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[. INTRODUCTION

Proteinase protein inhibitors (PPIs) play an important role in living system and
have several practical applications (7, 9, 11]. Thercfore, the investigation of PPIs in plants
has both scientific and realistic significance. :

However, in Victnam, the study on PPIs has started in our laboratory only since
1986. During that period, most of studies were focused on PPIs from Cucurbitaceae seeds.

As far as we know, there are more than 90 published papers about protein from
Artocarpus seeds, but no one reported about PPIs.

This work presents some preliminary results of PPIs from seeds of certain Moraccae
plants and from some plants of other familics.

II. MATERIALS AND METHODS

1. Materials

The sceds of Artocarpus melinoryla Gagn, Artocarpus chaplasha Roxb; Artocar-
pus interger Merr ; Artocarpus lakoocha Roxb; Steblus asper Lour; Annona squamosa L;
Diospyros kaki Linn f; Abelmoschus esculentus L; Syzygium jambos L. ; Delavaya toro-
carpa; Citrus grandis Osbeck; Citrus sinensis L; Pyrus pyrifolia Nakai; Carica papaya L;
Sechium edule Sw; Chrysophyllum cainito L; Persimmon kaki soft type ripe were collected

from mature fruits.

« (+) Chemicals

a - chymotrypsin from Lab Leurquin (France); cascin from BDH chemicals Ltd,
Sephadex - G 75 from Pharmacia Fine chemical (Sweden); trypsin, albumin were supplied
by Sigma Ltd (USA).

*) This work was financially sponsored by " Basic scientific programme - project”, subproject 6.4.4.
Abbreviations: PA: proteolytic activity; TIA: trypsin inhibitor activity; ChlA; chymotrypsin in-
hibitor activity; DChIA (DTIA): Tl or Chl peak.



2 Pham Tran Chau, Nguyen Hong Anh, Le Trong Quang. . .

- Chermicals for electrophoresis: acrylamide, bis - acrylamide, Tris - basc...etc., from
Sigma Ltd (USA). The other chemicals reached the PA grade.

(+) Methods

The finely ground seeds were extracted with distilled water (with an exception
for Diospyros kaki Linn seeds, where pH of 4.5 Britton and Robinson buffer was used).
The obtained suspensions were stirred for 30 minutes at room temperature and clarified
by centrifugation (8000 rpm) for 10 minutes. The supernatant was collected for further
analysis.

- Protein concentration was determined by the Lowry method [6], using bovine
serum albumin as standard.

- Determination of proteolytic activity (PA) was carried out by Anson modified
method (8]. PA was determined at 35.5°C using pH 7.6 Srrensen buffer with 1% casein
as substrate for 20 minutes. One unit of proteolytic activity was defined as the amount
of enzyme after one minute of action at 35.5°C generating TCA soluble products, giving
colour reaction with Folin Ciocalteau reagent equivalent to one micromole of tyrosine.

Inhibitory activity was determined from the residual enzymatic activity after 10 min
pre-incubation of the enzyme with the inhibitor solution. One unit of inhibitory activity
was defined as that amount of inhibitor, which reduces the activity of two mg of enzyme
by 50%. y

- PA, ChIA, TIA were also determinéd by diffusion method [5,10].

.Heat stability of TI and Chl was estimated as follows: the crude extract was treated
at 100°C for 15 min, cooling immediately in ice. The activity was measured in standard
conditions. The remaining activity was calculated in comparing with the initial activity.

- Polyacrylamide gel electrophoresis for identification of protein bands was per-

formed according to Laemmli method [4]. Protein pattern was analysed by Sharp JX. 330
scanner.

Gel filtration by Sephadez-G75 column

The gel filtration column with a size of 1.7 x 92cm was equilibrated by pH 6.5
Srrensen buffer for Artocarpus melinozyla Gagn and Artocarpus chaplasha Roxb pH 7.6
for Abelmoschus esculentus L. and Delavaya torocarpa. Proteins were cluted by the equi-
librated buffer. The fraction volume was 3ml. The running speed was 20ml/hour.

