed in 'Methods

Reactlon system consusted of 290 umoles sucrose, 90 umoles sodium -

phosphate;c-trnp aqldsbuffer pH h 8, and enzyme preparatlon (0 ] mg)

in a final voldme of 2 ml. Mlxture was nncubated at. 28°C for 2. hours

L

. - Q:‘&} .
. . )

]



l .
FIGLIRE 12

Effects of transferring exci;y/'tomato roots from standard tc glucose
.- .é . it

: R - : /
. medium on (a) growth and (b) invertase activities
At zero time 7-day-old roots;were transferréd_to fresh standard,

fad

medium (closed figures) or 1.5% glaéose‘medium (open figures) iy

e
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- TABLE 12

G ~

. Effedt)of Carbon'SoQkées on Growth and‘lnvértase”Activlty

f -

B

Invertase Activity
mg hexose/mg protein/2. hours

Fresh weight

g/100 roots Soluble = | Céll;ﬂal]

- ' i
1.645 . 3.4k R
0.952 - 2.67 1.18
1308 7 3.0 13
- 0.817 259 1.15

1201 v 2.96 27
0.438 2.9 R
. wd.é% sucrose + ! o , o | S

0.9% Qlucgss 0.644 | 2.59 . 1.3

SR
W

.Roots were grown ln.dlfferent carbon spurces for 7 days, then g?owth

" was measured, and |nverté;es extracted as descrlbed in 'Hethods'
' _Reaction system conslsted of 290 umoles sucrose, 90‘umoles sqdium‘g_;
phosphate -citric acad b ffer, pH 4, 8, and enzyme preparation (61 mg

_protein) in a ‘final volume of 2 ml. Reaction mixture was-incubéted

at 28°C for 2 hours ‘ »

——— e — —— i

o
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EY The effect of sucrose concentcatton of glONLﬂ and invertase act A y

To further study the correlatson of growth and invertase actlvnty

of exc:sed tomato roots tthe growth of the roots was altered by varying

fzhe sucrose concentratiqn of the medium. Tabie 13 shows that once" again

- Te, 4

the invertase actlvity and growth of the roots/shows reasonabie
.correiat;on.;. S r. IR R

:
“ o
e

F. The effect of starvatlon on invertase activnty “and growth
The findings that the presence ‘of giucose did not repress the

"synthesns Q{ lnvertases and that |nvertase activities d«rectiy varied

N

.wcth sucrose concentratlon suggest that the synthesns of |nvertases may
Y -

be induced by sucrose Experiments were, therefore, carried out to _

¢

deprnve the roots of sucrose to determane the effect on |nvertase‘
i

actnvity Roots ‘were grown in standard medlum for 7 days and then

v

washed twice in sucrose free medlum.prxor to incubatton in this mednum.
Figure 13 shows that root growth ceased |mmed|ateiy after transfer, and’
.both soiubie and ceil waii unvertase activity decitned The decinne
" of invertase activities in sucrose- free med i um thus favors the h

theory that lnuertase synthesns in excnsed tomato roots is induced

<
by sucrose, i,; - :

P .

G. The effect of reducing growth with low temperature on ‘invertase
activitles f R | R .
Varying the carbon sources always reSulted in paralle} alteration
o

Tn growth and invertase actlvities, maktng it very dnfflcuit to

.identify which is the primarx‘effect of the carbon source./ It was.
-'c,-,v'~ ‘
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L] N\ / . ~
\ I il e
' TABLE 13 )
Effect of Sucrose Concentrations on Growth and
Invertase Activigﬁg
. T o S Invertase Actlvity
. e . T L : mg hexose/mg protein/2 hrs
1 B . - Fresh ety BEEEE
Sucrose’ Concentration » g/lOO roots ‘ﬁoluble v . Cell Wall
- - : v — .‘ . )
.52 ‘ 182 3. h7ﬂ ’ .49
1.2z R Y 2. 83 <\.I.2h
N S 0 2670 - -
0.83 . | - 0.79 2.52. 1.09
0.63 C 0.48 2,08 . 0.91

" Roots were grown™ in media of different sucrose®

then growth was measured, and invertase extract

o

» as described in

'Methods’ .

.R@actlon system’gpnsasted of 290 umoles sucrose, 90 umoles sodium
. \ ‘

phosphate-cntrnc acid buffer, pH 4.8, and enzyme preparatuon (O ] mg

I

orotein). in a flnal volume of 2 ml. Reactlon mnxture was i cubated N

48°C for ‘2 hours.

ncentrations for 7 days,

R
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- \
FIGURE 13
B . . “
N . ' \ .
Effect of starvation on growth and invertase activity .

a

At Zero time 7-day_—bld rébts’ were - transferred to minus sugar

N .

medium. B ; ' re _ R .
W, : .growth )
- . . ) . .S ¢
‘ ® : soluble invertase * A
O : gell wall invertase ' o
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factors. Preliminary studies'shOWed tnat it was ponssible to louer the
growth rate by lowerlng the temperature of rncubathmJ:;thout altering
the medlum. Lowerung the temperature to 5°C stopped the growth of the
Nroots. However, growth resumed lf the temperature was brought back to

ﬁ ?1 28 c showing that the roots were not killed. by the low temperature. ‘ 1( if

| To alter the arowth WIth lncubatlon temperature,.roots grown in g |

1.0 and 1. 5% sucrose were incubated at 5° and 28°C for 7 days, and the

growth rate .and |nvertase actnvnty then determlned. The' results

(Table 14) show that roots grown at dnfferent temperatures, in spite .w_

of havnng radically dnfferent growth rates, had S|m|lar |nvertase

activities.. On. the other hand roots grown in dufferent sucrose .

c0ncentrations at the same temperature had dlfferent nnvertase actnvuty.

These data strongly suggest that ‘the factor controiiung the unvertase N

activity of excised tomato roots was the sucrose” concentratlon and not

the growth rate. These resugts together wuth those of previous »

. sections |nd|cate that growth may be dependent upon invertase,activity-
and.not the-reverse,- ‘ _///—/’—\\\\

N ‘:’

. C )
H. The\effect of transferrlng the tomato roots from one Sucrose

concentration to dhother o T oo

£ the sucrose concentratlon and not growth rate is the prumary .

7

factor affecting the lnvertase actnvnty of tomato roots then a sudden
i

7

' change in the sucrose concentration of the mediim may be expected to

’

L

cause a change in invertase acglvity earlier than a change ' growth ‘4.
s rate. Rnots were. the:szoze:hgrown in a iow sucrose concentratlon
. (0 52) and on the fourth day alf of them transferred to standard ’
’

medium (I 5% sucrose) " The |nvertase activntnes and growth rates of .



— ! C .
[y ke 88
.\ A v.
{ TABLE 14 -
] v A
Effect of Temperétuke on Growth and lq»e}tase Activity
N °
'_lﬁvertase Activity
lncubation = Increase in ‘mg Hexose/mg proteln{zyhrs
Sucrose Temperature . main axis ' _ : :
Concentration = °C ~ (mm) Soluble ~ Cell wall
1.5% - 7 3.40 . 1.bb
1.5% 28 a7 o33 1.49
x5 5 2.67 102
103 28 Sooan 2.78 | 1.09°

Seven-day-old foots,Weré used in growth and invertase activ]tlés
'”Faéf;}minations._5

B

R/ A



on growth. These results are cdnglstent with the theory that groégk o

.is the primary effect of altering the sucros concentratnon,

‘,@tﬁey began to igrow faster than controls. The
’ 4

shqy that the increase in lnvertase activity

l‘w,: v '
. »'.'x\vf-,,v
. ’,.’;\‘g&r\'(ﬁ{"

in gﬁése in growth rates.

