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(ABSTRACT ) 

The objectives of this study) are: (1) partial 

purification and characterization of rice f-glucosidase, (2) 

determination of the physiological role of the enzyme during 

rice germination, and (3) histochemical localization of the 

enzyme. The method for partial purification of the enzyme was 

based on that of Schliemann (1984), which included 

differential solubility, cryoprecipitation, and cation 

exchange chromatography. The enzymes were characterized with 

respect to their molecular weights, pI value, pli and 

temperature profile of activity and stability, activity in the 

presence of selected denaturants and organic’ solvents, 

substrate specificity, and inhibition by several known f- 

glucosidase inhibitors. 

To examine the physiological role of rice f-glucosidase, 

histochemical localization of the enzyme in dry seeds and 

application of inhibitors of the enzyme to the germinating 

seeds were carried out. The seeds were soaked in the presence 

or absence of f-glucosidase inhibitors, and the number of 

germinating seeds, growth and development of coleoptile and 

roots, and enzymatic activity of fp-glucosidase and a-amylase 

were studied. To study histochemical localization of rice f- 

glucosidase, the chromogenic substrates were used. The 

substrates were incubated with cross and longitudinal sections 

of whole seeds and seedlings, tissue sections, protoplast and 

plastid preparations from 5-6-day-old coleoptiles. The 

development of the colors were observed under the light



microscopes. 

Among the cation exchange chromatography fractions, two 

distinct peaks of oNPGase and pNPgase activity were found: 

fraction-1 (Fr-1) and fraction-2 (Fr-2) forms. It was found 

that the two forms of rice f-glucosidase are different with 

respect to susceptibility to denaturation by SDS, substrate 

specificity and some physico-chemical properties. Fr-1 is 

susceptible to denaturation by SDS, and catalyzes specifically 

the hydrolysis of several B-galactosides (pNPGal, X-gal, and 

6-BNGal) but not gentiobiose and cellobiose, and is~ stable 

over pH range (4 to 10). Fr-2, on the other hand, is more 

resistant to denaturing agents, catalyzes the hydrolysis of 

gentiobiose and cellobiose, but not any of the f-galactosides 

mentioned above; it is relatively stable at pH 9, and less 

stable at high temperatures than Fr-1. Both Fr-1 and Fr-2 are 

120 kD native dimers, made up of 60 kD monomers. 

In rice dry seeds, fS-glucosidases were distributed in the 

aleurone layers and embryo parts. f-glucosidase inhibitors 

suppressed germination at the activation stage. The inhibitors 

Suppressed the expression of a-amylase and f-glucosidase 

during germination detected at the activity level. It is 

proposed, therefore, that the pre-existing f-glucosidase is 

involved in the regulation of availability and activity of a 

hormone (gibberellin) at the early step of germination that 

controls expression of hydrolytic enzymes such as a-amylase. 

In mature seeds, the Fr-l is found mainly in the scutellum 

region and aleurone layers, while the Fr-2 form is in the axis 

of the embryo. In the seedling, the Fr-1 form is found in the 

scutellum, shoot and coleoptile, while the Fr-2 form is in 

the root. In young tissue of shoot and coleoptile, the enzyme 

is localized in the epidermis and vascular bundles. At the 

subcellular level it is localized to the plastids.
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Chapter 1 

INTRODUCTION 

Rice (Oryza sativa, L.) is one of the world's most 

important food crops; it provides nutrition to more than half 

of the people living in the world. The crop is grown and 

consumed mainly in Asia, Latin America, parts of Africa, and 

the Middle East (Bajaj, 1991). Rice is cultivated in a wide 

range of climates, from 50° North to 40° South, and from sea 

level to more than 3,000 m (Juliano, 1985). Rice is better 

suited to the high level of humidity and hot environment of 

the tropics (Tsonuda and Takahashi, 1984), and less suited to 

subtropical regions. Although rice production also extends 

into sub-temperate regions with high rainfall or good 

irrigation, it is not well recognized as a major crop in the 

New World as compared to wheat and maize. 

The challenges and problems facing rice research are 

based on the fact that there is a competition between the 

increasing yield of rice as a staple food on one hand and the 

increasing human population growth on the other (FAO, 1982). 

In fact, the population growth rate in countries where rice is 

predominantly grown is high. The green revolution in rice has 

doubled the worldwide rice production from 257 million tons in 

1965 to 520 million tons in 1990. But the world population has 
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also doubled. There are now 5.4 billion people and this number 

is estimated to grow to over 6 billion by the beginning of the 

21st century and 8 billion by 2020 (Lampe, in: Khush and 

Toniessen, 1991). 

In order to solve the impending rice shortage, innovative 

approaches are needed. Principally, these approaches must 

accelerate the rate of rice production while lowering the rate 

of population growth. International Rice Research Institute 

(IRRI)'s Rice Facts (1988) estimate that in order to be in 

line with human population growth the increase in rice 

production by the year 2000 and 2020 must be approximately 560 

and 760 million metric tons, respectively (Bajaj, 1991). 

Efforts have been made to improve cultivated rice production 

using molecular biology, genetic engineering (Rothenberg and 

Wu, 1991) and in vitro techniques (Bajaj, 1991). 

Rice Biotechnology 

One of the fastest area of progress in biological 

engineering has been in biotechnology. It "includes any 

technique that uses living organisms (or parts of organisms) 

to make or modify products, to improve plants or animals, or 

to develop microorganisms for specific uses" (US Congress, 

1984; in: Wiegele, 1991). Today, the application of 

biotechnology is felt in almost every aspect of human life: 

(medication/health care, agriculture, waste disposal, 
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renewable resources technology, environmental technology, 

fermentation, and biomolecular engineering) (Smith, 1988; and 

1989). Biotechnology is an interdisciplinary application of 

knowledge from biology and other disciplines such as 

genetics, biochemistry/chemistry, mechanical engineering, 

electronics and microbiology to produce products useful to 

human beings (Smith, 1988; Wiegele, 1991). Using Smith's 

definition, biotechnology involves at least three different 

variables: 

1. Information on how a biological system works 

2. Use and manipulation of the biological systems to 

provide products of biological origin 

3. Both processes (one and/or two) must be valuable as 

marketable products. 

Research dealing with the molecular biology of rice is 

limited only to a very small portion of the entire systen. 

However, this partial information will be very useful in the 

whole research and information network, and together the 

collection of information can be used to manipulate the 

cell/organism and eventually to gain the improvement of rice 

production. Nowadays, rice breeding programs are supported by 

using molecular markers such as RFLP (Restriction Fragment 

Length Polymorphisms) and RAPD (Randomly Amplified Polymorphic 

DNAs). In general terms, biotechnology is obviously 

strengthening these programs. Lampe (in: Khush and 
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Toenniessen, 1991) stated that 'rice is now considered a model 

cereal crop for biotechnology research’. 

Enzymes 

One way of understanding how biological systems work is 

to know the enzymes involved in metabolic pathways. An enzyme 

is a biocatalyst for a biological reaction. Almost any 

reaction in the biological system is reversible under proper 

conditions, and almost any single reaction is catalyzed by an 

enzyme. However, since most of the products are substrates for 

further reaction, the catalytic reactions undergo a series of 

one way reactions which are held together as a web of chain 

reactions in the whole metabolic pathway. From these serial 

reactions, the biologists attempt to comprehend the processes 

of growth and development, the adaptation and survival of an 

organism. The metabolism in a cell of an organism, whether it 

is unicellular or multicellular, is clearly under the control 

of the enzymes catalyzing the reactions. 

