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Abstract. Pea cotyledonary a-amylase increases dramaticallv both in specific activity and
total activity between days 7 to 10 when germination occurs in the dark. This enzymatic
activity does not seem to appear as a consequence of release or formation of an activator,
removal of an inhibitor, dissociation of an inactive amylase complex, or proteolytic decomposi-
tion of a zymogen precursor. The possibility remains that the a-amylase is newly synthesized
during germination. The preparation and properties of a cell-free protein-synthesizing system
from germinating pea cotyledons is described; polyuridylic acid must be added for L-phenyl-
alanine incorporation. Active microsomal preparations can be obtained from cotyledons germi-
nated 10 days.

Seed germination is frequently accompanied bv
marked increases in the level of activity of certain
enzymes (3, 4, 12, 17, 23, 32). It has been noted that
these often dramatic increases in biocatalytic activity
are not necessarily associated only with those parts
of the seedling that are actively growing. Rather.
the same phenomenon is also observed in the storage
tissues of the endosperm or cotyledon (4, 17, 32).
We showed in previous reports '(25, 26) that a

number of enzvmes required for the degradation of
seed carbohydrate reserves are present in the cotvle-
don of the germinating pea, and at least 2 of these
enzymes, an a-amylase and a phosphorylase. increase
manyfold in total activity during the time period of
germination. Since, in many instances, the cells of
plant storage organs neither grow nor divide, the
question arises as to what the origin of such new
enzymatic activities mlay be. Other workers dernon-
strated that activation of latent enzyme occurs in the
case of the ,-amylase of wheat (21, 22), zymogen

activation causes an increase in acid phosphatase and
isocitritase activiti-es of a variety of seeds (17),
whereas isocitritase (6,10). malate synthetase (10),
tyramine methylpherase (12), and barley a-amvlase
(5, 28) increase in activity as a result of de novo
enzyme synthesis.
We report here studies which show that cotvle-

donary a-amylase of peas most likely does not appear
during germination as a consequence of the formation
or release of a specific activator, the removal of an
inhibitor, or the activation of a latent form (or
zymogen precursor) of the enzyme. The possibility
that the enzyme is newly synthesized is not eliminated.
A cell-free protein-synthesizing system from the
cotyledons of germinating peas has been prepared
and its properties determined. A catalytically-active
microsomal fraction can be prepared from cotyledons
at a time during germination when the level of
oa-amvlase activity is rapidlv increasilng.

Materials and Methods

1 Supported by Grant AM-03718 from the National
Institute of Arthritis and Metabolic Diseases, United
States Public Health Service.

2 National Science Foundation Fellow (1963-64) and
a Graduate School Predoctoral Fellow, The University
of Michigan (1964-65). Present address: Department
of Biology, MacMurray College, Jacksonville, Illinois
62650.

3 Abbreviations: sRNA, soluble ribonucleic acid;
mRNA, messenger ribonucleic acid.

Pea seeds (Pisum sativutm L. var. Early Alaska)
were germinated as previously described (25). Ex-
tracts of cotyledons were prepared and amvlase ac-
tivity was measured by procedures outlined earlier
'(255). One unit of amylase activity is defined as
the quantity of protein that liberates 1 mg of re-
ducing groups (calculated as maltose) in 10 min at
250; specific activity is units of enzyme activity per
mg of protein., Protein concentrations were deter-
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mined by the method of Lowry et al. (11) wNith
crystalline bovine serum albumin as stanidard.
L- (14C) leucine (170 ,Lc/pttmole) and L- (14C) phenv-l-
alanine (252 Itc/numole), both uniformly labeled, ere

products of Ntuclear Chicago Corporation. A mix-
ture of L-amnino acids and amides (13) was used to
examine the requirements of the cell-free protein-
synthesizing system. The protease present in pea

cotyledon extracts (called arvensin) was purified to
the status (lesignated "Fraction G" by the procedure
of Soedigdo and Gruber (24). Bromelain, pronase,

and ficin Nere putrchased from Boehringer A[annlheinii
Corporation; papaiii from MAferck anid Company;
trvplsinl and chymotrypsin from Worthinigton Oi-
clieniical Corporation anld bovine pancreatic ribo-
nuclease froim Sigmia Chemiical Company.