.

3 <*‘:~‘c;[ ARSI
fourth day fﬁb& :S towO#S%”sucrbse med:um. The invertase actuvutnes
B
A

of the roots transferred from 1. 5 to 0 5% erpped to lower than in

_ A
'ofwthe controTs on ‘the second day and only from thls time

was growth ‘slower than ,the contrq]s. Thus the results depicted in-

;Flghres !h and 15 demdnstrated that treatments affectingfboth invertase

"actavtty and growth causeq?effects on nnVertase acttvnty earlner than

L3

=)

Is dependent upon -invertase actnvity, and that alteration in the latter

~

89e



. FIGURE 14

: . . RS
o L . c . . : N .
iy . »
el e . ' ;
. . ' . .

. Effects of transferring excised tomato roots from 0:5% to 1.5% sucrose

o, g medium.on (a) growth and (b).invertase activities .

a

At zero time bL-day- old roots grown |n 0. 52 sucrose were transferred

!
!

2 /to fresh 0 5% sucrose (closed fngures) or fresh medlum (open figures).

TR - . : : A
PRI . . @ . N .
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FIGURE 15

R &
7

nsfe¥r|ng excised tomato roots from 1.5% to 0 5% sucroSe

,ﬁgdtum on (a) growth and (b) lnvertase activities '

' ’

- N

At zero time 4- ~day-old roots grown |n 1. SQ;sucrose were tlansferr-
ed to fresh 1. 59 sucrose (closed figures) or. fresh 0.5% sucrose medium
(open fugures) ' , o '
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. . . » - SECTION'VIL. _ _ : .
‘ e SR R P / .

Effects of Plant Gréwth Regulators on.Growth and

invértase Activity ot

<

A. The effects of plant growth regulators on the activity of extracted

soluble and cell wall invertase . i e

r

The_ef cts of various plant growth regulators on the/activity of . .

1

extracted soluble and cell wall lnvertase were studled None

" of the growth regulators tested showed appreclable effecti)(Table 15)

J

~ Thus excnsed tomato lnveqtases appear to dlffer from yeas lnvertase

_which was weakly lnhqblted by ABA (Saunders and Poulson. 1968)

l Lo
) c. ‘#

'B. The effect of GAIon growth and invertasevactlvity of exclsed_tomatot
roots | ’ o ‘ | |
To study'the effect.of GA on@growth and lnvertase actiulty roots .
were grown in 0.5% sucros§’med|um and on thégfourth day transferred to

fresh 0. 5% sucrose meduum or 0. 5% sucrose medlum supplemented with GA.

- The results (Flgures l6a and - l6b) show that cod%entratlons from 2.5 to

10 uH GA reduced ‘both growth and nnvertase actnvlty slightly. The
.Qipromotlbn of ‘growth reported beaButcher and Street (l959) was not
observed As/rn//he studnes of Butcher and Street GA was added at the
beggpnlng but noJ/gn the fourth day of the é(gwth cycle.‘ The/EA

) expéfwment was repeated by treating the roots wi th GA at. the beglnnlng

a

of the growth cycle In addition, a much wlder range ‘of GA concentr-

atfons (16 uM to 40 mM) were' usedx The results show that high GA .

lconcentratlon nnhiblted growth as well as lnvertase actlvity (Flgures

17a and l7b) :”ﬁn‘:é b

B



o Reaction system contalned 290 umoles sucrose. sodium phosphate citrlc ,

,\

acid buffer, pH 4 8. contalnlng various igrcentratlons of plant growth

'regulators and enzyme’ preparatlon (0.1 mg proteln)

- of 2. ml.

" Reactlion mixture was ln;u;jﬁgd at 28°C ferff hours.

in-a final volume

@

e s -

.o K Te
| = T
. ( -
. ] ﬂ;ﬂ v 95
¢ . . . ' ",; R y
- L ThsLE 15 .
% Q T -
Effects of Varlous Plant Growth Regulators on Actlvity ,
o ' of Soiuble and Cell waJl Invertases wos ¥ ':_'9: #
. ,,/L ‘_/ 9y
’ - % bllnvertase Activity _
/j * mg hexose/mg protein/2 hrs;
Plént growth Final Concentration iﬁ},;ﬂl ‘ o
'régu]at'ors (]JH) SO'.:Uble Ce” Nall ‘. \‘;
1y o ‘ . " L .
e V- - 0 3.59 "1-.39 ;a
"o 2.5 3.60 . o kbs «
= 5.0 3.49 -~ 1.4k '
.7 0.0 3.60 1.48
. . . . . ¢
. . o v y
Nﬁ . i ) 0 ) 3.1'5 o I‘i‘i‘ ! .
0.16 " 3.47 145 [,
, | 0.32 3.45 1o b :
BN ., «0.64 3.4 1.38
Kinetin - 3.59 1 - by o
o AR TS 3.56 Y |
©92 . . 3.59 1.0y
% ‘ ’ . = " ) . . *
- ABA - . ] 3.32 l 31
o ' '0.75 3.33 . r,3e '
1.5 3.36 - 1 .35
3.0 ° 3.27 ‘ 1.31_;
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*tp_fresh sucros

,S'MH.(‘), or. 10 uM ( ) GA.

FIGURE, 16

—

4
B o,

Effects of GA on. (a) growth and (b) invertase activities of excised

. e
L * 'tomato roots ~ 4
AY . . . .

-

. : ) ‘. .
- At zero time roots grOf$ur|D 52 sucrose medlum were qransferred

dium (@ 0.5%" sucrose nednum contalnung 2. 5 uM (o)

. -
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FIGURE )7
) ' . ! . ) - o x A
Effects of 6A on' (a) growth and ({b) invertase activities of excised
} tokato rgots
Roots were grown in media containing VarYEng ambuhts'ofoA-fdr 7

days and then thg growth rate and invertase activities of the roots

determined. . ' ' ' At
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C. The effect of NAA on growth and invertase activity ofvexcised tomato

roots

A}

In the studies of the effect of NAA on growth and invertase

-activity roots were grown in'O.SZ sucrose mediUm fur L days prlor to

incubation in fresh 0.5% sucrose medzum containing 0. 16%uM, 0.32 HM.or

&

‘ At
0.64 uM NAA - Both the soluble and cell wall lnvertase actlvltles were %,Q;

found to be lo« =~ but growth was. not appreciably nor conSIStentlyiﬁ’ N
gafﬁected by NAA treatment (Fugures l8a and l8b) Thus these results

lndlcate that a reductlon in |nvertase actlvsty did not neCessarlly

always ‘cause a reduction in growth .
- : . ’ < ' TN

' . . ,'r .

D. The effect of kinetin on growth and invertase actijvity of excused

tomato l'OOtS

oS

v

' To test the effect of kunetun roots were grown in 0.5 or l 5%
,sucrose for 4 days prlor to :ncubatlon in fresh medlum with varaous
amounts of kinetin added No SIgnlficant effect of klnettn on growth -

'\ (
or inﬂértase actnvnty of roots grown in 1.5% sucrose medlum were found
(Figures lSa and l9b) There was an effect of knnetin on 0 52 sucrose-

. grown roots, however. The results (anure 20b) show that while the
) ~ \

cell wall |nvertase actlvuty was ralsed by kinetln, the soluble
_lnvertase actlvlty was unchanged Also the: growth- (Flgure 20a) of roots

was very sllghtly reduced even though the cell wall lnvertaSe actlvity

4 .
4was hlgher.

