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Ii. Executive Summary

Cassava 
 cyanogenesis


remained 
 A real 
was a much neglected s"ubjctabut 
 it
 

,ubsisting 
threat to the health Of millions oftroica
on p
the root crop. To improve the safety of 
cassava 
diet,
he molecu'ar understaq'ig of cyanogenesis and root deterioration
ought in this project. was
The breakdown of linamarin, the major form of
he cyanogenic 
glucosides 
 in cassava, 
 was
releasing the crucial 
step in
the free and toxic cyanide. 
The process was
linawarase. catalyzed 
 by
 

be rich 

In this project, cassava stem and petiole were found
-n linamarase. 
 to
The finding enabled both a rapid
and an purification
extensive characterization 


nuggested the 
of the enzyme. The finding
possible also
use of the stem ard 
 petiole 
as convenient
spurces 
 of 
 linamarase in facilitating the removal
chssava food processind. of linamarin 
 in
On the ilnamarin synthesis, the key, enzyme,
giucosyltransferase, 


enzyme could 
i'as partially purified and characterized. 
 This
serve as a critial target for genetic
cqeate acyanogenic manipulation to
cassavp. 


eidployed to study the 
Plant tissue culture technique was
nyanogenesis also

in 'cassava.culture, Plantlets 
 in tissuefree from icts and pathogens, 
were shown
linamarin to contain
and linamarase. both
This finding casted doubt onheld concodi, the widelyabout tile nefence
capability role of cyanogenicof glycosides. The
 
radioactive 


the petiole slices from the plantlets

valine to incorporate
precursor into linamarin further
cym.ogenesis confirmedoccur.'ed thatin the plantlets undertion, the tissue culture condi-Therefore, plant tissue culture should be a useful
test system 
to
f-cforu that may alter the cyanogenesis.


roots, On the deteriorating
a dramatic increase in the peroxidasc activities 
was
and this may be-associated with the tissue browning and tib 

observed
 

of toxic polyphenols. formation
 
tiv project 

These findings led to a subsequent
with collaboratwo laboratories in England and
towards Denmark
acyanogenom to work
cassava. The new project just receivedfrom funding
the European Economic Commission.
 

2.* 
 ReseErch Objectives 
The 
 major aim of the project is to
cassava consumption. improve the iafety 
of
 

important 
It is known that cassava storage roots
cof carbohydrate oan
 

tropical zone (1). 
for half a billion poor people in the'
World output of cassava storage roots totals about
150 million 
 tons annuall.y. 
 In 1989, Thailand not only was
cassava 
producer, yielding nearly 22 million tons, but also 

'the' top
 

expo~ter the top
of tapioca products, valued nearly 25 billion Haht.

wide,' two-thirds of cassava 
 Worldis consumed as human food and one-third as
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animal feed. For,the human consumption, about half is eaten as cooked
 
fresh roots 	and the remainder 'as processed into flour cr meals.
 

As a staple diet for the tropical poor, cassava can caused.
 
various health problems due to its cyanide content (2). Cassava
 
cyanide exist in two cyanogenic glucosides: the major form is called
 
linamarin and the minor form is lotaustralin (3). Although cyanogene
si which includes the synthesis and degradation of the cyanogenic
glicosides 
 has been worked out 
in other plants such as 
white clover,
 
flax and sorghum (3), limited work has been done 
on the molecular
 
basis of the cassava cyanogenesis (4-6). 
 The lack of the molecular
 
knowledge has prevented any rational approach to decrense or 
 abolish
 
the chronic cyanide toxicity due to prolonged cassava consumption. So
 
this project was designed to seek more 
molecular understanding' of
 
cassava cyanogepesis.
 

3. 	 Methods and Results
 

The findings in 
this project have been summarized
 
previously (see 5.2.2 and 5.2.5) and they can be grouped ihto 4 
parts
 
as follows.
 

3.1 	 The breakdown of linamarin to 
release cyanide;
 
3.2 	 The synthesis of linamarin;
 

3.3 	The cyanogenesis of cas3ava plantlets in tissue 
cul
ture; and
 

3.i The deterioration of cassava storage roots.
 

3.1 	 The b-eakdown of iinamarin to release cyanide
 
fhe hydrolytic breakdown of linam.rin into 
 glucose and
 

acejtone cyanohydrin is the crucial step leading to the release of free
 
cyahide. 
The process is catalyzed by a specific B-glucosidase called 
liramarase. The unstable acetone cyanohydrin can undergo autohydroly
sis to yield acetone and ICN. 
 This step can be also f~cilitated by an
 
enzyme called hydroxynitrile lyase. 
 Thus enzymic characteristics of
 
these reactions rhould be made clear.
 

Prior to this Droject, the hydrolase from cassava has been
 
investigated (5,6). 
 Since the hydrolysis of acetone cyanohydrin can 
occur enzymically or non-enzymically, the reaction may be difficult to
 
coptrol. On the other hand, the linamarase which catalyzes the hydro
lysis of 
 linamarin offdrs a more attractive possibility for future
 
manIpulation. If linamarase is inactivated or abolished, linamarin
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should remain intact and non-toxic. Previous work on cassava 
 linada
rase employed the storage root cortex as the source and the; 
pur4fica
tion was difficult (5).
 

Our findings on cassava linamarase and methods used 'Ain
 
studying it have been described previously (see 5.1.1, 5.1.3, 5.1.5,
 
5.12.1, 5.2.3, '5.3.1, 5.3.3, 5.3.5, 5.3.6, 5.3.9, 5.3.11, .ard 5.3.12). 
Only a summary is provided below. 

The main finding was the demonstration that cassava stem
 
and petiole were 
much richer sources of linamarase than the root
 
tIssue. This led to a simple purification procedure and a possible
 
application of cassava linamarase from stem and petiole in 
accele
rating linamarin 
breakdown in processing of cassava-based food.
 
Furthermore, additional properties of the enzyme have 
 been
 
established: 
 isozymes, isoelectric points, amino acikd composition,
 
kinetic properties, stability and recently the aggregation states from
 
4 i to >12 subunits (see data in 5.2.5). 
 The enzyme activity can be
 
iihibited by substrate analogs, 6-gluconolactone and isopropyl- a-D
tlioglueopyranoside. Its amino acid sequence is now being worked out.
 
In addition, other researchers have later confirmed some of our 
 find
inigs (7,8).
 

3.2 The_synthesis of linamarin 

Based on the work on flax and white clover (3), linamarin
 
is made from valine in two major reaction steps. The first involves
 
the microsomal oxidation of value into 
 auetone cyanohydrin. The
 
second reaction is a conjugation of the acetone cyanohydrin 
with
 
g ucose moiety donated by UDP-glicose. The second reaction is
 

cItalyzed by a glucosyltransferase.
 

Prior to this project, there was a demonstration that C
valine can be incorporated into linamarin by cassava tissues (4). No 
study has been carried out on the cassava microsome or the cassava 
glucosyl transferase. 

During the initial period of the project, a great deal of
 
effort was made 
in the isolation of cassava microsome fraction from
 
ycIung leaves. 
 Despite various trials employing different conditions,
 
only little activity 'ofthe microsomal oxidation of valine into
 
adetone 'cyanohydrin can be obtained. Consequently, a study was per-
fdrmed on the second step, the glucosyltransferase-catalyzed synthesis
 
of linamarin from acetone cyanohydrin and UDP-glucose. The study has
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been 	desc.ribed previously (see 5.1.2, 5.Z.4, and 6.3.2) and is 
summa

rized below.
 

Cassava 
young leaves were found to be the richest source
 
ofI glucosyltransferase. The enzyme purification from the young leaves
 
.was 
partially achieved by ammonium sulfate precipitation and followed
 
by a gel filtration using a Sephacryl 200 
 column. A UDP-glucose
 
h~droiysing activity was removed from the 
 desired enzyme fraction
 
while some sucrose synthase activity remained in the fraction of
 
glucosyltransferase. 
The sucrose synthase activity was r-emoved after
 
further purification of the glucosvltransferase using a fast protein
 
liquid chromatography (FPLC) and a Mor.oQ column. 
However, instability
 
of the enzyme activity did not allow The purification to homogeneity.
 
With the partially purified enzyme, some kinetic propert.ies were
 
studiAd. It1s native molecular weight was only 46,000.
 

3.3 	 The cyanogenesis of c issava plantlets in tissue culture 
Cassava piantlets can he propagated from any parts of the 

plant by tissue culture technique using the simple Mura!'hige-Skoog 
m:lium. Although plant tissue nilture of cassava is widely used in 
genetic collection and selection (for example, see 9) it has not been 
used to invest].irte tihe cyanogenesis in cassava before. Our work 
which will be sobhrpresented in 5.1.4 will be the first attempt to use 
cassava plant ti:;sue culture to help answer some 	 issues on cyanoge

nesis.
 

Firstly, we wanted to know if cassava plantlets iOr tissue 
clture, possessed linamarin. From Fig. 1, it waq clear that both 
p tioles and leaves cf cassava plantlets contained linamarin. The 
4veis increa,,ed with tlhe age er the plantlets. Moreover, the leaves 
4 the plantlets also possessed linamarase (Fig. 2). Thus, cyanogene
sis might occur in the cassava plantiets under the sterile condition 
of tissue culture. This finding raised a question the role ofon 
linamarin in defencu against pests or pathogens. 

Secondly, the linamarin content in the cassava 
plantlets 
was not alter6d significantly by the mineral levels or the presence of 
valine instead of giycine in MS medium unless the valine content gas 
very high. This finding cannot confirm the fieid observation that the 
cyanide level in cassava roots viries with the soil minerals. 
However, it was rioted that the plantlets in tissue culture did not 
form storage roots and hence may exist in a physiological state
 
dii fferent from that. of the cassava plants in ;the field. 
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Fig. 1 Effects of age on linamarin contents (upper panel) 
and
 
growth rate (lower panel) of 
 cassava plantlets in
 
tissue culture. 
The growth rate is express6d as the
 
length of'the stem. 
For each condition, the data 
were 
obtained from 50 plantlets and presented as mean ± SD. 
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Fig. 2 	Linamarase activity and protein content in the 'leaves 

of cassava plantlets from tis.3ue culture at various, 

ages. For each condition, the data were obtained from 

50 plantlets and presented as mean ± SD. 
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Fig. 3 Effects of linamarase inhibitors and glucose 
acceptors
 
on radioactive incorporation from 
 [14C]-valine into
 
linamarin by petiole tissue slices. 
 The tissuc splices
 
(0.2 g) were incubated with 4.15 
x 106 dpm of 30 |IM
 

[14C]-valine 
 in 1.8 ml MS medium for 12 hours at
temperature. room

The inhibitors used were 10 mM,isopropyl

8-D-glucopyranoside (JPTG) and 0.2 mM 6
 -gludono actone
 
(G-lactone). 
 The acceptors used were 
10 mM glucose, 10'
 
mM fructose and 10% 
(w/v) starch.
 

% C-LINAMARIN 
2.5 

2 

1.5
 

CONTROL 
 IPTO G-L TONE GLUOBE FRUCTOSE CH 

INHIBITORS GLUCOSE ACCEPTCfl 



Thirdly, the petiole slices from 
cassava plantlets were cap
able of incorporating 
 C-valine into linamarin (Fig. 3). The level
 
of incorporation 
was enhanced by the presence of an inhibitor of lina
marase, either 6-gluconolactone or isopropyl-3-D-thioglucopyranioside,
 

buti not by an 
acceptor of UDP-glucose, ie. glucose, 
fructose, or
 

star'ch.
 

3.4 The deterioration f cassava storage roots
 

Cassava storage roots deteriorate ra*her quickly. The
 
spoiled roots are known 
to be toxic due to both the released cyanide
 
and': the accumulated polyphenols (10). The deteriorated roots contain
 
discoloured tissue caused by the "browning" process. It is believed 
that oxidative polymerization of phenols and other components takes 
place in this process. Peroxidases have been shown to exist in the 
cassava root.s and they have been suggested to be involved in the 
process (11,12). Our work on cassava peroxidases has been described
 

,pre'iously (see 5.3.8 and 5.3.10).
 

After the cassava peroxidase activity 
was precipitated
 
from 
 the crude extract by ammonium sulfate at 40-80%, the enzyme 
can 
be separated into two forms, bound and unbound, by FPLC on a MlonoQ 
column (see data in 5.2.5). From the analysis of specific activities 
(Table 1), it was clear that Lhe cortex of the deteriorated rdots 
possessed a large increase in both the bound and unbound forms of 
peroxidases. While the unbound form of the parenchyma also *increased 
markedly, the bound form of the parenchyma did not change with the 
deteriorating process. Whether these dramatic changes of the peroxi
das s are related the development of colour in the parencliyma region 
nex to the cortex remains to be investigated. 

TABLE 1
 
Specific activities of peroxidases of cassava storage roots
 

(Unit = A4 6 5/min/pg protein) 

Peroxidase Fractions 
 Fresh Roots Deteriorated Roots
 
(From MonoQ column) 
 (7 days RT)
 

Cortex Parenchyma Cortex Parenchyma
 
Unbound 
 56.8 1.3 955 
 319 

Bound 7.6 3.3 64 ', 3 
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4 Imuact, Relevangeand TechnologY Transfer


The findings 
 have provided 
more understanding
cassava 
cyanogenic about
system. 
The potential usefulness of linamarase
fzbm 
 cassava stems and petioles left after the harvest ofhas ben the rootsrecognized by the finding il this project.

W rthwhile so it would be
for investigators 
in cassava food processing to try
tion if
of the'crude extract from the cassava stems and 
 leaves
accelerat can
the removal of linamarin and hence cyanide toxicity.
information The
gained 
on glucosyitransferase 
has suggested
enzyme that tilemay be abolished by gene'ic engineering methods in theto! create futureacyanogenic cassava. The potential use of cassavatissue culture in testing the 

plant
control of cyanogenesis and the physiology of acyanogenic cassava should benefit the goal of creatingnogenic cultivar. acya-This outcome should make the cassava consumptionthe poor people in the developing 

hy
countries safer.
 

