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Abstract-Wheat carboxypeptRiases I, II, III and IV from wheat seeds with lsoelectrlc pomts of 4 8, 5 6,6 0 and 6 5, 
respectively, were found to be homogeneous by the Ouchterlony double nnmunod~ffuslon technique using an 
antiserum of the enzyme III In a previous paper [ 11, the native enzyme III (MW = 118 k) was separated mto two 58 k 
subunits (MW = 58 k) and further dlvlded into the 35 k and 25 k fragments (MW = 35 k and 25 k, respectively) The 
native enzyme III and the 58 k subunit produced a single preclpitm line against the antiserum The 35 k and 25 k 
fragments did not cross-react with the antiserum The ammo acid compositions of the 35 k and 25 k fragments were 
smular to each other Ammo-terminal ammo acids of the 35 k and 25 k fragments were both glutamlc acid 
Carboxy-terminal groups of the 35 k and 25 k fragments were determmed to be -(Gly, Ser)-Glu-OH and 
-Thr-Pro-Glu-OH, respectively The Ouchterlony double lmmunodlffunon technique revealed the presence of a 
common antigen in a carboxypeptldase from wheat seeds and one from germinated wheat Comparison of both 
enzymes 1s discussed 

INTRODUCI’ION 

Wheat carboxypeptldase, isolated and crystallized from 
wheat 1s a recently characterized enzyme with a MW of 
118 k and an lsoelectnc point of 6 0, possessing active Ser 
[l] Carboxypeptidases which are class&d as serme 
carboxypeptldase (EC 3 4 16 1) have been ldentlfied and 
purdied m many plants such as french beans [2], gen- 
nated barley [3], germmated cotton seeds [4], water- 
melon [S], orange leaves and exocarp [6, 71, wounded 
tomato leaves [8] Wheat carboxypeptldase, as well as 
other serme carboxypeptldases, has the abihty to release 
most ammo acid residues, including that of prohne, from 
the carboxytermmus of the peptides and proteins [l. 91 
The values of k,, on wheat carboxypeptldase are dramatl- 
tally mtluenced by the ammo acid residues, while the 
structure of the substrate does not appreciably affect the 
K, value [lo] 

Four carboxypeptldases, designated the enzymes I, II, 
III and IV, with lsoelectnc points of 4 8,5 5,6 0 and 6 5, 
respec%lvely, and with the same MW of 118 k are present 
in resting wheat seeds The enzyme III with an lsoelectnc 
point of 6 0 was shown to be tetramer‘lc [l] The enzyme 
III resembles germmated wheat carboxypeptrdase 
[ 11,123 m substrate specdiclty, but apparently differs m 
MW, isoelectnc pomt and optimum pH Wheat carboxy- 
peptldase IS considered to be one of key enzymes playmg 
an important role m the degradation of storage proteins at 
the nntlal stage of germmatlon 

This paper describes the nnmunologlcal properties of 
the isoenzymes, the immunolog& and physlochenucal 
properties of subumts and comparison between the 
enzyme from resting wheat seeds and that from germl- 
nated wheat 

RESULTS 

Double diffusion of the antlserum of wheat carboxy- 
pepndase III and each of wheat carboxypeptldases I, II, 
III and IV on an Ouchterlony plate produced a single 
preclpitm line (Fig 1) The line formed between the 
enzymes I, II, III and IV against the anaserum completely 
fused, demonstrating that the enzymes I, II, III and IV 
were homogeneous m terms of nnmunologcal properties 

