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AMINO ACID-ACTIVATING ENZYMES IN GERMINATING 
PEA SEEDLINGS 

J. D. Hw and T. W. G~DWIN 

Dept. of Biouhamistry and Agricultural Bioc~try, University College of Wales, Aberystwyth 

(&ceived 18 Jmumry 1964) 

A~-~properticsanddistributionoftheaminoacid-activatine~inyoungpeaplantshavcbeen 
investigated. In leaves, the major activity was in the soluble fraction of chloroplasts and in the supernatant 
fraction of intact tissue homoeenates. Inembryonicroottisswmostactivitywasinthemimmmaland 
supernatant fractions. The kreased activity of these enzymes during germination is largely due to de llovo 
synthesisrathcrthanactivation. . . 

slmrrzlne Atrazine, Diquat, 2,6-dichlorobenzonitrik, chloramphekol, pfluorophenylalaniw and 
gibberellic &d had no effect on the activity of partly purilkd systans. Ribonuckw appaaredtorenderthe 
enzyme less precipltable at pH 50 rather than to inhibit the enzymatic reaction. 

A short exposure to red light stimukted equally growth and activity oftha amkwa&d-activating system in 
etiolatedseedl~;the~ect~nullifkdby~~~t~~etofar-rtdlight. Ifseedliqgswcre treated 
with red light 1 hr before being brought into the light then no signiticant e&t on the enzyme system could be 
Observed. 

INTRODUCTION 

IT IS now well established that the fimt step in the biosynthesis of proteins is the activation of 
amino acids with the formation of amino acid-S-RNA complexes1 The overall reaction 
consists of two steps : 

Enz.+amino acid+ATP P Enz-amino acid-AMP+ P-P 
Enz-amino acid-AMP+S-RNA P Enz.+amino acid-S-RNA+AMP 

It can be followed by measuring either formation of S-RNA, ATP P-P exchange, or formation 
of amino acid hydroxamate. In the present work the last method has been used. 

Considerable information is available regarding amino acid-activating enzymes (amino 
acyl-ribonucleic acid synthetases) in animal tissues and in micro-organisms [see e.g. Berg21 
but much less is known about these enzymes in higher plants. They have been detected in 
planttissuebyseveralworkers3-9 and Rov6 and Raaclce lo showed that the enzyme of Spinacea 

oleracea was present in isolated chloroplasts. 
Although no amino acid-activating enzyme has yet been fully purified, it is probable that 

each ~-amino acid which normally occurs in proteins has its own specik activating enzyme; 

1 G. C Wm, Ann. Rev. P&nt Physid. l2,113 (1961). 
2 P. BEac3, Arm. Rev. Bioclssm. 30,293 (1961). 
3 J. M. cLAR& J. B&l. ckfn. w, 421(1958). 
4 J. W. DA- and G. D. NOVELLI, Arch. Biochm. Biophys. 75,299 (1958). 
5 A. ticus, J. B&l. Chm. 234,1238 (1959). 
6 G. C. wRR6TER, Arch. Bdochem. Nophys. m, 125 (1959). 
’ Y. HAYASHI, vif&gy l& 140 (1962). 
* E. Mowr~~ and M. H. Paocro~, Biocksm. Biopkys. Acta 63,93 (1962). 
9 E. h’fOUSTAFA and J. W. Lw, Bkhim. B&&s. Acta 68,45 (1963). 

10 J. Boti and I. D. RAACKE, Arch. Eiochem. Rio&s. 85,521(1958). 
677 
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this has been demonstrated for L-methionine, L-valine, L-isoleucine, L-leucine,l’ L-trypto- 
phan,‘* L-tyrosine, L-threonine,13 L-alanine,14 L-serine,ls L-arginine l6 and L-aspartate.” 

The work reported here represents an investigation into the properties and distribution 
of amino acid-activating enzymes in relation to germination in pea seedlings. 