This project has offerred an opprtunityplant biochemistry to establishin Mahidol University.
staff and 

It has made possible forstudents to work on an interesting aspect ofmetabolism secondarywhich has a relation to an important economicThailand. crop ofIt has led to the establishment of auit in plant tigsue culturethe Department of Biochemistry.

equipment will be 

This facility and the
useful for further investigation intocyanogenesis cassavaand studies on other plants at molecular levels. 

5. ProjectAct u tvi ti esysPQ 

The project provided opportunities 
 forstudents at M.Sc. level 

training 5 graduate
in plant biochemistry deilingmetabolism. with secondaryThree students completed their thesis work
the' and awarded
.Sc. degrees while two more students were inwriting their the process ofthesis. 
 The titles of these thesis 
 are given below
(5.1)}. 

Five full 
 papers 
 on various 
aspects
findings were of the projectpublished (see section 5.2). It is anticipated that 2-3
morepapers will be written up for publication in the near future. 

There were 12 abstracts of presentations
made in scientific on the projectmeetings. The titles are given in section 5.3. 
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5.1 Theses (abstracts 5.1.1-5.1.3 attached)
 
5.1.1 	 Eksittikul, T. (1987) Purification and characte2
 

rization of linamarase from cassave "(anAot
 
esculents Crantz). M.Sc. thesis, Mahidol 
 Univer

sity, Bangkok.
 

5.1.2 	 Chalermisrachai, P. (1988) , Glucosyltransferase
 

from cassava (Manihot esculenta Crantz). M.Sc.
 
thesis, Mahidol University, Bangkok.
 

5.1.3 	 Kisamanonta, P. (1989) Some structural characte
ristics of linamarase from cassava (Afanihot
 
esculenta Crantz). M.Sc. thesis, Mahidol 
Univer

sity, Bangkok.
 

5.1.4 Panutat, P. (in preparation) Cyanogenesis of
 
cassava plantlets in culture.
tissue M.Sc..
 

thesis, Mahidol University, Bangkok.
 

5.1.5 	 Sermsuvitayawong, K. (in preparation) 
The struc
ture and properties of the isozymes of 
 cassava
 
linamarase. M.Sc. Mahidol
thesis, University,
 

Bangkok.
 

5.2 full papers (copies attached)
 
5.2.1 	 Eksittikul, T. and Chulavatnatol, M. (1986)
 

Comparison of cassava linamarases from petiole,
 
stem and root cortex. ICSU Short Reports 6, 380

381.
 

5.2.2 	 Chulavatnatol, M., Ruchirawat, S., Eksittikul, T.,
 
Prawat, U., Chalermisrachai, P., Kitjaharn, P. and
 
Prawat, 11. (1987) Changes of cyanogenic glyco
sides and related enzymes in cassava roots during
 
storage 	and processing: 
 Cyanogenic glycosides in
 
cassava 
 (Mtanihot esculenta Crantz). Proceedings
 

of His Majesty's Fifth Cycle Commemorative
 
Conference of USAID Science 
 Research Award
 
Grantees, Nakorn Pathom, Thailand, pp 191-195.
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5.2.3 	 Eksittikul, T. and Chulavatnatol, M. (1988)
 
Characterization of cyanogeneic a-glucosidase
 

(Linamarase) from cassava (Manihot esculenta
 
Crantz). Arch. Biochem. Biophys. 266, 263-269.
 

5.2.4 	 Chalermisrachai, P. and Chulavatnatol, M. (1988)
 

Glucosyltransferase from cassava (ffanihot
 
esculenta Crantz). Proceedings of 7th Symposium
 

of Federation of Asian and Oceanian Biochemists,
 

Kuala Lumpur, Mal.tysia, POS-C-07.
 

5.2.5 	 Chulavatnatol, M., Ruchiravat, S., Svasti, J., 

Eksittikul, T., Chalermisrachai, P., Kisamanonta, 
P., Panutat, P. and Sermsuvitayawong, K. (in 
press) Biotransformation of cyanogenic glycosides 
in cassava (anihot esculenta Crantz). Proceed

ings of Workshop on AID/SCI Funded Research in 

Agricultural Biotechnology, Bangkok, Thailand. 

5.3 Abstracts of meetings (copies attached)
 

5.3.1 	 Eksittikul, T. and Chulavatnatol, M. (1986)
 
Petiole, stem, aiid root cortex of cassava as new
 

sources of linamarase. 12th Conference on Science
 
and Technology of Thailand. 20-22 October,
 

Bangkok, Thailand, pp. 452-453.
 

5,3.2 	 Chalermisrachai, P. and Chulavatnatol, M. (1987)
 
Properties of glucosyltransferase in cassava.
 

13th Conference on Science and Technology of 

Thailand. 20-22 October, Songkhla, Thailand, pp. 

546-547. 

5.3.3 	 Eksttikul, T. and Chulavatnatol, M. (1987) Cata-,.
 

lytic properties of linamarase from cassava. 13th
 

Conference on Science and Technology of Thailand.
 

20-22 October, Songkhla, Thailand, pp 548-549.
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5.3.4 Chulavatnatol, M., Ruchirawat, S., Eksittikul, T.,
 
Prawat, U., Chalermisrachai, P., Kitjaharn, P. and
 
Prawat, Hi. (1987) Biotransformation of cyanoge
nic glucoside- in cassava 
 (Mlnihot esculenta 
Crantz). 
 The First Princess Chulabhorn Science
 
Congress. International Congress on Nat'ural Pro
ducts. 
 10-13 December, Bangkok, Thailand, p'1C27.
 

5.3.5 Eksittikul, T. 
and Chulavatnatol, 
M: (1988)
 
Isozyme forms of linamarase from cassava 
 (Manihot
 
esculanta Crantz). 14th Conference on Science and
 
Technology of Thailand. 19-21 Octoler, Bangkok,
 

Thailand, pp. 382-383. 

5.3.6 Kisamanonta, P. and Chulavatnatol, M. (1988) 
Structure of cassava linamarase. 14th Conference 
on Science and Technology of Thailand. 19-21 
October, Bangkok, Thailand, pp 346-347.
 

5.3.7 Chulavatnatol, M., Eksittiku, , T., Chalermisra
chai, P. and Kisamanonta, 
P. (1988) Towards
 
cyanide-free cassava. 
Proceedings of the 
 Eight 
Symposium of the International Society for 'Tropi
cal Root Crops. 
 30 October-5 November, Pangkok,
 

Thailand, p. 392.
 

5.3.8 Eksittikul, 
 T. and Chulavatnatol, W. (1989) 
Cassava peroxidases. 15th Conference on Science
 
and Technology of Thailand. 18-20 
 October,
 
Chiangmai, Thailand, pp 574-575.
 

5.3.9 Kisamanonta, P. and Chulavatnatol, M. (1989)
 
Stability of cassava linamarase 
in sodium dodecyl
 
sulfate. 15th Conference on Science and Technolgy
 
of Thailand. 
 18-20 October, Chiangmai, Thailand,
 

pp 592-593.
 

5.3.10 Eksittikul, T. and 
Chulavatnatol, M. 
 (1990)
 
Cassava peroxidases. 16th Conference on Science
 
and Technology of Thailand, 25-27 
 October,
 
Bangkok, Thailand, pp 328-329.
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5.3.11 Sermsuvitayawong, K., Svasti, J. and 
Chulavat
natol, I. (1990) Aggregation of peptide chains
 
in cassava linamarase. 16th Conference on Science
 
and Technology of Thailand, 25-27 October,
 

Bangkok, Thailand, pp 328-329.
 

5.3.12 Sermsuvitayawong, 
K., Svasti, J. anA Chulavat
natol, M. (1990) Structure of cassava linama

rase. International Conference on Biotechnology
 
and Environmental Science: Molecular 
Approaches.
 
21-2.1 August, Bangkok, Thailand, p. 132.
 

6. Pro.iect Productivity
 

The main goal in understanding the molecular events in 
cyanogenesis in cassava and storage root deterioration was mostly 
fulfilled. However, the related goals of developing method to improve 
the processing of cassava roots by manipulation of gases and, exposure 
to chemicals were not carried out. It was known that cassava roots 
kept in plastic bags can be stored for a longer period. Instead, the 
challenge on the use of cassava plant tissue culture was considered 
more attractive and more study was done on this aspect. 

7. Future Work
 

One significant consequence of this PSTC-supported work 
was the recent. collaboration developed between this laboratory and two 
r,ther laboratories in Europe to pursue further work on cassava cyano
genesis. The first of the twc, laboratories is that of Professor B.L. 
Moller of the Royal Veterinary and Agricultural Universit,, in 
Cop( nhagen, Denmark. This laboratory has experience working on the 
plat microsome. The second laboratory is that of Dr. M.A. Hughes at 
University of Newcastle, England. Dr. Hughes has expertise in genetic 
studs' of cyanogenic plants and will work on the genetics of the 
cassava erizymes. The collaboration has just been supported by a grant 
fron Science and Trchnology for Development Program of European Econo
mic Commiss ion tb carry out the molecdlar and genetic studies of 
cassava cyanogenesis. Under this support, the microsomal enzymes will 
be 'studied in Copenhagen, the glucosyltransferase and linamarase as 
well as tissue culture of 
cassava will be conduct. in Bangkok. The
 
gendtics of the enzymes will be investigated in Newcastle. ThE
 
comii ned results should' form aa logical approach towards crehtingi 
cyadide-free cultivar of cassava in the near future. 
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Purification and Characterization of Linamarases from 

Cassava (Manihot esculenta Crantz) 

Thidarat Eksittikul, M.Sc. thesis, Mahidol University, 1986
 

Bangkok, Thailand
 

ABSTRACT 

Stem, petiole and root cortex of cassava were found to be 

richer in linamarase than root parenchyma while no activity was 

found in the leaf. 

Linamarase was purified from extract of stem, petiole or 

root cortex by precipitation at ammonium65 % sulfate saturation 

'followed by Sepharose 6 B column chromatography and Chromato 

focusing. The enzyme from each source waj. found to have the 

native Mr of 600, 000. By SDS - thePAGE, subunit Mr was found 

to be 63, 000 . So the native structure was oligomeric . The enzyme 

from each source was separated by Chromatofocusing into three 

isozymes with the pI values of 4.2-4.3, 3.3-3.6 and 2.8-Z.9. 

The enzyme from each source has Km values of 1 - 2 mM for 

linamarin and 13- 18 mM for p-nitrophenyl- -D-glucopyranoside,
0 e0
 

-imum temperature 55 - 65 C and pH optima 7 for linamarin 

pH 8 for p-nitropheryl- -D-glucopyronoside. They were similarly 

inhibited by 6- gluconolactone and isopropyl- -D-thioglucopyranoside. 

Based on these similar properties, they were likely to be the same 

enzyme. The isozymes showed the same Km value of 1-2 mM 

for linamarin It be concluded that. can petiole, stem and root 

cassava werecortex of good sources of linamarase. 
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Thesis Title Gluosyltransferase from cassava (Manihot es6ulenta 

Crantz. )
 

Name P49s Panpaka Chal ermisrachai
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 Master of Science (Biochemistry)
 

Thesis Supervisory Committee
 

Mr. Montri Chulavatnatol,. Ph.D.
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ABSTRACT
 

A glucosyltransferase which cataly!Z6s-the conlugation of ace
tone cyanohydrin to glucose in the last step of linamarin biosynthesis 
was isolated from young leaves of cassava (Marlihot esculents Crantz.). 
The glucosyltransferase was found to be a soluble enzyme and was 
partially purified by 40-80% ammonium sulphate fractionation followed 
by Sephadex G-200 coltun and Mono Q HR 5/5 column chromatography, 
These steps resulted in a purification of 6 folds. The partially 
purified glucosyltransferase possessed negligible linamarase and 
little UDP-glucose hydrolysis activity. The native molecular weight 
of cassava glucosyltransferase was 46,000. 
The partially purified
 
preparation consisted of five major bands of 13,000: 21,000: 25,000; 
31,000 and 39,000 separated by polyaccrylamide gel electrophoresis in 
the presence of sodium dodecyl sulphate. The activityenzyme was 
unstable but could be kept at -20°C for 17 days with 50% loss of the 

activity.
 



Catalytically, the partially 
purified glycosyltransferase 

showed a p| optimum of 9 to 10 and Thea temperature optimum of 37°C. 


substrate specificities were 
also analyzed. UDP-glucose was the best 

sugar donor with a Km of 0.1.5 aM vhich ADP-glucose was not and UDP
galactose was only half as food as UDP-glucse. Among the sugar 

acceptors tested, acetone cyn nohydrin was the best and better than 

butanone cyanohydrin. Other aliphatic alcohols were poorer sugar 

acceptors in the following order: isopropanol, butanol, ethanol and 

glycerol. Phenol was unable to serve as the sugar acceptor for this 

enzyme. 

The enzyme was unable to catalyze the transfer of glucose from 

UDP-glucose to starch, linamarin or simple sugars i .e. glucose, galac

tose 
and sucrose. However, a high glucosyltransferase etivity was
 

detected ir the .presence of UDP-glucose and fructose with a K for 

fructose of 4.4 nM. This activity could be due either to a contamina

ting UDP-glucose: D-fructose-glucosyltransferase or to cassava gluco

syltransferase having two activities, one for linamarin synthesis and 

the other for sucrose synthesis. 
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Pennapa Kisamanonta, M.Sc. thesis, Mahidol University, 1989
 

Bangkok, Thailand
 

Thesis Title: Some structural characteristics of linamarase 

from cassava (Hanihot esculenta Crantz.) 

Name: Pennapa Kisamanonta 

Degree: Master of Science (Biochemistry) 

Thesis Supervisory Committee
 

Montri Chulavatnatol, Ph.D.
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ABSTRACT
 

Three isozyme of cassava petiole linamarase were used in two
 

types of studies: structural study and subunit interaction study.
 