III. RESULTS

1- Screening proteinase inhibitory activity (PIA) of seed crude extracts

Seventeen sced samples of Moraceae, Rutaceae, Annonaceae, Rosaceae, Ebenaceae,
Caricaceae, Malvaceae, Sapindaceae, Myrtaceae, Sapotaceae, families were subjected to
PIA investigation. Nine of them showed inhibitory activity (Table 1) but in the cight
others: pomelo, orange, pear, papaya, chayote, star apple, persimmon, kaki soft type ripe
neither TI nor ChI was discovered.
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Table 1, 4.
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As shown in table 1, Artocarpus melinoryla Gagu, Artocarpus chaplasha Roxb,
Abelmoschus exculentus L and Delavaya torocarpa contain both TIA and ChlA. However,
in the first two samples. ChIA was 2-3 times higher than TIA, while in Abelmoschus
esculentus L. and Delavaya toxocarpa, there was no clear distinction between TIA and
ChIA.

In remained samples, TIA was only discovered in seeds of Artocarpus lakoocha Roxb,
Diospyros kaki Linn f, Delavaya torocarpa, Annona squamosa L. while KIA existed in
Artocarpus melinoxyla Gagn. Among the Moraceae sceds owing PPI, the highest TIA level
(5675 mIU/g of dry matter) was found in Artocarpus. Melinoryla Gagn. In opposition,
Steblus asper Lour sample showed proteolytic activity (1.787U /g of dry matter) but was
lacking in PA, PPIs. Thus in comparison with the Momordica sceds, TIA of Artocarpus
was 10 times lower [12, 13] but it was higher than pumpkin, squash, water melon... TIA.

Basing on this experiment, we selected 4 samples of Artocarpus melinoryla Gagu;

Artocarpus chaplasha Roxb, Delavaya torocarpa and Abelmochus esculentus L. for further

analysis.

At first, SDS - PAGE was used for detecting the protein components.

mples Artocarpus Artocarpus Abelmoschus Delavaya
Number Rm melinoxyla Gagn chaplasha esculentus L toxocarpa

1 0,14 + - + -

2 0,18 + - + -

3 0,2 +
4 0,21 +- +-

5 0,23 +- + -

6 0,24 +

/ 0,26 + - *- +
8 0,28 +
9 0,29 + - + -

10 0,32 +- + -

1 0,36 +++

12 0,39 + +++
13 0,44 ++. +4 + +
14 0,45 +

15 0,50 +

16 0,54 +
17 0,58 ++ ++ + -

18 0,62 +++ +++

19 0,70 +++
20 0,83 +
21 0,85 +-
22 0,90 +

Table 2: The ralative mobility (Rin) of protein bands from 4 samples.
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2. Electrophoresis pattern of seed extract of Artocar pus melinoxyla Gagn;
Artocarpus chaplasha Roxb; Abelmochus esculentus L; Delavaya toxocarpa L

For convenience, the Rm of protein bands
was calculated and listed in table 2.

The data in photo 1 showed that the
protein pattern of seed extract of Artocarpus
melinoryla Gagn and Artocarpus chaplasha
Roxb was rather similar, including 10 protein
bands in Artocarpus melinoryla Gagn and 11
ounes in Artocarpus chaplasha Roxb. Among
these bands, the protein ones with Rm=0.39:
0.44; 0,58; and 0.62 were major bands.

It was interesting to note that there
was only one difference in protein band with
Rm=0.39 between Artocarpus melinoryla Gagn
and Artocarpus chaplasha Roxb. May be the
differentiation between Artocarpus melinoryla
Gagn and Artocarpus chaplasha Roxb was de-
fined by this protein.

The rate ratio of main protein bands
(Rm = 0.39; 0.44; 0.58 and 0.62) was calcu-
lated and presented in table 3. In Artocar-

pus melinoryla Gagn, the protein band with Phots 1.

protein pattern of seed extract

R = 0.39 accounts for approximately 6.16 from Artocarpus welinoxyla Gagn (1, 3)

of the total protein content, 6.16 % while for and Artocarpus chaplasha Roxb (2, 4)

the Rm = 0.44 protein band it was 3 60 % L, 2 cach lane contaiu 10 pf of sample

rer p P Al 108 1 v g - .
lower than that of the corresponding one in 3, 4: cach lanc contain 15 sl of sample
Artocarpus chaplasha Roxb. Thus, a question
arises: does the protein band with R = 0.39 originate from the one with Rm = 0.447 and

the corresponding gen(s) identifving the difference between these two Artocarfus species?