Interestingly, the rate at which enzymes work is 

controlled in several ways; i.e., at the gene level (e.g. 

environmental induction and feedback repression) and at enzyme 

level (e.g. protein phosphorylation and feed back 

inhibition). At the transcription and translation levels, one 

may understand why at the molecular level a given enzyme is 

abundant at a certain stage of growth and absent at others. 
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Rice p-glucosidase 

The growth and development of the rice plant are 

supported by an enormously complicated metabolism that 

involves thousands of specific enzymes. One of these enzymes 

is B-glucosidase (B-D-glucoside glucohydrolase: EC 3.2.1.21) 

that catalyzes the hydrolysis of the B-glucosidic bond in B-D- 

glucopyranosides to release D-glucose and either a sugar or an 

aglycone (Paseshnischenko, 1990). There are various aglycone 

moieties; in general, they can be classified as aryl and 

alkyl. In cultivated rice, the aglycone might be either 

gibberellin (Schliemann, 1984) or a cyanogenic substance(s) 

(Eshashi et al., 1991). Therefore, rice B-glucosidase has a 

major role in releasing and controlling growth substance(s) 

such as gibberellin and cyanogenic compound(s). However, there 

is little information about these enzymes and their gene(s), 

as well as their characteristics. An investigation into and 

characterization of the rice B-glucosidase at the protein 

level and the expression of its gene therefore is needed.



Objectives 

The investigation on rice B-glucosidase has the following 

objectives: 

(1) partial purification and characterization of rice f- 

glucosidase, 

(2) determination of the possible physiological role of 

B-glucosidase during rice germination, and 

(3) histochemical localization of rice f-glucosidase.



LITERATURE REVIEW 

1. History of rice. 

Early human civilization is characteristically marked by 

the evidence of cultivation and selection of useful wild 

plants for cultivation (including rice) and the domestication 

of animals. Rice is a crop plant that originally came from 

wild plants found in nature. Evolutionary data indicate that 

speciation of rice began in the early Cretaceous period (120 

million years ago) (Stebbin, in: Lu, 1980). Human beings 

began to cultivate rice sometimes around 10,000 to 15,000 

years ago in the neothermal age. Its origin is in the highly 

humid tropical and subtropical regions of Asia. According to 

De Datta (1981), the earliest cultivation of rice was in 

India, but to some authors (Rochevicz, Ramiah, Chatterjee, 

Chang and Morinaga; in: Lu, 1980) original regions and 

independent rice cultivation to eastern part of the Himalayas, 

upper Burma, northern Thailand, Laos, Vietnam, and southwest 

and south China. Early rice cultivation occurred independently 

in these regions, which aid evolution of domesticated Oryza 

sativa L. into three geographic races, indica, japonica, and 

javanica. The indica rices were indigenous to Asian tropics 

and subtropics. The japonica had adapted to temperate and 
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subtropical zones, while the javanica was suitable to grow in 

some parts of Indonesia (Chang, in: De Datta, 1981). 

Cultivation of another type of rice in west Africa gave 

rise to Oryza glaberrima Steud, around 1500 B.C. (De Datta, 

1981; Lu, 1980). Unlike O. sativa L. which evolved from O. 

perennis Moench. O. glaberrima Steud probably evolved from a 

different rice species, O. brevigulata Chev. et Roehr. 

Morishima (1984) stated that O. glaberrima is limited in its 

distribution to Africa, while O. sativa is more universal. In 

addition to that, O. sativa gave rise to a large number of 

rice cultivars that have been carried by international trade 

from Asia to north Africa, Europe, Australia, and America (Lu, 

1980). 

Recently, rice has become one of the most important 

international food commodities. In 1990, the FAO (Food and 

Agricultural Organization of the United Nation) (David, 1991) 

estimated east Asia, south Asia, south-east Asia, Latin 

America and Africa accounted for 41, 28, 22, 4 and 2%, 

respectively, of world production of rice. The other areas 

(including New World and Europe) contributed 3% of world 

production. Among the rice cultivars, irrigated type rice is 

more dominant (accounting for about 53% of acreage and 73% of 

production. The rest of culture systems are rainfed, deep 

water, and (the smallest portion) upland.



2. Biology of rice 

Rice is a vascular and flowering plant producing seeds 

(Spermatophyta/Magnoliophyta), which is double fertilized by 

pollinating agents, produces fruit containing enclosed seeds 

(Angiosperms). It has one seed leaf (scutellum), three or 

multiple three flower parts, parallel veined leaves 

(Monocotyledons/Liliopsida). It belongs to the grass family 

(Gramineae/Poaceae). It is a herb with lanceolate leaf blades, 

membranaceous ligule, inflorescence paniculate, and one seed 

containing fruit (caryopsis) (Bambusoideae). In rice, the 

spikelets all alike or the sexes separate. One or three 

flowered spikelets with the lowest florets reduced to sterile 

lemmas. The glumes are absent or reduced, lemma consists of 5- 

10 nerved. Palea is like lemma. It has 6 stamens (Oryzeae). It 

belongs to genus Oryza. Two recognizable species of cultivated 

rice are known: Oryza sativa L. and Oryza glaberrima Steud. 

(Clayton and Renvoize, 1992; Dhalgren et al., 1985; Heywood, 

1978; Morishima, 1984; Kochert, 1992; Small, 1913); Cronquist, 

1988. 

Besides the two cultivated rice species, there are also 

about twenty other species of wild rices. Although there are 

some taxonomic disputes in the classification of the wild 

rices at the section/subtribe level, the twenty species of 

wild rices comprise six different genomes (Morishima, 1984). 
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The two cultivated rice species belong to the same genomic 

group (AA). Of these, O. sativa is more cosmopolitan by virtue 

of the fact that the species is best suited to tropical, 

subtropical, and temperate climates, and it was supported by 

historical background of the diversity enhanced by 

international trade (man-made dispersal) as was mentioned 

above. 

The biological differences between O. sativa and O. 

glaberrima is summarized in the Table 1. 
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Table 1. The biological differences between O. sativa 
and O. glaberrima. 

  

O. sativa O. glaberrima 

  

evolved from 

suitability 

growth 
habitat 

genetic 
diversity 

varietal 
diversity 

morphology 

a. ligule 

b. panicle 
branches 

c. glume 

dad. leaves 

geographical 
distribution 

O. perennis 

wide range 

perennial-annual 

large 

indica 
japonica 
javanica 

longer, ovale, soft 

large number, still 
live after maturity 

hairy 

hairy & rough 

Asia 
Africa 
America 

Oceania 

O. brevigulata 

narrow range 

truly annual 

limited 

none 

short, roundish, 
tough 

small number, death 
after maturity 

glabrous 

glabrous to slightly 
scabrid 

west Africa 

  
Summarized from De Datta, 1981; Lu, 1980; and Morishima, 1984. 
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�T�h�e� �b�i�o�l�o�g�i�c�a�l� �i�m�p�o�r�t�a�n�c�e� �o�f� �r�i�c�e� �c�a�n� �b�e� �s�t�a�t�e�d� �f�r�o�m� 

�d�i�f�f�e�r�e�n�t� �p�o�i�n�t�s� �o�f� �v�i�e�w�s�.� �A�s� �a� �g�l�o�b�a�l� �f�o�o�d� �c�r�o�p�,� �r�i�c�e� 

�o�c�c�u�p�i�e�s� �s�e�c�o�n�d� �r�a�n�k� �t�o� �w�h�e�a�t� �(�T�r�i�p�t�i�c�u�m� �a�e�s�t�i�v�u�m� �L�.�)� �i�n� �t�e�r�m�s� 

�o�f� �a�r�e�a� �h�a�r�v�e�s�t�e�d�,� �a�n�d� �s�e�c�o�n�d� �r�a�n�k� �t�o� �m�a�i�z�e� �(�Z�e�a� �m�a�y�s� �L�.�)� �i�n� 

�t�e�r�m�s� �o�f� �p�r�o�d�u�c�t�i�o�n�.� �B�u�t� �r�i�c�e� �c�o�n�t�a�i�n�s� �t�h�e� �m�o�s�t� �c�a�l�o�r�i�e�s� �p�e�r� 

�h�e�c�t�a�r�e� �c�o�m�p�a�r�e�d� �t�o� �m�a�i�z�e� �o�r� �w�h�e�a�t� �(�E�g�g�u�m�,� �i�n�:� �J�u�l�i�a�n�o�,� �1�9�8�5�)�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �D�e� �D�a�t�t�a� �(�1�9�8�1�)�,� �5�.�7� �p�e�o�p�l�e� �c�o�u�l�d� �b�e� �n�o�u�r�i�s�h�e�d� �b�y� 