PI-cpa-ationi of Cell Fractions. The methods of
Marcus an(l Feeley (13) were used ith the modi-
ficationis note(l. For the experiments in wlhiclh the
incorpol-atioln of labeled amino acids into amiiinoacvl
sRNA alone was measured, the fraction designated
"100000q supernatant fluid" (called "dialyzed super-

natant" bar Marcus and Feeley) was prepared from
4 or 5-day-old seedlings. One ml of blending solu-
tion per cotyledon was used. In preparing this
fractionl, 0.05 M potassium phosphate buffer (pH 7.3)
uniformly replaced the 0.01 -xr tris buffer (pH 7.9)
prescribed ( 13).

For those experiments in which the incorporation
of labeled amino acids into protein was measured.
microsomal and supernatant fractions were prepared
as outlined (13) except that tris-HCl buffer (pH 7.6)
of the samiie concentration replaced the phosphate
buffer in every case. Our "microsomal suspension"
corresponds to the "miiicrosome" preparation of Mar-

ct'- and Feeley.

[solaitioll of Aniinoacvl sRNA and Protein; Esti-
niiationo of Radioactivity. W;\;hen the incorporation of
labeled aamino acids into aminoacvl sRNA only was
mneastured, the reaction \was terminated by the addi-
tioIn of a mlixtuire containing 0.2 ml of 2 % (w/v)
caseinl solutioin, 0.5 ml of 0.1 AI Dn-leucine (or DL-
phenylalanine, depending on the radioactive amino
aicid use(l), and 0.4 ml of 30 % (w/v) trichloroacetic
aei(l solutitoln. The precipitate obtained by centrifut-
gaLtionl was washied 3 tinies wit-h 4 ml portions of %

(wv/v) trichloroacetic acid solution, 1 timle with 4 nl
of 95 % (v/v) ethanol, and finally once wvith 4 ml of
ether. The washed precipitate was then di'-solved
in 1 ml of 91 % (v/v) formic acid and 0.5 ml
aliquots were plated and counted with the use of a

Nuclear-Chicago gas-flow detector (Model D-47).
The incorporation of labeled amino acids into both
protein and aminoacyl sRNA was measured as de-
scribed (13). All data were corrected by control
incubation mixtuires which were precipitated at zero
time.

Preparationl an1d Detefrinnation of RNA. sRNA
from extracts of pea cotyledons was prepared by the
method of Hollev et a!. (7). A vield of 142 mg wvas
obtained from 454 g (wet wt) of pea seeds. This
material apparently was not piure since the absorbancy
(at 260 mru) of a 0.01 % (wA/v) solution w,vas onlyv
0.4; the valuie for pure sRNA from yeast is rel)orted
to be 1.9 (7). This )reparation, however, wx-as
effective in stuidies dealing with amino acid incor-
poration into protein when used in place of yeast
sRNA (table ITV); it was completely ineffective ill
this regard after being digested by ribonuclease.
RNA was estimated by assuming that the absorbancv
of a 0.01 % (w/v) solution is equal to 2.0 at 260 my.

Results

A quantitative measure of the increase in cotvle-
donarv a-amvlase activity, both in etiolated seedlings
and in seedlings grow\Jn in a normal dav-night cycle,
is shown in Fig. 1.

Test for an, Activzator or Inhibitor. Table I in(di-
cates that extracts prepared from cotyledons at
various stages of germination have Ino potentiatilig
or inhibitory effect on the activity of the partially
purified a-amylase. Identical results were obtained
when extracts prepared from axis andl cotyledonarv
tissues were tested individually, anid in combination;
no diffusible amvlase activator or inhibitor, therefore,
seems to have its origin in axis tissue. In other
tests, soluble extracts were prepared from cotyledons
germinated for 2 and 9 days. The total activitv for
the individual extracts before they were comibinied
was 3.I8 amlvase ullits; that observed immediatelv
after mixing was 3.5 units. One half of the miixe(l

Table T. Effect of Extr(acts Prepared Froni Cotyledons of Different .4Ays on a-Aiiii-lase A!CtivTity
Partially purified a-amylase, specific activity 126(25), was added to extracts prepared from cotyledons ger-

minatedI 1, 3, anid 8 days ( A, B, and C, respectively). Cotyledoon extracts were prepared as described before (25).
After 0.03 ml of the partially purified enzyme was added to the cotyledon extract, the mixture was incubated for 30
min at 25° before the amylase assay was performed.