RESULTS AND DISCUSSION 

General Properties of the Amino acid-activating Enzyme System 

Previous investigations on animals and micro-organisms have shown that the amino 
acid-activating system was located in the soluble fraction of the tissues and that the major part 
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FIG. 1. TIME CURVE FOR Ab4Ih’O ACID-ACTIVATING J3WXhfE ACTIVITY OF PEA ROOTS. 

Standard assay conditions as described under Txperimental”. 
l ,withaminoack&; 0, no amino acids. 

of the activity was concentrated in the protein fraction precipitated at pH 5.2. This was 
confirmed with an extract of the first 5 mm of the roots of Zday-old seedlings. 

The roots were dropped into a phosphate (0.1 M) bu&r solution pH 7.4 which also con- 
tained sucrose (0.5 M), EDTA (041 M) and MgCls (a01 M). The mixture was cooled to 4”, 
ground in a pre-cooled mortar with acid-washed silver sand, filtered through eight layers of 
cheese-cloth and centrifuged at 200 g for 5 min. The supematant was then centrifuged at 0” 
at 14,000 g for 60 min, and the resulting supernatant brought to pH 5.2 by addition of HCl 
(0.1 N) dropwise with constant stirring. The white flocculent precipitate was centrifuged at 

11 l? H. BBRGMANN, P. Bwo and M. Dnxxuw, J. Bid. Chem. 236,1735 (1961). 
12 E. W. DAVE, V. V. K~~Q.QUXC+ER and F. LIpbdANN, Arch. B&hem. &i@ys. 65,21(1956). 
X3 R. W. HOLLEY, B. W. BRuNNow F. QAAD and H. W. WILL, J. EM. Gem. 236,197 (1961). 
I4 G. C. ~NEBSIX& B~-cxkz. Bio&s. Actu 49,141(1961). 
1s L. T. WEBSTER and B. W. DAVIE, J. Biof. Chem. 236,479 (1961). 
16 H. G. Bou, I. A. BOBIAN and W. K. MASS in Biological Sfncture and Function (Edited by T. W. GOOD- 

WIN and 0. LINDB~RO), Academic Press, London (1961). 
I7 E. MOUSTAFA and G. m. Nature 196,377 (1962). 
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10,000 g for 5 min and the supernatant discarded. The precipitate was suspended in O-1 M 
Tris buffer pH 7.4 and diluted to a concentration of 10 mg protein/ml. 

With preparations prepared in tbis way activation of amino acids increased linearly with 
time up to 80 min (Fig. 1). The specific activity &moles hydroxamic acid/mg protein/k) of 
the preparations was usually of the order of 1-O under the standard experimental conditions 
employed12$ I** x9 (see ~x~~en~ section). The reaction rates observed under these con- 
ditions approached the maximum obtainable. When L-alanine was substituted for the 
mixture. of fifteen amino acids* routinely used inthe assay, a 4OmMsolutiongavetbe maximum 
reaction rate. 

The pH activity curve of the pH 5.2 preparation from pea root tissue is ratber flat between 
pH 5.0 and 7-O with a maximum at 5.4 (Fig. 2). The ~s~e~i~ nature of the curve is 
almost certainly due to the fact that the various specific amino acid-activating enzymes present 
in the preparation have different optimum pH values. 

IO- 

Q2- 

I I I I I I 
3.0 90 50 60 70 %O 90 

PH 

Fm. 2 Tm. ~H.ACIIWIY CURVE FOR THE AMINO ACID-A(.TIVATIIW ENZYW IN PEA Ekoms. 

Standard ashy conditions but with pH of the Tris alter& to the appropriate value. 

The activity of fractions of root extracts precipitated between the pH ran- GO-74, 
5G-6*0 and 4&5-O were therefore compared for their ability to activate five individual 
amino acids, metbionine, tryptopban, isoleucine, valine and alanine; these amino acids were 
chosen because in pilot experiments it was found that they were activated to a greater extent 
than other amino acids. 

