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Abstract--Actlvltles of carbamoyl phosphate synthetase, aspartate carbamoyltransferase, tiydro-orotase, 
dlhydro-pyrnmdmase, uracd phosphonbosyltransferase, undme phosphorylase, undme kmase and acid 
phosphatase were measured m extracts from wheat grams germmated for penods rangmg from 0 to 48 hr 
With the exception of undme phosphorylase which appeared only 24 hr after mttatlon of germmatlon, all 
these actlvltles were detected in the dry grams Actlvltles concerned with the synthesis of pyrmndme rmg 
de nova dropped at the onset of germmatlon (0 5-2 hr) and increased thereafter gradually Actlvltles m- 
volved m the degradatlve pathway were mamtamed at a roughly constant level durmg the first 24 hr and 
rose considerably later on The results are discussed m relation to the sequence of mtlation of RNA and 
protein synthesis dunng seed germination 

INTRODUCTION 
THE RELATIONSHIP of nucleic acid and protein synthesis m germmatmg seeds has received 
much attention recently The natural synchromzatlon of blosynthetlc processes, ordered 
with respect to the breaking of dormancy, offers a promlsmg opportunity to estabhsh a 
temporal pattern of remltlatlon of nucleic acid and protein synthesis during germination. 
Although there 1s great actlvlty m this field, it IS difficult to conclude, as yet, whether 
the synthesis of RNA and protein are triggered simultaneously or m an order, and if so, m 
which order Many lmes of evldence1-6 indicate that it 1s the protein synthesis wlch starts 
immediately, prior to RNA, when appropriate changes m the environment allow seed to 
germinate Other evidence, however, supports the opposite view In particular, rapid m- 
corporation of labelled orotate, uracll and undme7 indicates that RNA synthesis may 
be initiated lmmedlately, being catalysed by enzyme systems apparently present m mature 
seeds Indeed, the actlvltles of RNA polymerase4 and some enzymes concerned with purme 
nucleotlde synthesis8 have been demonstrated m dormant seeds. 

In attempts to extend these searches, studies on the actlvltles of enzymes involved m the 
synthesis of pyrlmldme moiety RNA precursors m dry and germmatmg wheat grams were 
undertaken 

RESULTS 

Actlvltles of eight enzymes concerned with UMP synthesis and degradation were studied 
m dry and germmatmg (up to 48 hr) wheat grams Enzymes assayed were carbamoyl 

1 A MARCUS and J FEELEY, J Bzol Chem 240, 1675 (1965) 
Z A MARCUS, J FEELEY and T VOLCANI, Plant Phystol 41, 1167 (1966) 
3 J E ALLENDE and M BRAVO, J Bzol Chem 241,5813 (1966) 
4 G R BARKER and M RIEBER, Bzochem J 105, 1195 (1967) 
5 D CHEN, S SARID and E ~TCI-IALSKI, Pruc Nut1 Acud Scz. US 61,1378 (1968) 
6 D (&EN and D J OSBORNE, Nature, L.ond 226, 1157 (1970) 
’ E REJMAN and J BucHowIcz,I%~~x~~~. lo,2951 (1971) 
8 C E Pa~ce and A W MURRAY, Bzochem J 115, 129 (1969) 
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TABLE 1 ACTIVITY OF CARBAMOYL PHOSPHATE SYNTHETASE IN EXTRACTS FROM DRY 

AND GERMINATING WHEAT GRAINS 
- 

Germmatlon 
time 
(hr) 

(dry irams) 
05 
1 

6 
12 
24 
48 

Weight of the 
100 gram 
sample 

fresh dry 
(g) (g) 

Concentration 
of protein in 

the extract 
(mg/mU 

47 42 90 

56 42 8.5 
63 42 84 
63 41 84 
64 41 83 
66 41 81 
68 41 76 
75 39 78 
96 38 91 

Specific Total 
activity activity 

.__ __- 

0 08 0 07 

005 004 
0 04 0 03 
0 05 004 
0 17 0 14 
0 28 0 23 
0 38 0 29 
0 75 0 59 
0 71 0 65 