Rm The major protein bands (Rm)
0,39 0,44 0,58 0,62
Samples
Artocarpus chaplasha Roxb 22.29 2365 36.47
(column2)
Artocarpus melinoxyla Gagn 6.16 18.6 24.65 29.39
(column 1)

Table 3: The percentage ratio of major protein bands in comparison
with the total of detected bands by Sharp JX-330 scanuer.
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The SDS - PAGE results also showed the difference in electrophoresis pattern anong
Artocarpus melinoryla Gagn; Artocarpus chaplasha Roxb and Delavaya torocarpa The
siiplest protein pattern with 5 protein bands in which the major one with Rm = 0.56 was
found in Abelmochus esculentus L. Although, ten protein bands were detected in protein
pattern of Delavaya torocarpa, almost these proteins were different from the correspaiding
ones of the other families in Rin value.

To preliminary separate PPIs from crude extract, Sephadex G75 column was used
for chromatography.

3. Chromatogram of seed extract of samples through Sephadex - G75 column

As shown in fig. 1 and fig. 2, the chromatogram patterns of Artocarpus melinoxyla
Gagn and Artocarpus chaplasha Roxb [5, 10] were similar in shape, consisting of 2 peaks
(Dy, D;), in which D; was an active peak. In Artocarpus melinoryla Gagn, D) reached
52.78 % of the total protein loaded on the column while it was 55.75 % in Artocarpus
chaplasha Roxb. Thus, at the back of separation, the purified level of Chl in Artocarpus
melinoryla Gagn was equivalent to that of Artocarpus chaplasha Roxb. After chromatog-
raphy, since TIA both of Artocarpus melinoryla Gagn, Artocarpus chaplasha Roxb was
very low, it was not possible to detect by Anson method, TIA was only discovered by
diffusion method.

It should be noted that TIA fraction shared the same peak with ChIA one. This
phenomenon may be the cause of the similarity in Rin between TI and Chl in these
samples? or there existed the double headed inhibitors in Artocarpus: one domain irhibits
trypsin, the other is completed with chymotrypsin, following the type of BBI forn in
soybean sced (2, 3)7

Under the same condition, there were some differences in chromatogram pattern

of Delavaya torocarpa and Abelmochus esculentus L. PPIs fractions were cluted slowlier,
thus it documented that molecular weight of PPI in these samples was lower than that of
Artocarpus.

Fig. 1 showed two main protein peaks (Dj, D) in chromatogram pattern of sced
extract of Abelmochus esculentus L.. TIA, ChIA were shown in Dy As the protein content
of Dy reached 35.71 % of total studied protein, the specific activity of TIA and ChIA
increased respectively 3.15 and 3.35 times.

As shown in fig. 1, there were 3 peaks (D), Dy and Dj3) in chromatography pattern
of Delavaya torocarpa. Since Dy had the lowest protein coutent (about 26.5 %) and was a
TI peak, thus the specific activity of TI increased 3 times more than that of initial extract.

4. Effect of heat treatment on ChIA (or TIA) of studied samples

It is known that high PPI content in food might affect unfavorably digestion in
animals and hwunans due to the decrease of enzyme activity by inhibitors.

- As Artocarpus melinoryla Gagn and Abelmochus esculentus L. has been used as a
good nmutrient, we studied the impact of heat treatment at 100°C' for 15 minutes on TI,
CId in these samples.
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Fig. 1. Chromatogpaphy pattern of seed extract of studied samples
by Sephadex G 75 column

a) Artocarpus mekinoxyla Gagn ¢) Delavaya toxocarpa
b) Ratocarpus chaplasha Roxb d Abelmochus esculentus
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i compatison uith intial achvity|

the remaiing activity

(%

Atocatpus  Artocarpus  Abelmochus Delavaya  Aitocaipus ANO‘?GW*_‘"» Astocanpus
chaplasha melinoxyla  eaculentus L toxocarpa  chaplasha mehnoxyla mehnoxyla
Roxb Gagn Roxb Gagn Gagn

- Crude extract

Fig.2: The cffect of heat treatment on ChIA (or TIA) of studied samples.