�r�i�c�e� �p�e�r� �h�e�c�t�a�r�e� �p�e�r� �y�e�a�r�,� �w�h�i�l�e� �t�h�e� �s�a�m�e� �q�u�a�n�t�i�t�y� �o�f� �m�a�i�z�e� 

�a�n�d� �w�h�e�a�t� �c�o�u�l�d� �f�e�e�d� �o�n�l�y� �5�.�3� �a�n�d� �4�.�1� �p�e�o�p�l�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�R�i�c�e� �(�m�a�i�n�l�y� �b�r�o�w�n� �r�i�c�e�)� �i�s� �a�l�s�o� �h�i�g�h� �i�n� �t�o�t�a�l� �p�r�o�t�e�i�n� 

�p�r�o�d�u�c�t�i�o�n� �p�e�r� �h�e�c�t�a�r�e�,� �s�e�c�o�n�d� �t�o� �w�h�e�a�t� �i�n� �r�a�n�k�.� �R�i�c�e� �p�r�o�t�e�i�n�s� 

�a�r�e� �r�i�c�h� �i�n� �s�u�l�f�u�r�-�c�o�n�t�a�i�n�i�n�g� �a�m�i�n�o� �a�c�i�d�s� �(�c�y�s�t�e�i�n�e� �a�n�d� 

�m�e�t�h�i�o�n�i�n�e�)�,� �b�u�t� �p�o�o�r� �i�n� �l�y�s�i�n�e� �(�J�u�l�i�a�n�o�,� �1�9�8�5�)� 

�A�s� �i�t� �w�a�s� �n�o�t�e�d�,� �t�h�r�e�e� �s�u�b�s�p�e�c�i�e�s� �o�f� �O�.� �s�a�t�i�v�a� �h�a�v�e� �b�e�e�n� 

�r�e�c�o�g�n�i�z�e�d�.� �M�o�r�e�o�v�e�r�,� �7�0�,�0�0�0� �l�o�c�a�l� �v�a�r�i�e�t�i�e�s� �o�r� �c�u�l�t�i�v�a�r�s� �h�a�v�e� 

�b�e�e�n� �c�o�l�l�e�c�t�e�d� �b�y� �I�R�R�I� �a�s� �g�e�r�m�p�l�a�s�m�.� �C�h�a�n�g� �(�K�o�c�h�e�r�t�,� �1�9�9�2�)� 

�e�m�p�h�a�s�i�z�e�d� �t�h�a�t� �t�h�e�s�e� �c�u�l�t�i�v�a�r�s� �r�e�p�r�e�s�e�n�t� �a�n� �a�s�t�o�n�i�s�h�i�n�g� 

�s�e�r�i�e�s� �o�f� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y�,� �d�u�e� �t�o� �c�u�l�t�i�v�a�t�i�o�n� �o�f� �r�i�c�e� �i�n� 

�m�a�n�y� �d�i�f�f�e�r�e�n�t� �g�e�o�g�r�a�p�h�i�c�a�l� �r�e�g�i�o�n�s� �f�o�r� �a� �l�o�n�g� �t�i�m�e�.� 

�R�i�c�e� �i�s� �a� �g�o�o�d� �m�o�d�e�l� �f�o�r� �g�e�n�e�t�i�c� �i�n�v�e�s�t�i�g�a�t�i�o�n� �a�t� �e�i�t�h�e�r� 

�c�o�n�v�e�n�t�i�o�n�a�l� �o�r� �m�o�l�e�c�u�l�a�r� �l�e�v�e�l�s�.� �T�h�e� �r�e�a�s�o�n� �i�s� �t�h�a�t� �i�t� �i�s� �a� 

�d�i�p�l�o�i�d� �p�l�a�n�t� �w�i�t�h� �a� �s�m�a�l�l� �g�e�n�o�m�e� �s�i�z�e� �c�o�n�t�e�n�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�5�.�5� �X� �1�0�°� �b�p� �(�B�e�n�n�e�t� �e�t� �a�l�.�,� �i�n�:� �W�a�l�b�o�t� �a�n�d� �G�a�l�l�i�e�,� �1�9�9�1�)�,� �o�r� 

�4�.�4� �X� �1�0�°� �b�p� �a�c�c�o�r�d�i�n�g� �t�o� �K�o�c�h�e�r�t�,� �1�9�9�2�.� �T�h�e� �h�a�p�l�o�i�d� �r�i�c�e� 
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�g�e�n�o�m�e� �i�s� �s�i�x� �t�o� �s�e�v�e�n� �t�i�m�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�a�t� �o�f� �A�r�a�b�i�d�o�p�s�i�s� 

�t�h�a�l�i�a�n�a� �(�L�.�)� �H�e�y�n�.�,� �b�u�t� �i�t� �i�s� �t�h�e� �s�m�a�l�l�e�s�t� �a�m�o�n�g� �g�r�a�s�s� 

�g�e�n�o�m�e�s�.� �I�t� �w�i�l�l� �b�e� �m�u�c�h� �e�a�s�i�e�r� �t�o� �p�r�e�p�a�r�e� �a� �c�o�m�p�l�e�t�e� �r�i�c�e� 

�g�e�n�e� �l�i�b�r�a�r�y� �c�o�m�p�a�r�e�d� �t�o� �t�h�a�t� �o�f� �m�a�i�z�e� �o�r� �w�h�e�a�t�.� �W�i�t�h� �a� �2�5�0� �t�o� 

�2�7�5� �k�b� �i�n�s�e�r�t� �a�v�e�r�a�g�e�s�,� �r�i�c�e� �w�i�l�l� �o�n�l�y� �n�e�e�d� �1�8�0�0� �t�o� �2�0�0�0� �Y�A�C� 

�(�Y�e�a�s�t� �A�r�t�i�f�i�c�i�a�l� �C�h�r�o�m�o�s�o�m�e�)� �c�l�o�n�e�s� �(�W�a�l�b�o�t�t� �a�n�d� �G�a�l�l�i�e� �1�9�9�1�;� 

�K�o�c�h�e�r�t�,� �1�9�9�2�)�.� 

�I�n� �t�e�r�m�s� �o�f� �i�t�s� �c�o�m�m�o�d�i�t�y� �i�m�p�o�r�t�a�n�c�e� �a�s� �a� �c�a�s�h� �c�r�o�p�,� 

�r�i�c�e� �i�s� �a� �l�e�s�s� �v�a�l�u�a�b�l�e� �c�r�o�p� �i�n� �d�e�v�e�l�o�p�e�d� �c�o�u�n�t�r�i�e�s� �w�h�e�r�e� �t�h�e� 

�r�e�s�e�a�r�c�h� �i�s� �s�u�b�s�i�d�i�z�e�d� �h�e�a�v�i�l�y� �b�y� �g�o�v�e�r�n�m�e�n�t� �a�n�d� �c�o�m�m�e�r�c�i�a�l� 

�f�i�n�a�n�c�i�a�l� �s�u�p�p�o�r�t�.� �A�s� �a� �r�e�s�u�l�t�,� �m�u�c�h� �o�f� �r�i�c�e� �r�e�s�e�a�r�c�h� �i�s� 

�s�u�p�p�o�r�t�e�d� �b�y� �p�u�b�l�i�c� �f�u�n�d�s�,� �a�n�d� �t�h�e�r�e� �i�s� �l�e�s�s� �c�o�n�s�t�r�a�i�n�t� �i�n� 

�s�h�a�r�i�n�g� �r�e�s�e�a�r�c�h� �r�e�s�u�l�t�s� �a�m�o�n�g� �r�e�s�e�a�r�c�h� �g�r�o�u�p�s�'�9� �a�n�d�/�o�r� 