. T o TR T
A . S o f

E. The effect of ABA on growth and lnvertase actuvlty of eXCIsed tomato -

ZQSOtS U R B LT

. Jo study the effect of ABA, roots were cultured ln 1. 5% sucrose

)
o

2
W



(V3NN

o "~ FIGURE 18.

b

Effects of NAA on (a) growth,anJ/(b) invertase activities of excised
““tomato roots
1
At zerogtlme 4-day- old roots grown in 0O, 5\\sucrose medium were

'transferred to fresh medtum (®) or fresh mednum containing 0. 16 uM (0),

o 32 uM (A), or 0. 6& uM (A) NAA.
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FIGURE 19 -

Effects of kinetin on (a) growth and (b) invertase activities of excised

S tomato roots grown in l 5% sucrose medlum

At zero time_h-day-old roots grown in standard medlum were

transferred to fresh medcum (®) or. fresh med i um contalnnng hé UM (0),

or 92 uM (A) k:netin
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FIGURE 20
_ <}

Effects of kinetin on (a) growth and (b) invertase actlvutnes of excised

tomato roots grown in 0.5% sucrose medium

At zero time #-day-old roots grown in 0.5% sucrose medium weré
transferred to fresh medium (.), or fresh medium containing 46 uM (0) or'

.92 uM (A) kinetin. r

Vo
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T

medlum and on the fourtﬁedgy transferred to fresh medcum with O, ,J'and

|

K ) .
1.5 uM ABA added The jf:ts transferred to medium containing 0“75 M
. 't {‘ N
ABA showed a reduced gr h rate during the flrst day of the transfer
and céased to grow from this po:nt onward (chure Zla) The soluble

and cell wall invertase. actlvutles both decluned after the transfer

-

"(Fugure 21b). “In 1. 5 uM ABA roots eased to grow durung the first
g'\

) day and both- the soluble and cell invertase activities declined

~

= faster than |n the 0. 75 uH ABA treatment. A correlatlon between

|nvertase actnvity and .growth thus appears ‘to exist. ', )

g



 . o o y S : i ;",a,'
s S L . S .

- A FIGURE 21 - = " . :

~ Effects of ABA on (a) growth and (b) invertase activities of excised

s

T

;ﬂl .+ tomato. roots. _ s

i
Y 3

At zero time h-day—old'foots'grown in 1.5% sucrose medium were

' w9'£ansferred to freshlmedium‘(Q), or fresh medium contaihihg 0.75 uM (o),

DT

| -%or 1.5 uM (A) ABA,
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T AL SoTubETization of cell wall invertase

was treated’wlth carbowax 4, 000, Tween 20 Tween 80 Trlton X-100,

. case then alteratuon of the pH of the extractﬂbn mednum af

o L 1o
“ECTION \/ru : ’
Partial Purification and,Characterizatibn of lnvertases

- of Excised Tomato Roots

.
To solublllze the cell wa‘l |nv tase, the cell wall fract on

' J
deo ycholate and borate buffer None of the treatments gas found
Yo

[y

tive in removung s:gnnfucant amounts of invertase from the wall

The |nab|]|ty of the detergents Tween 20 Tween 80 Truton X- 100~and

»

deoxycholate to solublluze the enzyme suggests that ‘the celi wall
actwvnty was . not the result of contamlnation wnth membnane fragments.
$ The effect of the pH of extractlon biffer on the d:strlbutlon of ‘

lnvertase actlv1ty in soiuble and cell wall fractions was studned with

N !
sodlum,phosphate c:trlc\ac1d buffer of’varying pH. , The resultsfﬁiable
]7) show . that the hlgher the pH of the- extractldk buffer the greater
the |nvertase actlvnty necoVered un ‘the soluble fractlon A reasonable

|nterpretat|on of the above results is that fract|on wlth low pH leaves

N
I

a monety of solugﬁe invertase adsorbed to the wall j 1f th;E is the
r extractlon
but before\eentrlfugation should alter the distributlon of Eﬁf'enzyme..g

Table 18 shows that thls is nndeeo the case, tndlcatlng ‘that at least .

some of the cell wall'inVertase was adsorbed,td the walllby fonic:forge. o

B. Purification of soluble‘invertase R e
The doluble fractlon was extracted from 7 day~old roots’ and T

purnfued ‘gth ammonium sulphate Fractidnation and Sephadex G-IOO column



TABLE 16
Effects . of Various Treatments on Solubillzatlon of

— Cel.l Wall ln3§rtase;

g

Invertase ActiQIty

Tféatmeqt : ' _ mg‘hegoséia'fr wt/2 hrs %? % Change o
g Cdntrol" o ': ,‘ 7.8
6% CarboWax‘hOOd . > I 7.8 o l 0 f
10% Carbowax hOQO ¥ | H: R 7.6 | -2
12 IQeen 20 B _ | ‘ ' ‘7.8 B - -0
5% TWeed 20 _“ - s ' ' 7.5 | S ’-uf .
1% Tween 86 : - ‘31- : . j 7.7 ' ‘ E '-l
.-23 Tween 80 : ‘, : f. 7.5 ) \ - f_yj
_o.lz.frigén-x;loo s o h
‘;;9}22-Trlfon x-100 | o -8
'0.5% Deoxycholate - “-v g o _:fgs-'

IZ\Deochholate‘. - ' Q%ﬁ\iuh' o ji" ;5 '
"% SRR . T - _
- T.h o

0.1 M Borate buffer (pH 7.0) :

The cell'wali preﬁaration was centrifuged at 12 000 x g for 10 mlnutes

and the pellet resuspended in borate buffea or. 0 05 M sodium phosphate-

for I hour. . Then the cell Wall was centrifuged at 12, 000 x g for 10

A

"1'minutes, and the pellet washed twice wnth 0.05 M sodnum phOSphate—

‘cltrlc buffer (pH 7. O) The final sedcment was resuspended in. 0 05 M _f

“:sodium phosphate-cltrlc acid buffer (pH 7. 0)

y

cltric acid buffer containsng undlcated amounts of varlous comﬁﬁunds‘ R
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chromatography as described in the 'Methoas'. The‘results of the

el

puriflcation are presented lanablé 19. The soluble |nvertase
actnv:ty was resolved by §thadex G- l00 flltratlon into two peaks

¢ . called |nvertase 1" and |nvertase ] (Flgure 22) The Sephadex G-100
flltratnon also successfully separated the a-glucosndase from the two

invertases. The fractuons contalnnng each enzyme were pooled and used

~.in the later studies:

C. Specificity e S -
~/rf\d- : The specificity of inyertase-l 1l and a- glucosndaSe was tested /”gd\
s l, with sucrose; rafflnose maltose and trehalose: _Results (Table 20)

che r that invertase I and ll attacked sucrose and rafflnos 'but not

e

trehalose and maltose, nnducatlng that they were genulne B-fructo-

Lj‘

furanosndases and attacked only substrates w1th a free B fructo-

furanosyl end. The a-glucosudase attacked sucrose, maltose and

.