Specific activity IS expressed as nm’s of the product formed per hr per mg of 
protein Total activity = specific actlvlty x mg of protein extracted from one gram 
of the wheat The results represent the average of tnphcate senes Extraction and 
assay condltlons are described m Expenmental 

phosphate synthetase (ATP carbamate phosphotransferase, E C. 2.7 2 5), aspartate carba- 
moyltransferase (carbamyl phosphate L-aspartate carbamoyltransferase, E.C. 2.1.3 2), 
dlhydro-orotase (L-4,5-dlhydro-orotate amldohydrolase, E C 3 5 2 3), dlhydropyrlmldmase 
(4,Sdlhydropynmldme amldohydrolase, E.C. 3 5 2 2), uracll phosphorlbosyltransferase 
(UMP pyrophosphate phosphonbosyltransferase, E C 2 4 2 9), urldme phosphorylase 
(undme orthophosphate nbosyltransferase, E C 2 4 2 3), undme kmase (ATP urldme 
5’-phosphotransferase, E C 2 7 1 48) and acid phosphatase (orthophosphonc monoester 
phosphohydrolase, E C 3 1 3 2 ) The results obtained for the mdlvldual actlvltles are 
grouped m Tables 1-4, which indicate also the level of extractable protein found m the 

TABLE 2 ACTIVITY OF ASPARTATE CARBAMOYLTRANSFERASE 

Concentration 
Germmatlon of protein in 

time the extract Specific Total 
(hr) (mg/mU activity* activity* 

0 
(dry grams) 

05 
1 
2 
4 
6 

12 
24 
48 

89 74 66 

87 
87 
87 
90 
91 
87 
85 

100 

40 
40 

:: 
52 

120 
150 
222 

35 
35 
31 
32 
47 

104 
128 
222 

* See Table 1 for the explanation 
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TABLE 3 ACTIVITY OFDIHYDRO-OROTASEANDDIHYDROPYRIMIDINASE 

Concentration 
Germmatlon of protem m Dlhydro-orotase Dlhydropynrmdmase 

tune the extract specllic Total specific Total 
(hr) (ms/ml) actimty* acttvlty* actWlty* activity* 

(dry iams) 
05 
1 
: 

6 
12 
24 
48 

80 0 14 011 004 0 03 

74 0 07 0 05 0 05 004 
73 007 0 05 0 05 004 
;i 0 0 11 15 0 0 08 11 iii 0 003 03 

76 0 17 0 13 005 004 

3: 
031 0 22 006 004 
0 37 0 27 0 13 0 10 

86 046 040 0 33 0 28 

* See Table 1 for explanation 

correspondmg enzyme extracts. Table 1 also mcludes data on changes m the fresh and dry 
weight of wheat gram sample durmg the period under mvestlgatlon 

Wrth the exceptron of undme phosphorylase, all actrvmes tested were found to be 
mvarlably present m extracts from the dry grams. As germmatton proceeded, those acttvrttes 
changed m a pattern different for the mdlvldual enzymes However, for activlttes involved m 
the synthesis of the pyrlmldme rmg on the orotate pathway, 1 e carbamoyl phosphate 
synthetase (Table l), aspartate carbamoyltransferase (Table 2) and drhydro-orotase (Table 
3), there was a common tendency to drop at the onset of the germmatron pertod (05-2 hr) 
and to Increase later on. This tendency IS true for both specific and total actlvttles, but the 
values calculated m the latter manner are more lllustratlve m this respect 

The acttvlty of uridme phosphorylase was not detectable until 24 hr after mitlatton of 
germmatton (Table 4) The actrvttles of other enzymes concerned wrth catabohsm, dlhydro- 
pyrlmrdmase (Table 3) as well as uracll phosphorlbosyltransferase and urrdme kmase 
(Table 4), were high m extracts from dry seeds and did not change noticeably during the 

TABLE 4 ACTIVITIES OP URACIL PHOSPHORIBOSYLTRANSFERASE, URIDINE PHOSPHORYLASE AND UIUDINE KINASE 

Germmatlon 
time 
thr) 

