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;t":; :zea mays L. var Dek-aib 805) see<iiings were grown in culture solutions

lrr*tainj.ng two levels of sulphur - 155.2 uM S (S) and 6.0 uM S (-S). High levels of amide

N {0.5 - l.ZVo dry wt.basis) accumulated in the (-S) plants. The accumulating amide was

ascaragine. Only nace amounts of amide-N (.tli%)were found in the (+S) plants' In

ccnirast to the amide trend the glucose level in {+S) piants was very high (3.98%)

:r-.:::pared to the trace quantities which were found in the (-S) plants. Thus, there is an

irrve:rse relationship between glucose and amides. Exogenous supply of glucose to

suiphur <ietlcient (-S) plants resulted in an increase (88%) in tissue giucose level and this

in;rease was accompanied by a decrease (43%) of an-lide-N levels in the (-S) plants. Aiso

:itneliorariorr of S stress resulted in an increase in tissue glucr:se level and a <iecrease in

-:.::::;ie.:'.i level. Artificial imposition of S stress on sulphu riequate (+S) plants led to a

rii*I: i33.v%) in glucose level and a concomitant upsulge rn amide-N, level, (170%). The

l:x:ve results although clear-ouL do not constitute an unequivocal evidence for a cause

, *:lf.:,:i reiationship between glucose and asparagine. However, they suggest very

slrongiy that giucose may be functioning as an inhibitor of asparagine synthesis possibly

rhrough regulation of asparagine tynthetase activiry'

Ecltroduciion

S,{any workers using a number of different species have found evidence of a profound

disturbance of nitrogen metabolism in plants grown ilndci conditions of insufficient supply

*f sulphur. The accumulation of either or both ol ihe amides. asparagine and glutamine, arld

ci certain free amino acids. especially arginine. have lxerr reported (Rendig and McComb,

1959: Coleman, 195?; Steward et al.. 1959; Adams iu:s Sheard. 1965: anri Hanower and

Ilizozowska, 1964). An investrgation by Rendig and McC*mb {i961i indicated that while

asparagine accumulated in S-deficient alfatfa, there was aimast a complete absence of

gtucose in these sulphurstresserlplants. Freliminary studie :: witlt conl plants inourlaboratory

indicated similar effects.
The purpose of this study w&s to define the pnysiological role of S with particular

reference to ils interrelationships with amides antl glucose in plant tissues.
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Materials and Methods

Corn seedlings (Zea rnoys L. var Dekalb 805) were grown as previously described
(Rendig et al. 1976). The chemical composition of the cultul solurion has been given in aprevious report (Oputa et al 1990). In one experiment, the seedlings were grown for ten days
in culture solutions supplied with adequate sulphur (156.2 uM S) 

"or 
in solutions in which no

sulphur was added. The shoots were analysed for amide-N, p.ot"ir-tt, tota.l-s, se-s, and
organic-S. The reducing sugar, glucose" and total reducing *ug.u were also determined.

In another experiment, two sulphur levels were empliyed: 156.2 ulvl S designated
(+S) and 15.62 uM S designated (-S). corn seedlings *r"* goo*, in these solutions for 10
days and then some (+S) piants were transferred inio the rr"ipi,u, dehcient solurion. At the
same time, some (-S) plarlts were transferred into sulphur ad"qrut* solution, some {+S) an6
(-S) plants were lcft in their respective culture solutions tc serve a; controls. Befor* the
transfers qrere made, shrnt sampies of {+S) and (-S) plan8 were collected for the determi-
nation of initial leve ls ii amide-N, giucose and S fractrons. The experimeni was terminated
6 days after the Eansfer wersmade. The shrJor samples of all the neatmen*: (+s), (-S) (+s-
- - S) and (-S-- +S) werc analysed for amide-N, gluiose, totai-S, SC.-S and organic-S. Ttris
procedure made possibie the rnonitoring of changes in these chemicai fractioris in response
to sulphur suppiy.

The last set of experiments were designed to test if glucose introduced inro sulphur
deficient plants would affect the concentration of amide-N i"n the tissue. The corn seediings
were grown in (-S) cu-lture solution (15.62 uM S.) Untii they were just showing sulphir
deficiency symptoms (faintchlorosis). Theplants were then transferrgdintosulphuideflcient
culture solution with or without glucose. The glucose concen[ations emptoyed werc .02Va,l'0%,3'o% and4-\vo (wI/). Plants not suppfea with glucose served as controls. Nutrient
solEtisls were renewed every 12 hcErrs to miimise the iuild up of bacterial population. The
duration of glucose 

leedils was 3 days. In order to check whether glucose could exert its
effect throughalteratim of osmotic pressure of solutions, some (-S) piants were fed with 3Zo(WV) carbowax while others, the conhal, were not.