Figure 2 shows the result of double lmmunodiffuslon 
of wheat carboxypeptidase III, the 58 k, the 35 k and 25 k 
fragments against the antiserum Wheat carboxypeptldase 
III and the 58 k subunit produced a single preclpltm line, 
which fused with each other, against the antiserum In 
another 24 hr, a famt spur formatlon was observed The 
35 k and 25 k fragments did not cross-react with the 
antiserum Figure 3 shows the star-diagram of the relative 
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Fig 1 Immunodiffuslon cross-reactrvny of wheat carboxypep 
tldases I, II, III and IV against antIserum of wheat carboxy- 
peptuiase III Centre well contamed anttserum of wheat carboxy- 
pepttdase III, and outer wells 1, 2, 3 and 4 contauxd wheat 
carboxypeptldase I, II, III and IV, respecttvely The dtffuston was 

allowed to take place. for 24 hr at 25” 

2435 



2436 H UMETSU et al 

1 2 

60&03 

00 

crude carboxypeptldase preparation from germinated 
wheat agamst the antiserum The crude enzyme prep- 
aration from germinated wheat formed a preclpltm line 
against the antiserum The preclpltm line between the 
enzyme III and the crude germinated wheat enzyme 
preparation partially fused, and a spur was formed 
towards the well contammg the enzyme III The preclpltm 
line between the 58 k submit and the crude germinated 
wheat enzyme preparation did not fuse at all, though the 
reaction between the 58 k subunit and the antlserum was 
famt 

5 4 

DISCUSSION 

Fig 2 ImmunoddTuslon cross-reactmty of wheat carboxypep- 
tldase III, the 58 k subunit and the 35 k and 25 k fragments 
agamst antlserum of wheat carboxypeptuiase III Centre well 
contained antiserum of wheat carboxypeptldase III, and outer 
wells contamed the followmg 1 and 4, wheat carboxypephdase 
III, 2 and 5, the 58 k subunit, 3,35 k fragment, 6,25 k fragment 

ammo acid composition of the 35 k and 25 k fragments 
Their ammo acid compositions were slrmlar to each other 

The N-termmal ammo acid and the C-termmal groups 
of the 35 k and 25 k fragments are summarized in Table 1 
As the N-terminal ammo acid of both fragments, a large 
amount of Glu and a trace of Gly were detected 
by twodtmenslonal TLC on polyarmde sheets The 
C-terminal group of 35 k and 25 k were determmed to be 
-(Gly, Ser)-Glu-OH and -Thr-Pro-Glu-OH, respect- 
ively 

Figure 4 shows the result of double lmmunodlffuslon of 
wheat carboxypeptldase III, the 58 k subunit and the 
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Fig 4 Immunodlffuslon cross-reactmty of wheat carboxy- 
peptldase, the 58 k subumt and the crude carboxypeptldase 
preparation from germmated wheat agamst antlserum of wheat 
carboxypeptldase III Centre well contamed antIserum of wheat 
carboxypeptldase III Outer wells contamed the followmg 1 and 
4, wheat carboxypeptaiase III, 2, the crude carboxypeptldase 
preparation from germmated wheat, 3, the 58 k subunit The 

diffusion was allowed to take place for 24 hr at 25 

peptldase 1s a glycoprotem [l], It is considered that an 
antiserum of wheat carboxypeptldase III reacted with the 
58 k subunit 

In N-terminal ammo acid analyses of the 35 k and 25 k 
fragments (Table l), Glu was observed as a major com- 
ponent and Gly, as a minor one We consider that the N- 
termmal ammo acid of the 35 k and 25 k fragments was 
Glu, smce the minor component of Gly might have 
ongmated from the proteolysis of the enzyme by other 
proteolytic enzymes 