Fruition of the crude extract was carried out by adjusting the pH to the required 
value, collecting the precipitate by centrifugation at 0” at 15,000 g and resuspending it in 
O-1 M Tris bulk at 7.4. Incubation and colour development were carried out under standard 
conditions. Fii 3 shows that whilst the enzymes concerned with the activating of methio- 
nine, isoleucine and alanine have a very similar distribution, more tryptopban-activating 

1s M. B. HOMSLAND, 3&&n. 3&p&s. Acta 16,288 (1955% 
19 J. A. DmMoss and 0. D. Novz~, &X%&R. Blopky. Actu 18,592 (1955). 
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enzyme is precipitated at relatively higher pH values and relatively more valine-activating 
enzyme is precipitated at lower pH values. It is interesting in this connexion to note that the 
valine-activating enzyme from wheat germ has very recently been purified some 300 fold by 
Moustafa ; *O it has a pH optimum of 7-l. 

octlon IH 70-60 

Met 

60- 50 50 - 4.0 

Fm. 3. THE DBTRIBUTIDN OF FIVE MQNO ACEI (~IoN~NE, TR~PHAN, I~CXEUCINE, VALINB, AND 
ALANINE) ACilVATING ENZYMES IN THE FRACITDNs FROM PEA RODT TISSUE EXTRACIS PRECIPITATED 

OVER THE pH RANOES 4-0-50, 5+-6-O and 6.0-7-O. 

Distribution of Amino Acid-activating lhqvnes in Pea Thues 
(a) In subcellular fraction of leaves. Leaves from plants grown in a greenhouse in a soil- 

sand compost mixture for 14 days were used, because at this stage of growth they were reason- 
ably free from hard, fibrous tissue. The subcellular fragments were prepared as shown in 
Table 1 and as described in the experimental section. To minimize contamination by soluble 
components, each particulate fraction was washed three times with O-1 M Tris buffer at 4”. 
The pH 5.2 enzyme was then extracted from each particulate fraction as described in the 
previous section. Table 2 demonstrates that essentially all the chloroplast activity is associ- 
ated with the soluble fraction; no activity could be detected in the washed grana. In this aspect 
the distribution resembles that in the cytoplasmic membranes of Bacillus meguterium in 
which most of the enzyme activity is in the membrane fraction but sonication of the membrane 
releases the bulk of the enzymes in soluble form. *l There is considerable activity in the micro- 
some fraction and none in the mitochondria. The high activity in the microsome fraction may 
be due to the presence of plastids and plastid primordia. It is not possible to say with cer- 
tainty whether any of the considerable activity in the supernatant fraction is due to the leaking 
out of enzyme from subcellular particles. The fact that chloroplast fragments still contain 
activity suggest that the amino acid-activating enxyrnes are bound in some way to a surface 
and do not leak out on preparation of chloroplasts. 
2o E. MOUSTAFA, Biochh Biophys. Acfu 76,280 (1963). 
21 G. D. HUNIZR, P. BROOKIS, A. R. ckmIiDRN and J. A. V. BUTLBR, B&hem. J. 73,369 (1959). 
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TABLE 2. SUBCELLULAR DISTRIBUTION OF AMINO ACID-ACTIVATING 
ENZYMESINPEALEAVES* 

Protein 
content 

of 
SUb&lllk extract Specific 

fraction (mglml) activity? 
- -_--- 

Whole chloroplasts 25.0 023 
Chloropkst fragments 17.0 0.23 
Washedgrana 23.0 trace 
Chbroplast supernatant 
Mitochondria ;:; 

0.87 
0.0 

Microsomes 2.1 0.83 
Supematant from whole-cell 

homogenate 6.0 0.66 

* Mean of five experiments ; average different + 15 7;. 
* Corrected for endogenous activity which varied from zero 

(mitochondria) to 027 (microsomes). 