Chemical Analysis

Amide plus ammonia nitrogen was determined by an adaptation of the method of
hrcher et at (1935)- Asparagine was identified by paper cirromatoiraphy as described in an- earlier report (Rendig et al. 1976). SO.-S was determined by thJmethod of Johnson and
Nishita (1952) and total-S by the same method after ashing uy ttre proceoure of Steinberg et
al' ( 1962). Organic-S wasdetermined by difference. For thedeterminationof reducing sufrrs
the procedure outlined in the Association of Official Agricultural Chemists (AOACI( 1960)
for the extraction. clarification with ion cxchange resigris, and Somogyi micro copper method
werc followed. Glucosc was dctermined also by the AOAC (1960) pnrc,tui. involving
enzymatic oxidation of glucose to gluconic acid by glucose preparation (',Dce-o,').

Results

Amide-N and Glucose

Figure I indicates that glucosc was almost abseut in thc shrxtts ol (-S) plants i1 which
amide-N level was high (.73(/a drv wt.) and rhat i+51 plants containing high anrourrl:; r-ri
glucosc (3.98% dry wt.) had vcri low levcls of amrOe_* (.077o dry wt.).
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A comparison of (+S), control and (+S -- S) treatments in figure 2 shows that rhe
impositiot of S stress for 6 days led to a decrease (53.9?o) in gltrcose content wilh a
cmcunitant increase (l7O%) in amide level. Recovery from xr.i, was characterised by
2l%ircrtas;einglucose level which was accompniedbya50To decreaseinamidelevel. This
fact is borne out by a cornparison of (-S) and (.S +S) treatments.

In s{eficient corn plants, the accumulating amide, as identified hy ehromarogra-
phy, *as asparagine.

Glucue re a Pmsibh Inhibitor of Amide Synthesis

Hfures 3 and 4 suggest that glucose inhibited amide syn$resis. The amount of
inhibitbn was about the same for the range of glucose concenEations employed (Fig. 3).
Increasing the tissue glucose level by exogenous glucose feeds resulted in a decrease in amide
level. Forexample incieasing the glucose concenration from0.4.l%oto3.54go (dry wt.) led
3o a decrease in amide-N level from 0.56Vo to 0.32Vo (dry *t.). This represen ts a 43go
inhibition of amide synthesis. That this apparent inhibitory effect of glucose was not an
osrnotic phenixnenon was demonstrated by the experiment with carbowax. Table 4 shows
that increasing the osmotic pressure of the culture solution with carbowax had no effect on
the ami& content of the corn shoots.

The Protefui Fraction and S Supply

The protein fr:ction showed a marked respense to S supply. The pieces o[evidence
arc as follows:
(1) The protein-N conrenr of (+S) shoors exceeded rhar of (_S) shoot by 23Vo

{2) Artificial imposition of s stress on S-adequate plants for six days led ra a 59.lvo
decrease in organic-S content (Table 2).

TABLE I: SULPHUR FRACTIONS, TOTAL.N, PROTEIN.NAND REDUCING
SUGAR CONTENTS OF SULPHUR-ADEQUATE (+S) AND SULPHUR.
DEFECTENT (-S) CORNSHOOTS GROWN pOR TEN DAYS

Organic-S as 7o al
Tneatnnent TotaI-S SO4-S Organic-S Total.S Totat-N Protein-N Reducing

Sugar

+S

-S

8r0 400

sCI 30

50.6 1.35

94.6 2.39

r.zt 8.11

0.93 2.91

410

s30

q

(+S) = 156.2 uM S in culture solution

(-S) = No S udded to culture solution
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TABLE 2: CHANGES IN THE SULPHUR FRACTIONS AND REDUCING SUGAR
CONTENTS OF CORN SHOOTS FOLLOWING TRANSFER FROM
SULPHUR.ADEQUATE TO SULPHUR-DEFICIENT CULTURE SO.
LUTION AND VICE VERSA

Treatment
TotaI-S SO4-S Organic-S Organic.S Reducing

asVo oJ Sugar Vo

Total-s dry wt.