. trehalose, all of whlch.possessed a. free a-glucosyl group, but not
o raffinose whlch‘jld not. However,‘ a-glucosndase did not attack A
sucrose maltose, and trehalose at’ the same rate, it was approxlmately
3 5 tlmes more active on maltose than on sucrose. o -,‘ o #ﬁh

.,

b;'Heat stahllity of invertdses
 The heat stabullty of the two lnvertases was examlned by lncubat'
ing the enzymes at varlous temperatures for 12 manutes prlor to the
'_determlnatlon of activity. As. :ndlcated ln Flgure 23 lnvertase II was ¥
v’. stable below 35°C;. at t:mperatures at and above bo°c lt rapldly lost

_ actlvnty. lnvertase ¥ was stable ‘up to 50°C; lt lost its actlvlty

completely after l2 mlnutes lncubataon at 75 C. The cell wall enzyme .‘i ‘

»

f\.'_'ﬁ'- .‘1 el | }"7’ R ;

/
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FIGURE 22

Fractlonatlon of invertase and a-glucosidase on Sephadex G- IOO

2 ml of ammonium sulphate’ enz;me contacning approxumately 50 mg
protein were' Iayered on Sephadex G-100 column (2 5 x 50 cm) - The
column was eluted wnth 0.05 M sodlum phosphate-citrlc acnd buffer. i
PH 7.0. Fractions .of 2”5 ml were collected The protein content,

'invertase acttvnty, and a-glucosudase actlvnty, in each fractlon,

’vwere determuned o -
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FIGURE 23

ey

s

‘Effects of temperature. on the stability of invertase 1, invertase,]l,

and cell wall invertase

""ﬂé lnvertases were |ncubated at vFrlous temperatures ‘or 12 minutes

and thenCnhe actlvutnes determlned%

The reactuon mixtures contalned 290 umoles sqégose, 90 umoles sodnum .

7

phosphate cntrnc acid buFfer, pH 4.8, and treated enzyme preparation in

~

_a Final volume of 2 ml

~ 4

Reactlon mixtures were |ncubated at. 28°C For 2 hours
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‘began to lose its activity ac 45°C aid after 12 hfnutes_at 85°¢ it iosk

its activity completely. s 7 B |
To study the time_course of heat inactivation of invertase,'enzyme
- 'was incubated at SO?C and ‘at intervals alfquots were removed and tested.

Figure 24 shows that ?nveftase Il‘lost its act?vity in.only 6 minutes.

Invertase - lost activity at a rate leWer ‘than that of invertase Il

and at the end of ' 6 mlnutes it still retalned 60% of uts act|v1ty The
’ 3

kinetics of |nactivat|on of invertase | and || were essentlally flrst

order reaction. The |nactivat|on of cell wall lnvertase however,

]

‘-’\:‘)
dev1ated from flrst order klnetlcs. suggestlng that it mnght consnst of

y

‘a mixture. of more than one enzyme.
d »

- E. The effect of pH on actlvnty of |nvertase | and .

\ The effects of pH on tnvertase I and ll was studled wuth sodium -
N\ .

-,phosphate-c1tr|c acnd buffer. The pH curves_of the_two,enzyme were
very similar, both thpH optimum at 4.8 (Figure(ZS),v v ’
. ‘ /fwi_h/ ‘ R ¢ _

F. Effect of sucrose concentration on activity of invertase

~ The effects. of sucrose concentrations from 2O to 100 mM on
T . . \ . .

,yf/}nvertese I and II are shown in Figuces 26 and'27, respectively.' The

Llneweaver-aurk plots for both invertases show/a stranght lune.. The
'apparent Hichaelis constant calculated from the Lnneweaver 8urk plot

. was 15 mM for lnvertase | ‘and 18 mM for. nnvertase ll |
The effect of sucrose concentratlon of cell ‘wall lnvertase was
.L‘also determined (FigJ&e.ZB)a/'The Hichaelus constant estlmated from

the Lineweaver-Burk plot" as 25 mﬂ

i \

AN

L



N N, FIGURE 24

oo Time course of heat ‘inactivation of'invertases

.q
,,./‘ te - I

1nvertases were incubated at 50°C and at 3 munute untervals

allquots were tested for actuvutles.
. .
a0 umoles

- soduum phosphate-cntrlc acnd buffer pH 4. 8 and treated enzyme

The reactuon muxtures contauned 290 umoles sucrose,

Preparation in p‘fnnel ‘volume of 2 ml.

- . Reaction miAturesiwete incubated at 28°C for 2 hours.

-
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FIGURE 25

Effecf of pH on f‘e activity'of_invertase I and invertase 11

P
s

The reaction mixtures contained 290 ﬂmoles sucrose,sSO'umoles?

sodium phosphate citric acid buffer and. enzyme preparatlon (O 05 mg

proteln) in a final volume of 2 m).

Reactien mixtures were incubatgg:gt 28°C for 2 hours.
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FIGURE 26

)’ 2

Effect of sucrose concentration on invertase | actiwity

The reaction mixtures dbntalned 90 umoles sodium phosphate-cltr]c

acid bufFer, pH 4.8, enzyme preparation (0. 05 mg protenn) and varyqu
1 N
arocunts of. sucrose in a flnal volume of 2 ml.

The reaction mixtures were incubatéd.at 28°C for 2 hoqrs.

Coe . ) . ,
Ihset:’LinewéaveF—Burk,plot.bf 1/[sucrose] versus 1/v.

L g
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I - FIGURE 27

s

Effect of sucrose %oncentvg@ibg,pnfthertase It activity

N

‘THe reactiOn'hixtures,Cont%{géd?QO ﬁﬁoles‘sodium phosphate-éltrlc_
acid buffer,- pH 4.8, enzyme preparation (0.05 mg proteln) and varylnq

amounts’ of sucros% in a final volume of 2 ml

The reaction mixtures were‘lncubatedvat 28°C for 2 hours. .

Inset: Lineweaver-Burk plot of 1/[sucrose] versus 1/v. . o -
SO '%i' : a )
» B B ~
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FIGURE 28 &

Effect of sucrose concentration on cell wall invertase activity

The reaction mixtures”contained 90 umolés sodium'phosphaté-citr]c’a
acid buffer, pH 4.8, enzyme preparation (0.1 mg protein) and varying
amounts of sucrose in a final volume of 2 ml.

The reaction mixtures were incubated at 28°C for* 2 hours.

-

Inset: vLineweaQef-Burk plot of 1/[sucrose] versus 1/v.

Cadl
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G. nvlecular weight det»rm'na*lcﬂs

The m;leCUlar Welghts of the two° |nv§rtases and a-glucosnd;se were
estlmated by the method of Andrews (196k) using Sephadex G- 100 column
(2.5 x 50 cm) Serum albumln, ovalbumln, cytochrome c, Y- globulln, and
pancreatic rnbonuclease were used as standards. The elutnon pattern of
these protelns was measured from the optlcal extlnctlon at 280 nm and
‘thebpeaks of |nvertases and a-glucosudase determaned from their
actﬁvytnes. _The molécular weight of invertasé l was estimaied to be
106,000 éndv;ﬁéé of invertase 11 85,000. The a-gluéosidase was

estf%ated as 65,000 (Figure 29).




FIGURE 29
Séphadéx_G—lOO'filtration-of invertases, a-glucosidase and marker

proteins

Samples of invertases, a-glucosidase and marker proteins were

~applied to Sephadex G-IOO'columh and eluted as described in 'Methods"'.

Activities of.invértases and a-glucosidase were assayed. The pos?tiqns
of the marker proteins in the effluent were determined on' the basis of

extinction measurements at apﬁfopriate wave lengths (Andrews, 1964) .

o

S
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There have™been many studles desngned to understand the preféripce
. 5 -i‘
‘of sucrose as carbon source for the growth of excnsed tomato roots.