Native isozymes were insensitive to the following proteases: tryp

sin, pronase, thermolysin, papain, subtilisin, collagenase and 
 bro

melain. After denaturation, they became sensitive to trypsin, 
 pro

nase and thermolysin and yielded similar proteolytic fragments sug

gesting 
a similar protein chain among the isozymes. Using TNB3 to
 

modify lysine residues, the native and denatured forms of the 
iso

zyme pI 4.3 were found to have 179 and 199 mole lysines/mole isozyme
 

respectively. Similarly, the native and denatured forms the isozyme
 

PI 
 2.9 contained 88 and 100 moles/mole respectively. In the pre

sence of a competitive inhibitor, the numbers of modified lysines of
 

the native isozymes were not changed. The data indicated that most
 



of lysine residues were exposed but none was localized at the cata

lytic site. The isozymes were probably glycoproteins since they can
 

te retained by a Con A-Sepharose column. The anti-linamarase serum
 

was able to recognize the modified isozymes except isozyme pI 2.9
 

but could not recognize the heat-denatured isozymes. Guanidine
 

hydrochloride dissociated the enzyme into smaller forms and 
 caused
 

inactivation also. Complete inactivation was observed by 3M GuHC1.
 

However, the isozymes were stable in SOS up to 20% at rooi;:
tempera

ture for 30 min. In SOS-PAGE contaiMing 1% SOS, active forms of
 

different sizes were found. 
 Treatment with p -mercaptoethanol did 

not dissociate the enzyme into subunits but heat treatment caused
 

the dissociation and the complete loss of the activity.
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COMPARIBON OF CASSAVA LINA!ARASES FROM PETIOLE, STEM AND ROOT 
CORTEX 

Thidarat Ekeittikul and Montri Chulavatnatol 
Department of Biochemistry, Faculty of Science, Hahidol 
University, BAngkok 10400, Thailand
 

Roots of cassava (Ianhot eaculenta Crantz) are an important 
staple food in the tropics. However, cassava roots also contain
 
two toxic cyanogenic glucosidee, linamarin and lotauetralin, and
 
their degrading enzyme, linamarase (or linamarin P-D-glucoaide 
glycohydrolase; EC 3.2.1.21). The enzyme has been purified from
 
root parenchyma (I) and used for linamarin assay in cassava 
trading and research. Being the second largest cassava-producer 
in the world (after Brazil), Thailand has a great abundance of 
stems, leaves and root cortex as by-products from cassava planta
tion and industry. So we decided to explore these by-product. as 
possible new sources of linamarase.
 

Cassava tissue pieces were chopped and homogenized in ice-cold 
0.1 M acetate buffer, pH 5.5, containing 0.1 mH phenylmethyleul
fonyl fluoride (PMSF) in a Wring blender. After passing through 
a Hiracloth to remove insoluble materAal, the homogenate was 
centrifuged at 10,000 g for 20 mmn at 4 C. The supernatant fluid 
was brought to 65% saturation by adding solid amonium sulfate. 
Initial experiments showed that most of the enzymic activity 
(90%) was precipitated at this salt concentration. The precipi
tate was recovered by centrifugation at 10,000 g for 50 min at

0
4 C. redissolved in 10 mM phosphate buffer, BH 5.5 and dialyzed 
against the buffer (3 x 50 vol) overnight at 4 C. Linamarin was 
prepared from cassava root cortex ad-described previously (2). 

Among the tissues extracted, petiole, atcdmand root cortex
 
were found to have high specific activities of the enzyme (Table 
1). Thus they were used in further study. By passing the ammo
nium sulfate preparation through a colun of Sepharoes 6B, the 

Table 1 Distribution of linamarae in cassava tissues 
(man I SD) 

Amonium sulfate Prepare- Protein/fresh Specific activity 
fraction from tion (n) weight (mg/gm) (Cimol/min/mg prut.) 

Leaf 4 0.32 ± 0.23 0
 
Petiole 5 0.92 1 0.65 2.85 1 2.02
 
Stem 4 1.25 1 0.27 1.76 ± 1.10 
Root cortex 3 0.28 1 0.14 1.56 1 1.53 
Root pazanchyma 3 0.39 1 0.01 0.05 1 0.04 

http:3.2.1.21
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enzyme was separated from other proteins and found to have a 
native Mr of 600,000 (for atom and petiola enzymes). By this 
technique, the cortex enzyme was partially resolved into two 
peaks with Mr of 570,000 and 400,000. The active fractions were 
pooled, applied onto a chromatofocuning column and eluted with 
Polybuffer having pH range of 7 to 4. The enzyme from each 
source was separated into two ieozymea: one with pI of 4.1 
and
 
another with pl <4 which was eluted with I M NaCI. By SDS-
PAGE, all fractions contained a major band with Mr of 63 00 
which wianthe aubunit of linanarese. After the gel filtration 
step, most other proteins were oliminated and the enzyme prepar3
tion wan about 90% pure. Using the enzyme preparation from the 
Sepharoae column, the K and Vmax were estimated (Table 2). On 
the basis of these values; linamarpes from petiole and stem were 
similar but different from thau of the rooL cortex. The findings
suggested that the petiole, stem and root cortex were possible 
new sources of the enzyme. 

m 

Table 2 Properties of cassava linamarases
 

Enzyme Native Subunit pI K6 Vmax Optimal
 

source Mr(x10- 3 ) Hr(x0- 3 ) value (Nxl0 4 
) (nmol/min/ temp 

rag) (Oc) 

Petiole 600 63 4.1; <4 5.6 3.14 65 
Stem 600 63 4.11 <4 5.0 3.33 55
 
Root 400;570 63 4.11 <4 2.1 1.40 60
 
cortex
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*CIIANGES OF CYANIKGENIC GLYCOSIDES AND RrIATED ENZyMES IN CASSAVA PRXTS'DURING SlfAGIS AND PROCESSING* (6.404): CYANOGENIC GLY0XSIDES IN CASSAVA 
INII cRz)I 

iisculFJ',T
MONTRIi tHil: VATINA'D11, U, SCXLIm RzUClIlD\WATr, , TIDARAT IEKSIPVI7]HU1., 
UMA P \WA'I', PANPAKA CtAIERMISRACHAI ' PISSOPA KI'IXJAIIARN / AND IANSA 
PRAWAT 
1/ i)epartmenl; of Biochemistry 2/ Derxifrtment of Chemistry

Paculty of Science, NlhJ.do] University, Bangkok 10400
 

ABZSTNAICI 

Chronic cyanide toxicity is a health treat to the oor, who survive on cassawa diet. The Loxicity is attributed to the cyanogeniu glucosides, linajlarin and lotaustraJ.in. in this 
project, the biotransfonma
tion of the glucosi.des wsO studied wqith the aim to lessen the toxicity,Linamnarase, the linallri-hydiolyzi enzyme, was found in abundarice in(l2WS!Va fX!tio . , Stenl arid root Ie'OX.. '['leCnzyme01 was purified and
charac: ok.'i.ze&. G.Lcosyltrans oraso , 
 the last enzyme in ].iniarminsyn th(osi ;, was prestunt. in young 

bio
lenves. it, is being purinfied wu(l characLeri .i 1)uring !-;torae, in apxArent invnthesis of ]inainarinin enssarai root.s A.as confirnned. 
 A proceture was established to iso]late lna-
IiAri n arid .oetatiLirin tL['reirn cassava. 
root cortex for use in research and as s tanrdaid l determining cyanide content in tapioca products. 

Ti fOID; ( ' LC2K 

Stored roots of cassa 'a (Mkinihot: esc.lenta Crant z), also ca~llh.tapioca or m.'uioJc, provide an mpotant source of' carbohydrahei; f'or some500 iniiLi-in tpople iin 30 tropical countlries. After rice, maize ardsugarcane , cassava in fourththe most .important source of calories.
1986, the- world c.ass-ava prod.uctionl 
J.n
 

was 143 million tons. Thailand andBrazil were the top producers, each producing about 20 million tonis.Thailand ha.; been the world's largest exporter of tapioca prciluctS.1986, she e:ported about G.5 million tons, earning approx:imately 19,000
In 

million baht, which aboutwas equal to the earning from rice export in
the samwe year. A survey .aist :.,ear showed that 
the area used for cassavacu,ti\,atoion1 in Thai] and -as n Arly 8 million rai (equivalent to 12,800Kin or 2.5% of.' total land of" I)he coun try). World-wide, about twothirds of isissstaconisumrrd as humin f'ooxi wnd one-third as animalf'eed. 'For t.he himlin col l!ruumpt ion, hal. f is eaten as cooked f'resh roots
and the relio indu'r as pmr:rfs;ed 'ours or meals. I 

tlidd ;;), th is Lf;ro-,.!ro;nic prof'ie is a . eal th prob.l.eri. CassaYais one of the ZOO piant. -x:cis wh ich possess cyanogenic glucosides .In cftSsaLV,' the cyanogun ' g [tcosi(]es known today are .}.inrniarin (orphase Lun;ait in; 2-hydProxy-isohutyron itri.e- P -D-glucopyranoside) andlotaustra I.in (or methylinwarin; 2-h;:,roxy-2-methylbutyroni trile- 6 -Dglucopyranrus id , with the L'ormer being the najority. The average content of' lhe nyaiogenic glucosi.des in cassava roots is about 100 mg/kg.Thus, the wor.ld . 'iduction (if these natural products in cassava amounted 
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to 14,000 tons in 1986. The sane glucosides are also presentbean, linen in Iimaflax and white clover. The cyanogenic glucoSides arebecause of toxjcthe free cyanide liberated from their hydrolysis. 'Thus,of cassava as a staple diet. cari ise cause chronic cyanicecan lead t<oxicity, i!iieiito such health problems 2as goiter, cretinism, tropicaL toxicneuropathy and tropical diabetes . 
cassava by man 

Il short, long-tcrii consuliiptJl, rf'
or animial.s obvi.ously does not, cause. death hut 111, ir
health can be impaired. * 

To minimize the health treat, three approaches ho:ve been LUtien.(a) A limit of' 100 mg HIIN/ki dry weight of tapioca product mshibe,en :ctup as a trade standard . (b) Several post-harvest1prcessinghave iletldsbeen devise-' to reduce the cyanide content. And ((-) fl2 irve.il
breeding and cultivation of low-cyanide species are encoern.i,,i. sr-i flfC.Oand technology have contributed much to () and (c). This prjni!t i);attempt to understand :'the hiotransformation of the cyuiic,gLc,-c /I ,v<;ideq(rainly lin.uaarin) in cassava, using molecular and ceelluh,,Linaynarin alr~o~chv:.metabolism is better-lmiown in white clover and fl'ox tliAnl ilicassava even Lhough more men and animali[ are exposed Lo it in thelatter. It is anticipated that an understardign of .].i,in cassava will lead :uiwaorin iietatx,Lj.,riito (a) a rational approach to prevent. t:st-harvtdeterioi'ation of cassava roots; and (b) a logical design forcyanide-free slecies. eroai/.. i,Both are desirable but not yet. lrJ iib 
present. 1t 

Studi es in white clover arn(iflax have showy that %,I it-: ; ,
verted by )].aint microsome 
 to aceetone cyanohydr inconjugated to gllcose by 
. 'lIhoi 1:,.1,,,

renctions with UIJP-glucose t') fw,1- I ;?_u1m:1'This reaction is catallyzed by a giu osy. ti--ms['e-aso, I ii; b,,lysis to yiebl acetone cyariohdriri is eatln[y:-ed by t ic-ev-,.. t't,ejns t.jl.1 , nieto e cym lohydrii then breaks dotn sor)I ta i i l v ':11Y,-ically into acetone and cyanide.
 
This rm port 
 covers tHe work done in 1.1,ie Iit:;t. yon, It. ':),'


studies on .invivarase, 
 ghicosyL tr,-sferase rd liinmmriu- i H (is,.;i e't,
 

*\tERIZAL.S N-Il) t-II[ IODS
 

Cassava roots, measuring 
 30-35 cm in length and 6- cm in ,isa',.stems, petioles and l.eaves :ere purch[L-:ed froim a !lamigkoh ur; . 

1inamnairn w s either b-oOght from Ciilhiochmn or piq, t',I t'i iiisava root cortex. Iwo metho(s were used to pre)irc cerwk I tiri',.in f rinthe cortex. One involvej%t.he u-9ed of'1 ice-eold 0. NM ph,,dlih,, iiciaccording to l(ojii oeln. The ot.hei- empLoyei 80% e~ha;iI w. G5-70t)('for exi r-action, according L No i rm Sd esalas-sayed as r ,i i:".in ,.A\iIC 1 re ] used aft.er tre t i i, Wi tih in i excess i11' Auii,t;[I [i'l ni--

To isolate pu:-e linamitri.inni d-',,Ilot.auri Lr"i!ii, than 'wli;ioF,extract wns concentrated under- r-educed pressume Ltogi'.', d mrlV(:.residue . ,.Tie residue was chroiiaographci. in a sil.irn gt-! Ilc Jeluted ; ,.1
wiLh a mixture nC ciIorofoniim:methaii:itit.er hi !.w 
 20!L1: 1to yi.eld lotaustral in nord 6:4:1 Lo yield lilnaim.uin. 'ri ,:li ...
checked by 'i'IL, tid NMR. 
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IL"WmaVai. was extracted from cassava tissues ip 0.1 H acetatebuffer, pA 5.5, accot-ding to the method .of Cooke et W It was furtherpur fied by tunonium sulfate precipitation at 65% saturation, followedby gel fiI trntion using a column of Sepharose 6B and chromatofocusing inpl1 rang of 7 to 4 or 5 to 1-. 

Linnnarase activity was assayed sing linanarin as substratemndi Pied procedure of Locas 
s,,h!-t ,rale, 

mard Sotelo . Alternatively, an artificial.
by a 

p-ni ,rxphenyl- B3-D--gucopyranoside, was used in the assay,fotling 
to the methiod of Evans 

(;.luc.syltransfera.se wis extracted from fresh youilj leaves in 0.15 Nph, h,-
 buffer, pt 7.6, containing 5% Plyvinylpolypyrolidone and 1 iri1:11, . Aft.er centrifugal'ion at 100,000 x g for I hr, the enzyme was
coil octe- by ammoniumn sulfate precipitate at 30-70% saturation. 