Active peak [ChiA o TIA) obtained after
Sephadex G75 chiomatogiaphy

- The obtained results showed that when the seed extract was treated at 100°C
for 15 minutes, TIA and ChIA of Abelmochus esculentus L. were almost destroyed. In
Artocarpus melinoryla Gagn, Artocarpus chaplasha Roxb, ChIA in both crude extract
and active peak (Dcnia, Dria) were reduced by around 70 % but the remained TIA of
seed extract in these samples was still high. This phenomenon might be due to the fact
that sample concentration for determining TIA was 5 times higher than that one for Chl
detection. Therefore, TIA, ChIA in boiled seeds were determined in a further step.

After boiling, TTA and ChIA reduced to 10 times in comparison with initial activity,
corresponding to 0.1 - 0.2 IU. The minimum of trypsin content relecased from human
pancreas per day is 782 mg (782 U) [1], therefore the remaining TI, Chl in Artocarpus

seed after boiling has no considerable impact on trvpsin and chymotrvsin activities in
human body.

IV. CONCLUSION

1- Among 17 investigated samples, TI and Chl are found in 9 samples, consisting of
Artocarpus melinozyla Gagn, . Artocarpus chaplasha Roxb; Artocarpus integer Merr; Ar-
tocarpus lakoocha Roxb; Streblus asper Lour; Annona squamosa L; Dispyros kaki Linn f;
Diospyros kaki. In which 4 samples of Artocarpus melinoryla Gagn, Artocarpus chaplasha
Roxb Syzygium jambos L., Abelmoschus esculentus L., had both TI and Chl.
2- pH 8,3 SDS - PAGE 12,5 % has enabled the identification of 10 protein bands from seed
extract of Artocarpus melinoryla Gagn, . Artocarpus chaplasha Roxb. However, there was
another protein band with Rm = 0.39 in Artocarpus melinozyla Gagn, at the same time,
the protein with Rm = 0.44 was decreased.

At least, 5 protein bands were found in Abelmochus esculentus L. and 9 protein ones
were discovered in Delavaya torocarpa. Almost these bands differed in terms of Rm value
to the corresponding other samples.

3- Chromatogram pattern of Artocarpus melinoryla Gagn; Artocarpus chaplasha Roxb
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were rather similar, cousisting of 2 peaks (D, D) in which D; had both TIA and ChIA.

4- TI and CLI of sced extract of Artocarpus melinoryla Gagu; Artocarpus chaplasha were
rather stable with heat treatment. After heat treatment at 100°C' for 15 minutes the
remained activity was over 30%.

1]

(12]

[13]
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TAP CHi KHOA HOC DHQGHN, KHTN, t.XV, n®3 - 1999

| PIEU TRA CAC PROTEIN UC CHE PROTEINAZ (PPI)
0O HAT MOT SO CAY THUOC HO MORACEAE VA MOT VAI HO KHAC.

Pham Tran Chau, Nguyén Héng Anh, Lé Trong Quang
Phan Thi Ha, Nguyén Tuyét Mai, Dao Trong Anh

Trung Tam Céng nghé Sinh hoc
Dai hoc KH Tu nhién - DHQG Ha Noi

Chung t6i da tién hanh diéu tra so bd PPI cia 17 mau hat thudc cdc ho Dau tdm,
Bong, Sim, Bo hon, Thi va Na. Trong d6 4 mau hat Mit mat, Mit dai, Roi, Dau bap co6
chira cd chat 1rc ché tripxin va kimotripxin. N&m mau hat khac: Chay, Mit to nir, Hong
dd, Na cé chira TI hodc KI. Tir cac két qua trén cing toi da chon hat Mit mat va Mit dai
dé nghién ciru tiép. Két qua dién di dich chiét hat 2 mau Mit mat va Mit dai cho thiy
pho dién di protein 2 mau nay kha giéng nhau, trir bang protein c6 Rin = 0.39 (Mit dai
khong c6 bang protein nay). Phéi ching bing protein trén qui dinh s sai khac gitra Mit
mat va Mit dai. Sic ky qua cot Sephadex G75 ciing cho thdy pho sic ki 2 mau nay kha
giong nhau gom 2 dinh protein chinh, trong dé dinh tlnr nhat c6 cd KIA va TIA nlnrng
& mure d6 thap hon. TI va KI tir hat mit kha bén véi nhiét, sau khi sir Iy & 100°C trong
15 phiit, hoat d6 kim hamn chi con lai khodng 30 % so véi hoat d6 ban dau.