(b) In subcallularfractions of embryo root tissue. Embryo root tissue was then examined. 
Peas (200for each experiment) were soaked overnight and the embryos dissected out and sliced 
with a fine scalpel under O-1 M CaClz. They were allowed to stand for 30 min at 4” and then 
ground up with a glass mortar and Teflon pestle. The various fractions were then prepared as 

TABLET. &mCELLlJLAR DBTfUBuTIoN OF AMNO-ACTWATING 
ENZYMES.fNPJ!AEMBRYOROOTTI.SWE* 

Protein 
content of 

of 
Subcellular specific 

fraction (Zg% activitfi 
-- 

Mitochondria 5.7 0 
Microsomes 10.2 0.38 
Supernatant 073 
Nuclei :d 046 
Nucleoli 1.5 trace 

* Mean of ten experiments: average differences + 15 %. 
t Corrected for endogemn~ activity which va&d from 0.16 

(microsomes) to @22 (cytoplasm). 

described under “Experimental” and analysed for amino acid-activating enzymes. Table 
3 summarizes a number of experiments and shows that under the conditions specised the 
supernatant contains most of the activity. The microsomes are much less active than leaf 
microsomes, which tends to support the view that some of the activity in leaf microsomes is 
due to the presence of plastids and plastid primorida. No significant activity was observed in 
mitochondria. or nuclei or nucleoli; this appears to agree with the situation in animal tissues 
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where no activity is reported in mitochondria, 22 but differ from it in that animal nuclei have 
considerable activity. 23 On sonication of mitochondria, however, activity reappearsz 

(c) In d@erent tissues. In order to see if the “spectrum” of amino acid-activating enzymes 
differed in tissues with different physiological function, the activity of pH 5-O extracts of leaf 
stem and root for 15 amino acids was examined. No significant differences were recorded 
(Table 3) and the quantitative similarity between the three tissues is extremely close. 

TALKE 4. THEACTNITY OFAMINOACID-ACI~VATING ENZYMESOF 
LEAF,SIEMANDROOTFoR~~AMINoACIDS' 

Amino acid 

Specific activity 
A , 

‘Leaf stem Root 

ksgaragine 
GlyCill0 

Histidine 
Isoleucine Leucine 
Lysine 
Methionine 
Phenylalanine 
Proline 
Threonine 

Tryptophan 

Tyrosine Valine 

0.85 0.79 0.83 
042 044 0.44 

- 0.18 - 
0.35 0.35 

0.21 E 
080 

E 
020 Ez 0.22 

E :z 
041 
0.86 

042 0.37 0.42 
O-22 0.28 0.30 

@< 
- - 

o-91 

036 z 0.75 0.77 ;:; 

*pH5cxtractsprepamdintheusualwayandassayedunder 
standard conditions with the amino acid mixture replaced by 
individual DL-R~~RO acids. 

Amino Acid-activating Enzymes and Germination 

The specific activity of the activating enxymes in the cotyledons of peas has been followed 
over the first 8 days of germination together with that of the protease enzyme for comparison. 
Figure 4 demonstrates that the activity of the amino acid-activating enzyme increases con- 
siderably whilst that of protease remained essentially constant. 

The next aim was to decide whether the increase in amino acid-activating enzymes was 
due to protein synthesis or not. The effect of the two specific inhibitors of protein synthesis 
p-fluorophenylalanine24 and chloramphenico125~ 26 on both the amino acid-activating 
system and protease was examined by allowing the seeds to germinate in 1 x W6 M solutions 
of the inhibitors instead of water. Although germination rate and growth were reduced (Fig. 
5), s&kient material was obtained to examine the enzyme activities; the activity of protease 

22 v. M. CILUIDWK and M. V. &b@so~, B&hem. J. 80,348 (1961). 
23 J. W. HOP-, Froc. Nat. Acad. Sci. U.S. 46, 1461 (1959). 
24 E. F. GALEZ and J. P. FOLKES, B&hem. J. 53,493 (1953). 
2s c. L. WIsEbuN, F. B. HAHN, H. Hopps and J. E. QMADBL, Fedemtion Proc. l2,466 (lg53). 
26 G. C. WEESTER, Arch. Biochem. Biop&s. 82,125 (1959). 
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FIG. 4. THE CHANGE WlTH TIME IN THE PAlTERN OF ENZYME AClWITY IN THE COTYLEDONS OF 

GERMINATINGPEAS. 