'Units e-amylase Endogenous Total
added activity Sum activity

E.xtract (a) (b) (a+b) observed
ind1 nig 1altose/lO wnin1

A (1.0) 1.0 0.3 1.3 1.2
B (1.0) 1.0 0.6 1.6 1.5
C (0.2) 1.1 0.6 1.7 1.6
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FIG. 1. Increase in a-amylase activity in the cotyledons of germinating peas. Each day, 20 cotyledons were ex-
cised and homogenized with 20 ml of 0.1 M acetate buffer (pH 5.8). The homogenate was centrifuged at 18,000g for
25 min. Calcium chloride (0.2 ml, 0.5 M) solution was added to the supernatant fluid and the mixture heated with
constant stirring at 700 for 15 min. After centrifugation, this supernatant fluid and that of the untreated extract vere
assayed.

extracts was stored at 40 and the other half incubated
for 12 hr at 250. Both solutions were then assayed
again and found to contain 3.5 units of a-amylase
activity. Such results suggest that pea seeds do not
contain a tightly bound amylase-inhibitor complex
which is dissociated or degraded during germination.

Tests for Activation by Physical or Chemical
Means. Experiments were performed to determine
whether a-amylase activity might be tightly bound to
sub-cellular components or to starch granules and,
as a consequence, would not be able to manifest itself
dturing the early stages of germination. Extracts,

Table II. Effect of Protcase Treatmiientt oit Cotyledonarl' a-Antylase Activity,
Extracts used for protease digestion were made from cotyledons germinated for 2 or 3 days (25). Similar ex-

tracts were prepared from cotyledons germinated for 8, 9, and 11 days, which extracts served as controls for measur-
ing the stability of the amylase to the protease under the conditions employed. Incubation mixtures contained 2 ml
of extract and these amounts of protease preparations: bromelain, 1 mg; ficin, 1 mg; pronase, 1.2 mg; papain, 1.2 mg;
trypsin, 2 mg; a-chymotrypsin, 2 mg; pea cotyledon protease, 13.6 mg of protein. All mixtures were incubated for
12 hr at 320; zero-time controls were frozen immediately after adding protease. At the end of 12 hr, 1 ml of each
incubation mixture was added to 1 ml of 15 % (w/v) trichloroacetic acid solution. After centrifugation, the absorbancy
and the protein content of the supernatant fluids were (letermined.

A Amylase Percent
A Trichloroacetic acid2 initial3

Enzyme AA' soluble protein activity amylase activity

mng/incubation tube units/ml
Bromelain 0.475 5.0 0 100
Ficin 0.455 5.0 0 100
Pronase 0.515 8.0 0 85
Papain 0.398 6.5 0 100
Trypsin 0.347 6.0 0 100
Chymotrypsin 0.430 6.5 0 100
Cotyledon protease 0.981 5.0 0 88
1 Increase in absorbancy(A) at 280 m, relative to zero-time control.
2 Increase in trichloroacetic acid-soluble protein relative to zero-time control; measured by Lowry method (11).
3 Control tube containing extract prepared from cotyledons germinated 8, 9, or 10 days.
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prepared from 5 to 8 day germinated cotyledons,
were separately subjected to (A) freezing and thaw-
ing, (B) sonic oscillation, (C) mixing for 1 hr with
sodium deoxycholate (0.105 % (w/v), final concn)
and then dialysis, (D) mixing for 1 hr with calcium
acetate (0.2 M, final concn) and dialysis, and (E)
mixing writh urea (4.0 M, final concn) for 4 hr fol-
lowed by dialysis. Regardless of the treatment, no

bound anivlase activity wvas released or activated;
starch degradation occurred to the very same extent
in the variouis test solutions and in controls.