Although these studnes h yet to produce a sat:sfactory answer,'they
-“have shown that the |Qé;?j21y of the roots ‘to grow wel] in glucose and
fructose is naot due to a deflcnency in the absorptlon (Weston, 1967) or .
metabollsm (Horgan and. Street. l959, Thomas et aZ., 1963) of these
sugars. Thomas and Weir (1967) c ncluded that tomatouroots requnre a.
critical level of sucrose in’ their mernstem, for a SPelelC physiologi-
cal process Sucrose has andeed been reported to be |nvolved in the
dufferentlatuon of vascular tlssue (Roberts, l969 Wetmore and Rier,
1963; Jeffs and Northcote. 1967) and also to affect chloroplast
formatlon (Edelman and Hanson, 197l Edelman and Hanson 1972). af
sucrose is requlred by the roots for a morphooenetlc process. exclsed'
tomato roots could either absorb it from the me'dium or synthesuze lt
;themselves. Thomas and Weir (l967) PrOposed that the crntucal level of
‘sucrose requlred is established and malntalned only by the provnsnon of .
_exogenous sucrose. Their hypothesns thus |nfers the absorptnon of
undegraded sucrose and the lnablllty of roots to synthesize suffucnent
quantltles of sucrose. | |
-The mechanism of . sucrose absorptnon by hlgher plants vg{les with
- the tissues, e. g bean endocarp (Sacher, 1966), tobacco leaves (Porter
and May. 1955), and Chstor bean endosperm (Kruedemann and Beevers, 1967)
"iabsorb sucrOSe intact, whereas the absorptuon of sucrose by suqar cane:

tissues requl res prlor hydrolyscs (Hatch and Glasznou. l963, ‘Bowen and

*
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Hunter; 1972). ‘Experiments in Section | showed taat ﬁhen C fruciosyl-

sucrose was fed to excised tomato roots, almost all Jhe sucrose recover-

ed in the roots retained an. asymmetrncal labelltng pattern. Further.'
the presence of large quantltues of glucose or fructose during the
feedlng of !“c-u- sucrose did not alter the unlform labelling pattern of .

sucrose |n the roots. These data clearly lnducate that pruor hydrolysis

. Was not essential, and that sucrose was absorbed nntact by exc1sed

tomato roots. The results of the absorptnon expe l ts. therefore, are

in favor of the hypothes:s of Thomas and Weir (1967)
I

~

The vallduty of the hypothesug was further exanined by studylng ‘the -

two enzymes nnvolved in sucrose synthesis, vzz. sucrose synthetase and

sucrose phosphate synthetase. These two,enzymes were detected only ln

3

’ glucose—grown but nat in sucrose-grown roots (Section ll)‘ Thus. the

: synthesus of sucrose synthetase and sucrose phosphate synthetase appears

-

to be sumllar to many repressnble enzymes, e.g. tryptophan synthetase

(Monod and Cohen Bazare, 1953), asparagune synthetase (Ravel et al.,

' l962), and glutamlne synthetase (DeHars. 1958) which are repressed by the

presence of hlgh concentratlons of product. Tre demonstratlon of’ sucrose

synthetase and sucrose phosphate synthetase in glucose-grown roots

appears to contradict the hypothesns of Thomas and Uenr (l°67) However.“

thls,contradlctnon ‘can be reconculed by: (1) the possublllty that'the

-~

lrate of sucrose synthesns by the glucose-grown roots is not fast enough

[

'to bulld up sufflcnent amount of sucrose requlred in the morphogenetlc

process, or (2) the synthesuzed and the absorbed sucrose are located in

~
'dnfferent pools and that only the latter ls accesslble to the morpho-
genetlc process. The detectuon of sucrose synthe tase and sucrose

‘i phosphate synthetase activutnes ln glucose—groun roots. although not

- 2

-

/’\.:)““"‘ . . . . o ..
- X . B - - \ ) . . , .
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-concluslvely rulirg out the hvporhesls of Thomas and Nelr, never*he'°SS

suggests that it is |nadequate. . T ; v . :
. <t . . , : ) : h

There is a sumilarlty between the preference ‘of sucrose over glucose R
N

- and fructose and that of'nltrate over ammonium lons by excnsed tomato’

'roots. Hogh growth rates of excised- tongxo roots are obtauned wath

nitrate. (Sheat et aZ .. .1959) %however, when nitrate is replaced by.

ammonium ions at an equivalent nitrogen concentratlon, the growth IS

much nnferlor (RobBlns and Schmudt 1938) Lt has been observed that

"the presence of large amounts of ammon i um lons tended to lnduce a

‘ deflcaency of other catlons, e.g. calc1um; potassnum, and magnesnum in
many plant tissues (Iwanova, l934 Sideris and Young, lshh) An
explanation for. the superlor growth supportnng ablllty of natrate is
that lts utlllzatton could allow excised, tomato roots “to regulate

nitrogen metabollsm and also avond bUlldan up excess amounts of

. l'):-..

_"ammonlum,lons whnc ?re harmful to the roots.. In a very sumnlar way

,{gg o : . iy
excused toma&d@%@p%} prefer sycrose to glucose and fructose, whnch are

e

e
o

|ntermed|ates'%¥; ”$§pse utilization. . Lf glucose or fruéfose .are in

any way . de;rlmental to exclsed tomé?o roots, and there is evndence that
"thls is so (Weston, l973) then, if there IS a mechanlsm reoulatlng the
‘productlon of glucose and fructose from ‘'sucrose,. these detrnmental
effects may be avolded by culturi- wots'ln sucrose.. Thas would then

account for the'preference‘for'sucrc;e. This infers a relationship

. ¢

between growth and the enzymes nnvolved in sucrose utnlizatlon Several
venzymes vtz. sucrose synthetase. sucrOSe phosphorylase a-glucosldase,

' 'and lnvertase e known to play a potential role in sucrose degradatlbn.
i these enzymes in exclsed tomato roats were thus studled.
The reactlon catalyzed by sucrose synthetase is reversnble and

+

*~



and Prabhu (1960) and Pa
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although the equilibrium constant in the direction of synthesis was =

“calculated to be between~l.6 and 8, which is in favor of synthesis,

(Cardini“et al., 1955), the enzyme is believed to imvolve sucrose ./2;r_
utilization (Hawker, 1971; Grimes et al., 1970). Its absence in ™~
excised tomato roots grown in sucrose medlum (Sectlon Il A), however,

.|ndlcates that it is not umportant in sucrose utlluzatlon of these roots

Sucrose phosphorylase was also not detected in excised tomato ‘roots
(Sectlon 1, ). Sucrose phosphorylase has been Found maanly in

‘:‘

bacterna (Doudoroff et aZ., 1943; Kagan et al., 1942; Doudoroff et aZ.;
1949)‘and reports on its pr ence in hlgher plants are scarce. Shukla
a and Ramakrlshnah (1956) reported its

presence in sugar cane tissues However, attempts by Hatch et al. (1963)

to reproduce thecr results were - unsuccessful, and Hassnd and Doudoroff

' (1950) and - anbs (1259) were unable to detect it in a number of plant
: tlssues. 'ln view of these results it IS unlukely that this enzyme ls

»|mportant in sucrose utlllzatnon of hugher plants.

Sucnose is hydrblyzed by two enzymes, nnvertase and a-glucosndase..