X, amino acid-activating enzyme (left-hand ordinate); (1, protcase (right-hand ordinate). 
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FIG.~. THE EFFECT OF ~FLUOROPHBNY LALANINF. AND CHLORAMPHENICOL ON GROWTH OF PEA 

sEEDLlNc3s. 

0, water; w, p-fluorophenylalaninc; w, chloramphcnicol. 

was unaffected by either inhibitor (Fig. 6) whilst that of the amino acid-activating enzyme 
remained at a low level throughout the period (Fig. 7). As pfluorophenylalanine does not 
inhibit the activity of amino acid activating enzymes per se (Table 5> it must be concluded that 
(a) the increased activity of these enzymes during germination is due to to a I nova synthesis of 
protein and (b) p-fluorophenylalanine inhibits protein synthesis at a step other than the first. 

Although this represents strong evidence for enzyme synthesis rather than activation, 
it was decided to see if more enzyme could be extracted from sonicated microsomes than from 
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Ff0.6. THE EFFECTOPPFLUOROPHENYLALANINBANDCHU)BAMPHBMCOLONTHEPROT~ABBACCMTY 

Days ~inated 

0, water; 
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0*5- 
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.Z 
.-+ 

ii 0.4- 

Y 
I 
ou 
g 03- 

02- 

Ol- 

OF GRRhiNATXNG PEA 3FSOLlNG6. 

A, p-fluorophenyblanine ; x, chloramphenicol. 

/* P’ 

I I I I I I I c 
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Days germinated 

FIG. 7.TIiI3 EFFECX oFp-FUUmPHE_ AND -WLGNTHEAMlNGAQD 

ACIWATlNG3Y3TEMop GERMINATINGPEASEEGLINGS. 

X, water; ASP---~; 0, chloramphenicQl. 
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TABLE% THE EFFECTOF~FLUOROPHENYLALANMEON THE ACTIVITY OF THE AMINO 

AClDACTIVATlN~SYSl-lM OFPEASEEDLINGS 

Enzyme activity (specilk activity) 

concentration 
p-lluorophenylalanine 

(&ml) Normal system 

System preincubated with 
pfluorophenylalanine 

for 10 min at 30 
-- -- 

0 0.68 0.67 

: 068 o-74 0.67 0.72 
10 O-75 0.71 
15 0.76 O-72 

untreated microsomes; that is if the observed synthesis was due to liberation during germin- 
ation of a bound enzyme which could not be extracted by our usual procedure. Douglas and 
Munro 27 had shown that this happens with pancreatic amylase. Microsomes were prepared 
from cotyledons at various times after germination. The pellet was resuspended in O-1 M Tris 
buffer pH 7-4 containing O-1 mM MgClz and divided into two portions, one was assayed for 

0.6 

0.7 

0.6 

2 
‘E 0.5 

B 
0.4 

0 
% 
0 0.3 
:: 

0.2 

01 

C 

I I I 
I 2 3 4 5 

Days germmated 

Fro. 8. ??3E AMOUNT OF ENzYbi13 BXTRACT PROhi SONEATED AND NON-SONICATED MICR- FXOM 

PEACOTYLEDONs. 

A, -texi; 0, ulltrd. 

amino acid activating enzymes in the usual manner whilst the other was sonicated in a MSE- 
Mullard sonic disintegrator before examination. The suspension was cooled in ice and ex- 
posed to three bursts (20,20,10 set) with a pause of 10 set between each exposure. 
fraction was then prepared in the usual manner. 

The pH 5 
Figure 8 shows that in the early stages of 

germination sonication does increase the amount of enzyme present until after 4 days the 
difference between the extract from the sonicated and non-sonicated microsomes disappears. 

27 T. A. Doucusand H. N. MUNR~, &pt. C’eilRes. 16,148 (1960). 
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Although there is therefore some liberation of bound enzyme, this is insufficient to account for 
all the increase in activity observed during germination. 