AND DIh!2't, ,I ;CUSSION 

Ft ur' iiajor studies will be described below 

rnna 'aemi 

'ltie nzyme has been purified from cassava root parenchylna byoet a. Among various tissue extracts,
ite, it.was shown that cassavap n, stem and root cortex rxssessed much miore .tinamirase

I< I'
~lenehymt (Table t). The 
than the 

enzyme was separately purified fromI , Lem iat id roo, rt ex as described e lsewhereo;lir ;e! i" was Found by 
. The enzyme fromSIS-PAGE to have a subuni ' molecular weight. of"',il. T'Ph, itt. i ,, st:rue tLure was ol igomeriq having a molecular weightrd p L ) )). ezyime ;iasG'0) 'Ille pur'ifiej selxiialed by eh'onlatofocus-lli ililt) tila, i 0oz/'iost w ilh pl of '1.2, 3.5 aid 2.8. Witi l.inutm rin as-tt. , he nzy xhibit d a pH optimium of 7 ard Hmil of' 1-2 m.
W itLh I-I ,itia~pliiyl- -I)-g ucopyr'anos ide, the enzyme showed V- pl optimumof' 8 nid Kini or 13-18 aM. The 1 inam;arase activity was inhibited by 6g oucotoclond 
 copyranose Thus, purifiedlinsuwsrie he-,ui beaeaily obtaine(d from cassava petiole, stem and rootcortex. Th-e enzyme '4ill be useful not. only in research but also in-'.nwidQ dot.erntin .iot in tapioca trade. 

ahb1 c _ I)ist ribulit on of' .i nanarase in cassava tissues (mean S) 

Amnon i tm fu[*,-Itel Prepara- Protein/fresh Specif ic activityfracL i tmiIom Lion (ii) weight (mg/mil) (imnol/iin/mg prot. 

Lea' 4 0,32 . 0.23 0
Petiole 5 0.92 t-0.65 2.85 . 2.02Stetlli 
 ,1 
 1.25 1:0.27 
 1.76 1.10Root cortox 3 0.28 ± 0.14 1.56 : 1.53
Root 1-nrenehyma +3 0.:19 0.01 0.05 ± 0.04 
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2. Glucosyltransferase
 

The enzyme was found to have a pil optimum of 8. it cata.ly,.-xe
the transfer of the glucosyl moiety from UDP-glucose to aii alcoho.i 
acceptor. Acetone cyanohydrin was the best. acceptor while ethaol., 
glycerol, isopropmo] ,. l)utanol and phenol, were not. 'rhe molecultar 
weight of the native stru,-turo was estimuted in be 46,000. 

3. Root det.eriorapion 

ilarvestect cassava roots were al lowed to deteriorate at rooii 
temperature. After :3 days, the roots becam.e soft. By 6 days, runga ]
growth on the surface was noted. When the root were cut open, brom 1i Inig
of tile tissue was observed after 3 days of storage nnd became cquite
markeld after 6 days. Linnusirin and linniarase were nmostly Found ill tI.. 
rot. coitex. After 3 dlays of storage , the ool. cortex n.uilr~uie, Ire1 
cyanide and protein content dropped whi l.e[in~uiirin level rose (Tal ie 
2). ''lie fi.ndinrq confiiined that of Kojima ot al which Sulg-es.. IiI!li. 
possible I i nar:-in synthesis in cassava root during storage and deterio
rat ion. FIut ur, stu es wi I I search for ways to prevent thle roet drelr i
ora tion. It" t his is achieved, posl,-harv\es. storage of c ssava ec.,c 
wil.l1 b, x;iole beneficial to the farmers.i and 

Table 2. ('higf-ui es in l i nauwr'in, 're cyanide, linamar; se and poiii ill 
(?hs-,o;s'a root curtOex during stolag a t rooln tellperati'll r 

[laraiunetlr (l r H) Section D;y 0 Day :I 

liriaziarIn 
(1!io.l/g ,'0t w..) 

[lead 
Middle 

1.13 
0.82 

I. 0.82 
0.92 

I.,1 
1.22 . 

1 1.01 
0.79 

Tip I,4) 1.05 1.82 0.68 

Free cyanide Head 0,37 - 0.36 0.21 2: 0.16 
(1i11o1/g wet wt. ) Middl.e I. 12 11.73 0.79 0.77 

'rip 0.82 0. ;5 0.36 ± 0.,50 

Linmrase Ilead 0.95 ± 1.65 0.31 - 0.66 
(i1o] /mi n/ig,) Middle (.70 1. 19 0.23 A- 3.60 

Tip 0.27 ' 0.,19 0.15 0.39 

Protein 
(m,/g wet w.. ) 

Head 
Middle 

0, 07 
0.05 

0.02 
0.04 

(o.09 
0.07 2 

o). wl1 
0.03 

'rilp 0.05 A 0.01 0.08 0 .)2 
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4. Linarm. rin isolation
 

A procedure was worked ou% to isolate linamarin and lotaustralin from 
the crude ethanol-extract of cassava root 
cortex. In 
a
preparation, 62 gnm of the crude extract yielded 1.23 	gm ef linamarin and74 M' of lotaustralin. Efforts were being made to improve the isolation
yield and to characterize certain unknown fractions containing sugar andcyanide. Although linamarin is available commercially, it is expensive.In the case of lotaustralin, there is no commercial source at present.Both will be useful in our project and in cyanide determination in
trapioca trade. 
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6-glucosyltraisferase from Linum usitatissimum L. J. Biol. Chem. 245, 917-922. 
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Linamarase (EC 3.2.1.21) was purified from cassava petiole, stem, and root cortex by 
ammonium sulfate precipitation, column chromatography on Sepharose 6B, and chro
matofocusing. The last step resolved tile enzyme from each source into three forms with 
pI values of 4.3, 3.3, and 2.9. Each form was found to be oligomeric, consisting of one kind 
of subunit, M 63,000. The major isozyme with a pl of 4.3 from petiole showed a K,, for 
linamarin of 0.6 mM and possessed both fl-glucosidase and fl-fucosidase activities. The 
former was sensitive to inhibition by 6-gluconolactone, isol)ropyl-f-l)-thioglucosi(le, and 
HgCI2 , whereas the litter was inhibited by Tris ion. .n An^,,kIr,.,,.Je 

Storage roots of cassava (Manihot (,sell-
lenta Crantz), also called tapioca or man-
ioc, provide an important source of carbo-
hydratc3 for some 500 million people in 30 
tropical countries (1). However, cassava 
consumption, both as human food and as 
animal feed, is associated with certain 
health problems (2). In cassava, there are 
two known cyanogenic glucosides: lina-
marin (2-hydroxyisobutyronitrile-t-D-glu-
copyrano~ide) and lotaustralin (2-hydroxy-
2- methylbutyronitrile - fl- - glucepyrano 
side), the former being in the majority (3). 
Their hydrolysis is catalyzed by a specific 
fl-glucosidase (EC 3.2.1.21), linamarase, 
and yields glucose and an aglycone, ace-
tone cyanohydrin or butanone cyanohy-
drin. Spontaneous or enzymatic break-
down of these cyanohydrins eventually re-
leases HCN which causes chronic cyanide 
toxicity among populations subsisting on 
cassava. In addition, the linamarin-lina-
marase system is thought to play a role in 
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00. 
'Received a scholarship from the National Center 

for Genetic Engineering and Biotechnology, Ministry 
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biological defense in some plants and in
sects (4). Furthermore, the enzym, is em
ployed in the determination of the cyano
genic glucosides in cassava (5-7). It is 
potentially useful in accelerating the 
detoxification process in cassava food pro
cessing (8, 9). Because of tile high degree of 
specificity, other plant fl-glucosidases can 
hardly catalyze the linamarin hydrolysis 
(10) and thus cannot substitute for the cas
sava linamarase in these applications. Up 
to now, linamarases have been isolated 
from few plants: white clover (Trifolium 
repesL.) (11), flax (Linif In ussitatissilu7u1) 
(12), birdfoot trefoil (Lotus corticulatusL.) 
(13), butter bean (Phaseoluslunatus) (14), 
rubber tree (Hevea brasiliesis)(15), and 
cassava (16). Although cassava root has 
long been a common source of linamarase 
(16), cassava stem and petiole were re
cently shown to be better sources of the en
zyme (17). In this report, improved purifi
cation, properties, and multiple forms of 
linamarases from cassava stern, petiole, 
ant root cortex are described. 

M .'fERIALS AND METIIODS 

Linamarase prelratiML Crude enzyme was pre
pared as described earlier (17). Fresh cassava stems, 

0003-9961/88 $1.00 
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petl iles,and roots were obtained from local farms, vial wasseps-ately chopped into small pieces, 
incubated at 37°C in a shaking woter bathand homoge-

nized in ice-cold 0.1 Macetate buffer, pi 
for 30 nin. The product formantion was found to be5.5, contain- linear withIng 0.1 mm phenylmethylsulfonyl fit oride (PAISF)' 

time up to 60 min. The reaction wasstopped by Injecting 0.5 ml of 0.5 N HCI through thefor 2 min in a Waring blender. After passage through serum cap Into the reaction mixture. The vial was fura Miracloth to remove insoluble material, the homog-enate was centrifuged at 10,000dj 
ther incubated for 30 min to trap IICN In the picratefor 20 min. The su- solution. Afterward, the center tube was removed andpernatant fluid was brought to 65% saturation by 0.6 ml of distilled water was added to its content.Theadding solid ammonium sulfate. The precipitate was absorbance of the diluted content wasrecovered by centrifugation at 10,000gl for 50 min, re- measured at 

dissolved in 10 niat phosphate buffer, pit 5.5, anti dia-
515 nm using a Shimadzu IJV-120 spectrophotometer.
Using a cyanide standard curve, the amount of IICNlyzed against the buffer (3 x 50 vol) overnight. Tbe released from linaniarin was estimeted. The cyanidedialyzed sample was further purified by chromatog- standard curve was constructed using a KCN stockraphy on a Sepharose 61i column. An aliquot (50 mg) solution (12.05of the dialyzed preparation was applied to a column 

mg KCN/100 ml). The absorhance at515 nm was(2 X 55 cm) preequilibrated with t0 mm 
linearly related to IICN released unlerphosphate the same assay conditions up to 30 Pg lICN. Purifiedbuffer, p115.5. The active fractions were pooled and linahiarin was purchased from Sigma. The linamarin,yt ....... .... .s 
 iurther purified by chroma..'c- .............. ecor,.,.-.
.ng :.-. ch, :.;.. -z v,,:.s c:.pHl range 5 to I according to a published . as 

mL:., tICN released in the presenceofan excess ......- iar(18). A column (I X 16 cm) of Polybuffer ex- ase by the above method. This method was i..sc, usedchanger, PBE94 (Pharmacia), was preequilibrated
with 2.5ml with other cyanogenic glycosides as substrates.formic acid, adjusted to Plit 5.0 with am-
monium hydroxide. An aliquot (10 mg) of the lyophi-

With P'NPG assuhsrate, the fl-glucosidase activity 
lized preparation was dissolved in 25 m&t 

was assayed according to the method of Evans (21)..irmic acid, The reaction mixtue containing 50pI 5, and then applied onto the column. The column 
mm Tris-IICI 

buffer, pit 8, 10 mat I'NPG, and 0.1 ml of the enzymewas eluted stepwise with 25 mni formic acid, adjusted was incubated for 10 roin at 400to different pit values (4.0 anl 3.0) with ammonium C. The reaction was 
hydroxide an 

then stopped by addition of 2 ml of I bt sodium bicarfollowed by 25 mat oxalic acid adjusted bonate. Tihe absorbance ofji-nitrophenol released wasto pil 1.4with I CI. The eluting buffers were 6,*1,and measured at .110 not using a Shiiiadzu UV-120 spec4 column volumes forpil 14.0. 3.0,and I.1, re:pectively. trophoioietcr. A linear standardThe protein profile was curve of ji-nitromonitored using Coomassie phenol ia.;'constructdiuibrilliant blue G-250 according to to 0i uool. This methoda previous method was(19). The active fractions were pooled and dialyzed 
also empryed when other PNP-glycosides wore 

overnight against 10 mtiiphosphate buffer, pll 5.5. 
tested as suistrates. With PNPI as suistrate, the as,'iv luffer was changed t 50 inA Phosphate buffer,The preparation was then kept at -20'C as a solution p 17.or in lyoph ilized form. AllIIpi rificat ion steps were per-formedI at 4°C. Elclrophorcsis. PolyacrylaRiide gel electrophore

sis in the prese.ce of sodiunLinniiamrq ssayn. Linamarase activity was deter-
dodecyl sulfate (SDS-

PAGE) was performed as discribed (22) using a slabmined using either linainarin or 1'nitrophenyl.-1),
glucoside (PNPG). With linamarin 

gel (13 X 10 X 0.1 cm) anti a linear gradient of 7 toas substrate, the 15%(w/v) acrylamide. The electrode buffer wag 0.1%assay was carried out according to a method modified (w/v) SDS in 2.5miii Tris-glycine, pht 8.3, and thefroni that of Lucas and Sotelo (20). Briefly, the assay tracking dye was
was performed in ascintillation vial containing ace-
iromphenol blue. After electropho

resin, the protein haois were stained with 0.2% (w/v)ter tube ani sealed with a serum call. The reaction Coomassie rilliantbtlue R-250 in 50
mixture (2 ml) held in tihe vial contained 0.2 stpotas- (v/v) methanol

ail 7.5% (v/v) acetic acid at roomsium phosphate huter, p1i 6.8, 10 mii linamarin (Cal-

temperature for 2

h ani
biochem), al 0.02-0.025 nil of enzyme (added last to 

made visible by destaining overnight.