The former attacks sucrose from the B~ fructosyl end and the latter from

the a—glucosyl end. - In excised tomato roots, the cell wall possesses

only |nvertase actnvnty. whereas the cytOpIasm pe- “esses both lnvertase
C

and a—glucos:dase activities (Table 8) The soluble ‘enzyme fraction -

"attacked sucrose at a rate of 8.57 um s sucrose hydrolyzed/mq proteln/

2 hours, and maltose at 0 95 umole/mg proteln/Z hours (Taqle 8)
a-gluc051dase was approxlmately 3. S tlmes more active on maltose than on.

sucrose (Table 20) only three to four percent of the sucrose hydrolysls

\\actuvnty of the solu&ﬂe fractlon was‘accounted for by a-glucosldase

activity. Thus, lt is consldered ‘that for sucrose utlllzatlon ln exclsed

'
)




"seven. Thus in the 0 to 15 mm segment studned, no cells were older than

~139

tomato roots, invertase is a far more important cnzyme than a-glucosldase
As cells of different stages of development are spatially separated

along the root axls,.the correlation of growth and invertase actlvuty

of excised tomato roots was studied by examining the dlstrlbutlon of

invertase activities along the root axis. A peak of cell,wall invertase

activity was found associated with the regiondof cell elongatlon (Figure

9), suggestlng that growth and |nvertase actlvlty ‘are related A

. cdrrelatlon between growth and soluble invertase actnvlty from the

merlstem to the zone of?elongatlon was also observed'(Figure 9)

However, the hugh soluble: |nvertase actIV|ty dld not decline after the

'cells ceased to. grow The lack of correlatlon between grgwth and soluble

tnvertase in the regnon where the cells’ceased to grow may’ be accounted

for as follows.‘ The experlments wlth cyclohexumlde (Fiqure lO) showed

"that tomato root lnvertase ‘was broken donq:;nly_slowly; ‘it had a half-.

time‘of degradatlon of b8 hours}= On the otNer hand, the roots grew:

’relatlvely\rapldly approxlmately 30 mm per day between day five and

¢

5

12 hours and dueoto the longfhalf-tlme,of degradatlon of |nvertase no .

¥

The growth rate and levels of |nvertases ln exclsed tomato roots

‘ twere a* fected by the source of carbon. RootS'grown ln sucrose had a

1

- . —~

{ appreclable.decllne could be observed. Thls belng the case, the questlon,”

now arlses as to how the cell wall actlvlty fell as rapndly as sq dld «9@?
It is proposed that thls was caused by the movement of part of it into

“the cytoplasm, a phenomenon observed by Vaughan ahd MacDonald (196}4'q

‘and Copplng and Street (l972), thus contrubutnng to the mauntenang“ of
the hlgh actlvlty of the: soluble fractlon. ' : - - o A_ : :. hp/

~much nugher growth rate and lnvertase activities than those grown in e
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gluc&seréfructose or rafflnose (Tablz 11}, When the roots werte grown
%

an sucrose the growth rate and invertase actlv1ty were related to the

‘ sucrose concentration (Table 13). At 1.5% sucrose, high growth rate'

'were related;

.

and invertase actlvltles were obtained --As the sucrose concentratlon
declined, the growth rate and lnvertase actrvutles also decllned These

experlments |nd|cated therefore, that lnvertase actuvntles and growth

Invertase synthesns in yeast and sugar cane has been found to be

;repressed by hexoses (Dodyk and Rothesteln, 196h) ‘ However, tomato

>

'roots grown. in sucrose meduum supplemented wuth glucose had slightly

"

higher invertase actlvntles than roots grown in the same concentration

. of ‘sucrose alone (Table 12), |nd|cat|ng that g]ucose did not repress

'anvertase synthesus in exclsed tomato roots.~'lnvall likelihood,

AR

nnyertase synthesﬁs is probably regulated by dlfferent mechanlsm ih

'different'plant tissues. Thus, Coppnng_and Street (1972) observed that

!

|n sycamore cells |nvertase actuvutaes were the same |rrespectlve of

l"-

whether,sucrose or glucose uas USed as carbon source. Also, the

S
P

‘development of aCId lnvertase a;tlvnty ln both tlssue cultures and dlsks

.

- of stora e ti sue of carrot was not reduced by exogenous hexose (r. cardo
9 7"

et ali, 1972). L

‘}"“, . . .

¥ X . g . . .
.[1: "-w «

The close correlatngn between growth and lnvertase suggests that

'fone may be - regula;ed by the other.’ Although both growth and lnvertase

gﬁactlvutnes were affected when roots were transferred from one sucrose

-concentratlon to another, the change ln Invertase actlvnties preceded

'ythecchange in growth rate (Sectnon-v H) - The results suggest that

’ /‘;/'V. )71‘,’/.

v

Zsucrose first exerted its effect on 0nvertase and that the effect of

sucrose on growth was posslbly medlated through lnvertase. The .

-y
VL
/,')/—-.Q"

bl .2 . v . . ’ ,':""‘ R - P ‘» . . Do
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Suggest:on that invertase actuv:tnes were the primary eFFect of sucrose
was also supported by the results of nncubatlng the- roots at low
teméerature. Hhen roots were |ncubated at S C the growth rate was -

drastically reduced (Table lk) but the lnvertase actuvutles of these
roots were, found to be s:mllar to roq}s grown im'the ‘same sucrose

-

_concentration but |ncubated at 28° Thus in excused tomato roots. the
presence" of an optlmum amount of sucrose is a crltntal factor for hlgh

nnvertase activitnesi The |nduet|on of enzyme synthesus by its Substrate

¢

has been demonstrated for many’ enzymes, e. g B-galactosudase of E. coZz
(Jacob and Honod l°6l), nltrate reductase in high plants (HeW:tt et aZi.
1967; lngle. 1966). thymidine klnase in wheat embryos (Stern, 1066)

sucrose is the substrate of |nvertase lt appears that the ancrease in

f

invertase activity can be ascrlbed to inductnon by. sucrose. Recently.'

.

sucrose was also found to increase the |nverta5e Ievels of Avena unter-'
' node (Kaufman et al. 19739 However, raffunose which is also a

substrate of»invertase (Table 20);failed to increase the invertase

activutles. There is a possubulaty that rafflnose IS not absorbed readlly
4 .

: by t%?ato roots. as raffnnose supported only a very iow level of growth

(Table 11) _and resplratlon (Horgan and Street 1959) Horeover it is

. ~

/
_partially degraded by cell wall invertase (Straus. 1962) and may not be*
. T
absorbed intact. Thus the failure of rafflnqse to induce the productlon ég_
of invertase may not be evudence aga1nst the controi of |nvertase“1evels

‘ by substrate induction.
It has been reported that - the growth rate of CXCIsed tomato roots

in a Iow sucrose concentration (0 5%) couid be ralsed by the addltion of
A'»\(

appropriate amounts of GA (Butcher and Street. 1960), or NAA (Neston and

: Street. l968b) As plant growth reouiatgrs have been known to affect the

» ’
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.-production'of invertase in many plant tissue; (Cherry, 1958:deelman

'w"and Hall, 196b Sacher et aZ ; 1963; Seitz and Lang, 1968; .Kaufman.et

»

al., 1968) it is possuble that the regulators first exert their. effects
on lnvertase productlon which in turn affects. growth rates. ln this
study when the roots were treated with ABA a clear correlatlon between

growth and ‘invertase actuvntles was observed (Sectnon Vi, E)._~A less

i
R

'obyious correlatlon was obtained with GA.treatment (Sectlon Vi, B).

However, no correlation between growth and invertase activities was

found wheq_roots were treated with NAA and kinetin. Plant growth .

"v‘regulators are capable of |nfluenc1ng a varlety of aspects .of growth

e g- auxins. have been found to lncrease the elastlclty and plastnclty oF
the ce?l .wall (Burstrom et al. 1970), enhance cytoplasmic streamnng
(Jackson, 1960), affect the permeabullty of the plasma membrane

(Cocklng, 1961); kinetin has: been reported to affect mltosns (Guttman.

1956 Torrey, 1961), and cell enlargement (Miller, .1956; Scott and

..

leerman, 1956) NAA, GA ABA ‘and benzyladenlne were found to enhance
the ageung of roots cultur .lnn l% sucrose medium (Neston, 1973) As

the effect of growth: regulat rs on growth is multiple, thelr effect on

|nvertase and growth
The promotlon of growth by GA and NAA reported by Butcher and
Street (l960) ~and Weston and Street (l968b) ‘was not oheerved in this

study._ Instead a sllght reductlon of growth was obtalned with GA

- treatment, and no’ sugnlflcant effect was observed wlth NAA. - Charles.