In the Ouchterlony double lmmunodlffuslon test 
(Frg 4), the native wheat carboxypeptldase from wheat 
seeds and the germinated wheat enzyme preparation 
partially fused One component or another except car- 
boxypeptldase m the crude enzyme preparation from 
germmated wheat seeds seems to react with the antibody 
corresponding to it man antlserum of wheat carboxypeg 
tldase III On the other hand, no fused precipltm between 
the germinated enzyme preparation and the 58 k suburut 
was observed at all These results indicate that the native 
enzyme from wheat seeds and germinated wheat enzyme 
have a common antigen m molecules, whereas germinated 
wheat carboxypeptldase and the 58 k subumt did not hold 
the same antigen m common There are two posslblhtles m 
the formation of germinated wheat carboxypeptldase the 
first is de nova synthesis durmg the germmatlon, and the 
second 1s that wheat carboxypeptldase m resting seeds is 
converted mto a germinated enzyme in the mltlal stage of 
germination with some moddicatlon, followed by the 
reduction of MW to one half of the initial value The latter 
case 1s probable on the basis of the presence of a common 
antigen between carboxypeptldases from resting wheat 
seeds and germinated ones 

EXPERIMENTAL 

Preparation of enzymes Wheat bran from bread and common 
wheat (Trtt~cum aesttuum L) was purchased from IUlssm &fun 
Co Ltd, Tokyo Wheat carboxypeptrdase III was prepared 
according to ref [l] and the enzymes I, II and IV were prepared 
by the method of CM-cellulose rechromatography [l] The 
enzyme III was found to be homogeneous by disc electrophoresis 
at pH 4 and analytical ultracentnfugatlon The enzymes I, 
II and IV were proven to be homogeneous by CM-cellulose 
chromatography 

Carboxypeptldase from germmated wheat (Trtttcum oestluum 
L cv Norm 61) was prepared by the method of ref [ 111 The 
(NH&SO4 preclpltatlon of crude enzyme preparation was 
chromatographed on a Sephadex G-75 column with 005 M 
acetate buffer (pH 44) Active fractions of the enzyme were 
collected and dlalysed agamst the same buffer The dmlysed soln 
was used as a partially purr&d enzyme preparation Thus enzyme 
preparation was confirmed to contam carboxypeptldase of ca 
60 k m MW ongmatmg from germinated wheat but not to 
contain carboxypeptldase of 118 k m MW ongmatmg from 
resting wheat seeds by the analytical gel filtration method with 
Sephadex G- 100 

Double unmunod~~is~on analyses Rabbit antlserum to pure 
wheat carboxypeptldase III was prepared accordmg to ref [ 151 
Immunoddfuslon experiments were camed out by the 
Ouchterlony double dlffuslon technique [la] Ouchterlony 
plates were prepared on glass sheets usmg 1 2 % agar In buffered 
saline at 20” for 24 to 48 hr 

Ammo actd analyses Ammo acid analysis was performed by 
the method of ref [ 173 Ammo acids were analysed with a Hitachi 
ammo acid analyzer, Model 834-30 The numbers of ammo acid 
residues of the 35 k and 25 k fragments were calculated for MWs 
of 35 k and 25 k, respectively 

Determmatlon of the N-temunal ammo acid and C-ternunal 
group The N-terminal ammo acid was determined by the dansyl 
chlonde method of ref [IS] The detection of dansyl ammo acid 
was performed by 2-D TLC on polyamide sheets Release of the 
C-terminal ammo acids from the 35 k and 25 k fragments was 
performed by dlgestlon with Pemcdlum~anthmellum acid carbo- 
xypeptidase [ 19,201 The released ammo acids from the carboxy- 
terminus were ldentdied by the ammo acid analyser 

Preparation of the 58 k subuntt and the 35 k and 25 k 
fragments The 58 k subunit and the 35 k and 25 k fragments 
were prepared by the method of SDS-polyacrylamlde gel elec- 
trophoresls [21] m 10% gel as mentioned as follows To obtam 
the 35 k and 25 k fragments, wheat carboxypeptldase III was 
treated wtth 1% SDS and 2% 2-mercaptoethanol Then the 35 k 
and 25 k fragment fractions were cut from the gel and extracted 
with HZ0 The extracted fragments were dialysed agamst Hz0 
and freeze-dried The 58 k fragment was prepared m a slmllar 
manner to the above, except that the enzyme III was treated only 
with 1% SDS 
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