Concentration Uracd phospho- Undue phosphorylase Undme kmase 
of protem in nbosyltransferase 

the extract speclflc Total speC1fic Total SpeclfiC Total 
@g/ml) activity* activity* activity * actIvlty* activity* aCtwlty* 

0 
(dry grams) 

05 

: 
4 
6 

:t 
48 

85 

80 

82 82 
82 
82 

81 80 
90 

0 18 0 15 000 0 00 0 37 031 

0 20 0 16 000 0 00 0 39 031 
0 16 013 000 000 042 0 34 
0 21 0 17 000 000 0 36 0 30 
0 15 0 12 000 000 040 0 33 
0 20 0 16 000 000 0 34 0 28 
0 20 0 16 000 000 044 0 36 
0 18 0 14 0 02 002 0 30 0 24 
0 26 0 23 0 05 0 05 2 79 251 

* See Table 1 for the explanation 
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first 24 hr There was, however, a sigmficant increase m the activrties of all degradatrve 
enzymes durmg the second day of germmation This increase was particularly high (lo-fold) 
m the case of undme kmase 

Phosphatase activity was not detectable when tested under conditions of the uraci1 
phosphoribosyltransferase assay However, when the enzyme extracts were adjusted to 
pH 5 0, this activity, mamfested by the conversion of UMP to uridme, appeared to be 
present m the wheat grams during the whole period 

DISCUSSION 

The results presented m this paper indicate that enzymes mvolved m the synthesis of 
UMP, on both orotate and degradative pathways, are present m extracts from dry wheat 
grams This observation, together with the data of Price and Murray8 on the activities of 
PRPP synthetase, adenme and hypoxanthme phosphoribosyltransferases, mosme phosphory- 
lase and adenosme kmase m ummbibed wheat embryos, and the report of Barker and 
Rieber4 on the occurence of RNA polymerase activity m dormant pea seeds, strongly 
suggests that mature seeds may be endowed with a complete enzyme system potentially able 
to catalyse the synthesis of RNA from the simplest low-molecular-weight precursors Rapid 
mcorporation of labelled RNA precursors zn vtvu’ further mdicates that these enzymes are 
actually operative from the onset of germmation. Thus, two mdependent hnes of evidence 
support the view that RNA synthesis may be mitiated immediately after seed is allowed to 
germinate. The protein synthesis, on the other hand, seems to be triggered off considerably 
later. Neither of the mvestigated enzyme activities rose immediately after imbibition, at 
least 2 hr delay was observed A similar lag phase was observed m ammo acid mcorporation 
studied rn VIVO.~~~ 

One of the enzymes concerned with UMP synthesis, uridme kmase, has been pre- 
vious1y’**’ l studied in relation to the germmation process There is an apparent contradic- 
tion between our observation on the presence of uridme kmase activity m extracts from dry 
wheat grams and data of Schwarz and Fites l1 showmg that this activity appears m the axes 
of peanut seeds only 24 hr after mitiation of germmation This discrepancy may result from 
differences m the experimental material used It is, however, probable that the charcoal 
treatment, employed m our procedure to mmimize dilution effects, makes it possible to 
measure a very low level of the kmase activity Such an explanation may seem plausible m 
view of the low K,,, value found for uridme kmase from corn seedlmgs lo Thus our observa- 
tions may be considered consistent with the data of Schwarz and Fites m that they show a 
rapid increase of the undme kmase activity after 24 hr of germmation Aspartate carba- 
moyltransferase has been recently isolated from dry wheat embryos.12 

From the results presented, it may be concluded that mature wheat gram is endowed 
with enzyme systems allowmg it to resume the synthesis of UMP, on both orotate and 
degradative pathways, immediately after mitiation of germmation 

EXPERIMENTAL 
Gemmutm 100-gram samples of wheat, characterized III the previous paper,’ were surface-stenhzed 

with 2 % NaC104 and germmated on stenle molstened filter paper m the dark at 21’ for penods varymg from 
0 to 48 hr, as spec&d for each expernnent 