Tests for Proteolytic Actizvation. Table II (col-
umn 4) shows that treatment of pea cotyledon ex-

tracts witlh a wide variety of proteases also does not
resuilt in anlv increase in a-amvlase activity. Enzv-

matic (ligestion of a zyviogen, tlherefore, (loes not
appear to take place.

Effects of Metabolic Inhibitors and Amiiino Acid
Analogs. It was found that a number of metabolic
inhibitors and amino acid antagonists inhibit the
growth of the seedling stem and the development of
amvlase activity in the cotyledon (table III). Acti-
nomvcin D is a very powerful inhibitor of both
processes; puromycin showed n,o effect.

Properties of a Cotyledonary Cell-free Proteini-
Synthesizing System. Formation of Aminoacyl
sRNA. Table IV shows that cell-free extracts pre-

pared from germinating pea cotyledons are able to
catalyze the formation of aminoacyl sRNA with
either ,- (1 4C) letcine or ,- (14C) phenylalanine. The
complete system exhibits a strict requirement for
added ATP, sRNA, and native 100,000g supernatant
fluid. No counts whatever are incorporated when
either ribonuclease (600 ,ug), NH2OH (0.76 M),
PP1 (0.01 M), or EDTA (0.01 A\I) is added to
complete incubation mixtures. Other experiments
(Svaiin, R. R. and E. E. Dekker, unpublished results)

clearly demonstrate that the observed incorporatioii
of L-(14C)phenylalanine and L-,(14C)leucine into
aminoacyl sRNA is additive, and that the presence
of unlabeled L-phenvlalanine in the reaction mixture
has no effect on the formation of (14C)leucyl sRNA.

Fig. 2A demonstrates proportionality of the
amino acid activating system with amotunt of sRNA
added before the system becomes saturated with this
component; 2B, the effect of added protein in the
form of 100,OOOg supernatant fluid; 2C, the time
course of aminoacyl sRNA formation.

Table IV. Requiircenientts for the Formiiationl of
A minioo-cv I sRNA

Complete incubation miixtures contained (in ,umoles)
potassium phosphate buffer (pH 7.5), 20; KCI, 40; 2-
mercaptoethanol, 20; ATP, 0.5; creatine phosphate, 10;
L- (14C) leucine, 73,500 cpm (or, in one instance, the
same number of cpm as L-(14C)phenylalanine), creatine
phosphokinase, 50 Ag; yeast sRNA, 400 jug; and dialyzed
pea cotyledon 100,000g supernatant fluid (0.8 mg pro-
tein). Final incubation volume: 1.0 ml. Incubation
time was 60 min at 30°.

Total counts
incorporated

System into sRNA

cpM
Complete 688
Complete, less yeast sRNA, plus pea 1786

cotyledon sRNA (0.4 mg)
Complete, less L-(14C)leucine, 188

plus 1.- (14C)phenylalanine
Complete, less ATP 14
Complete, less yeast sRNA 12
Complete (with boiled 100,OOOg 0

supernatant fluid)

Table III. Effcct of Mctabolic Inhibitors and Amiino Acid Anttagonists on Developmnent of a-Amnl ase Activity
Experiment 1) each analog was tested by placing 10 seedlings (age, 6 davs) in a petri dish containing 50 ml of

a solution of the amino acicl analog. The plants were then allowed to germinate until the age of 10 days. Addi-
tional solultion (25 ml) containing the amino acid analog was aclded at day 8. Control seedlings received only H2O.
Experiment 2) The amount of amino acid analog or inhibitor indicated was dissolved in water and allowed to imbibe
completely into dry seeds over a period of 18 hr with subsequent addition of niore water as necessary to keep the
seeds moist. These seeds wvere then germinated for 7days. Cotyledon extracts were prepared in the usual manner
(25r).