l0 days in

culture

solution

16 days in

culture

solution

(cONTROLIS

6 days

after

transfer

+S

-s

+S

i620

524

2tto

16t

5l
732

516

116

1162

r459

469

1318

97.9

5g

1708

90.1

90.2

55.3

2.32

82.9

59.5

2.16

1.63

6.51

5. l0

2.61

527

+S -S

-S +S

1l

680

2870

+S = 156.2 uM S

-S = 15.62 uM S

(3) s-deficient corn planrs avidly took up Soa-S (an increase fiom 1 I to I 162 pp;,-"1 S in t
days) when the3.' were exposed to culture solution that was adequatel),- rrppli.o *ri .
sulphur: ;rd tiris uptake resulted in a 23 I 7o increase in organic-S content of ihese Lrlani:
{Table 2:
At 'tit: ll'';:rpicrr; phase of S-deficiency (y,;i1en 

'i5u6l symptonrs were hiuoly ,jetml.
able) ?he diii*rr.r,r., in the orqrnic-S ccnlent cl (+S) and (-S) plauts was airead3.- quite
staggenng i'l'rble 2i. But the organic-S fraction when expressed as a percentage ol totai-S
was about ih. ta:ne (9C7o) in both ireatments. At a rncre advanced stage oi S-ileii;:ienc-1,
however. praciically ::li fhe S in (-S) plants was present in the organic ion:-r. A: a resuli- ffie
organic-S expr:ssed es Percentage of total..S rGSe' if 97.9Vo inthe (-S) plalts as compar"eC t*
onl-v" 55.-17c f*r i*51 pladts. It is also worthy to ncte fhat erosenous giucos::: .rr;pph,:-esu{l,rij
in an incrcaser_i incr.rlporation of S into the ,;rgari.: form tTable 3).
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TABLE 3: RIiDUCING S{-tr; 1r.-, S{jt.I}trti il ,i\r.,\;rT"{)r..j'\ }'IiTCTIC}{S t ,
SHOOTS OI'qt'l fr !' jll,. =i!{.:L'Iclfr.}r't i:{ 

'a"'l 
h },8 .r. 

\i J:i : a, tt {ljl,F}trUr
DEFICIENT C()+':1i i'i ill\TS l[..r1 'rf iiFI { . iii :i\} ,:t)R THR.E:
DAYS.

Treatment

Reducing

Sugar Protein-N lotal-N i'*ial-! S*o-5 Grganie-$

ItTl:---::::"

-s

-S + 3Vo glucose

t.4t

9.23

ti2
1.22

i.56

1.4')

913

929

2i)4

93

709

836

15.62 uM S

Discussion

The low glucose level in (-S) plans could be attributed to reduced photosynthetic
activity in S-deficient plants (Chen, 1967). Ergle and Eaton ( l95l), however. gave a different
interpretation: They expiained that such low sugar levels in S-deficient plants was a result of
depletion of carbon skeletons for the synthesis of organic niEogen compounds and
polysaccharides. Result in our investigation do not support this view. If glucose served as a
precursor for asparagine, the exogenous supply of glucose to (-S) plants at a time they were
actively synthesising asparagine would be expected to result in elevated levels ofasparagine.
On the contrary, glucose when introduced into the (-S) plantsmarkedlydecreased asparagine
level.

-s

The'low prc*rinconent obseed in (-S) plants in this study is a major biochemical
strindrome' of .$ de#skapy ard tfi$,f.4ff h kcn repfcd. by o@ .workers (Chen. 1967;tf.i*,f.4ptkkcn repfed by oths workers (Chen. 1967;

, *S8). T-tB fimg is,of special significanee
fiorbsfu fa-rc ba advgod !o B&lain the phcnornenon.. . ,;

of *sprigiile in Fffi:riit Orrc'&o{iY ($d*rl.ze,rt919) attibutes the lorv
prd€in Co*le*t.to *oric blockage ef prq*rsynthed* Al r resrff of this blockage, $rplus
arlnlmia (eitter &tty laken up by theph c arising &orn nitrae reduction) which is.rret
assimi!4le(, i**prifbdto asryryfure. Th econd th€try pos{ulates that the low protein
cort{ent k due CI potein bre*&wn (Xorodin, 1878: Cbitmall ; L924; Butkwitsch, 1908; and
Steward srd$treea;t%6). According rc rhis treory, aspar?rgine is derived primarily from
protein degra&tior,'Argun€nts in support of this latter view are rather weak since they are
based mainly on sttrdies involving detached leaves (Wood eaal.,l943i woodetal., 1944.) and
the protogenists of this theory have not eliminated the possible complications of sensecence
physiology. In an intact plant system, the picture may be quite different. The proteins are
relatively more stable (Richmond and Lang, 1957) because of a steady supply of srabilising
factors like kinetin (6 - furfurylaminopurine). The bulk of the evidence seems to favour the
first hypothesis - a denovo synthesis of asparagine. For example, Priannishnikow Shulow
( l9l0) found that exogenous supply of ammonia to pea and barley seedlings resulted in
asparagine formation. Also Schulze (1919) found that the amount of asparagine that
accumulated in lupine seedlings was by far in excess of the amount contained in the reserve