9 A A ABDUL-BAKI, PIant Physzo/ 44, 733 (1969) 
lo F WANKA and F W BAUER, Z Pjanzenphysrol 58, 175 (1967) 
I1 0 J SCHWARZ and R C FITES, Phytochem 9, 1899 (1970) 
I2 R J YON, Brochem J 121, 18P(1971) 
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Extractton of enzymes The whole sample of plant matertal was ground and homogemzed with 10 ml of 
the appropriate buffer, correcting the volume used for water present m the tmbtbed grams The followmg 
buffers were used for the extractton of the several enzymes 0 05 M Tns-HCl, pH 8 0, for carbamoyl phos- 
phate synthetase, 0 1 M Trts-HCl, pH 8 5, for aspartate carbamoyltransferase, 0 05 M potassium phosphate, 
pH 7 5, for dthydro-orotase and dthydropyrmudmase, and 0 1 M Tns-HCI, pH 8 0, for uracd phosphon- 
bosyltransferase, undme phosphorylase, undme kmase and phosphatase Each buffer contamed 0 1 mM 
2-mercaptoethanol The homogenate was centnfuged at 15,000 g for 10 mm The supernatant was used as 
the enzyme source The extract tested for the uracrl phosphonbosyltransferase, undme phosphorylase, 
undme kmase and phosphatase acttvlties was treated with 400 mg of activated charcoal and filtered pnor to 
the use Extraction was performed at 2” 

Enzyme assuys Carbamoyl phosphate synthetase was assayed accordmg to the method of G’Neal and 
Naylor,‘” usmg 50 ~1 portions of the extract as the enzyme source In thts method NaH%Gs (0 22 w, 
specmc radioacttvity 7 5 +/mole) serves as one of the substrates for the synthesis of [“C]-carbamoyl 
phosphate, which is quantitatively converted mto [14C]-citrullme m the presence of excess of ormthme 
carbamoyltransferase and ormthme The radtoacttve cttrulhne formed on mcubatton (30 mm at 37”) was 
tdenttfled and determmed as described m the ongmal method 

Aspartate carbamoyltransferase was determmed as described prevtously I* The complete reactton mixture 
contamed 100 rmo1e-s of Tns-HCl buffer, pH 8 5,O 1 wale of 2-mercaptoethanol, 10 eoles of carbamoyl 
phosphate, 20 eoles of L-aspartate, enzyme (0 5 ml of the extract) and water to a tinal vol of 1 0 ml 
Incubation was at 37” for 30 mm The reactton product, carbamoyl aspartate was isolated by column 
chromatography’” and determmed colonmetncally I6 

Dthydro-orotase was tested smnlarly as described previously,” usmg 0 11 F of L-[“Qcarbamoyl 
aspartrc actd (spectfic radioactivity 0 11 w/Nmole), 100 holes of potassmm phosphate-acetate buffer, 
pH 6 0, and 0 5 ml of the enzyme extract to prepare the m&on mtxture (total vol , 1 ml) The reaction was 
stonned by ad&non of 5 ml of 0 3 M HClO. after 1 hr mcubatton at 37” Radtoactrve dthvdro-orotate was 
tsoiated from the macttvated mtxture by paper chromatography and quantttated by the radroacttvity 
measurement The paper chromatography was carned out as described by Fmk and Adams,‘s usmg t- 
BuOH-MeCOEt-H&N&OH (4 3 2 1) 

Drhydropyrmudmase assay contamed 100 holes of dtethanolamtne buffer, pH 10 0, 14 w of [14C]- 
tiydrouractl (specific radroactrvrty 5 7 &wole), 0 5 ml of the enzyme extract and water to a 6nal vol of 
1 0 ml Incubatton was at 37” for 1 hr The product formed, [14C]-carbamoyl-j?-alamne, was isolated by the 
methods described prevro~sly~~ and assayed for radroactmty 