Inhibitor 1r
Expeir-imienlt analog Conwcl Stemii elongatioin Amylase activity

A1 % conttrol nnit/Xextract
Di.-Ethionine 5 X 10- 50 15
Do-p-Fluorophenylalaninc 5 X 10-: 55 15
DL-Allylglycine X 10-3 78 35

None ... 100 47

2 L-Azetidine-2-carboxylic acid 8' 74 16
Actinomycin D 0.51 282 2
Actinomycin D 1.01 132 0
Puromycin 2.8' 100 28

None ... 100 27

mg per 100 seeds.
Root elongation measured in this instance,
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0.8 1.6 2.4 0 0.4 0.8 1.2 1.6 5 10 20 30 40
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FIG. 2. A) Requirement of the amino acid activating systenm for yeast sRNA; B) for dialyzed 100,000g super-
natant fluid; C) effect of time of incubation. The incubation mixtures contained all the components listed in the
legend of table IV, except for the one varied as indicated. Incubation time was 60 min, or the times shown, at 30°.

Incorporation of Amino Acids Into Proteitn.
When tris-HCl buffer replaced potassium phosphate
in the preparation of extracts and reaction mixtures,
the incorporation of labeled amino acid into trichloro-
acetic acid-insoluble material was routinely observed
(table V). Puromycin and ribonuclease are potent
inhibitors. The time course of L-phenylalanine in-
corporation into protein is shown in figure 3A;
approximately 0.5 mg of microsomal protein is re-

quired to saturate this system (Fig. 3B).
The amino acid incorporating system from pea

cotyledons described here does not show a require-
ment for added 100,000g supernatant fluid when
tested under the conditions outlined in table V.
Presumably, formation of aminoacyl sRNA is accom-

plished by enzymes in the supernatant fluid that
adhere to the microsomal pellet. When, however,
the microsomal pellet obtained from the initial
100,00Og centrifugation is washed, the system shows
a definite requirement for the supernatant fraction
(table VI). The complete protein-synthesizing sys-
tem is capable, therefore, of being resolved into 2

Table VI. Requiremiien;t for Supernatant (100,OOOg) and
Microsomal Fractions for the Incorporation of

L- (14C)phenylalanine Into Protein
Incubation mixtures contained the same basic com-

ponents listed in the legend of table V. The microsomal
fraction was a washed preparation from 4-day pea cotyle-
dons (0.5 mg protein, 0.3 mg RNA) ; the supernatanlt
fraction was dialyzed 4-day pea cotyledon 100,000g super-
natant fluid (0.4 mg protein). Final incubation volume:
1.03 ml. Incubation time was 40 min at 300.

Total counts
incorporated

System sRNA Protein

cpOI cpnt
Complete 1200 880
Complete, less microsomal suspension 1100 0
Complete, less dialyzed supernatant

fluid 200 38
Complete (boiled supernatant fluid) 115 17
Complete (washed microsomes from 10-day

cotyledons; 0.4 mg protein, 0.3 mg RNA) 890 582

Table V. Requtirements for Intcorporationt of L-(14C)phenylalanine Into sRNA antd Into Protcini
Complete reaction mixtures contained (in /%moles) : tris-HCl buffer (pH 7.6), 40; KCl, 40; 2-mercaptoethanol,

20; MgCl,, 5; ATP, 0.5; GTP, 0.5; creatine phosphate, 10; I.-(14C)phenylalanine, 73,500 cpm; creatine phospho-
kinase, 50 gg; yeast sRNA, 0.4 mg; polyuridylic acid, 100 jig; pea cotyledon microsomal suspension (1.3 mg protein,
0.7 mg RNA). Final incubation volume: 1.03 ml. Incubation time was 40 min at 300.

Total counts incorporated
System sRNA Protein

cp1u1 cpin
Complete 280 213
Complete, plus 19 amino acids (125 ,moles of each) 230 205
Complete, less yeast sRNA 0 40
Complete, less creatine phosphate 80 10
Complete, less GTP 328 13
Complete, less polyuridylic acid 200 22
Complete, plus puromycin (10-3 M) 300 22
Complete, plus ribonuclease (200 ,ug) 0 0
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0.5 1.0 I.5 2.0 Z.5
MICROSOMAL PROTEIN (mg)

FIG. 3. A) Timie course of j-('4C)phenylalanine in-
corporationi into protein; B) dependency on microsomal
proteiii. The reaction mixtures contained all the compo-
nents listed in the legend of table V. Incubationi time
was 40 min, or the times shown, at 300.

comnpoients, mlicrosomiial and 1 supernatanit. Both
of these fractions are necessary for the incorl)oration
of I.- (1 4C) phenlalaanine into aL form lprecipitated by
trichloroacetic acid.