;(1959) found that. roots from dlfferent geographlcal stralns of Saneczo

-

'vngarzs differed markedly ln thelr growth rate in 2 standard auxln-free

med i um. In addltron, he . showed that all of them could be ralsed to a v

: other aspects of growth could concetVably dlsturb the correlatlon between‘

4
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-imllar and vef% high level of growtu by addang approp..ate amounts of
' 2-naphtH6xyacetic acld. i&pwly growlng stralns requnred more 2-naphtho-
xyacetic acld than fast growing strauns. indicating that roots of
dlfferent clones could possess different amounts of endogenous hormone.
_Although Sutton‘s 'Best of All' variety was used in thls study and those

of Butcher and Street and Heston and Street, the roots in this study

‘ _were of a different clone. The variation in results was. therefore,

probably due in part at Ieast, to thlS fact. The main axis of the foots
. 1

used in this study increased approxnmately by iOO mm in 7 days whereas
‘those of Butcher . and Street (1960) and Veston and Street (1968b)
increased by only approxnmately 30 mm. The vast dufference in growth
- rate strongly andicates that for the roots used in this study 0.52
sucrose did not represent a markedly sub-optlmal meduum* ‘thus growth
lregulators did not enhance growth |
The consistent gdg;élatlon between invertase aCtIVItIeS and qrowth
Qobserved in many experuments ln thus cnvestlgatlon supports the
contentlon ‘that f“Vertase has a role in growth As the ‘unction'of_
: invertase is to hydrolyze sucrose. into glucose and fructose. “its role -
ln ;ﬁdﬁth might thus be. controllung the levels of these hexoses ln the )

roots.m The detrihental effect on growth of accumulation of glucose is

well knoun for many animal tlssues (Dickens et aZ.. l°68) Therefore.

'the glucose concentration is properly malntanned by an elaborate system o

(Dickens et aZ., 1968).. . Recently. Heston (l973l reported a speclfic
effect of glucose on excised tomato roots.‘ He observed that pre-treat‘

ing the roots with glucose .markedly enhanced agenno of the roots on

subsequent sub-culture in sucrose medlum ‘a8 compared to pre- treatlng roots B

with sucrose or fructose. There is “no data on how fructose may affect

5

& .

a
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the metabolism of excised- tov*to roots«§<g8w°vc " the. "°ry ‘poor growtr
rate of roots in fructose aﬁﬁngucose suggests that hagh concentratnons
of hexoses are deleterious to growth. However, the results of growth
experlments :n a maxture of sucrose and glucose (Table lZ) tend to
dlsagree with this suggestion. It has been reported that sucrose

reduced the absorptlon of glucose (Weston, l97 from the mlxture of’ the '

two. Thus, . possnbly due to the |nh|bvtlon of gluc/’e absorptnon by
sucrose, the roots grown in a mlxture of sucrose .an glucose.mlght not
accumulate glucose to a harmful concentratlon and '
lmpalr the growth,of the roots,'
In other studies in which aicorrelation between
and growth wasszund, several specific functlons of |nvertase were
proposed Hatch et al. (1963) and Bowen and Hunter (1972) have produced 2
‘-eVIdence that the inversion of. sucrose in the free space was essentlal
for sugar absorption. However, Neston and Street (l968a) observed that
the alteratlon of ‘external pH, while drastlcally altering the levels of
glucose and fructose appearcng in‘the medlum, dld not affect sucrose
absorptlon.' ln the present study, it was found th~t ‘sucrose was absorbed
llntact (Sectlon I) Thus it s belleved that, unlike sugar cane.
. excised tomato roots do not have to rely on invertase for sucrose ‘
| absorptlon. Hq’iebust and Forward (1962) proposed that by the lnverslon ]
~of sucrose, |nvertase could be lnvolved in maintann:ng the osmotlc
pressure of the cell sap durnng growth Whlle ‘the soluble lnvertase
)
. could have such a functlon, the cell wall lnvertase, due to Its locatl n,‘
clearly could ‘not play such a roJe. lndeed the actlon of ‘the cell wall

enzyme on apparent free space sucrose would tend to reduce the water

potentlal ln that reglon and thus reduce growth Posslbly the cell wall

4
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'lnvertase may be*nnvolved In provld‘nq 5ubstrates for the b? csyn*hosus

-

of the cell wall “In the synthesns of the cell wall the pectins and

‘hemlcellulosic polysaccharldes are belaeved to be synthesnzed w in the

membrane complex f the Golgi body and its assocvlate? vesncles%rrls

and Northcote, l97l) The ;elLulose mlcroflbrlls are probably

synthesized at the plasmalemma (Northcote, 1969) T:erefore, the cell
wall and cell wall lnvertase are not, llkely to be essent:al in the

~

synthesls of cell wahl materials. Thus the role of lnvertases |h
exctsed tomato roots could-hot'be satlsfacto , or adequately accounted
for by the functlons suggested It is proposedlthat the role of
|nvertases of excised tomato roots is to regulate the flow of carbo-
,hydrates for blosyntheSIs and resplratcon This role could be performed

\by bqth the lnvertase ln the bcell wall and in the cytoplasm The’

' ,lmportance of |nvertase lles |n the fact that a prOper flow of carbo-~ -

, hydrates could. en5ure an adequate 5upply of substrates for bnosynthesus

- .~ and respiration, and prevent bullding up lntermedlates that mnght umpalr

‘growth;

| Approxlmately 202 of the total |nvertase act:vaty of . exclsed tomato‘
‘roots was conslstently found in the cell wall. Hawker (1969) found
that carbowax hOOO Tween 20 and borate buffer released the wall- bound B
~lnvertase of-grepes and concluded that cell wall lnvertase of grape was
an artlfact of extractlon. The same treatments. however, had no effect
on the cell wall lnvertase of eXblsfg tomatb roots (Table l6) Thus the
cell wall lnvertase of tomato rootJ cannot be due to an artafact of
extractlon. The lnvertase in the wall could conce:vably be bound to
membrane lmbedded ln the cell wallv ,To test ‘this’ possibulnty the cell,f

'wall fractlon was treated wlth Trlton X-lOO and deoxycholate ,Trlton :
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Boll, 1970). ,The lonlc,detergent;deOXycholate‘is‘alspaﬂs‘;‘extenSIvely

to solubllnze cell membranes (Matlle et al., 1967; Munoz et al., l970)
No sngnlflcant amount of - invertase cog;g be released rOm the wall by
these two detergents (Table |6) |nd|cat|ng that the ceN wall nnvertase
of excvsed tomato roots was not the result of nhe presence of membrane-

bound invertase.