J'rolein deterniintion. Protein concentration was
initiate the reaction). The center tube contained 0.1 determined by Lowry's method (2), with bwine semi of 0.5% picric acid in 2.5% 
 sodium carbonate. The rom albuniln as standard.A ino aid analysis. Amino acid composition of a 

Ahbreviationi protein sample was determined tnya precolimn deriused: I'MSF; hlienylmethiylsulfo- vatization method (24, 25). Tie sample was first hynyl fluoride; SDS, sodium dodecyl sulfate; PAGE,
polyacrylamide gel electrophoresis; PNPG, p-nitro-

drolyzed in 6 N IICI at I 10'C for 2.1Ih.The phenylthio
phenyl-fl-D-glucoside; carbamoyl (PTC) derivatives of amino acids werePNPF, p-nitrophenyl-fl-n-fu,
coside; PBE, formed by reaction with phenylisothiocyanatePolybuffer exchanger; PITC, phenyl-isothiocyanate; PTC, phenylthiocarbamoyl; IPTG, 

(PITC). The hydrolysis and derivatization were per
isopropyl-f-D-thioglucoside. formed with a Pico-Tag Workstation (Waters Assoc.,Milford, MA). The PTC-amino acids were analyzed 

http:prese.ce
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Fia. 1. Fractionation of ammonium sulfate-precipitated linamarase from cassava petiole by Sepharose 6B column chromatography. The fractions were monitored for protein at 230 amand linamarase activity using linamarin (solid circles). Crosq-bar 
(open circles) 

indicates the fractions beingpooled. Arrowheads indicate the peak positions of the size markers: BD,blue dextran; THY, thyroglobulin (Mt,669.000); FER, ferrilin (At,440,000); CAT, catalase (A!,320.000); DNP-LYS, dinitrophe
nyl-lysine. 

with aPico-Tag aminoacid analyzer((Waters Assoc.).
This unit consisted of two pumps (Model 510), agradi-
ent controller (Model M680),a column (Waters Pico-Tag reversed-phase), an injector (Model M71011 WISP 
Autosampler),adetector(Model M440) set at 25.1 nm, 
an integrator (blodel M7,10), and a column heater set 
at 40"C. The buffer system consisted of buffer A (0.1
Mammonium acetate, p1l5.70) and buffer B(acetoni,
trile:water = 60:40). The flow rate was 1 ml/min.

Kinetic otillpsikK. and l' ., were calculated from
the substrate saturation curve using a computer pro-
gram for nonlinear regression (ENZFITTER; Elsev-
ier-Biosoft). 

RESULTS 
Purificationoflineatr(.s.froti cassava 

petiole,stem, and root cortex. Cassava lina-
marases were purified from three tissues
of the plant (petiole, stem, and root cortex)
by the procedure described tinder Materi-
als and Methods. From the petiole, the 
crude enzyme was found to have a high
specific activity of 3.0 pmol/min/mg. Most 
of the activity was precipitated at 65% sat-
uration of ammonium sulfate. When the 
precipitate was redissolved, dialyzed, and
applied to a column of Sepharose 6B, the 
linamarase activity eltited near the voidvolume (Fig. 1), showing a native molecu-
lar weight of approximately 600,000. The 

enzyme obtained from the Sepharose 6B
column was separated into three forms by 

passage through a chromatofocusing col
thr inte p-i range .5to (Fig. 2). The 
tr forms exhibited p1 values of 4.3, 3.3,
and 2.9. By SDS-PAGE, each form was
found to consist of a single protein of Aft.
63,000 (Fig. 3). Table I summarizes the pu
rification and tile yield. The most predomi
nant form from the cassava petiole was
found to be one with a p1 of 4.3 that was
purified 16.8-fold with 52% yield. Sim

ilarly, the stern enzyme was purified and 
yielded the same three forms, the one with 
a pI of 4.3 being predominant. The enzyme
from the root cortex could also be purified
and separated into three forms by the
 
above procedure. However, the three forms
 
from the root cortex were equally distrib
uted. 

Prior to the above chromnatofocusing 
step, the stability of the enzyme was tested 
in 25 mM formic acid adjusted to pH 3, 4,
and 5. Under these p1-i conditions, the en
zyme activity was mostly (80%) retained 
up to 7 days at 4oC. 

Amino acidcompositionhs ofcassavalina
marase.. Table I shows the amino acid 
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Fi. 2. Chromatofocuinig column chromatography of the linamarase obtained from the Sepharose 
6B column (Fig. I). The fractions were monitored for protein by binding to Coomassie brilliant blue 
G-250 (open circles) and linamarase activity using linamarin (solid circles). Cross-bars indicate frac
tions being pooled, arrows indicate p/ values of the active peaks,and the line without symbols repre
sents the p1l gradient. 

composition of each form of linamarase from phenylthiourea which was formed 
from petiole, stnt, or root cortex. Based on from ammonia (26). 
the amino acid compositions, all forms of Catalytic properties qf cassava linaitar
the enzymes from these sources were sire- ase. Since the purified major isozyme with 
ilar. With the precolumn derivatization a p1 of 4.3 was obtained in sutficient quan
method, cysteine and methionine tended to tity frtui5,j)etiole (Fig. 2), it was used in fur
be degraded and thus were not quantified. ther investigations of catalytic properties. 
It was also difficult to quantify PTC-pro- It was found to catalyze the hydrolysis of 
line because it was not properly separate] linamarin hut not that of prunasin or 

aimygdalin. It also catalyzed the hydrolysis 
of PNPG and PNPF hut p-nit-ophenyl-(N 

. I 2 3 4 5 derivatives of galactose, mannose, and
XLo 	 gentiobiose cannot be used as its substrate. 

94-*-. 	 Since PNPG was a good substrate but
Be) 1.; q - g p-nitrophenyl-cY-D-glucosi(le was not, the 
45)9 enzyme was considered to have specificity 

for a fl-glycosidic linkage. Among The 
three suitable substrates showed some 

171. 	 different characteristics. First, the pH op
tima for the substrates were different: pH 
7-8 for linanarin, p11 8 for PNPG, and pH 
7 for PNPF (Fig. ,4). Second, the K,, value

FIG.3.SDS-PAGEoflinamarasefromcassavapet- for linamarin was 0.6 mM while that for 
iole during purification. Lane 1,50 pg of ammonium PNPG was about 10-folt higher and that 
sulfate precipitate at 65% saturation; lane 2,30 jig of for PNPF w:a' half this value (Table III).
pooled active fractions from Sephnrose 61B;lanes 3,4, Third, the Vm,, value for linamarin was 
and 5,20 pg of pooled active fractions from charoma- about one-quarter of that for PNPG or 
tofocusing column with pl values of 4.3, 3.3 and 2.9, 
respectively. Lane Mcontained the molecular weight PNPF (Table 111). Furthermore, either 
markers: phosphorylase b (M, 9.1,000); bovine serum PNPG or PNPF could increase the Km 
albumin (At, 68,000); ovalbumin (Af, 45,000); myoglo- value for linamarin (Table III). For the lin
bin (A!, 17,000). amarase activity, tile K,,, but not the Ir, 



CASSAVA LINAMARASES 267 

TABLE I 
PURIFICATION OF LINAMARASE FROM CASSAVA PETIOLE 

Proteih Activity* Specific activity Yield
Step (mg) (pmol/min) (Pmol/.nin/mg) Fold (%) 

Crude 678 2034 3.0 (1) (100)Ammonium sulfate 266 2879 10.8 3.6 142
Sepharose 6B 29 1425 49.1 16.4 70 
Chromatofocusing 

pl - 4.3 2' 1056 50.3 16.8 52pIf-3.3 4 47 11.8 3.9 2 
pl- 2.9 6 39 6.5 2.2 2 

as substrate.
 

was raised in the presence of Z-gluconolac- DISCUSSION 
tone and IPTG. With PNPG ati th.! sub2
strate, 1-g'was a strong inhibitor, caus- There has been only one previous report
ing a marked increase in K,,. In contrast, describing the isolation and properties of
Mn 2 l was less inhibitory while Mg 24 , Ca 2 l, cassava linamnarase from root pareachyma-' 
and Cu vere ineffective at 10 rM.EDTA (16). Briefly, the root parenchyma enzyme
at 10 mM was not itself inhibitory but could has to be purified 350-fold to reach the spe2
reverse the tIg inhibition. The 1Ig 2' cificactivity of 1.6 pmol/min/mg. It exhib
effect was also abolished by the presence of its a native molecular weight of 600,000, a1
phosphate. In addition, Tris ion was found K,, for-linifiarin of 1.45 mr, and an opti
to inhibit the fucosidase activity by de- nal pH of 6. Uring cassava petiole. stem,
creasing the Vm, and increasing the K,, or root cortex, which are richer in the lina
(Table 111) but (lid ]ot affect glucosidase marase activity, we need only purify the
activity, enzyme 17-fold te reach a much higher spe-

TABLE II
 
AMINO ACID COMPOSITIONS (mol/100 tool
RECOVERFD) OPMULTIPLE FORMSOF CASSAVA LINAMAHASE 

Root cortex Stem Petiole
 
Amino
 

acid p: 2.9 3.3 43 2.9 3.3 2.94.3 3.3 4.3 

Asx 12.22 9.17 13.51 9.07 1.36 12.55 13.54 14.89 14.86

GIx 8.38 7.51 9.80 8.34 
 10.76 9.81 9.49 9.88 10.40
Ser 6.07 5.66 6.8-t 5.78 6.35 5.77 6.45 5.91 7.94
Gly 852 
 7.32 691 10.00 8.80 9.09 8.01 8.19 9.73H-is 1.05 0.81 1.l1 0.89 LISl 1.55 1.18 1.35 1.37 
Arg 2.83 1.55 1.74 1.79 2.77 2.39 3.06 3.28 4.58Thr 3.86 2.42 2.96 2.76 3.69 4.08 3.69Ala 3.99 4.996.61 4.55 5.10 5.89 6.24 6.94 6.916.12 7.57 
Tyr 4.64 2.05 3.44 3.53 4.96 5.20 5.24 5.52 6.87Val 3.05 1.90 3.16 2.33 3.19 :1.04 3.25 3.41 4.16
lie 2.64 1.61 2.37 1.29 3.042.15 2.22 2.37 3.63
Leu 5.32 3.70 4.74 3.42 4.43 6.91 4.75 5.21 6.75
Phe 4.17 2.92 3.84 1.97 3.32 5.83 3.90 4.20 5.27Lys 2.25 1.44 1.74 0.97 1.59 2.10 1.82 1.82 3.71
Pro + NIJ 28.35 46.45 32.71 41.95 28.06 21.69 27.26 23.04 8.17 
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Fa.4. pH profiles of linamaraso from cassava peti-
ole. Activity was assayed in universal bufler (30) In
the pFHrange 4 to 12, using 10 mM substrate: lina-
marin (solid circles); PNPG (open circles); PNPF (tri,
angles). The stability of the enzyme unlerexperimen-
tal conditions was tested by assaying the activity at 
pli 8 using PNPG after exposurr of the enzyme to 
various pi1 for 30 rlin (squares). 

cific activity (Table I). The enzymes from 
these sources show native molecular 
weight (Fig. 1), K. for linamarin (Table
III), and optimal pH (Fig. 4) similar to 
those of tile root parenchymal enzyme. In 
addition, it is the first time that the sub-
unit molecular weight (Fig. 3), the exis-
tence of the multiple forms (Fig. 2), and 
the amino acid compositions (Table I) of
the cassava linamarases have been estab-
lished. From these data, it may be pro-
posed that cassava linamarase is a ilno
polymer with a subunit molecular weight
of 63,000. The molecular basis of the oh-
served charge differences among the three
forms (Fig. 2) rem ains to be investigated. 

In comparison with other plant linamar-
ases, the cassava enzyme exhibits both 
similarities and dissimilarities. Tile cas
sava linamarase is similar structurally to 
those of white clover (11), flax (12), butter 
bean (14), and rubber tree (15) in being
oligomeric with a similar subunit molecu-
lar weight. However, only flax linamarase 
has been shown to exist in two forms (12)in comparison with tie three forms of the 
cassava enzyme. Furthermore, tile amino 
acid compositions of tile cassava linamar-
ase (Table 11) compare favorably with that 
of the butter bean enzyme (14). Catalyti-
cally, the cassava linamarase shows a 
lower K,, for liramarin than the other 

CHULAVATNATOL 

plant linamarases. In contrast to the low
K.,for PNPG of cassava root parenchymal 
linamarase (16), the enzyme from cassava 
petiole exhibits a much higher K, for the 

substrate (Table 1I1). The K,, for 
PNPG is also low for tile enzymes of butter
bean (14) and of rubber tree (15).

Although cassava linamarase exhibits 
fl-glucosidase activity (Table Ill), it lacks 
fl-galactosidase activity, which is known tobe associated with some fl-glucosidases 
(27). Instead, the purified major isozyme ofcassava linamarase displays 0-Clucosidase 

activity (Table III). Since PNPF inhibits 
f-glucosidasc activity (Tabe III), it is pos
sible that both fl-glucosidase and fl-fucosi
dase activities share a common active site. 
The active site of the cassava linamarase 
has not been fully characterized. Even 
though some plant fl-glucosidases show 
high aglycone specificity (10), lack of appropriate glucosides has limited our at
tempt to investigate the aglycone specific
ity of the active site of this enzyme. How
ever, it is expected that the active site 
should lii i presumed reaction interme
diate, 1-gluconolactone, and a substrate 
analog, IPTG (Table II1). The inhibition by
-lj2' (Table Il1) may suggest the impor
tanceofasulfhydryl group in the catalysis.
However, the presence of cysteine in cas
sava linamarase needIs to be verified by 

TAIII i 

KiN :Tr.IOI'AAMETEIlS OMT AJSSA Is I F;OZL/(i"
4.1 oF I.INAMAlASE FROM ll. ( A55AVA 

Substrate K. (lPnou/ Assay 
(I inhiitor) (m) rain/ragI flr 

Liioanrin 0.57 5 IICN 
linanrin f 0.15 illhi 

A-gllrlhichlne 1.0 1 50 IICN"inalarin I 1o lIIT. 2.21 65 IICNlinamarin 1 2 ilt i'NPG 5.31 -11 IICN
 
linamarin ! 0.5 It PNI'P 58
1.02 IICN 

PNIPG 5.5 2,56 IPNP 
I'Ni'(: 4 0.25 iiM |IlgCI, 15 2)18 I'NP 
PNPF 0.2:1 266 PINP 
1'NPF + 25 niM Tris-|ICI 1.11 130 |'NP 

(A).
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amino acid analysis using a method that 
does not destroy this amino acid. The mode 
of action of Tris ion appears more complex 
since it inhibits only fl-fucosidase activity 
,nd it does so by increasing IC, and de-
creasing V x. Further work on t) e activecrtemyeasig dV....Ft her ork elativwst ,
site may lead to a satisfactory explanation
for this observation. 