Attention. is called to the findinig that cotyledolns
germinated for 10 days yield aL microsomnal )repara-
tion that is capable of catalyzing the incorporation
of L-pheilylalanine into protein (table VI, line 5)

This resiult is significanIt in view of the fact thlat thle
level of a-mllalase is still rapidly increasin,g in cotvle-
donls of this age ( see Fig. 1).

Discussion

Seedl gerimainationl is associated with a nunmber of
interesting biochemical plhenomena. i.e. degradatioin
of seed reserves, synthesis of new plant materials, a

changing array of enzymes and of new and novel
metabolites, etc. Previous work (25) showed that,
during germination, pea cotyledons develop l)otent
amvlase activity of the a-tvpe xvhich enzynme can be
obtacined in pure form. The results reported here

deal withl 2 phases of pea see(l gernminationi. Firstly,
what factors may be responsible for the dramiiatic rise

in cotyledonarv a-amiivlase activity? Secondly, tlle
non-growing cells of the cotyledon halve indirectly
been imII)lica te(lidn dc wio-vo enzvyme sy:nthesis ( 32)
aind have been suggested as a uiseful biological system
for studying celluilar seniescence processes (27).
AltlhouIgh cell-free protein synthesis has been observed
in pea seedling extracts by otlher Nworkers ( 18, 29, 30),
the systems, previously described used cell fractions
from those ))Mrts of the plant that remained after
excision of the cotyledons; unfortunately, results ob-
tained wvith these systems have not been repro(lucible
(8, 9, 31). It seemed desirable, therefore, to estab-
lish in detail the parameters of a well-defined pro-
tein-svinthesizing systemi fromii pea cotyledons.

It is very clear that cell fractions prepared fromll
the cotyledons of germinalitilng leas are calpable of
catalyzing the formation of amilnoacl sRNA and,

subsequently, the incorl)oratimil of the amino acid

into l)rotein. Aminoacyl sRNA fornmation requires
ATP, sRNA, and native enzymes I)resent in the
l100,0oOq supernatant fluid. Pea cotvledon micro-
somal prep)arations. in tuirn, catalyze the inlcorporation
of ai amilillno acid in1to a form precipitated by tri-
chlioroacetic acid. Tli s aamino acid incorporating
system requires GTP' in addition to the microsomnal
fractionl anid thle substrates nlecessary for am11ni1oacv1
sRNA formlatioil. Plromycin, a highly-specific in-
hibitor of protein synlthesis, and ribonluclease both
inhibit amino acid incorporation into protein. Col-
lectivelv, these results show that the cotyledon of
the pea. in spite of being a senescent organl. is
capable of catalyzing the synthesis of protein bv the
usual sequence of reactions (16). The following
points rule out the possibility that mlicrobial coni-
taminants significantly influenced the results reported
here: A) the peas usedI in these studies were germi-
nated under essentially sterile conditions: B) the
requirenment for GTP and for polyuridylic acid(
(table V) is strict; and C) the incorporation of
L-,(14C)phenvlalanine into protein, as a function of
lenigth of time of incubation (fig 3A), does not in-
creacse inidefinitel bhut reaches a finite level after
at period of tinme.