27
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dlhe Ms.In#rcprcsentstudy, vefoundthatalttlough theorganic-S contentof(+S) plants
vrasgrrcaer$unftatof{-S)plantstheorganl+t ratio in both treatments was the same. This

toml-S

lanerfion&ngceriainly&snotsuggpsttlrcoccunenceof proteinbreakdownin the(S) plants. If protein
brea-kdownhadmcurredin(-S)plants.Wewouldhaveobservedalowcrganic-S ratiointhis

total-S
tissue . In fact, the 'iotal-s subsequent observation (at a later stage of sulphur deficiency) that
pmtirally all the 5 i{l (-S) dants was in the organic form suggests, if anything, that at thar
:stat* of s-sh:ess, rvhatever SQ-S the plant could serounge was preferentially ctrannelled to
the syntliesisof prot<rils. Lntlre above staternents we are assuming that the organic-S content
representstheprctein content. Thisassumption vrr:uld h*!d goodfortheGramineaealrhougll
certainly not fm the Brasscae which ccntain iarge amcuns of organic suiphur in co*pou,rri,
olherthan proteins {Ste*,artand Porler, 1969). If indeed ihere was no protein breal<down, rirr
l;rgical cnnclusion *culd be that the accumulate,S asparagine was nolderive{i, fiom proi.e ,ls.
F-atha, it was synt**esised de novo..

Ir is firisdenovo formationof asparagine wl'rich is probabiy under t"he indirectcontroi
of S. Sulphureffect is considered indirect in the sense that its supply inl'luences the giucose
lev.el ard tlrc gtucose or glucose derivative there could rct as-a metabolic regulator of
asparagirc synthesis. A report by Oaks {196?) has established that glucos€ is a potent
ittltibilorof asparagine synthetase. The inverse relationshipbetween the amide (asparagine)
and glucose levels {Fig. l) is in accord with Oaks' findings. Also, the fact rhat 

"iog"noutsrpply of gtucose preventod the accumulation of asparagine (Fig. 3 and 4) adds further
credence !o oaks results. A report by yang {195s) also fits our obiervation.

Thus, a biochemical scheme that could link up sulphur with protein, glucose and
aryaragine may be stat'ed as follows: Adequate S supply lgads to a high glucose livel inhibits
aspmgine synthesis. Under conditions of S deficieqcy, however, protein synthesis is
imqaredor blocked. The reduced nirogen (NHo) *t ulUoO nor protein synthesis accu-
mulates andposes a toxicity'hazard. Consequgntly, ap ammonium deioxification mechanism

'is entrained uicope with this irces, urronir. esdaragine is probably the p{oduct of tlgi.
' detoxification process (Prianishnikow, 1924) and iG synttresis proceedsunhindered because
-fhe concentrdion of the rnetabolic inhibitor, glucose, is very tow in S-deficient ffssues.

The above scheme may be operative in the corn plant but we cannot attest !o its
universality berause there is thepossibility that other biosynthetic pathways for asparagine
synthesisexist in higherplants. Forexample, aB-cyanoalaninesynthetasepathway involv:ing
cyanide assimilaticn has been observed in cyanophoric and some non cyanophoric planti
(Blumenthal-GoldSchmidt et al, 1963). It is therefore necessary that acomparative study of
the interrelationships of sulphur, aspaiagine and glucose in these two groups of plints
(cyanophoric and non cyanophoric) be carried out.

.t
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S-d.{€El Cdn pbnls led with 3./. Cdbrrcr.

TABLE 4: AMIDE-N CONTENT OF SHOOTS OF (-S), CORN PLANTS AND t-S)
CORN PLANTS FED WITH 37o CARBOWAX

Treatment

Amide-N

(Vo ilry wL)

(-s)

(-S) + 3Vo Cubwax
4.25

0.24
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