�u�n�i�v�e�r�s�i�t�i�e�s� �(�K�o�c�h�e�r�t�,� �1�9�9�2�)�.� 

�A�n�o�t�h�e�r� �r�e�a�s�o�n� �t�h�a�t� �r�i�c�e� �i�s� �a� �g�o�o�d� �m�o�d�e�l� �f�o�r� �g�e�n�e�t�i�c� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �i�s� �t�h�a�t� �r�i�c�e� �i�s� �a� �s�e�l�f� �p�o�l�l�i�n�a�t�i�n�g� �p�l�a�n�t�;� �a�s� �a� 

�r�e�s�u�l�t�,� �i�t� �i�s� �e�a�s�i�e�r� �t�o� �o�b�t�a�i�n� �h�o�m�o�z�y�g�o�u�s� �l�i�n�e�s� �a�n�d� �i�s� 

�p�o�s�s�i�b�l�e� �t�o� �c�o�n�s�t�r�u�c�t� �r�e�c�o�m�b�i�n�a�n�t� �i�n�b�r�e�d� �a�n�d� �n�e�a�r� �i�s�o�g�e�n�i�c� 

�l�i�n�e�s�.� �I�n�v�e�s�t�i�g�a�t�i�o�n�s� �a�n�d� �e�f�f�o�r�t�s� �a�r�e� �s�t�i�l�l� �b�e�i�n�g� �m�a�d�e� �t�o� �m�a�p� 

�g�e�n�e�t�i�c� �t�r�a�i�t�s� �c�o�n�v�e�n�t�i�o�n�a�l�l�y� �a�n�d� �b�y� �u�s�i�n�g� �m�o�l�e�c�u�l�a�r� 

�a�p�p�r�o�a�c�h�e�s�.� �S�o�m�e� �p�r�o�t�o�c�o�l� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �r�e�g�e�n�e�r�a�t�i�o�n� 

�i�n� �v�i�t�r�o� �h�a�v�e� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�r�a�n�s�g�e�n�i�c� 

�b�i�o�t�e�c�h�n�o�l�o�g�y� �i�n� �r�i�c�e�.� 

�T�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �g�e�n�e�t�i�c�s� �o�f� �r�i�c�e�,� �t�h�e� �R�i�c�e� �G�e�n�o�m�e� 

�P�r�o�g�r�a�m� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �1�9�8�8� �i�n� �J�a�p�a�n� �w�i�t�h� �t�h�e� �u�l�t�i�m�a�t�e� 
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�g�o�a�l� �o�f� �g�e�n�o�m�i�c� �m�a�p�p�i�n�g�,� �i�s�o�l�a�t�i�o�n� �o�f� �a�g�r�o�n�o�m�i�c�a�l�l�y� �i�m�p�o�r�t�a�n�t� 

�g�e�n�e�s�,� �a�n�d� �t�h�e� �c�o�m�p�l�e�t�e� �s�e�q�u�e�n�c�e� �o�f� �t�h�e� �r�i�c�e� �g�e�n�o�m�e�.� �S�i�n�c�e� 

�r�i�c�e� �i�s� �a� �g�o�o�d� �m�o�d�e�l� �f�o�r� �m�o�l�e�c�u�l�a�r� �b�i�o�l�o�g�y� �a�n�d� �m�o�l�e�c�u�l�a�r� 

�b�r�e�e�d�i�n�g� �o�f� �c�e�r�e�a�l� �c�r�o�p�s�,� �t�h�i�s� �p�r�o�j�e�c�t� �w�i�l�l� �a�l�s�o� �p�r�o�v�i�d�e� �t�h�e� 

�i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �g�e�n�e�t�i�c�s� �a�n�d� �e�v�o�l�u�t�i�o�n�a�r�y� �o�f� �o�t�h�e�r� 

�c�e�r�e�a�l� �g�e�n�o�m�e�s�,� �i�n�c�l�u�d�i�n�g� �w�h�e�a�t�,� �m�a�i�z�e� �a�n�d� �b�a�r�l�e�y� �(�H�o�r�d�e�u�m� 

�v�u�l�g�a�r�e� �L�.�)� �(�S�t�e�v�e�n�s�,� �1�9�9�4�)�.� �A�l�l� �o�f� �t�h�e�s�e� �e�f�f�o�r�t�s� �s�h�o�u�l�d� 

�p�r�o�v�i�d�e� �r�a�p�i�d� �p�r�o�g�r�e�s�s� �i�n� �r�i�c�e� �m�o�l�e�c�u�l�a�r� �b�i�o�l�o�g�y�,� �a�n�d� �i�n� �t�u�r�n� 

�w�i�l�l� �c�o�n�t�r�i�b�u�t�e� �t�o� �s�i�g�n�i�f�i�c�a�n�t� �p�r�o�g�r�e�s�s� �i�n� �r�i�c�e� �i�m�p�r�o�v�e�m�e�n�t� �i�n� 

�t�h�e� �n�e�x�t� �d�e�c�a�d�e�.� 

�R�i�c�e� �G�e�r�m�i�n�a�t�i�o�n� 

�I�n� �r�i�c�e�,� �a�s� �i�n� �t�y�p�i�c�a�l� �B�a�m�b�u�s�o�i�d�e�a�e�,� �a� �f�r�u�i�t� �(�r�e�p�r�e�s�e�n�t�e�d� 

�a�s� �p�e�r�i�c�a�r�p�)� �i�s� �c�o�m�b�i�n�e�d� �t�o�g�e�t�h�e�r� �w�i�t�h� �a� �s�i�n�g�l�e� �s�e�e�d� �t�o� �f�o�r�m� 

�a� �g�r�a�i�n� �c�a�l�l�e�d� �t�h�e� �c�a�r�y�o�p�s�i�s�.� �T�h�e� �c�a�r�y�o�p�s�i�s� �i�s� �s�u�r�r�o�u�n�d�e�d� �b�y� 

�t�w�o� �m�o�d�i�f�i�e�d� �l�e�a�v�e�s�,� �t�h�e� �p�a�l�e�a� �a�n�d� �t�h�e� �l�e�m�m�a�.� �B�o�t�h� �a�r�e� �v�e�r�y� 

�t�h�i�c�k�,� �l�i�g�n�i�f�i�e�d� �a�n�d� �f�r�a�g�i�l�e�.� �T�h�e� �p�e�r�i�c�a�r�p� �i�s� �a�n�a�t�o�m�i�c�a�l�l�y� 

�o�r�i�g�i�n�a�t�e�d� �f�r�o�m� �t�h�e� �m�a�t�u�r�e� �o�v�a�r�y�.� 

�T�h�e� �s�e�e�d� �c�o�n�s�i�s�t�s� �o�f� �a�n� �e�n�d�o�s�p�e�r�m� �a�n�d� �a�n� �e�m�b�r�y�o�,� �b�o�t�h� 

�c�o�v�e�r�e�d� �b�y� �a� �l�a�y�e�r� �o�f� �n�u�c�e�l�l�u�s�.� �A�n� �e�n�d�o�s�p�e�r�m� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� 

�a� �f�u�s�i�o�n� �b�e�t�w�e�e�n� �t�w�o� �p�o�l�a�r� �n�u�c�l�e�i� �o�f� �t�h�e� �e�m�b�r�y�o� �s�a�c� �a�n�d� �o�n�e� 

�s�p�e�r�m� �n�u�c�l�e�u�s� �f�r�o�m� �t�h�e� �p�o�l�l�e�n� �t�u�b�e�.� �I�n� �t�h�e� �m�a�t�u�r�e� �s�e�e�d�,� �t�h�e� 

�e�n�d�o�s�p�e�r�m� �i�s� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �i�n�t�o� �a�n� �a�l�e�u�r�o�n� �l�a�y�e�r� �a�t� �i�t�s� 

�o�u�t�e�r�m�o�s�t� �l�a�y�e�r� �a�n�d� �c�o�n�t�a�i�n�s� �m�o�s�t�l�y� �p�r�o�t�e�i�n� �a�n�d� �l�i�p�i�d� �b�o�d�i�e�s�;� 