Action of Some Plant Growth Inhibitors on the Amino Acid-activating Enzymes 
The triazine herbicides simazine and atrazine, 2,6dichlorobenzonit and diquat were 

examined for their effect on the activity of the amino acid-activating enzymes. Each herbicide 
at concentrations up to 20 ppm was examined either by adding it directly to the enzyme assay 
system or by preincubating it with the enzyme for 10 min at 30” prior to the addition of sub- 
strate. In no case was any inhibitory effect observed, so the detailed results are not recorded. 

The effect of ribonuclease on the enzyme activity as measured by hydroxamate formation 
was also examined because Ogata et al. 28 showed that this material inhibited the enzyme 
activity of guinea-pig liver extracts when measured by PP-ATP exchange. They suggested 

TABLET. THEEFFECT~PPREIN~~BATI~N~FTHE 
~H~FFUCTIONWI-IM IuBoNucLzAsB (l-5 &Id) POR 
10 MIN AT 30” I’OL- BY REPREUPlTATiON OF 

T?IE FRAfZlTON 

specific activity ofemyme preparations* 

control 

RibOWl~’ 
treatedand 

Ribonuclease reprccipitatcd 
treatedand +1 mgoriginal 

rcprecipitatcd pH 5 fraction 

O-87 ’ O-58 O-79 
O-75 O-47 o-70 
066 O-42 O-61 
O-72 O-50 O-69 

* Results from four separate cxpcrimcn~. 

that this is due to the decreased precipitability of the ribonuclease-treated protein. Table 6 
shows that a similar effect is observed with the plant enzyme system. Incubation with ribo- 
nuclease (1.5 p/ml/l0 min 30”) reduced the activity of the pH 5 fraction a&r reprecipitation 
by some 35 per cent. Addition of a small amount of unprecipitated fraction returns the 
activity essentially to normal. If the enzyme is incubated with ribonuclease and assayed 
before precipitation then reduction in specific activity is slight. As the specific activity is 
reduced on precipitation it seems reasonable to conclude, with Ogata et al., that more inactive 
than active enzyme is precipitated after ribonuclease treatment. 

l%e meet of Gibberellic Acid on Amino Acid-activating Agents 

Seeds were soaked overnight in a solution (5 ppm) of gibberellic acid and then allowed to 
germinate. The activity of the pH 5 fraction of the resulting plants was some 5-g times 
greater than that from normal seedlings. However, gibberellic acid added to the assay system 
was without effect on the enzyme. Incidental to this work, it was confirmed that the concentra- 
tion of the amino acids in the soluble fraction of tissue extracts was considerably higher in 

2s K. &SAT& H. NOHAU, K, ISHIKAWA, T. hfORITA and I-l.. &AOKA, in &~tein ~ytz?hebis p. 163 (Edited by 
R. J. C. W) Academic Press, New York (l%l). 
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gibberellic acid-treated plants than in normal plants. This was first observed by Herich.2g We 

also demonstrated by paper chromatography that qualitatively the extracts were the same in 
both cases. These observations lend some support to the view of Mariani et aL30 that the 
activity of the amino acid-activating enzymes is controlled by the level of free amino acids in 
the cell. 

The E#ect of Red and Fm-red Light 
Investigations by Hendricks and his co-workers3’ on the photocontrol of a number of 

developmental activities of light-sensitive seedlings have indicated that the photoreceptor for 
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FIG. 9. ?-HE EFFECT OF RED AND FAR-RED LIGHT ON ‘I’HI? AhilNO ACID-ACTIVATING ENZYMES OF 
KITOLATEJJ PEA SEEDLINGS. 

n , red; X$rediUldfiU-red; A, far-red; 0, control. 

these reactions is phytochrome, a water-soluble chromoprotein. A-major characteristic of all 
phytochrome-mediated reactions is that a small dose of red light (660 nyl) stimulates responses 
whilst a following dose of far-red light (780 q) nullifies the effect. 

