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(3-14C)-serine was fed through cut ends of LO-day-old shoots of normal 
(Ganga- and opaque (opaque-21 maize (a m L.) and allowed to be metabolized 
in light for 24 hours. Subsequent methanolic extraction, radlochromatographic 
separation and radioautographlc analyris ehowed that 10.4 and 10.3 percent of 
the absorbed L4Gserine activity was incorporated Into L-tryptophan by the shoot 
tissues of the normal and opaque maize respectively. 

By coupling extraction of the enzyme with ammonium sulfate precipitation 
(75% saturation) it was possible to show a serine-dependent indole utilization 
by the enzyme preparations from coleoptiles (4-day-old), kernels (18 and 28 days 
after anthesis) and first nodal callus tissues (one-month-old) of the two corn 
varieties. Furthermore, the indole disappearance from reaction mixture occurred 
with a concomitant transfer of (3-I*)-rerine appearance into tryptophan. 

The enzyme tryptophan synthase (TS) which catalyzes the terminal step in 

tryptophan biosynthesis has been investigated in great detail in microorganisms 

(1). In higher plants the enzyme has been purified and separated into subunit 

components only in case of pea and cultured tissues of tobacco (2,3). 

Normal maize seeds are known for long to be deficient in tryptophan (4-6). 

The first four enzymes of tryptophan pathway namely anthranilate synthetase, 

PR transferase, PRA isomerase, and InGr syntbetase, have been demonstrated and 

partially purified from maize seedlings (7). However, there has so far been no 

convincing a vltro demonstration of TS activity in maize tissue extracts. Our 

earlier studies in this direction led to the detection of an indole oxidizing 

system which may probably interfere with the assay of TS (8). We have attempted 

to circumvent this problem by in vivo determination of TS activl ty and by -- 

* To wham requests for reprints should be sent. 
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utilizing maize tissues having low indole oxidase activity to extract and assay 

the enzyme activity and the results of these studies are reported herein. 

MATEKIALS Cr METHODS 

Source of see& : Maize (Zea u L. 1 seeds were obtained from Department of 
Plant Breeding of the University. 

Source of chemicals : (3- 14C)L-serine (49.6 mCi/m mole) was purchased fran 
ICN Pharmaceuticals, U.S.A. All other chemicals used were of analytical grade. 

Plant culture : Seeds were surface sterilized with 0.1% HgC12. After washing 
thoroughly with distilled water, the seeds were germinated in petridishes lined 
with moist filter paper in dark. When the whole plants were desired, the 
3-4-days-old Seedlings were transferred to plastic trays filled with washed 
quartz sand and supplied with PoegLand’s nutrient solution on alternate days. 
The plants were raised in a growth chamber at 28-30°C and at a photoperiod 
of 14 hours. 
Callus culture : Callus cultures of the first nodal tissues of 2 maize varieties 
were developed on modified Murashige & Skoog medium supplemented with 
2,4-R (2,4-dichlorophenoxyacetic acid) (9). 300days-old callus tissues were 
used for enzyme extraction. 

In vivo f@inz of labelM serine (3- 14C-serine) : lo-days-old maize (Zea mavs 
L. variety Ganga- and opoque-2) seedlings were harvested and shoot6 were cut 
off under water. The shoots were then placed in small glass bottles containing 
one ml of feeding solution composed of indole (10’3M), L-serine (10°3M), 
Pyridoxal-5’-phosphate (PALPI (lOAg/ml), chlorampheinical ( lO/ug/ml) and 
L(g-14C)-serine (0.9 #XI. The shoots were allowed to absorb feeding solution 
in light with a gentle current of air to expedite absorption of solution through 
transpiration stream. When the entire solution was taken up, the shoots were 
transferred to a beaker of water and allowed to metabolize in light for another 
24 hours at 28f2°C* 

At the expiry of absorption 
period, the shoots were extracted in 30X methanol repeatedly and the methanol 
was evaporated &Q m at 40°C. The residue was made to a small volume, The 
methanol extract was subjected to one dimensional ascending paper chromatography 
in n-butanol, acetic acid, water (90:10:293/v). Standard L- seri ne and L- trypto- 
phan were chromatographed and were localized by spraying with ninhydrin and 
Ehrlich’s reagent, respectively. The Kf regions of the methanol extract corres- 
ponding with Rf regions of the standard serine and tryptophan were cut, eluted 
with 80% methanol and radioassayed with liquid scintillation counter using 
Rray’s liquid scintillation fluid (10). 
In vitro demonstration of % activ&y: 

Enzyme extraction : Enzyme was extracted from 3-days-old coleoptiles and 
developing grains (kernels) (6, 18 and 28 days after anthesis) 
according to Harking et al. (7) (ratio I:2 w/v). The supernatant was brought 
to 75% ammonium sulfate saturation. The precipitate was collected and dissolved 
in phosphate buffer (pfi 7.8) and used for enzyme assays. 

The callus tissues were extracted according to Widholm (11). The 
supernatant was used for enzyme assay without further puri flcation. 