Rlcardo and Ap Rees (1970) showed ‘that the distribution of acid

'lnvertase act|V|ty in homogenates of aged carrot disks depended on the :

pH of the extractlon medlum. A snmllar result was obtalned in the

'present study. However, the effect of pH was found to be less |nv i

'»tOmato roots than that observed wuth carrot dlSkS (Table l7) The

release of some invertase from the wall: by hnoh pH shows that at least
N

‘some lnvertase was observed in the wall by |onlc forces. However. no

pH that has been used could remove all the lnvertase from the cell

wall nndncatnng that in addutuon to ionic forces other forces are

lnvolved in bnndlng the lnvertase to the wall.
The partual purlfucatnon of the soluble fractnon by ammonuum '
sulphate fractlonation and Sephadex G-100 gel fultratlon resolved two.

|nvertase lsozymes. The two nnvertase |sozymes attack sucrose and

. ”rafflnose, but not maltose and trehalose (Table 20), lndlcatlng that
Vthey are ‘genuine B fructofuranosldase. These two invertase lsozymes
' both had optlmum activity at pH 4.8 and thus are acld lnvertases. The

..Km values for sucrose for these two isozymes were qulte slmllar. 15 my

for lnvertasevl and 18 mM for invertase Il..,These values were_hlgher
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- than those .of thc‘two.isqiymes of maize endosperm (2 mM and 10. 5 mM,

Jaynes and Nelson; 1971). ‘However, they were lower than the 26 mM and

I

25 mM repufted for yeast external (Gascon et al., l968) and nnternal

. (Gascon and Fampen, 1968) lnvertases respectively. Invertase I, wuth

a molecular welght of 106, 000 was smaller Lhan the external (H.W.
270, 000 Gascon et aZ., 1968) and internal (l35,000, Gascon and‘Lehben,’
. 1968) lnvertases of yeast, and was sllghtly larger than the invertase
of bgiley root (H V 92, 000 Neville, 1972) - The molecular welght of
lnvertase ll of 85,000 was small%r than that of the - external and
internal invertases of yeast butv;s close to that of the lnverteses
‘.of barley root. The tomato root unvertase nsovymes could best‘be
dnstinguished by thecr thermostablllty :lnvertase | remained'steble at
temperatures up to 50°C, whereas lnvertJ:;\}h was stable only up to

35°C. The half-time of degradatnon at 50°c fgr invertase | was

approxlmately 12 minutes and that for unvertase 18 was only approxl-

. [

mately one mlnute. In thlS -respect, the two isozymes are snmnlar to the
heat'stable heavy and heat- labule llght lnvertase of Neurospora crassa
(Hetzenberg, 196h) I | | o |
Based on the results ln this |nvest|gat|on a scheme is presented ;-'
to lllustrate the relatlonshlp between the ‘sugars, plant growth
regulators, lnvertase activities and growth of excised tomato roous
(Page 168) As deplcted in the scheme | sucrose is eather absorbed
lntact or in lesser extent hydrolyzed by the |nvertase in the cell wall ‘ﬂ'”
and then absorbed The gzsorbed sugars could remaln in the cytoplasm
or move |nto the vacuoles. It ls sheculated that . unvertase is present

‘. in both cytoplasmic and storage comparzgents and that |nvertase in these

two compdrtments is of . dnfferent specves, lnvertase 1 "in the cytoplasm .
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f’sucrose is belleved jo

” Concludlng remarks

and invertase Il in the vacuolcs. Afthough efforis 1o char cterite

the cell wall invertase were not successful it is sugaested that cell;
wall Invertase derlves from soluble invertases and:thus likelsolubleﬁ,
Jnyertases consists of'two specles. Invertase activity in excised
tomato roots is inducedlby sucrose (Sectibn V). However, as roots p
grown in the absence of sucrose stlll possess a conslderable amount of

inuertase activity'lt is proposed that the excised tomato roots have

two inVertase synthesis systems~'one of them is IndUClble -and -the other

ls’constltutive._ The lnduc1ble system is regulated by .sucrose, and

some plant growth regulators, e. g. ABA and GA The glucose and

-

'nfructose formed by the actlon of |nvertase serve as substrates for‘

‘*\

'resplratlon and blosyntheSls. The conversion of sucrose ifito g]ucose and

fructose in the vacuoles should increase the OSmOth pressure and lead

.,

to cell expansqon. nlnladdltnon to ltsneffect on |nvertase synthesis,
o \!

ﬁﬁuce morphogenesns. As a consequence, a demand.

W

for hexoses whlch ar e required to furnlsh the energy and btosynthetlc f

-,ar‘

'substrates HOr the morphogenesns, is’ créated. The dual actlon of

.‘,\A',"

.sucrose.on~morphogenesis and nnv&rtase synthesns thus prevents the

l;xels of hexoses from bucldnng up too high., Powever. lf hexoses are
.

supplied ‘to the roots dnrectly. the action of sucrose’ and nnvertase is’

-be -passed, and the. accumulatlon of hngh concentratlons of hexoses would .

then |mpalr the growth of the roots.~

In thls study a hypothesns ns put forward that regulatnon of

'}vcarbohydrate metabolusm by nnvertase is lmportant _to the growth of the

'exclsed tomato roots.  The results of _the present woré?appear to

;



| S s
- SUppPOIY h s, but, obvuously Mo uork is requ. red to substantlate or
refute this hypothesus. & ' "' S - T
It would be useful |f a method could be found to speclfucally
alter the |m;ertase levels and then observe the effect on growth. ro
lnhlblt the invertase with |nh|b|tors is .one way to alter the T,
lnvertase actlvnty - Metal ions,; e. g. Hg, Ag, Cu, Pb, have been fourid.
' to inhibit yeast lnyertase (Hyrback 1960) . However, these |ons also
. affect the actnvuty of many other enzymes (Dlen and Hebb l 67) and
the use of them would not pinpoint the role of lnvertase ln growth by
SpElelC unvertase |nh|b|tors have been found |n potato (Pressey, l967)

L Q

red beet, sugar beet and sweet potato (Pressey, 1968), they are proteln‘

t
[}

moleculesvff_]

membrane; IF thes lnhnbutors also nnhlbut tomato root invertase they ;'
would allow the determlnatlon of the effect of the cell wall nnvertasevv

s on growt§a$.80wen and Hunter (1972); were successful in- obtalnlng a
g ey

rabbteégntfflnvertase serum and used'nt to block sucrose transport into

hac iy

«(A

Vi v A

. suga@ycane tissue by nnactlvatlng thﬁ cell wall invertase. Thus the

rabblt ang -lnvertase seruin mgght be an effectlve tool to Study the

function/of cell wall |nvertase of exelsed tomato roots. ‘To study the

s

R rdle of soluble invertase would requgre SpeCIflc unhlbntors of Small

molecular wenght wh|ch could enter the tomato roots cells freely. No

v

such SpeCIflc |nh|b|tors are’ known at*Bresent. A search for these

specuflc nnhabutors vould be rewarding slnce it mnght lead to an under-

standlng of the role of<solublg |nvertase.,f§“ﬁf'f~. 1"_ -
R : The ln rtase'bf exclsed tomato YOOtS\IS apprently Jnduclble by

“ « e - -

substrate. If a substrate of. the enzyme, other\than sucrose, that

v " \7\

. could penetrate readlly lnto the cell, could be found then lt could be
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uSed to study its affest on\lnvertase synthesis and growth 'Although _ .

1

sucrose could ratse the :nvertase levels, the fact tgat the roots

stlll possessed a consaderable amount of nnvertase attuvlty in the

absence of sucrose (Table 11) and that two |nvertase isozymes were
I

'found (Flgure 22) suggeq{Zd that one of them may be synthesuzed

constituttvely and the other |nduced by sucrose Thus suggestlon could

be. tested by purlfy:ng the soluble |nvertases of roots grown in glucose :

or fructose. If only one type of lnvertase was found in glucose or

.

_fructose grown roots then thls is evidence for the contentlon that the

,syntheSIs of orie of the enzymes depends on the presence of sucrose. If

S

the 1evel of one of the two ﬁnvertases is related to the SUC(\%?

P

hcon@entratlon, this would show that the degree of |nduct|on is related
o @ . .

ta sucrose concentration.

B

v

Duc to the inablllty to release the cell wall lnvertase.from the
‘ wall. this enzyme was, not purnfned Rrobably the cell wall invertase"
'falso consnsts of two spgcnes. If a way could be found to release the
enzyme from the wall then the purlflcatlon and characterlzatlon of the

cell wall enzyme should add nnformatlon to the bnosynthetlc relatlon-»

'shlp of the soluble and cell wall invertases of excnséd tomato: roots.

REEY

B2
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