The synthesis of chlorophyll is a phytochrome-controlled reaction. When etiolated barley 
seedlings are brought into the light there is a lag period of some hours before chlorophyll 
synthesis began; if’ the seedlings are given a short dose of red light 4-6 hr before illumination 

29 R. HERICZH, Physid. Pht. 14,111(1961). 
30 A. MARIANI, M. A. SPADONI and G. Tomss, Nature 199,378 (1963). 
31 S. B. HEXDIUCKS, in Conzpamtive Biochemistry ofPhotoreactive Systems (Edited by M. B. ALLEN) Academic 
Press, New York (1962). 
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then the lag period is abolished. 32 Later workers confhmed these observations and showed 
that ideation with far-red light nullified the effect.33~ 34 These results implied the stimu- 
lation of, and thus synthesis of, enxymes. The effect of red and far-red light on the ammo acid- 
activating enzyme of etiolated pea seedlings was therefore examined. 

Figure 9 demonstrates that if 4&y seedlings are exposed to 10 min of red light, then 24 
~d~~~~~~ has~a~k~s~~tionof~a~~~in~ti~~~m~ 
with control seedlings which were not exposed to red light. There is a concomitant increase in 
growth (dry weight) and this results in little difference between the enxyme activity per unit 
dry weight for red light treated and control seedlings. The stimulatory eiTect of red light on 
enzyme activity and growth is nullified by a following exposure to far-red light. These effects 
are very similar to those reported for growth and carotenoid synthesis in maim coleoptiles.3s 

A dose of red light 1 hr before etiolated seedlings are brought into white light has no significant 
effect on the lag period for the synthesis of enzyme systems (Fig. 10); however, in simul- 
taneous experiments, to be published elsewhere, it was found that it does reduce the lag 
period for the initiation of chlorophyll synthesis. 

The failure to observe stimulation was probably due to the overwhehning e&ct of white 
light on the ~~lop~nt of the ~orop~st and thus on the stasis of amino a~d~~vati~ 
enzymes; the red-light e&c% would thus be swamped. 

BXPBRIMBNTAL 

Peas. “Pilot” peas (Carters Ltd., Raynes Park, Middlesex) were used throughout. 
Considerable difliculty was encountered in germinating the peas without excessive fungal 
contamination. Eventually the simplest method tried was found to be the most e&ct.&e. 

32 H. I. vm, ~hysiol. pkmt. 14 445 (1957); ii, 347 (1958). 
33 lid MlmuKm$ Physibf. Plant 144‘97 (1961). 
j* W. H. KL.BIN and L. pamnr, Phuzt Phystbi. 36,733 (1961). 
33 R. Z. COHBN and T. W. GOODWIN, P@xhm. 1,67 (1962). 
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The seeds were shaken in a jar with a commercial anti-fur& preparation (Seed-Saver, 1.C.T. 
Ltd.) and when well coated with the fungicide they were planted 3 in. deep in vermiculite in 
trays and then moistened with distilled water. The water content of the trays (3 : 1, vermiculite : 
water) was kept constant by daily weighing. The seeds grew well at the guaranteed germin- 
ation rate (80 per cent). Before the germinated peas were used in an experiment, the adhering 
fungicide was washed off with deionized water and the plants were dried by gentle shaking in 
layers of cheese-cloth. 

Plant growth inhibitors. Simazine, atraxine, and 2,6dichlorobenzonitrile were presented 
by the Shell Chemical Co. Ltd.; diquat was presented by Plant Protection Ltd. 

Cell Fractionation 
The tissues were ground with acid-washed silver sand in a pre-cooled mortar under one 

volume of a sucrosephosphate buffer (05 M sucrose, 0.1 M KH$Q, 0.01 M EDTA, 0.01 M 
MgC12) pH 7.2. The homogenate was then separated into subcellular fractions by a system of 
differential centrifugation (Table 1) based on the methods of Helm-Hansen et aL3‘j and Park 
and Pon.37 

Resuspension of the various pellets in the appropriate buffer solution was effected with a 
glass homogenizer fitted with a “Teflon” pestle having a clearance of 1-O mm. 