Since petiols and sterns are abundant 
agricultural by-products of cassava plan-
tation, they should serve as economical 
sources of linamarase. The ease with 
which reasonably pure enzyme is isolated 
by the procedure described in this report 
(up to the Sepharose 6B column step)
should facilitate such usage. Thus, cassava 
linamarases from petioles ar.,: stenis may 
be interestin, alternatives to the fungal 
linamarases (28, 29) in detoxifying cassgava 
food products (8, 9). 
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GLUCOSYLTRANSFERASE FROM CASSAVA (MANIHOT ESCULENTA CRANTZ) 

panpaka Chaleralsrachal and Montri Chulavatnatol 
Department of Biochemistry, Faculty of Science, Mahidol 
University,

Bangkok, Thaialnd 
 I 

Cassava which 
In a very cheap source of calories play an
important role in the nutrition of the people 
of the developing

countries. However, cassava diet also causes 
cyanide toxicity sin~e
 cassava 
 roots contain 
two cyanogenic glucosides, linamarin and
lotaustalin. Their 
biosynthesis in the leaves 
utilize precursor
amino 
acids, valine and isoleucine. Microsomal enzyme system 
converts these precursors into aldoximes, nitriles and then OC-hydroxy
nitriles' Glucosyltransferase catalyzes the last biosyntheti,
in which 
glucoayl residue from UDP-glucose is conjugated to 

step
 
a0c hydroxynitrile 
 to give a cyanogenic glucoside. 
The paper presents
the purification and properties of cassava glucoayltrannferase.


(I) 
PURIFICATION OF CASSAVA GLUCOSYLTRANFERASE
 
Olucosyltransferase was isolated from fresh young leaves 
 and
shoots of cassava. 
 It was a soluble enzyme because its ectivity was
detected in 
the supernatant fraction after centrifugat~on o: the
tiusue homogenate at 100,000 x g for 1 hr. 
 The enzyme wns purified
by ammonium sulphate fractionation and was found to be enriched 
in
the precipitate at 40-80% saturation. 
The precipitate was further
chromatographed 
on Sephadex G-200 column. 
 The 	 native molecular
weight was determined to be 46,000 (Fig. 1). 
 A summary of .he puri

fication is given in Table 1.

Table 1 
Purification of glucosyltransferase from young 
leaves of
 

cassava
 

Purifica- Protein 
 Activity Spec.act. Fold Yield

tion (mg) 
 (nmole/hr) (nmole/hr/mg) %
 

SNlO0,000 761.3 
 85.03xI02 1 12xlO' 1.0
40-80x AmSO 4 438.88 

100 
90.25xl02 2.06xI02 
 1.84'


G-200 	#GTF 
 127.68 42.20xi02 3.3 xl02 	
106
 

2.95 50
 

Fig. 1 Chromatom u graph of cassava 
glycosyltransferase-

' 	 in 40-80% ammonium 

sulphate fractiona
- ti on on a Sephadexc
 

G-200 column
 

"0
 



(II) PROPERTIES OF CASSAVA GLUCOSYLTRANSFERASE
 
The partially purified enzyme was characterized. The prepj..'
 

ration was found to catalyze the transfer of, glucosyl residue from
 
UDP-glucose to cyanohydrins and to fructose. Its p!1optimum was 8.0.
 
for both activities (Fig. 2).' However, the activity for cyanohy';K
 
drins was more thermo-labile than that for fructose (Fig. 3). Fur
thermore the K values for UDP-glucome when cyanohydrins were used
 
as acceptors eere less than the value obtained with fructose as
 
acceptor (Table 2). Thus the cyanohydrin glucosyltransferase was
 
probably a different enzyme from sucrose svnthetase but both were
 
yet to be separated by further purification.
 

2 o3 

-so
 

10 	 60 

Fig. 2 The effect of pH on the enzyme actlvity...Tha enzyme wan 
assayed using UDP-giucose as sugar donor and acetone cyanohydrin 
(.), butanone cyanohydrin (o) and fructose (A) as sugar acceptors 
Fig. 3 The effect of temperature on the enzyme activity. The
 
enzyme was incubated at different teuperatures for 1 hr before being

assayed at 370C, using acetone cyanohydrin (e), butanone cyanohydrin
 
(o) and fructose (A) as sugar acceptors.
 
Table 2 Kinetic parameters of cassava glucosyltransferase
 

Sugar acceptor K of UDP-glucose (mMd) V a(nmole/hr/mg)
m 


Acetone cyanohydrin 0.15 60.1
 
Butanone cyanohydrin 0.08 45.5
 
Fructose 0.39 246.3
 

Supported by a grant USAID/PSTC 936-5543-0-00-6028-00
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ABSTRACT
 

Key enzymes involved in the cyanogenesis 
in cassava were studied.
Cassava linamarase was purified 
and its structural and catalytic
properties were investigated. Due to its instability, cassava glucosyltransferase was partially purified 
and characterized. Changes in the
forms of peroxidases in the cassava root parenchyma during root deterioration were observed and this may explain the browning of the spoiled root
tissue. Cassava plantlets in tissue culture were 
found to possess the
capabilities for linamarin synthesiE and cyanogenesls.
 

Keywordst 
 Cassava, linamarin, linamarase, glucosyltransferase, peroxi
dase.
 

Grnn no: 
 PSTC 936-5542-G-00-6028-00 "Changes in cyanogenic glycosides

and related enzymes in cassava roots during storage 
and
 
processing".
 

INTRODUCTION
 

Storage roots of cassava 
(Manihot esculenta Crantz) is an important
source of carbohydrate for half a billion poor people in the tropical zone
(1). World cassava production reached 143 million tons in 1986 (2).
Thailand was not only the top cassava producer, yielding nearly 22 million
tons in 1989, she was 
also the top exporter of tapioca products, valued
nearly 25 billion Baht. About two-thirds of cassava is consumed as human
food and one-third as animal feed. 
For the human consumption, about half
is eaten as 
cooked fresh roots and the remainder as processed flour or
 
meals.
 

Using cassava as a staple diet is 
associated with chronic cyanide
toxicity which may cause 
such health problems as goiter, cretinism,
tropical toxic neuropathy and 
tropical diabetes (1,3). Like 200 other
plants, cassava is known to contain cyanogenic glycosides which can break
down to release the toxic cyanide. 
 cassava cyanogenic glucosides are
linamarin and lotaustralin. 
 Although traditional food processing and
industrial extraction of 
cassava starch can effectively remove the toxic
cyanogens, they 
add cost to this caloric source of the poor.
understanding of the biotransformation of 
So
 

these cyanogens in cassava is
essential for future manipulation 
to develop a cyanide-free cassava
 
cultivar.
 

Linamarin and lotaustralin are secondary metabolites derived from
valine and isoleucine respectively. Since linamarin is 
the major
component in 
cassava, its biotransformation 
will be outlined in the
following steps. 
 (a) Valine is converted into acetone cyanohydrin by a
microsomal enzyme system. (b) The 
unstable acetone cyanohydrin is
conjugated using UDP-glucose into linamarin in a reaction catalyzed by
glucsyltransferase. 
 a
(c) Upon tissue damage, linamarin is hydrolyzed by
linamarase to release acetone cyanohydrin. (d) On autohydrolysis above pH
5 or 
hydrolysis catalyzed by hydroxynitrile lyase, 
acetone cyanohydrin
releases HCN. 
 In this project, three 
aspects of the biotransformation
 were investigated: 
 (i) key cassava enzymes (linamarase and glucosyltransferase) were characterized, (ii) peroxidase involved in cassava 
root
tisnue damage was studied and (iii) cassava tissue culture was employed to

study the role of linamarin.
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MW.ERIALU Ah" METHODS 

Cassava roots, stems, 
petioles and leaves
Bangkok market. were obtained from aCassava plantlets 
from tissue culture were propagated
from the plantlets kLndly suppliLed by the
Kasetsart University. Central Research Laboratory,
Linamartn 
was
linumariss bought from Calbiochem. Crudewaz prepared from caseava root cortex according to a previousmethod 
(4). Acetone cyanohydrin and related compounds 
were synthesized
and supplind by the Department of Chemistly, Mahidol University.
biochemicals were p ,rchased from Sigma. Other[ C]-Valine and [14C]-UDP-glucosewere from Amersham.
 

Linamavase 
isolation 
 and assay were
previcusly (4). Glucosyltranoferase performed as described
 
a previous report 

was extrcted and assayed according to
(5). Peroxidase activity was 
assayed using
method. a known
Cassava tissue culture was carried out in MS medium by a normal

procedure.
 

RESULTS AND DISCUSSION
 

(i) Cassava linLamarane._agd alucosvltransferase
 

The key enzymo in 
the cyanogenesis
glucosyl.transferase. were linamarase afid
Tis work started with the finding that thesources goodo! cassava linamarise were 
the stem and petiole rather than the
cassava root as rnported earlier (2,6).
the task Having found an abundant source,
of the -purification of 
linamarase was simplified (7). the
enzymic properties, both structural and catalytic, were then established.
Cassavt linamarase was found to be a polymeric enzyme, consisting of one
single type of subunit. The subunit M
r was 63,000 (7). 
 The polymeric
forms exJlted in various sizes consisting of 4, 6, 8, 10
(Tablt 1). These forms may 
or more subunits


be related to 
the observed
linamarase (7,8). isozymes of
The purified cassava linamarase was found to possessed
both B-glucosidase 
and B-fucosidase 
activities.
inhibited The activity
by substrate 6 was
analogs, -gludonolactone
thioglucoside (7). and isopropyl--D-
Dissociation of the polymeric enzyme into monomer was
achievel by guaaldine HOC., 
 but the activity
contrary, the activity was staLle 
was also lost. On the


in 1% SDS 
(9, 10). The findings
suggested that the control of the association of the subunits could alter
the linamarase activity 
in the cassava tissue, 
hence regulating the
breakdown of linamarin.
 

Table 
 Molecular weights of cassava linamarase
 

Mol. Wt. 
 Estimated no. of subunits
 

272,400 
 4
 
353,800 
 6
 
507,700 
 8
 
624,100 
 10
 
828,400 
 12-14
 

The purification of the glucosyltransferase from young leaves
was poosible using aunonium sulphate precipitation and gel filtration (5,
11). The enzyme was rather unstable and still contaminated with sucrose
synthetase activity. 
Being a small enzyme with native Mr of 46,000, it may
be a target for future genetic manipulation to eliminate the enzyme.
will be a logical approach This
to create a cyanide-free cassava by genetic

engineering.
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(ii) Cassava peroxidases
 

Several changes took place when cassava roots were stored at
 
room temperature for several days. The spoiled roots became unedible
 
because of the toxic HCN released and the formation of toxic brownish
 
polyphenols. The tissue softening and damage during storage caused the
 
release of several enzymes. The enzymes known to cause the polymerization

of phenolic compounds were peroxidases. By fast protein liquid chromato
graphy (FPLC), the cassava root peroxidases were separated into two forms,
bound 
and unbound forms (12). In the fresh root parenchyma, the bound
 
form was the major component while the unbound form was the minor one.
 
The contrary was true for the fresh root cortex 
(?ig. 1). After utorage

for 7 days, the parenchyma became brownish but not the cortex. 
Corre at
ing with this change was a decrease of the bound form with arkincrease of
 
the unbound form of parenthyma peroxidases (Fig. 2). In the cortex, there
 was change in neither the forms' of peroxidases nor the .olor of the
 
tissue. Thus, the unbound 
form. of the parachyma pero,'idase may he

responsible for the polyphenol formation. Inhibiting the peroxidace

activity by soaking the roots in 
some rec.gent may delay the browning of
 
the stored roots. In addition, the finding also implied that cassavi
 
roots may be a good source of peroxidase, a useful enzyme in biotechnolog
ical techniques.
 

(iii) Cassava tissue culture
 

Plant tissue culture was employed to study the synthesis of

linamarin. It was widely believed that the toxic cyanide released from
 
the cyanogenic glucosidee serve to repel attacking pests and plant

pathogens. This suggested role could explain the lack of need for

perticides in cassava plantation. If this was the case, cassava plantlets

in tissue culture bottles, sterile and protected from any pests, may not
 
need to synthesize linamarin. The cassava tissue culture was set up to
 
test this hypothesis. The contrary was found. The plantlets were found 
to contain linamarin, particularly high in the leaf and petiole JTable 2).
The tissues also possessed linamarase activity and can convert ( C]-valine
into linamarin. Thus, it may be concluded that linamarin synthesis in
 
cassava was an intrinsic property of the plant and that linamarin may

serve other useful functions in the plant.
 

Table 2 Linamarin contents in cassava plantlets
 

Age Linamarin (pmol/g fresh wt)
 

(Month) Leaf Petiole Stem Root 

1 
2 

0.20 ± 0.34 
1.32 ± 1.25 

0.09 ± 0.24 
1.36 ± 1.36 

0.01 ± 0.02 
0.10 ± 0.02 

0 
0.02 ± 0.04 

3 
4 

2.85 ± 3.34 
4.15 ± 4.86 

2.96 ± 3.56 
4.20 ± 4.69 

0.64 ± 1.41 
0.81 ± 0.86 

0.14 ± 0.35 
0.17 ± 0.37 

5 4.42 ± 3.86 4.57 ± 3.89 0.97 ± 0.92 0.19 ± 0.24 
6 3.91 ± 4.24 3.89 ± 4.38 0.88 ± 1.03 0.20 ± 0.31 
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Fig. I FPLC sepacation of casesav peroxidases from fresh roots using
 
a Mono Q column. P = parenchyma, C = cortex.
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Fig. 2 FPLC separation of cassava peroxidases from 7-day stored roots00 

using a Mono Q column. P = parenchyma, C = cortex. 
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PETIOLE, STEM ANDROO)T ORTEX OF CASSAvA A E~SRSThidarat Ekittkul and 	 PLNMRSontri Chulavatnatol
Department of Biochemistry, Faculty of Science, Mahidof University, Bangkok
 
Cassava (Manihot esclent Crantz) Is andeveloping world. 	 important food in the
However extensive consumption of cassava rootsthe risk of cyanide toxicity. 	 may runCassava root contains two cyanogenic glucoas main component and lotaustalin,


sides, linamarin 

and their degrading
enzyme linamarase (or P-D-glucoside glycohydrolase B.C.
lysis of these glucosides by linamarase 3.2.1.21). Hydro

the roots are 	
releases hydrogen cyanide whendamaged. 
 The enzyme has beenroot parenchyma (1) and 	

partial purified from cassavaused for determination of cyanide in cassava
 
the world. 