The cell-free amino-acid incorporating systemi
fromii pea cotyledons always requires the addition of
l)olyuridylic acid p)eantut cotyledon l)rel)arations show
this requirement only before imbibition of water 1w
the seed (13, 14). This difference is most likelv
due to significant ribonuclease activity in pea coty-
ledon extracts; w\e showed in separate experiments
that our extracts readily degraded sodiunm ribo-
nutcleate to an acid-soluble ultraviolet-absorbing form
[assav of McDonald (15)]. The absolute require-
ment of the system fronm peas for added sRNA (table
IV and V) can be explained on the same basis.
Furthermore, we couild not detect by sucrose density
gradient centrifugation (14) any polyribosomes in
w\aslhed microsomes lprepared from gernminated pea
cotyledons. Secondly, the presence of nucleoside
triphosphatases in pea cotyledon preparations (20)
nmakes the requirement for added GTP more demoni-
strable ill this inst.ance ( table V) than Withl thle
analogous amino acid incorporating systemii froimi
peanuts.

In coInclusioil, it slhould be noted that somie enzv-
niatic activities present in germinating seeds do.
indeed, appear to be derived by modification of an
inactive or zymogen-like precursor (17, 21). The
demonistration, however, that protein synthesis occurs
in the cotyledon at a time when the levels of certain
enzymes are increasing dramatically in activity is
consistent with the possibility that some enzymati-
cally-active proteins are also synthesized de nzovo
during seed germiniation. Varner and Schidlovsky,
using 6 to 18-day germinated pea cotyledonis, observed
a low level of incorporation of labeled amiino acids
into partially purified a-amiivlase '(personal commu-
nicatioln froml J. E. Varner). Further studies along
similar- lines anid (lirected towa1rd the question of
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what initiates the increase in a-amylase in pea coty-
ledons must be donie.

Literature Cited

1. BARKER, G. R. AND J. A. HOLLINSHEAD. 1964.
Nucleotide metabolism in germinating seeds. The
ribonucleic acid of Pisiiu,i arzcnisc. Biochem. J.
93: 78-83.

2. BARKER, G. R. AND J. A. HOLLINSHEAD. 1966.
Degradation of ribonucleic acid by extracts of
germinating peas. Nature 212: 926-27.

3. BROWN, A. P. AND J. L. WRAY. 1968. Correlated
changes of some enzyme activities and cofactor
and substrate contents of pea cotyledon tissue
during germination. Biochem. J. 108: 437-44.

4. CHERRY, J. H. 1963. Nucleic acid, mitochondria,
and enzyme changes in cotyledons of peanut seeds
during germination. Plant Physiol. 38: 440-46.

5. CHRISPEELS, M1. J. AND J. E. VARNER. 1967. Gib-
berellic acid-enhanced synthesis and release of
a-amylase and ribonuclease by isolated barley
aleurone layers. Plant Physiol. 42: 398-406.

6. GIENTKA-RYCHTER, A. AND J. H. CHERRY. 1968.
De ntOVO synthesis of isocitritase in peaniut (Ara-
chis hypogaca, L.) cotyledons. Plant Physiol. 43:
653-59.

7. HOLLEY, R. W., J. APGAR, B. P. DOCTOR. J. 1FARRO\V,
M. A. MARINI, AND S. H. 'MERRILI. 1961. A
simp)lified procedure for the preparation of tyro-
sine- an(l valine-acceptor fractions of yeast "soluble
ribonucleic acid". J. Biol. Chem. 236: 20002.

8. LETT, J. T. AND W. N. TAKAHASHI. 1962. Ano-
malies in protein synthesis: the release of soluble
proteins from plant ribosomes. Arch. Biochem.
Biophys. 96: 569-74.

9. LETT, J. T., W. N. TAKAHASHI, AND -M. BIRNSTIEI..
1963. Further observations concerning synthetic
systems with pea ribosomes. Biochem. Biophys.
Acta 76: 105-09.

10. LONGO, C. P. 1968. Evidence for de nzovo synthesis
of isocitratase and malate synthetase in germinat-
ing peanut cotyledons. Plant Physiol. 43: 660-64.

11. LOWRY, 0. H., N. J. ROSEBROUGH, A. L. FARR, AND
R. J. RANDALL. 1951. Protein measurement with
the folin phenol reagent. J. Biol. Chem. 193: 265-
75.

12. MANN, J. D., C. E. STEINIIART, AND S. H. MXUDD.
1963. Alkaloids and plant mietabolisml. V. The
distribution and formation of tyraminie methyl-
pherase during germination of barley. J. Biol.
Chem. 238: 676-81.