Assay procedure_ : TS activity was assayed in 10 ml screw-capped glass tubes. 
The reaction mixture contained indole 0.4~ moles, L-serine 40~~ moles, 
pyridoxal-5’-phosphate (r’AJ.2) ZO,>g, enzyme and phosphate buffer (pH 7.9) 
in a final volume of one ml. The reaction was initiated by the addition of 
enzyme. With each assay, two blanks were run, one with boiled enzyme and 
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another without enzyme. The tubes were incubated at 37oC for 30 minutes in a 
water bath after which 0.2 ml of 5% Nash was added to stop the reaction. The 
unused indole was extracted in toluene, and estimated according to Yanofsky ( 12). 

Jn vitro incornoraticn of 14C-serine into trvDtouhan : This experiment was done 
with the enzyme frcea callus tissues of the 2 maize varieties. The acetone 
powder from callus tissues was extracted in the extraction medium of Hankins 
& & (7). After bringing the supernatant to 75% saturation with ammonium 
sulfate, the precipitate was collected and dissolved in phosphate buffer (pH 7.8) 
and used as the enzyme preparation. The reacti n mixture contained 0.2~1 moles 
indole, 4~ moles serine, 2Opg i?ALP, 24Ci 3- 1% -serine, phosphate buffer and 
enzyme preparation in a final volume of O.l.3 ml. The unused indole was extracted 
in toluene and the tubes were kept overnight at 0%. Toluene was then carefully 
decanted off. The frozen aqueous phase was melted at room temperature and was 
gassed briefly with N2 to remove toluene. An appropriate volume of the aqueous 
phase was used for paper chromatography alongwith reference spots of serine and 
.tryptophan. The chrcmatograms were developed and radioassayed as described 
earlier. 
Protein determination : Protein in the crude enzymes and partially purified 
enzymes was determined according to Lowry g& &. (13). 

RESULTS 

In vivo demonstration of TS activity : The distribution of radioactivity on 

the chrasatograms developed fran methanol extracts of shoots fed with 14C serine - 

are depicted in Figure 1. Two major peaks of radioactivity were found which 

corresponded with the positions of L-serine (Rf = 0.1-0.2) and L- tryptophan 

(Rf = 0.4-0.5) as confirmed by co-chromatography with authentic compounds. The 

Rf region corresponding to that of tryptophan (0.4-0.5) contained 10.4 and 10.3% 

of the total radioactivity in case of variety Canga-2 and opaque-z, respectively 

(Figure 1). In a corresponding experiment with pea seedlings, the tryptophan 

region contained 22% of the radioactivity. 

In vitro demonstration of TS activity: 

Coleontilee : Although & y&yg incorporation of l4 C-serine into tryptophan was 

easily shown, our attempts to detect TS activity in crude or partially purified 

leaf homogenates of 2-3 weeks-old maize plants were not successful. Therefore, 

attempts were made to detect the activity in young, developing tissues. The 

extraction of enzyme was coupled with ammonium sulphate precipitation to protect 

the enzyme from inactivation during isolation. In this manner it was possible 

to show a serine-dependent indole disappearance with extracts of 3-day-old 

maize coleoptiles (Table 1). The activfty was more or less same in the two 

maize varieties. 
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Figure 1. Autoradiographic detection of i4C-ssrine inaorporation 
into L-tryptophan by intact shoots of two maiee varieties. 

A : Ganga- B L opaque-2 c : 2- 14C-serine reference 

D : 5-&I-tryptophan reference 

Arrows irxlicate the position of L-tryptaphan on the chronmto- 
grams. For further details see Materials and Methods. 

Table 1 : Tryptophan synthare activity in maize CM u L.) coleoptiles and 
developing kernels 

Maize 
variety 

Coleoptllee Kernels 

4-daya-old 18-dayr-old 28-day6-old 

4serlne -8erlne *rerlne - eerine +serfne -serlne 

Indole disappearance (nanar~oles, mg protain’l, houZ1) 

Ganga- 36 N.D 114 3% 65 50 

Opaque - 2 32 N.2 110 20 64 39.5 

3-days-old coleoptiles or 6 to 28 days old developing kernels were extracted 
according to Hankins & &&. (7). The 752 ammonium sulfate precipitate was 
dissolved in buffer (pH 7.5) and assayed for TS activity. The reaction mixture 
contained indole (0.4 u moles), L-serine (40 u moles), pyridoxal-5'-phorphate 
(20 ug) and phoaphate buffer in a final volume of 1.3 ml at pH 7.8. In one set 
L-serfne vss omitted. In case of 6-days-old kernels no enzyme activity could be 
detected. 
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Table 2 : Tryptophan synthase activity in maize (Zea ma= L-1 callus tissues 

Maize variety 
Indole disappearance, (nanauoles, gm. fr.wt.‘lhr’l) 

l serine -8erine 

Gange - 2 100.0 none 

Opaque - 2 112.5 none 

Fresh callus tissues (one-month-old) were extracted according to 
Wldholm (11). The cell free supernatant was used for enzyme activity. 
The details for TS assay were same as given under Table 1. 