Thailand is the second largest cassava-producbr 

trading ard research. 


in
Much stems and leaes are by-products from cassava plantation.
So 
we decided to look for linamarase in these by-products.
activities of the enzyme in petiole, 
The specific
 

higher than 
stem and root cortex were found to be
that in the root parenchyma.
other proteins 	 The enzyme was separated from
by Sepharose 6B column and found to have a
600,000 (for petiole and stem). 	 native Mr ofBy this;technique, the root cortex enzyme
was partial resolved into two peaks with Mr of 570,000 andSDS-PAGE , 400,000. By 

rom 
the subunit Mr of each enzyme preparation was foundchromatofocusing column in the pH range of 5 to 1, 

to be 63,000. 
each source was separated into three isozymes with p1 4.3, 

the enzyme from 
The pH optimum, m nd Vma 3.3 and 2.9. 
compared. The 

x values o;these enzyme preparations were also
findings suggested that petiole, 
stem and root cortex of
cassava were possible ne, 
sources of linamarase.
Supported by a grant of USAID/PSTC 936-5542-G-OO-6028-00 and MOSTE.
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Amnonium sulfate Preparation Protein/fresh weight Specific activity
 
fraction from 
 (n) (mg/gm) (Vmol/min/mg prot.)
 

Leaf 
 4 0.32 ! 0.23 
 0
 
Petiole 5 0.92 i 0.65 
 2.85 ± 2.02
 
Stem 
 4 1.25 i 0.27 
 1.76 ± 1.10
 
Root cortex 
 3 
 0.28 ! 0.14 
 1.56 ± 1.53 
Root parenchyma 3 
 0.39 t 0.01 0.05 t 0.04
 

R 31Ig . 1,-uniu.,i ,ojua'utjz"r,3fft-n Sepharose 6B column
 
4
ua:li -nitrophenyl-S-D-glucopyranoside Ouuatini
 

Enzyme Native Subunit pI Km 
 Vmax optimal
Opia
 
source Mr(x 
 3 " 
10 ) Mr(X 10 value m4
(MxlO ) (Vmol/min/mg) pil
 

Petiole 600 
 63 4.2,3.3,2.9 5.6 100 
 8
 
Stem 600 63 4.3,3.6,2.8 6.3 125 8
 
Root cortex 400;570 63 4.3.3.35,2.95 4.3 39 8
 

1. Cook, R.D., 
Blake, G.G. and Battershill, J.M. (197b) Phytochemistry
 

17, 381-383.
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PROI!:RT!ES OF GLUCOSYITRANSI :IRASI- IN CASSAVAPanpaka Chalemisrachai and Montri Chulavatnatol
Department of Biochemistry, Faculty of Science,
,ahidol University, Bangkok 10400 

Glucosyl transferase is mainly obtained fromshoot of zassava (Manihot esculenta Crantzj 
fresh young leaf and 

last glycosylation step in 
. It is responsible for thebiosynthetic pathQl-hydroxyisobutyronitrile way of linamarin. Linamarin,L-I)-glucoside, is a cyanogenic glucoside widelyoccuring in many staple plant foods and feeds, suchlima as cassava, flax,bean, peas, and white clover. Glucosyltransferasetransfer catalyzesof glucose from IIl)P-glucose to an tile 

acceptor, o-hydroxynitrileacetone cyanohydrin. orUsing the crude extraction for glucosyltransferase."Ihe optimum pil was found to be 9.0 where as thelhe enzyme was precipitated optimum temjerature was 370 
C.by amonium sulphatewas chromatographed at .10-S0, saturation andin Sephadex G-200 c.ltimn. 

to be 46,000. The native Mr i,as determinedlP-glucose was the best glucose-donor. Among the hydroxy
2naing compunds
cyan~ohydrin tested, the best glucose-acceptor tas acetone 

gi;.U6"ja1l ol "t U two I aI'u W1Ii.o M 

"Illnani iin:un Iii Iu-11MMIi1xi 

inl I'i~~lli'i iiU r i11111iuiB ni(aitif ij 6l 1111.10400 
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nto n~lnisnvi-ui~ni~ a . 'i ,n-is lmnnnusnn UDPl-glucose IuIItorn4l

p l. i:blV .ii:luuljf,nl 375 uni lntJ' - u etnin, In ,n:np~ u 

d0- no07.
m~uisuiismu~ a ug s LIRt i,m imu un:1 n n lmt ui-nnni l lnhj Sephadex G-2 Oti 
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,4o' e ( hivU)_ q t nu Rn t, o IB-i..,33 0 t"1,U~ua 'ia :, t , 

a 'mnnli'Ja
oN "nnv ng an' ifi t l~st uo4 in lulutu ;u OU 11utn 3tj" Ipl tu l .. t

40.o 
3. 0.0 

20.0 
'-C- 103 0 . | 2 0 . 0' 

10.01 

0 6.0 8.0 0 10 30
10.0 

50 
pHl 


Temperature
 
Ji... 
 uIm"9!3ni"uu° nB[nM u two 2La
""lj uTuiin-1 pil 9.0 

2u ttMn'0/'lOn1 u 8,i-u to LwO4,'[ ,ffq)mI Ku -L' ' qrmQD 370 
c q_-11 

Sephadex G-200 column u'u"'-111 u'tn-1-ILI (t9% H--ij-
i) tin0n9:--u) 1tH-


RI44
 
R~1~II~ ~ I A DO-glucose a:' UI)P-galactose f3 I J)p-g 1ucose 

sugar-donor Activity (nmole/hr Relative conversion (%)
 

UI)P-glucose 122.46 
AD)P-glucose
UOP-galactose 033.38 
 27.2
00

0 

I
Qi'n in;t ovo'oto:
0j m lu -tuju nvu 4 90 l yuigtn-3tliuo'.n iitl-u tw o &-$agl mn 

.I lI I31
RI - R2 fl'j-IlU~i I I -3= I ug IF 

conerio
Substrate fIlIt~RI R Activity (nmole/hr) Relative conversion 

3"' 2Acetone cyanohydrin .C!i JC.1 75.15 7
3 


G l yceol 1.2-'( I 11I 5 . 7 0 7. 6Esothanol II 11I 1~0Il 7.6'5.7Glyc4ro 20.33 27.0IsB tanol 13eonol 42005yao 01yi11J I .15420 55.Ilutanol
Ii th t e (J33 1 112 . 31.2*6.10 41.6 
8.1 

References 1. Ilahlbrock, K., and Conn, E.E., J. Biol.Chem.,245, 197 (1970).2. 11'sel, W., and Nahrstedt, A., Arcl.Biochem.Biophys. 180,753 (1980).
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CATALYTIC PROPERTIES OF LINAMARASE FROM CASSAVAThidarat Eksittikul and Montri Chulavatnatol
Department of Biochemistry 
Faculty of Science,
Mahidol University, Rama VI Road, Bangkok 10400
 
Linamarase 
 is a glucosidase, catalys.ng the hydrolysis of cyanogenicglucoside, linamarin in cassava, releasing the toxic HCN. The enzyme hasbeen partially purified from 
cassava root parenchyma () and used for
determination of cyanogenic glucoside in cassava trading. Linasarases werefound in abundance in cassava petiole, stem and root cortex. 
 They were
purified and their properties were reported (2). In this report, the
substrate specificit, of the enzyme was 
investigated. 
 The substrate must
contain glucose ur fucose linked by 8
-glycosidic bond to aglycone part.
The enzyme from each source was separated into three isozymes bychromatj.

focusing. 
 The p1loltimin, X and Va valuesx of these isozymes were also 
compared.
 

Supported by USAID/PSTC 936-5542-G-00-6028-00
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nNuu un
1----1 ILl------1
-, aNIue glycoside u-1t ,u 
R1'uLu~uvei glycoside "'Iio 10 mM entiuoju-iqn;.u 2 a1. 

Substrate 
 %Relative activity
Cortex enz. Petiole enz. Stem enz. 

Linamarin 
 100 100 100
PNP-1-glucoside 
glucos i de 

100 100 100P.NP- 0 0 1.2
PNP-B-fucoside 
 93 
 86 106
PNP-B-mannoside 
 4 3 40
PNP-6-galactoside 
 0 3 2PNP-f-gentiobioside 
 0 0 0Amygdalin 
 0 0 
 0
Prunasin 0 0 0 

SUBSTRATE/ Km (mM) Vmox(umol/min/mg) 
ENZYME SOURCE Graph Computer Graph Computer 

PNP- a glcosjdc
 
Root corlex 
 16 1s 377 281 
Peltole 16 16 312 308 
Stem 13 13 625 895 

Linomormn 

Root cortex 1.4 1.0 102 133 
Petiole 1.1 0.6 55 II 
Slam 0.9 0.6 175 181 

Linomorin 

Isozymes from peliole
 
p1 4.3 2.0 
 1.3 166 124 
pl 3.3 2.0 13 14 14 p12.9 1.3 05 66 135 

1. Cook, R.D., 
Bloke, G.G. and Battershill, J.m. (1978)

Phytochemistry 17, 381-383.
 

2. 
Eksittikul, T. and Chulavatnatol, M. (1986) Comparison of cassava
linamarases from petiole, stem and root cortex. ICSU Short Reports
6, 380-381.
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BIaTlANSFOFMTION OF CYANOcIENIC GLuoSIDEs IN CASSAVA 
(NMANIHOT !L A CRANTZ) 

Montri Chulavatnatol*, 
Somsak Ruchirawat**,

Thidarat Eksittikul*, Ua'Prawat**, Panpaha Chalermrisrachais, 

Pissopa Kitjaharn* and Hansa Prawat** 

Departments of Biochenistry* and Chemistry*$,
Faculty of Science, Mahidol University, Bangkok 10400, Thailand 

Storage roots of cassava are the main source of carbohy
drates for 500 million poor people in 30 tropical countries.
In 1986, the world cassava production was 143 million tons with
Thailand and Brazil as the top producers, each producing 20
million tons. In the same year, Thailand earned 19,000 million 
baht from exporting 1/3 of her cassava products. Hidden inthis agro-economic profile is a health problem. Cassava pos
sesses two known cyanogenic glucosides: linaomarin and lotaus
tralin, with the former being the majority. These glucosides
are toxic because of IICN liberated upon their hydrolysis. Withthe aim to lessen the toxicity, biosynthesis and degradation of
]inamariin in cissava were studied. Valine was converted by

plant micro-ome itnt.o acetone cyanohydrin. Then the latter was
conjugatJ with gl iccise to fcrm linardarin in the reaction
cataly,ed by a glucosyl transferase. The glucosyltransferase
was found in young cassava leaves. Its native molecular
eight was 16,000. Uridine 5'-diphosphate-glucose was thepreferred do.,or of the glucosyl moiety and acetone cyanohydrin 

was, the best glucose-acceptor. The hydrolysis of linamarin,

catalyzed by linanmarase, yielded glucose and acetone cyanohy
drin. The latter broke down spontaneously into acetone and
HCN. In addition to cassava root parenchyma as the hnown source of linamarase, cassava petiole, stem and root cortex 
were found to be richer sources of the enzyme. Thus, the 
enzyme was purified from these sources. It was an oligomeric 
enzyme, exhibiting a native molecular weight of 600,000 and the
subunit molecular weight of 63,000. 
 It was separated into
three isozymes by chromatofocusing. It' was specific for the
hydrDlysis of a 6-glycosidic bond between glucose or fucose 
and arn aglycone. An aliphatic aglycone was preferred over an
aromatic one. 
 From the root cortex, both linamarin and lotau
stralin were isolated by hot ethanol extraction, followed by a 
silica gel column chromatography. Both linamarin and linama
r-ase were essential for the cyanide determination in cassava
 
trade. 
(Supported by USAID/PSTC 936-5542-G-00-6028-00.) 
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ISOZYME FORMSOF LINA1ARASE FROM CASSAVA (HANIIIOT ESCULENTA CRANTZ)
Thidarat Eksittikul and Montri Chulavatnatoi
Biochemistry Department, Faculty of Science, iahidol University, Bangkok 

Cassava linamarase is an 
important enzyme, catalyzing the hydiolysis
of 	 linamarin 
 and hence causing cyanide toxicity of cassava tubers. Theenzyme exists in cassava as three isozyme forms with p1 of 4.3, 3.3 and2.9. In this report, the isozyme distribution and 
of 

amino acid compositioneach form from petiole, stem or root-cortex of cassava were investigated. The most predominant form in the petiole and the wasstem foundbe one with pl of 4.3. In the root cortex, the three 	
to 

isozyme forms existedin approximately equal amounts. tilled on the amino acid compositions, allisozyme forms from 
4.3 	

these ourcer were similar. The major isozyme with plfrom petiole was used in further investigation on catalytic properties.
It 	 was found to catalyze the hydrolysis of linamarin, p-nitrophenyl-5 -Dglucoside (PNPG), and 	 P -itrophenyl-I-D-fuconide [PNPF). Among the three 
different characteriLstich. Firstly, the pll 

substrates, there were some 
optima 
 for 	the substrates were different: 
 pit 7-8 for liuamarin, pit8 for
PNPfG and 	 pIt7 for PNPF. Secondly, tihe F. vilue for linamarin wite 0.6 mMwhile that for PNPG was about 2o-fold higher but that for PNPF was
this value. Thirdly, the 

half
 
V.- value for linaimarin was about one quarterof that for PNIG or IPNPF. Furthermorre, either PNPG or PNPF could increasethe 	K. %sluefor i inamsrin, suggesting that three substrates share thecatalytic samesite. However, the glucosidase and the fucosidase acLivities were differentiated by Tris inhibition of the latter but not the former. 

Supported by USAID/PSTC 93G-55,12-G-00-6O28-O0 
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71"1i 1 niw l flha enmm{ isozyme mo~a d ic1asnLl iJJ i -inrwh.r. 