�a�n�d� �a� �s�t�a�r�c�h�y� �e�n�d�o�s�p�e�r�m� �w�h�o�s�e� �c�e�l�l�s� �a�r�e� �f�i�l�l�e�d� �w�i�t�h� �m�o�s�t�l�y� 

�s�t�a�r�c�h� �g�r�a�n�u�l�e�s� �a�n�d� �p�r�o�t�e�i�n� �b�o�d�i�e�s�.� �D�u�r�i�n�g� �g�e�r�m�i�n�a�t�i�o�n� �t�h�e� 
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�f�o�o�d� �s�t�o�r�a�g�e� �i�n� �t�h�e� �e�n�d�o�s�p�e�r�m� �t�i�s�s�u�e� �i�s� �d�e�g�r�a�d�e�d� �t�o� �s�o�l�u�b�l�e� 

�a�n�d� �t�r�a�n�s�p�o�r�t�a�b�l�e� �c�o�m�p�o�u�n�d�s� �t�o� �p�r�o�v�i�d�e� �e�n�e�r�g�y� �a�n�d� �b�u�i�l�d�i�n�g� 

�b�l�o�c�k� �m�o�l�e�c�u�l�e�s� �f�o�r� �t�h�e� �e�a�r�l�y� �s�t�a�g�e� �o�f� �g�r�o�w�t�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �t�h�e� �s�e�e�d�l�i�n�g� �(�M�a�y�e�r� �a�n�d� �P�o�l�j�a�k�o�f�f�-�M�a�y�b�e�r�,� �1�9�8�9�)�.� 

�T�h�e� �e�m�b�r�y�o�,� �a� �r�u�d�i�m�e�n�t�a�r�y� �p�l�a�n�t� �i�n� �t�h�e� �s�e�e�d�,� �i�s� �a� �w�e�l�l�-� 

�o�r�g�a�n�i�z�e�d� �m�i�n�i�a�t�u�r�e� �p�l�a�n�t�.� �I�t� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �p�l�u�m�u�l�e� �(�p�r�i�m�a�r�y� 

�l�e�a�v�e�s�)�,� �r�a�d�i�c�l�e� �(�r�o�o�t�)�,� �s�h�o�r�t� �s�t�e�m� �(�m�e�s�o�c�o�t�y�l�)�,� �a�n�d� �s�e�e�d� �l�e�a�f� 

�(�s�c�u�t�e�l�l�u�m�)�.� �T�h�e� �l�e�a�v�e�s� �a�n�d� �r�o�o�t� �a�r�e� �c�o�v�e�r�e�d� �b�y� �t�h�e� �c�o�l�e�o�p�t�i�l�e� 

�a�n�d� �t�h�e� �c�o�l�e�o�r�h�i�z�a�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �m�a�t�u�r�e� �e�m�b�r�y�o� �i�s� �a� 

�p�r�o�d�u�c�t� �o�f� �a� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �f�e�r�t�i�l�i�z�e�d� 

�o�v�u�m�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �T�a�k�a�h�a�s�h�i� �(�1�9�8�4�)�,� �r�i�c�e� �g�e�r�m�i�n�a�t�i�o�n� �i�s� 

�c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�w�o� �d�i�s�c�r�e�t�e� �e�v�e�n�t�s� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �e�a�c�h� 

�o�t�h�e�r�.� �T�h�e� �t�w�o� �e�v�e�n�t�s� �a�r�e� �i�m�b�i�b�i�t�i�o�n� �a�n�d� �a�c�t�i�v�a�t�i�o�n�.� 

�G�e�r�m�i�n�a�t�i�o�n� �i�s� �t�h�e� �e�n�d� �o�f� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �s�t�a�g�e� �i�n� �w�h�i�c�h� �t�h�e� 

�s�e�e�d� �i�s� �p�h�y�s�i�o�l�o�g�i�c�a�l�l�y� �r�e�a�d�y� �t�o� �s�t�a�r�t� �t�o� �g�r�o�w� �t�o� �f�u�r�t�h�e�r� 

�s�t�a�g�e�s�.� �M�o�r�p�h�o�l�o�g�i�c�a�l�l�y�,� �g�e�r�m�i�n�a�t�i�o�n� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�h�e� 

�p�r�o�t�r�u�s�i�o�n� �o�f� �t�h�e� �r�a�d�i�c�l�e� �t�h�r�o�u�g�h� �t�h�e� �c�o�l�e�o�r�h�i�z�a�.� �H�o�w�e�v�e�r�,� 

�w�h�e�n� �t�h�e� �r�i�c�e� �s�e�e�d�s� �a�r�e� �g�e�r�m�i�n�a�t�e�d� �u�n�d�e�r� �w�a�t�e�r� �t�h�e� �c�o�l�e�o�p�t�i�l�e� 

�r�i�s�e�s� �a�h�e�a�d� �o�f� �t�h�e� �c�o�l�e�o�r�h�i�z�a�.� �W�h�e�n� �i�t� �i�s� �g�e�r�m�i�n�a�t�e�d� �u�n�d�e�r� 

�a�n�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �t�h�e� �c�o�l�e�o�r�h�i�z�a� �e�n�v�e�l�o�p�i�n�g� �r�o�o�t� �p�r�o�t�r�u�d�e�s� 

�(�D�e� �D�a�t�t�a�,� �1�9�8�1�)�.� 

�P�r�i�o�r� �t�o� �g�e�r�m�i�n�a�t�i�o�n�,� �i�m�b�i�b�i�t�i�o�n� �a�n�d� �o�x�y�g�e�n� �u�p�t�a�k�e� �c�a�u�s�e� 

�t�h�e� �a�c�t�i�v�a�t�i�o�n� �o�f� �m�e�t�a�b�o�l�i�s�m�,� �i�.�e�.�,� �a�c�t�i�v�a�t�i�o�n� �o�f� �h�y�d�r�o�l�y�t�i�c� 

�e�n�z�y�m�e�s�,� �r�e�l�e�a�s�e� �o�f� �h�o�r�m�o�n�e�s� �c�o�n�t�r�o�l�l�i�n�g� �g�e�r�m�i�n�a�t�i�o�n�,� �t�h�e� 
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�s�y�n�t�h�e�s�i�s� �o�f� �r�i�b�o�n�u�c�l�e�i�c� �a�c�i�d� �(�m�R�N�A�)� �c�o�d�i�n�g� �f�o�r� �p�r�o�t�e�i�n� 

�e�n�z�y�m�e�s�,� �a�n�d� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�r�o�t�e�i�n�.� �T�h�e� �m�e�t�a�b�o�l�i�s�m� �i�s� 

�i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �i�n�c�r�e�a�s�i�n�g� �r�a�t�e� �o�f� �r�e�s�p�i�r�a�t�i�o�n� �a�f�t�e�r� �t�h�e� 

�s�e�e�d�s� �a�r�e� �p�l�a�c�e�d� �i�n� �w�a�t�e�r� �(�M�a�y�e�r� �a�n�d� �P�o�l�j�a�k�o�f�f�-�M�a�y�b�e�r�,� �1�9�8�9�)�.� 

�T�y�p�i�c�a�l� �c�h�e�m�i�c�a�l� �c�h�a�n�g�e�s� �t�h�a�t� �f�o�l�l�o�w� �t�h�e� �i�m�b�i�b�i�t�i�o�n� �a�r�e� �t�h�e� 

�b�r�e�a�k�d�o�w�n� �o�f� �s�t�o�r�a�g�e� �m�a�t�e�r�i�a�l�s� �i�n� �t�h�e� �e�n�d�o�s�p�e�r�m�,� �t�h�e� �t�r�a�n�s�p�o�r�t� 

�o�f� �t�h�e� �b�r�o�k�e�n�d�o�w�n� �m�a�t�e�r�i�a�l� �f�r�o�m� �t�h�e� �e�n�d�o�s�p�e�r�m� �t�o� �t�h�e� �e�m�b�r�y�o� 

�a�n�d� �a�c�t�i�v�e�l�y� �g�r�o�w�i�n�g� �p�a�r�t�s�,� �a�n�d� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �n�e�w� 