DeveloPinn main% : 6, 18 ati 28 days-old developing maize grains (kernels) 

were extracted by the same method as used for coleoptiles and TS activity in 

the presence and absence of serine was assayed. No detec teble activity was 

observed in 6-day-old kernels. la-days-old kernels, however, showed a marked 

increase in TS activity in both the maize varieties. The enzyme, activity as 

well as its serine dependency, however, declined when the kernels reached the 

age of 28 days. At this age of kernels, indole disappearance was much higher, 

when serine was included in assay mixture, but significant amount of indole 

also disappeared when no serine was added to assay mixture. The latter activity 

represents the indole oxidase activity which is showing increase with age of 

kernel. 

Callus tissue : Extracts of 30-days-old callus tissues developed from maize 

shoots were assayed for TS in the presence and absence of L-serine. The data 

are given in Table 2. The activity was serlne dependent in both varieties. 

There was no marked difference in the enzyme activity in the two varieties. 

In vitro incornoration of (3-14CLeerine into trvntoohan : With a view to 

further confirm that indole disappearance under assay conditions is due to its 

conversion into L-tryptophan, incorporation of 14C-eerine into tryptophan was 

followed in callus tissue homogenates at pH 7.8. Results of the distribution 

of radioactivity on the chromatogram of the aqueous phase of assay mixture are 

given in Figure 2. It may be see that two major peaks of radioactivity are 
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Figure 2. Incorporation of 2- 14 
C-swine into L-tryptophan by maize 

callus tissue extract. For further details see Materials 
and Methods. 

observed; one corresponding to serine (Rf = 0.1-0.2) and the other corresponding 

to L-tryptophan (Rf = 0.4-0.51. Ebrthermore, the incorporation of (3- 14C)-aerine 

into L-tryptophan occurred maximally at the expected pH 7.8 and at this incor- 

poration declined to a wgligible level at pH 5.0. 

DISCUSSION 

The present study has demonstrated that when (3-14C)-serine Is allowed 

to be metabolized by intact maize plants, a significant amount of radioactivity 

is 4 ncorporated into L-tryptophan (Figure 1) thus providing evidence that 

serine serves as a precursor for tryptophan synthesis by TS system 3.n maize 

like other plant and aicroorganims. This observation coupled with the demons- 

tration of 4 enzymes of TS pathways (7) leave little doubt that pathway of 
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tryptophan biosynthesis in maize is same as in other microorganisms and h+.gher 

plants (l-3). 

The TS system (L-serine hydrolyase (adding indole), KC 4.2.1.20) has 

been used in g. co11 and Neurospora for the biochemjcal studies and to reveal 

the gene enzyme relationship (14,151. Such studies, although very desirable, 

have, however, not been possible in higher plant systems, The major difficulty 

in undertaking such studies has been lack of a suitable procedure for purifying 

TS from higher plants. Major difficulties in purifying TS include i) very low 

activity of the enzyme in plant tissues and ii) the instability of TS during 

extraction and purification. In addition in the case of maize (Zea mavs L.) 

plant, the presence of an indole oxidase system (7) which brings about a rapid 

indole oxidation, further makes the task of extraction and purification of T!S 

system more complicated. Earlier attempts, therefore, to demonstrate serine- 

dependent indole disappearance in maize Leaf tissue extracts have not been 

successful (8). The problem arising out of the interference by indole oxidase 

was circumvented in this study by using young, developing tissues such as 

coleoptiles, young kernels and developing calli. Using these tissues, it was 

possible to demonstrate in vitro TS activity (Table 1 & 2). Both in coleoptile -- 

and callus tissues, the indole disappearance was strictly serine dependent and 

no indole disappearance occurred in the absence of serine indicating that it 

was not due to its oxidation by oxidase system. However, in case of deve- 

loping kernels some indole oxidase activity was observed at pH 7.8. These 

results, therefore, demonstrate that young coleoptiles or callus tissues 

offer suitable material for further purification of TS system, because in 

these tissues, interference due to oxidase system is minimal. These young 

tissues of maize may, therefore, be good starting materials for purification 

of TS system fran maize and for detailed study on this enzyme. 

Convincing proof that indole disappearance in the in vitro assay 

system represented its utilization by TS is also provided by the demonstra- 

tion that radioactivity of l4 C-aerine added to assay medium was transferred 

to tryptophan (Figure 2) and this transfer was maximal at pH 7.8 and declined to 
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negligible level at pH 5.C. However, it must be mentioned that the efficiency 

of l4 C incorporation in tryptophan was rather low (ca. 2ZEh> which may indicate 

the low activity of the reaction 2 (i.e. Indole + L-serine 
P 

L-tryptophan) in TS of maize. An interesting observation made in the present 

study is that there was no marked difference in the TS activity of the normal 

(low tryptophan) and opaque-2 (high ttyptophan) varieties ei.ther in coleoptile 

or in callus tissues. In case of kernels also there appears to be no large 

difference in the TS activity (serine-dependent-indole disappearance). 

However, there was a marked serine-independent 1 ndole diSappearanoe in kernels 

and this was particularly high in normal maize varieties (Table 1). The roles 

played by TS and indole oxidase in determining tryptophan levels in maize 

seeds are under further investigation in our laboratory. 
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