Amir.j 
 Root cortex 
 Stem 
 Petiole
 
acid 

pl= 2.9 3.3 4.3 2.9 3.3 4.3 
 2.9 3.3 4.3
 

Asx 12.22 9.17 13.51 9.07 12.36 12.55 
 13.54 14.89 14.86
 
GlX 8.38 7.51 
 9.80 8.34 10.76 9.81 
 9.49 9.88 10.40

Ser 6.07 5.66 6.84 
 5.78 6.35 
 5.77 6.45 5.91 7.94

Gly 8.52 7.32 6.91 10.00 8.80 0.09 8.01 
 8.19 9.73
his 1.05 0.81 1.11 0.89 1.36 1.55 1.18 1.35 1.37Arg 2.83 1.55 1.74 1.79 2.77 2.39 
 3.06 3.28 4.58
Thr 3.80 2.42 2.96 2.76 3.69 4.08 3.69 3.99 4.99
Aln 6.64 4.55 5.10 5.89 6.24 6.94 6.12 
 6.91 7.57
Tyr 4.64 2.95 3.44 3.53 4.96 
 5.20 5.24 5.52 6.87
 
%a] 3.05 1.90 3.16 2.33 
 3.19 3.04 3.25 3.41 4.16
lie 2.64 1.64 2.37 1.29 2.15 3.04 2.22 
 2.37 3.63
Leu 5.32 3.70 4.74 3.42 4.43 
 6.91 4.75 5.24 
 6.75

Ihe .1.17 2.92 3.84 1.97 3.32 5.83 3.90 4.20 5.27
Lys 2.25 1.44 1.74 0.97 1.59 
 2.10 1.82 
 1.82 3.71

Pro + N113 28.35 46.45 32.17 41.95 28.06 21.69 27.26 23.04 8.17 

(,,,iiiiO i;1ij{einira'I , ,- 1 isozyine .INin ,il pl 4.3 -n4Iiu'ihiu'i 

sihst rat4. 1+ i til h.iI oi K, Assay for 

(m) (umol/mjru/mg) 

L.inamariri 0.57 58 HCN
Iinnmaerin + 0.15 mM 6-l1uconolactone 1.04 50 {{CN111h rr , 4 10 mM IIITG 2.21 65
i lia'i I, + 2 mM PI'NK 5.31 

lICN 
84 IICN

1.1 ,11mlriil + 0.5 mM PNIIF 1.02 58 IICN
{NI{ 5.05 256 PNP
PNI'G I 0.25ImM IIgCIz 15 288 PNP
1INIF 0.23 266 PNP
[NIF 25 mM Tris IlCd 1.11 130 PNP 

1. l'k it.tikuI. '. mid Chulavanrftn.o, M. (1986). ICSU Short Reports 6. 

I-siltikul, T. 1191161 M.c. the.is, Hahidol University, Bangkok. 
3. Ek.;itikul, 1'. nad ChulavataLol, H. (in press) Arch. Biochem. 

B i ophys. 
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STRUCTURI OF CASSAVA I.INAPARASE 
IPennapa Kisamanonta and montri Chulavatnatol
 
Department of Biochemistry, Faculty of Science,
 
Mahidol niversity, Rama VI Road, Bangkok 10400.
 

Linamarase catalyzes the hydrolysis of linamarin, a cyanogenic Rlucoside, 
to give an unstable acetone cyanohydrin which further breaks down to yield IICN.
Thus, the linamarin/linamarase system is responsible for the toxicity of 
cassava tubers. Since cassava linamarase is a polymeric enzyme that exists in
three inozyme forms, its structure should be investigated. This was performed
using three approaches : enzymic digestion, chemical treatment and antibody

neutralization. Native linamarase was resistant to trypsin, pronase,

collagenase, bromelain and thermolysin. However, 
 after heat denaturation, it
became sensitive to oronase, trypsin and thermolysin. After heat denaturation,
isozyme with p1 4.3 was more sensitive to trypsin than the other two isozymes.
The enzyme was completely inactivated by incubation in 31 guanidine hydro
chloride (CMlhlI). At O.SM (1ICl, the enzyme was converted into multiple forms of
varying sizes as shown by chromatography an a Sepharose 6B colum,. These forms 
still possessed enzymic activity. The three isozyme forms were equally
sensitive to neutralization by antibody raised in rabbits. These findings

suggested some unusual structure of cassava linamarase.
 

SLIpported by USAII/PSTC (93t-S542-6;-082-O0)
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lu~-)u Chromatofocusing column mj" step gradient Iui3 
1111.4-5(1) 9:1;
 

Oi 00Op 4.3 3.3 ua: 2.9p1 

~i~iSDS- PAG;E 

II 1 ~ 	 i:5u un-A istandard protein IUfI2 2.3. 

U@Z 4 AD&lv0vI0 pl 4.3 lniiz Ciueu 

Ulu go VII uQi9taiJuulu 0 LLO go UIR 

un-A 5.c,7.8 Adllvlv pl 3.3 luni-3: 

M iiiu Ulu 0 uuzJ g0 uliRAniO 

iiu~i Ulu1 o UR: g0 JIrs uCnl 9,.10 .1 1.12
 

go Thuoloil p1 2.9 lunlil Uifl~irnu 0 

UAZ 90 VIF iUn~lAhi)BUUlU 0 UAZ 91, 

2

Iu -u;Iju Scpharose 6B nohui
 

d~L0UUI~ij10 riM Iloiitni
 

$1.5 M gln9a1, al-blu C 
An all Uiiq;tuj4, aP11 5. S 

0
 

.01 

0 0 20 10 *0 0 63 

400
 

20 -10 ioCI0-10 2 0 4'0 
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TOWARDS CYANIDE-FREE CASSAVA 

Montri Chulavatnatol, Thidarat Eksitikul, Panpaka Chalermisrachai 
and Pennapa Kisantanonta-L/ 

Abstract
 

Despiteyears of search and breeding,rio cyaide-free cassava has been made available tofarmers. Thus, 
chronic cyanide toxicity reriain. a health theat to populations subsisting on cassava. Although food processing 
effectively remove nost of thetoxic tothiscyanide, it adds cosis stable food of tire poor. Cassar a cyanide exists in 
three forms :the form (linamarin ard lorarustialin), and butarione cyanohydrins)stable tire urstable form (acetone 
and thefree form (IICN). Being tresolatilc, frete
cyanide is tmorsttasily lost. On lireolherhand, the breakdown of 
the cyanohbydrins into ketones and IICN is p-ll-depenlerit. Abovec pit 5. theydecomi'pose 1y thcmselies. Iiet,,eetn 
pll3 5and 5theirh)drolysis is caialyzed by a Ih rile lyase Incontrast, cyanogenic glucosides areydtoxynit . thesrtable 

,iosi difficult to renoire. They are formried froin tile labile canohyrins in tlie reaction of glucos,yltran ferase and 
their hydrolysis back to tire cyanohdrins is by linaiaarase. have been studied.catalyzed Iolh ienrayires from cassava 
Based (intheir proritperlies and cassas a physiology, threeapproaches may ti suggested to poduce cyanide.fre 
cassava: (i)eliminating tire synliesis of gluco,.I-1ratrs ferase, (:i) amornt of linanrarase, and (iii) inieruptingiictease the 
tire tran sport and storage of tie cyanogenic glricosides itt cassava roots. 

392
 

Lj/Mahidol University, Bangkok, Thailand. 
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CASSAVA PEROX IOASES 
Thidarat Ekaittikul and Montri Chulavatnatol 

Department of Biochemistry, Faculty of Science, Mahidol University, Rama 6 

Road, Bangkok 10400 

Peroxidase is a plant enzyme widely used in many biological and 

immunological assays. In plants, peroxidases -re believed to be involved in 

numerous processes ranging from metabolism of hormone to defense mechanism to 

oxidative deteration of plant tissues. Cassava roots begin to deteriorate 

soon after harvest and tineprocess may involved peoxidases. In this report, 

per(xidases could b' extracted from root cortex and root parenchyma and were 

both precipitated at 40-80% ammonium sulfate. These peroxidases were 

seperat-d by fast-protein liquid-chromatography using a Mono Q column. The 
major form of root cortex was eluted as an unbound peak while the major form 

of parenchyma perosidse was elanted at 0.19-0.2 M KC1. The major form 

(unbound peak) of timeroot cortex was further applied to a Superose 12 columi. 

The native molecular weight was founmd to be 28,000. The enzyme activity was 

detected om a polyacrylamide gel electrophoresis by staining with 3,3'

diaminobenzidine tetrahydrochloride (DAD).
 

Supported by USAID/PSTC 936-5542-G-00-6028-00
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Fraction Protein 
(my) 

Total activity 
A46 5 nm/mm 

Specific activity 
A4 65 nm/min/mg 

Cortex 
Crude 917 9 0.3 
40% ( 41)2S4 13 51 4.1 
00% (1H4 )2so4 79 1160 20.2 
Parenchymam 
Crude 
40% (1:11 ) SO.80% NH4 
80% (N14 )2 so 4 

399 
6 

11 
2 

120 
2' 

29 

0.3 
0.24 
2.53 

2 C 2 1PV. 

o . ..... 0 

4.0. 
2 

S 10 O20 0 1 20FRACTIONIW. FnACTIONNO. 

IMJADNmJuMono Q lu-Cuu rPLC YVne1-wa;umnm KC1 rmummunu 0-0.5 .
 

C = qinaiu root cortex 
 P - wln iu root parenchyma 

U012 ugniunu eno4entAlu PAGE IdDgju
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STABILITY OF CASSAVA LINAIMARASE IN SODIUM PODECYL SULFATE 

Pcnnapa Kisasanonta and Montri Chulavatnatol 
Biochemistry Department, Faculty of Science, Mabidol University, Bangkok 10400 

Linamarese is a 0-glucoaidase catalysing the hydrolysis of linanarin to
 
liberate hydrogen cyanide which in responsible for toxicity in cassava tubers.
 
In thin report, the a~ability of linamarase in SDS was studied. The enzyme was
 
found to retain about 80-90% of Its activity after incubation with SUS up to 20%
 
at room temperature for 30 min. Hence the enzyme activity-structure relation
ship was study by PAGE in the prtqence of 1% SDS, followed by staining for acti
vity with a fluorescent eubstrate, 4-methyluibelliferyl O-D-glucoeide. Five
 
different active forms of closely related high molecular weights were observed
 
in PAGE with 1% SDS or without SDS. This finding suggested that in cassava the
 
enzyme may exist in multiple forms with varying numbers of suhunits. Since the
 
presence of 6-mercaptoethanol (I in) in SDS did not disnccIaLe enzyme into the
 
monomer, the nubunit interaction probably did not involve dinulfide bonding.
 
The monomer was obtained only after heating the enzyme which also inactivated
 
the enzyme.
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CASSAVA PEROXIDASES 

Thidarat Eksittikul and Montri Chulavatnatol 

Department of Biochemistry, Faculty of Science, Mahidol 

University, Rams 6 Road, Bangkok 10400 
In cassava, peroxidase is believed to be involved in the 

oxidative deterioration process of the root. In this study, 
peroxidase was extracted from the fresh root and 7 days after 
harvested root (deteriorated roe). In the previous report, most 
of the peroxidases activity were precipetated at 40 - 80 % 
ammonium sulfate saturation. By uhing Mono Q c~lumn in FPLC 

system, the major form of root parenchyma peroxidas6 from 
deteriorated root differed from"the fresh root, while the major* 
form of root cortex peroxidase f iom both fresh and deteriorated 
root were eluted as unbound peak. From the spectra analysis the 
major form of root cortex and parenchyma peroxidase from fresh 
root were haemoproteins. The peroxidase activity was detected l 

diaminobenzedine hydrochloride and the pH optimum of these 

enzyme were 5.6. 

Supported by USAID/PSTC 836-5542-Q-0-6028-O0 
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AGGREGATION OF PEPTIDE CHAINS IN CASSAVA LINAMARASE
 

Kannika Sermsuvitayawong*, M.R. Jisnuson Svasti* 
 and Montri Chulevatnatol
 
*Department of Biochemistry, 
 Faculty of Science, Mahidol University, 

Ram VI Rd., Bangkok 10400, THAILAND.
 

Linamarase, a B-glycosidase enzyme involved in the process ofcyanogenesis, was purified from the stem, petiole and root cortex of cassava
by ammonium sulphate precipitation and gel 
filtration.
 
Under native conditions, linamarase from all 
three sources showed
an 
apparent molecular weight of 600,000 on Sepharose 4B chromatography and
gave a ladder pattern in polyacrylamide electrophoresis, indicating that at
least part of the difference in the molecular forms observed was 
due to
aggregation. 
However, under denaturing conditions, linamarase appeared to
consist of a single type of subunit of appearent molecular weight 63,000 as
judged by SOS, acid-urea and triton-acid-urea polyacrylamide gel electrophoresis.
 

** 

*
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STRUCTURE OF CASSAVA LINAMARASE 

Kannika Sermsuvitayawong, M.R. Jisnuson Svasti & Montri Chulavatnatol
 
Department of Biochemistry, Faculty of Science, Mahidol University,
 

Rama VI Road, Bangkok 10400, Thailand.
 

Cassava produces cyanogenic glycosides which can release the 
highly toxic HCN, that can cause health risks for consumers and create 
problrms Inexport of cassava products. 

Linamarase, the beta-glycosidase enzyme catalyzing the hydrol
ysis of cyanogenic glucosides, has been reported to exist In three 
molecular forms in the cassava, separa ile by chromatofocusing. We 
have purified linamarase from the stem, petiole arld root cortex of cassa
va by ammonium sulphate precipitation and gel filtration. The purified 
enzyme from all three sources gave a single band in SDS-PAGE with Mr 
63,000 and also yielded one major band in isoelectric focusing. Under 
native conditions, linamarase showed a broad peak of activity with 
apparent molecular weight of >600,000 in Sepharose 4B chromatogra
phy and gave a single broad band in cellulose acetate electrophoresis.
However, a ladder pattern consisting of 1,2. 3, 4, 5, 6 and higher multi
ples was observed in non-denaturing PAGE, suggesting that at least part 
of the difference in molecular forms was due to aggregation. Under 
denaturing conditions, a single band was also obtained in acid-urea and 
triton-acid-urea electrophoresis, sugges!ing that the aggregates consist
ed of a single type of polypeptide chain. This aggregation is probably an 
in vivo phenomenon, because the ladder pattern in non-denaturing PAGE 
isobserved even when fresh crude extracts are used. 

Further studies are in progress to define the precise structural 
organization of linamarase enzyme and the physiological significance of 
this aggregation. 
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