�m�a�t�e�r�i�a�l�s�.� �P�a�l�m�i�a�n�o� �a�n�d� �J�u�l�i�a�n�o� �(�i�n� �M�a�y�e�r� �a�n�d� �P�o�l�j�a�k�o�f�f�-� 

�M�a�y�b�e�r�,� �1�9�8�9�)� �o�b�s�e�r�v�e�d� �a� �d�e�c�r�e�a�s�e� �o�f� �s�t�a�r�c�h� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� �o�f� 

�f�r�e�e� �s�u�g�a�r�,� �s�o�l�u�b�l�e� �a�m�i�n�o� �a�c�i�d�s� �a�n�d� �p�r�o�t�e�i�n� �d�u�r�i�n�g� �r�i�c�e� 

�g�e�r�m�i�n�a�t�i�o�n�.� 

�I�t� �i�s� �w�e�l�l� �k�n�o�w�n� �t�h�a�t� �d�u�r�i�n�g� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �s�t�a�g�e� �p�r�i�o�r� 

�t�o� �g�e�r�m�i�n�a�t�i�o�n�,� �t�h�e� �s�e�e�d� �p�r�o�v�i�d�e�s� �h�y�d�r�o�l�y�t�i�c� �e�n�z�y�m�e�s� �i�n� �t�w�o� 

�w�a�y�s�:� �(�1�)� �a�c�t�i�v�a�t�i�o�n� �o�f� �l�a�t�e�n�t� �e�n�z�y�m�e�s� �t�h�a�t� �p�r�e�e�x�i�s�t� �i�n� �t�h�e� 

�m�a�t�u�r�e� �s�e�e�d� �a�n�d� �(�2�)� �d�e� �n�o�v�o� �s�y�n�t�h�e�s�i�s� �o�f� �e�n�z�y�m�e�s� �(�T�i�n�g�,� �1�9�8�2�)�.� 

�T�h�e� �l�a�t�e�n�t� �e�n�z�y�m�e�s� �a�r�e� �u�s�u�a�l�l�y� �s�t�o�r�e�d� �i�n� �t�h�e� �u�n�g�e�r�m�i�n�a�t�e�d� �s�e�e�d� 

�a�s� �z�y�m�o�g�e�n�s� �o�r� �t�h�e� �e�n�z�y�m�e� �p�r�e�c�u�r�s�o�r�s�.� �P�r�o�t�e�a�s�e� �a�c�t�i�v�i�t�y� �m�a�y� 

�a�c�t�i�v�a�t�e� �t�h�e� �l�a�t�e�n�t� �e�n�z�y�m�e�s� �b�y� �c�l�e�a�v�a�g�e� �o�f� �a� �c�e�r�t�a�i�n� �p�o�r�t�i�o�n� 

�o�f� �t�h�e� �p�o�l�y�p�e�p�t�i�d�e�.� �T�h�e� �d�e� �n�o�v�o� �s�y�n�t�h�e�s�i�s� �m�a�y� �b�e� �t�r�i�g�g�e�r�e�d� �b�y� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s�,� �c�h�e�m�i�c�a�l�l�y� �(�h�o�r�m�o�n�e� �a�c�t�i�o�n�,� �e�.�g�.�,� 

�g�i�b�b�e�r�e�l�l�i�n�)�,� �o�r� �p�h�y�s�i�c�a�l�l�y� �(�l�i�g�h�t�)�.� �B�p�-�a�m�y�l�a�s�e� �i�s� �a�n� �e�x�a�m�p�l�e� 

�o�f� �t�h�e� �p�r�e�e�x�i�s�t�i�n�g� �e�n�z�y�m�e�s�,� �w�h�i�l�e� �a�-�a�m�y�l�a�s�e� �i�s� �a� �p�r�o�d�u�c�t� �o�f� �d�e� 

�n�o�v�o� �s�y�n�t�h�e�s�i�s� �(�T�i�n�g�,� �1�9�8�2�)�.� �D�a�u�s�s�a�n�t� �e�t� �a�l�.� �(�1�9�8�3�)� �s�h�o�w�e�d� �i�n� 

�m�o�r�e� �d�e�t�a�i�l� �t�h�a�t� �B�-�a�m�y�l�a�s�e� �i�n� �r�i�c�e� �i�s� �n�o�t� �o�n�l�y� �p�r�e�s�e�n�t� �i�n� �t�h�e� 
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�u�n�g�e�r�m�i�n�a�t�e�d� �s�e�e�d�,� �b�u�t� �a�l�s�o� �i�s� �s�y�n�t�h�e�s�i�z�e�d� �d�e� �n�o�v�o� �a�t� �t�h�e� 

�e�a�r�l�y� �s�t�a�g�e� �o�f� �g�e�r�m�i�n�a�t�i�o�n�,� �a�n�d� �l�o�c�a�l�i�z�e�d� �i�n� �t�h�e� �s�c�u�t�e�l�l�u�m�.� �a�-� 

�A�m�y�l�a�s�e�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�s� �t�r�u�l�y� �a� �p�r�o�d�u�c�t� �o�f� �d�e� �n�o�v�o� 

�s�y�n�t�h�e�s�i�s�.� �I�t� �i�s� �f�o�u�n�d� �t�o� �h�a�v�e� �t�w�o� �d�i�s�t�i�n�c�t� �i�s�o�z�y�m�e�s�:� �o�n�e� �i�s� 

�p�r�o�d�u�c�e�d� �w�i�t�h�i�n� �t�w�o� �d�a�y�s� �o�f� �g�e�r�m�i�n�a�t�i�o�n� �a�n�d� �t�h�e� �o�t�h�e�r� �o�n�e� 

�a�p�p�e�a�r�s� �b�e�t�w�e�e�n� �t�w�o� �t�o� �f�o�u�r� �d�a�y�s� �o�f� �g�e�r�m�i�n�a�t�i�o�n�.� �T�h�e� �s�y�n�t�h�e�s�i�s� 

�o�f� �a�-�a�m�y�l�a�s�e� �o�c�c�u�r�s� �i�n� �t�h�e� �s�c�u�t�t�e�l�l�a�r� �e�p�i�d�e�r�m�i�s� �a�n�d� �i�s� 

�t�r�a�n�s�p�o�r�t�e�d� �t�o� �t�h�e� �e�n�d�o�s�p�e�r�m� �(�M�i�y�a�t�a� �e�t� �a�l�.�,� �1�9�8�1�)� �a�n�d� �l�a�t�e�r� 

�o�n� �a�l�s�o� �i�n� �t�h�e� �a�l�e�u�r�o�n� �l�a�y�e�r� �(�M�a�y�e�r� �a�n�d� �P�o�l�j�a�k�o�f�f�-�M�a�y�b�e�r�,� 

�1�9�8�9�)�.� 

�A�m�y�l�a�s�e� �i�s� �o�n�e� �o�f� �t�h�e� �w�e�l�l� �c�h�a�r�a�c�t�e�r�i�z�e�d� �e�n�z�y�m�e�s� �f�r�o�m� 

�t�h�e� �g�e�r�m�i�n�a�t�i�n�g� �r�i�c�e� �s�e�e�d�.� �I�t� �i�s� �w�e�l�l� �c�h�a�r�a�c�t�e�r�i�z�e�d� �w�i�t�h� 

�r�e�s�p�e�c�t� �t�o� �m�e�t�a�b�o�l�i�c� �l�e�v�e�l�s� �(�T�a�d�e�r�a� �e�t� �a�l�.�,� �1�9�8�2�;� �M�i�y�a�t�a� �a�n�d� 

�A�k�a�z�a�w�a� �1�9�8�2�)�,� �m�o�d�e� �o�f� �a�c�t�i�o�n� �(�M�i�t�s�u�i� �a�n�d� �A�k�a�z�a�w�a�,� �1�9�8�6�;� 