The fraction labelled “intact chloroplasts” (Table 6) was further purified by the simplified 
density gradient technique of James and Das. 38 The green layer obtained by this method 
contained over 95 per cent of intact chloroplasts when viewed in the phase-contrast micro- 
scope; the unpurified fraction contained only 50 per cent of intact chloroplasts. 

Nuclei and nucleoli were prepared by the methods of Johnston et ~1.~~. 40 

Disintegration of Chloroplasts 

An MSE-Mullard 20KC ultrasonic disintegrator was used. A suspension (5 ml) of 
chloroplasts was pipetted into a 25 ml centrifuge tube which was surrounded by iced water. 
The probe was immersed to a depth of l-2 mm and the suspension sonicated in three bursts 
of 45 set with an interval of 30 set between each burst. The suspension was then centrifuged 
at 20,000 g for 20 min; the supernatant was only slightly contaminated with membranes and 
grana when viewed in the phase-contrast microscope. 

Protein Determinations 

Determination of soluble protein was carried out by the method of Lowry et aL41 

The micro-Kjeldahl method was used for microsomal pellets and the ammonia produced 
determined by the method of Conway.42 

Assay of Activating Enzymes 

The method used was that of Schweet et a1.43 with some minor modifications. The reaction 
mixture usually contained 10 pmoles each of 15-DL-amino acids (listed in Table 4), 110 

36 0. H~LI+~, N. G. PON, K. NXSHIDA, V. Moser and M. CALVIN, Physibi. P&M. 12,475 (1959). 
3' R. B. PARK and N. G. PON, J. Mol. Biol. 3,1 (1961). 
3* W. 0. JAMES and V. S. R. D& New Phytol. 56,325 (1957). 
3g F. B. J OHNSlDN, M. NAZLABTW and H. STERN, Plant Physiol. 32,124 (1957). 
40 F. B. JOHN~IUN, G. SE.TIZXFIELD and H. STEBN, J. Biophys. Biochmi. Cytol. 6,153 (1959). 
410. H. LOWRY, N. J. R~BROUGH, L A. FAIR and R. J. RANDALL, J. Bid. Ckm. 193,265 (1951). 
4a B. J. CONWAY, Microd@sion A&ysis arpd Vohmwtric Error, Crosby, L.&cwood & Son Ltd., London 

(1957). 
43 R. S. SCHWEET, R. W. HOLLEY and E. H. ALLEN, A&. &&em. Biophyx. 7l, 311 (1957). 
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pmoles of Tris buffer pH 7.1,30 pmoles of ATP neutralixed to pH 7-l with 0.01 N KOH, 
15 pmoles MgCls, 3 m-moles of hydroxylamine neutralized just before use with KOH to pH 
7.0, O-5 ml enxyme extract (10 mg/g) in Tris buffer and water to a final volume of 3 ml. Incu- 
bation was for 60 min at 37” with occasional careful shaking. To the reaction mixture was 
added 1.4 ml 100% trichloracetic acid (pH 0.9) and O-6 ml of 2 M FeCls. The protein pre- 
cipitate was removed by centrifugation and after 15-U) min the absorptivity at 520 w was 
measured in a spectrophotometer. 

In order to construct a standard graph for the reaction, glycine hydroxamic acid was 
prepared by the method of SaGr and Williams. 44 The crystalline material had a m.p. 142” 
(Safir and Williams quote 140’) and on chromatograms ran essentially as one spot, although 
a very faint ninhydrin-positive spot could be detected which ran in front of the hydroxamate 
spot. Recrystallization did not remove this trace impurity. 

Assay of Protmse Activity 

The 140,OOOg supematant (2 ml) was added to 2 % casein (pH 7.1) (3 ml) and the mixture 
incubated for 60 min at 37”. A 2 ml sample was then pipetted into 15 % trichloroacetic acid 
(2 ml) and the optical density at 280 m,u measured. The increase observed over the value 
obtained with a control measured at zero time was taken as an index of protease activity.45 

44 S. R. SAPW and J. H. W-, J. Org. Chem. 17,1298 (1952). 
45 N. C. DAVIS and E. L. Sm, i&h& of&o&em. Anal., 2,215 (1955). 
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