Uracil phosphonbosyltransferase, undme phosphorylase and undue kmase acttvrbes were measured 
under conditions as described by Wasilewska and Reefer ‘O The assay system for urarxl phosphonbosyltrans- 
ferase contamed m a final vol of 1 0 ml Tns-HCl buffer, 100 wales (PH 7 4), 2mercaptoethano1, 0 1 
@nole, 2-[‘4C]-uracd, 1 4 fl (specific raloactrvrty 5 7 +/mole), 5-phosphonbosyl pyrophosphate, 0 5 
mole, and enzyme (0 5 ml of the extract) To determine the undme phosphorylase activrty, the same reactton 
mtxture was prepared, except that phosphonbosyl pyrophosphate was replaced by nbose-l-phosphate The 
reactron mtxture for undme kmase measurement contamed 3 pmoles of ATP, 0 9 + of 2-[14C]-undme 
(spectf?c radtoactmty 0 3 +/mole) and Tns-HCl buffer, mercaptoethanol and enzyme m the same propor- 
tions as m the case of the uractl phosphonbosyltransferase assay After mcubauon at 37” for 30 mm reactions 
were stopped with 1 ml of 0 6 M HClO., Radioactive UMP and undme formed on mcubatton were isolated 
and determmed quantitatively as described prevtously x1 

Phosphatase acttvity was tested with the use of S-UMP (1 0 mole) as the enzyme substrate either under 
condttrons of the uracrl phosphonbosyltransferase assay or after actdtfication of the reactron nnxture to 
pH 5 0 Undme resulted from the dephosphorylatron of UMP was separated by the method quoted above 

General methods Protein concentration was determmed accordmg to the method of Lowry et a12* 
Ra&oactivtty was measured wtth a gas-flow Nuclear-Chtcago GM counter, samples were plated on stamless- 
steel planchets, dned under an IR lamp and counted 

Expressron of results To avoid confuston between the activrtres of the enzyme preparattons and the results 
of radtoactmty determmatrons, the quanttttes of the products formed are expressed as n-moles, mdependently 

I3 T D G’NEAL and A W NAIWR, Bzochem J 113,271 (1969) 
l4 B MAZIJS and K KLECZKOWSKI, Bull Acad Polon Scr , Ser Scr Wol 13,207 (1965) 
Is J BIJCHO~~CZ, I REIFTR and J MAKOWSKI, Acta Biochzm Polon 8,377 (1961) 
l6 I REIFER and K TOCZKO, Bull Acud Polon Scz , Ser Scr Bzol 7, 131 (1959) 
l7 B MAZUS and J Buc~owrcz, Actu B~ochzm Polon 15,317 (1968) 
l8 K IiINK and W S ADAMS, J Chromatogr 22, 118 (1966) 
I9 B MAZUS and J Bucuowrcz, Actu Brochrm Polon 15,327 (1968) 
2o L W WASILEWSKA and I REIFER, Acta Sot Bot Polon 37,647 (1968) 
21 J Buc~owrcz and A L&nawsx~, Phytochem 9, 1085 (1970) 
22 0 H LOWRY, N J ROSEBROUGH, A L FARR and R J RANDALL, J Btol. Chem 193,265 (1951). 
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of the kmd of the substrate (ra&oactlve or non-radloactrve) used Ddutlon effects were neglected when the 
molar quantity was calculated from the total ra&oactlvtty of the Isolated product. 

The results of enzyme actlvlty measurements are presented m two ways (1) m terms of specnic actlvlty 
expressed as n-moles of the product formed per hr per mg of protein; (2) m terms of total actlvny, expressed 
as n-moles of the product formed per hr per wheat gram (1 e per that quantity of protem which 1s extracted 
from one gram of the wheat) 

To allow comparison of the results presented here with those calculated on other bases, the data on 
changes m fresh and dry weight of the standard 100-gram wheat sample dunng the penod of mvestlgatlon 
are given m Table 1 

&agents. [%I-Carbamoyl aspartate was prepared accordmg to the method of Nyc and MnchelLz3 
[“‘Cl-Dlhydrouracrl was obtamed by hydrogenation of 2-[‘4CJ-uracd 24 Ormthme carbamoyltransferase, 
punfied lOOO-fold from pea seedhngs by the method of Kleczkowslu and Cohen,*5 was a gift of Dr B 
Wlelgat from our Institute Other reagents were of commercral sources 
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