�S�a�s�a�h�a�r�a� �e�t� �a�l�.�,� �1�9�8�6�)�,� �G�A� �i�n�d�u�c�t�i�o�n� �(�G�o�y�a�l� �a�n�d� �B�a�i�j�a�l�,� �1�9�8�0�)�,� 

�b�i�o�s�y�n�t�h�e�s�i�s� �a�n�d� �s�e�c�r�e�t�i�o�n� �(�M�i�t�s�u�i� �e�t� �a�l�.�,� �1�9�8�4�;� �1�9�8�5�;� �M�i�t�s�u�i� 

�&� �A�k�a�z�a�w�a�,� �1�9�8�6�;� �A�k�a�z�a�w�a� �a�n�d� �M�i�t�s�u�i�,� �1�9�8�5�)�;� �i�s�o�z�y�m�e� �(�M�o�m�o�t�a�m�i� 

�e�t� �a�l�.�,� �1�9�8�9�;� �C�h�i�b�a� �e�t� �a�l�.�,� �1�9�9�0�)�,� �m�u�l�t�i�g�e�n�e� �f�a�m�i�l�y� �o�f� �«�-� 

�a�m�y�l�a�s�e� �a�n�d� �i�t�s� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �(�S�u�t�l�i�f�f� �e�t� �a�l�.�,� �1�9�9�1�;� �H�u�a�n�g� 

�e�t� �a�l�.�,� �1�9�9�0�)�?� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �r�e�g�u�l�a�t�i�o�n� �(�K�a�r�r�e�r� �e�t� �a�l�.�,� 

�1�9�9�1�,� �Y�u� �e�t� �a�l�.�,� �1�9�9�1�,� �H�u�a�n�g� �e�t� �a�l�.�,� �1�9�9�2�,� �K�a�r�r�e�r� �a�n�d� 

�R�o�d�r�i�g�u�e�z�,� �1�9�9�2�)�,� �c�h�r�o�m�o�s�o�m�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� �(�R�a�n�j�h�a�n� �e�t� �a�l�.�,� 

�1�9�9�1�)�,� �n�u�c�l�e�o�t�i�d�e� �s�e�q�u�e�n�c�e� �(�K�i�m�,� �1�9�9�2�)�,� �a�n�d� �g�e�n�e� �c�l�o�n�i�n�g� 

�(�H�u�a�n�g� �e�t� �a�l�.�,� �1�9�9�2�)�.� �T�h�e�r�e�f�o�r�e�,� �a�m�y�l�a�s�e� �i�s� �a� �w�o�r�t�h�w�h�i�l�e� �m�o�d�e�l� 

�f�o�r� �e�l�u�c�i�d�a�t�i�o�n� �o�f� �t�h�e� �r�o�l�e� �o�f� �f�-�g�l�u�c�o�s�i�d�a�s�e� �i�n� �t�h�e� 
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�g�e�r�m�i�n�a�t�i�n�g� �r�i�c�e� �s�e�e�d�s�.� 

�A�s� �f�a�r� �a�s� �r�i�c�e� �f�B�-�g�l�u�c�o�s�i�d�a�s�e� �c�o�n�c�e�r�n�s�,� �f�i�v�e� �d�i�f�f�e�r�e�n�t� 

�p�e�a�k�s� �o�f� �p�N�P�G�a�s�e� �a�c�t�i�v�i�t�y� �w�e�r�e� �f�o�u�n�d� �b�y� �S�c�h�l�i�e�m�a�n�n� �(�1�9�8�4�)� �i�n� 

�t�h�e� �s�o�l�u�b�l�e� �f�r�a�c�t�i�o�n� �f�r�o�m� �m�a�t�u�r�e� �s�e�e�d�s� �a�s� �w�e�l�l� �a�s� �f�r�o�m� �4�-�d�a�y�-� 

�o�l�d� �e�t�i�o�l�a�t�e�d� �s�h�o�o�t�s� �o�f� �d�w�a�r�f� �r�i�c�e� �(�v�a�r�.� �'�T�a�n�-�g�i�n�b�o�z�u�'�)�.� �T�h�e� 

�p�N�G�a�s�e� �f�r�a�c�t�i�o�n�s� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �u�s�i�n�g� �t�h�e� �c�a�t�i�o�n� �e�x�c�h�a�n�g�e� 

�(�C�M�-�S�e�p�h�a�d�e�x� �C�-�5�0� �c�o�l�u�m�n�)� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� �A�m�o�n�g� �t�h�e� �f�r�a�c�t�i�o�n�s�,� 

�C�M�1� �f�r�o�m� �s�e�e�d�s� �h�y�d�r�o�l�y�z�e�d� �G�A�,�-�0�-�2�-�G�l�c� �8� �t�i�m�e�s� �m�o�r�e� �e�f�f�i�c�i�e�n�t� 

�t�h�a�n� �G�A�,�-�0�-�3�-�G�l�c� �a�n�d� �G�A�,� �G�l�c� �e�s�t�e�r�.� �I�n� �t�h�e� �4�-�d�a�y�-�o�l�d� �e�t�i�o�l�a�t�e�d� 

�s�h�o�o�t�s�,� �t�h�e� �h�y�d�r�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� �o�f� �C�M�4� �f�r�a�c�t�i�o�n� �t�o�w�a�r�d� �t�h�e� 

�a�b�o�v�e� �s�u�b�s�t�r�a�t�e�s� �e�x�h�i�b�i�t�e�d� �2�0�0� �t�i�m�e�s� �h�i�g�h�e�r�.� �I�w�a�m�i� �a�n�d� 

�Y�a�s�u�m�o�t�o� �(�1�9�8�6�)� �s�h�o�w�e�d� �t�h�e� �e�v�i�d�e�n�c�e� �o�f� �t�h�r�e�e� �m�u�l�t�i�-�i�s�o�f�o�r�m�s� �o�f� 

�B�-�g�l�u�c�o�s�i�d�a�s�e� �f�r�o�m� �r�i�c�e� �b�r�a�n�.� �T�h�e� �t�h�r�e�e� �i�s�o�f�o�r�m�s� �w�e�r�e� 

�d�i�s�t�i�n�g�u�i�s�h�e�d� �b�y� �t�h�e�i�r� �p�I� �v�a�l�u�e�,� �w�h�i�c�h� �w�e�r�e� �5�.�6�,� �6�.�7�,� �a�n�d� �8�.�2� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �L�i�t�l�e� �i�s� �k�n�o�w�n� �a�b�o�u�t� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� 

�i�s�o�f�o�r�m�s�.� �T�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �o�n� �b�-�g�l�u�c�o�s�i�d�a�s�e� 

�a�r�e�:� �(�1�)� �p�a�r�t�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �r�i�c�e� �f�-� 

�g�l�u�c�o�s�i�d�a�s�e�,� �(�2�)� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �p�o�s�s�i�b�l�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�r�o�l�e� �o�f� �B�-�g�l�u�c�o�s�i�d�a�s�e� �d�u�r�i�n�g� �r�i�c�e� �g�e�r�m�i�n�a�t�i�o�n�,� �(�3�)� 

�h�i�s�t�o�c�h�e�m�i�c�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�A�k�a�z�a�w�a�,� �T�T�.� �a�n�d� �T�.� �M�i�t�s�u�i�.� �1�9�8�5�.� �B�i�o�s�y�n�t�h�e�s�i�s�,� 

�i�n�t�r�a�c�e�l�l�u�l�a�r� �t�r�a�n�s�p�o�r�t� �a�n�d� �s�e�c�r�e�t�i�o�n� �o�f� �r�i�c�e� �a�-�a�m�y�l�a�s�e� �i�n� 

�r�i�c�e� �s�e�e�d�l�i�n�g�s�.� �P�r�o�g�r�e�s�s� �i�n� �B�i�o�t�e�c�h�n�o�l�o�g�y� �1�:�1�2�9�-�1�3�7�.� �E�l�s�e�v�i�e�r� 