13. MARCUS. A. AND J. FEELEY. 1964. Activationi of
protein synthesis in the imbibition phase of seed
germination. Proc. Nat]. Acad. Sci. U. S. 51:
1075-79.

14. MARCUS, A. AND J. FEELEY. 1965. Protein syn-
thesis in imbibed seeds. II. Polysome formation
during imbibition. J. Biol. Chem. 240: 1675-80.

INCORPORATING SYSTEM FRONI PEAS 325

15. ,McDONALD, M. R. 1955. Ribonucleases. In: Meth-
ods in Enzymology. Vol. II. S. P. Colox-ick
and N. 0. Kaplan, eds. Academic I'ress, New
York. p 427-36.

16. MOLDAVE, K. 1965. Nucleic acids and protein bio-
synthesis. Ann. Rev. Biochenm. 34: 419-48.

17. PRESLEY, H. J. ANI) L. FOWN-DEN. 1965. Acid
phosphatase and isocitritase production during seed
germination. Phytocheimistry 4: 169-76.

18. RAACKE, I. D. 1959. Studies oIn proteini syntlhesis
with ribonucleoprotein particles from pea seedlings.
Biochim. Biophys. Acta 34: 1-9.

19. RAACKE, I. D. 1961. The svnthesis of proteins.
In: MIetabolic Pathways. Vol. 2. D. M. Green-
berg, ed. Academic Press, Newv York. p 263-
388.

20. RAACKE, I. D. 1963. Phosphatases in ribonucleo-
protein fractions from pea seedlings. Federation
Proc. 22: 348.

21. ROWSELL, E. V. AND L. J. GOAD. 1962. The con-
stituent of wheat binding latent $-amylase. Bio-
chem. J. 84: 73 p.

22. ROWx-SELL, E. V. AND L. J. GOAD. 1962. Latent
8-amylase of wheat: its mode of attachmenit to
glutenin and its release. Biochem. J. 84: p 73-74,

23. SIIUSTER, L. AND) 1R. H. GIFFORI). 1962. Ch1anlges
in 3'-nucleotidase during the germiniationi of wheat
emnbryos. Arch. Biochemii. Biophys. 96: 534-40.

24. SOEDIGDO, R. AND 1M. GRUBER. 1960. Purification
and(l sonie properties of a protease fromii pea seeds,
Pisutm s(ativuioml L, S. Sp. arvcnisc A. anid G. Bi9-
chimii. Biophys. Acta 44: 315-23.

25. SWAIN, R. R. AND E. E. DEKKER. 1966. Seed
germination studies. I. Purification and proper-
ties of an a-amylase from the cotyledons of ger-
minating peas. Biochim. Biophys. Acta 122:
75-86.

26. SWAIN, R. R. AND E. E. DEKKER. 1966. Seed
germination studies. I I. Pathways for starch
degradation in germinating pea seedlings. Bi9chim.
Biophys. Acta 122: 87-100.

27. VARNER, J. E. 1961. Biochemistry of seniescenice.
Ann. Rev. Plant Physiol. 12: 245-64.

28. VARNER, J. E. AND G. RAMI CHANDRA. 1964. Hor-
monal control of enzyme synthesis in barley endo-
sperm. Proc. Nat]. Acad. Sci. 'U. S. 52: 100-06.

29. WN EBSTER. G. C. 1959. Proteini synitlhesis by iso-
lated nucleoproteini particles. Arch. Biochem. Bio-
plhys. 85: 159-70.

30. WVEBSTER, G. C. 1960. Proteini synithiesis from
aminio acids associated with rib3nucleic acid. Archi.
Biochemll. Biophys. 89: 53-58.

31. XVEBSTEk. G. C., S. L. WHITMAN, A-N) R. L.
HEINTZ. 1962. Heterogeneity of pea ribosomes
with regard to protein synthesis. Exptl. Cell Res.
26: 595-97.

32. YOUNG, J. L. AND J. E. VTARNER. 1959. Enzyme
synthesis in the cotyledons of germinating seeds.
Arch. Biochem. Biophys. 84: 71-78.