�S�c�i�e�n�c�e� �P�u�b�l�i�s�h�e�r�s� �B�.�V�.� �A�m�s�t�e�r�d�a�n�.� 

�B�a�j�a�j�,� �Y�.�P�.�S�.� �1�9�9�1�.� �B�i�o�t�e�c�h�n�o�l�o�g�y� �i�n� �r�i�c�e� �i�m�p�r�o�v�e�m�e�n�t�.� 

�I�n�:� �B�i�o�t�e�c�h�n�o�l�o�g�y� �i�n� �A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �F�o�r�e�s�t�r�y� �v�o�l�.� �1�4�.� �E�d�.� �b�y� 

�Y�.�P�.�S�.� �B�a�j�a�j�.� �p�p�.� �3�-�1�8�.� �S�p�r�i�n�g�e�r� �V�e�r�l�a�g� �B�e�r�l�i�n� 

�H�e�i�d�e�l�b�e�r�g�.� 

�C�h�i�b�a�,� �Y�.�,� �M�.� �U�i�,� �Y�.� �K�a�t�o�,� �T�.� �N�a�k�a�j�i�m�a�,� �a�n�d� �E�.� �I�c�h�i�s�h�i�m�a�.� 

�1�9�9�0�.� �T�w�o� �g�r�o�u�p� �o�f� �i�n�t�r�a�c�e�l�l�u�l�a�r� �a�-�a�m�y�l�a�s�e� �i�s�o�e�n�z�y�m�e�s� �f�r�o�m� 

�c�u�l�t�u�r�e�d� �r�i�c�e� �c�e�l�l�s�.� �P�h�y�t�o�c�h�e�m�i�s�t�r�y� �2�9�(�7�)� �:�2�0�7�5�-�2�0�7�8�.� 

�C�l�a�y�t�o�n�,� �W�.�D�.� �a�n�d� �S�.�A�.� �R�e�n�v�o�i�z�e�.� �1�9�9�2�.� �A� �s�y�s�t�e�m� �o�f� 

�C�l�a�s�s�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �g�r�a�s�s�.� �I�n�:� �G�r�a�s�s� �E�v�o�l�u�t�i�o�n� �a�n�d� 

�D�o�m�e�s�t�i�c�a�t�i�o�n�.� �E�d�.� �b�y� �G�.�P�.� �C�h�a�p�m�a�n�.� �C�a�m�b�r�i�d�g�e� �U�n�i�v�e�r�s�i�t�y� 

�P�r�e�s�s�.� �p�p�.� �3�3�8�-�3�5�4�.� 

�C�r�o�n�q�u�i�s�t�,� �A�.� �1�9�8�8�.� �T�h�e� �E�v�o�l�u�t�i�o�n� �a�n�d� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� 

�F�l�o�w�e�r�i�n�g� �p�l�a�n�t�s�.� �2�n�d�.�e�d�.� �T�h�e� �N�e�w� �Y�o�r�k� �B�o�t�a�n�i�c�a�l� �G�a�r�d�e�n�.� �p�p�.� 

�4�7�5�-�4�8�3�.� 

�D�a�h�l�g�r�e�n�,� �R�.�M�.�T�.�,� �H�.�T�.� �C�l�i�f�f�o�r�d� �a�n�d� �P�.�F�.� �Y�e�o�.� �1�9�8�5�.� �T�h�e� 

�F�a�m�i�l�i�e�s� �o�f� �t�h�e� �M�o�n�o�c�o�t�y�l�e�d�o�n�s�;� �S�t�r�u�c�t�u�r�e�,� �E�v�o�l�u�t�i�o�n� �a�n�d� 

�T�a�x�o�n�o�m�y�.� �S�p�r�i�n�g�e�r� �V�e�r�l�a�g�.� �B�e�r�l�i�n�-�H�e�i�d�e�l�b�e�r�g�-�N�e�w� �Y�o�r�k�-�T�o�k�y�o�.� 

�p�.� �4�2�5�.� 
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�D�a�u�s�s�a�n�t�,� �J�.�,� �S�.� �M�i�y�a�t�a�,� �T�.� �M�i�t�s�u�i� �a�n�d� �T�.� �A�k�a�z�a�w�a�.� �1�9�8�3�.� 

�E�n�z�y�m�i�c� �m�e�c�h�a�n�i�s�m� �o�f� �s�t�a�r�c�h� �b�r�e�a�k�d�o�w�n� �i�n� �g�e�r�m�i�n�a�t�i�n�g� �r�i�c�e� 

�s�e�e�d�s�.� �I�m�m�u�n�o�c�h�e�m�i�s�t�r�y� �s�t�u�d�y� �o�n� �m�u�l�t�i�p�l�e� �f�o�r�m� �o�f� �a�m�y�l�a�s�e�.� 

�P�l�a�n�t� �P�h�y�s�i�o�l�o�g�y� �7�1�:�8�8�-�9�5�.� 

�D�a�v�i�d�,� �C�.�C�.� �1�9�9�1�.� �T�h�e� �w�o�r�l�d� �r�i�c�e� �e�c�o�n�o�m�y�:� �C�h�a�l�l�e�n�g�e�s� 

�a�h�e�a�d�.� �I�n�:� �R�i�c�e� �B�i�o�t�e�c�h�n�o�l�o�g�y�.� �E�d�.� �b�y� �G�.�S�.� �K�u�s�h� �a�n�d� �G�.�H�.� 

�T�o�n�n�i�e�s�s�e�n�.� �C�A�B� �i�n�t�e�r�n�a�t�i�o�n�a�l�.� �p�p�.� �1�-�1�8�.� 

�D�e� �D�a�t�t�a�,� �S�.�K�.� �1�9�8�1�.� �P�r�i�n�c�i�p�l�e�s� �a�n�d� �P�r�a�c�t�i�c�e�s� �o�f� �R�i�c�e� 

�P�r�o�d�u�c�t�i�o�n�.� �J�o�h�n� �W�i�l�e�y� �a�n�d� �S�o�n�s�.� �N�e�w� �Y�o�r�k� �/�C�h�i�c�h�e�s�t�e�r� 

�/�B�r�i�s�b�a�n�e�/� �T�o�r�o�n�t�o� �.� �p�p�.� �1�7�3�-�2�2�0�.� �|� 

�E�s�a�u�,� �K�.� �1�9�7�7�.� �A�n�a�t�o�m�y� �o�f� �S�e�e�d� �P�l�a�n�t�s�.� �2�n�d�.�e�d�.� �J�o�h�n� �W�i�l�e�y� 

�a�n�d� �S�o�n�s�,� �I�n�c�.� �N�e�w� �Y�o�r�k�/�S�a�n�t�a� �B�a�r�b�a�r�a�/�L�o�n�d�o�n�/�S�y�d�n�e�y�/�T�o�r�o�n�t�o�.� 

�p�p�.� �7�-�1�0�,� �4�5�5�-�5�0�0�.� 

�E�s�a�s�h�i�,� �Y�.�,� �S�.� �M�a�t�s�u�y�a�m�a�,� �H�.� �A�s�h�i�n�o�,� �M�.� �O�g�a�s�w�a�r�a� �a�n�d� �R�.� 

�H�a�s�e�g�a�w�a�.� �1�9�9�1�.� �B�p�-�g�l�u�c�o�s�i�d�a�s�e� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �H�C�N� �l�i�b�e�r�a�t�i�o�n� �i�n� 

�u�n�i�m�b�i�b�e�d� �a�n�d� �i�m�b�i�b�e�d� �s�e�e�d� �a�n�d� �t�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �c�o�c�k�l�e�b�u�r� �s�e�e�d� 

�g�e�r�m�i�n�a�t�i�o�n� �b�y� �c�y�a�n�o�g�e�n�i�c� �g�l�y�c�o�s�i�d�e�s�.� �P�h�y�s�i�o�l�o�g�i�a� �P�l�a�n�t�a�r�u�m� 

�8�3�:�4�3�-�4�0�.� 

�F�A�O�.� �1�9�8�2�.� �R�i�c�e� �D�e�v�e�l�o�p�m�e�n�t� �a�n�d� �R�a�i�n�f�e�d� �R�i�c�e� �P�r�o�d�u�c�t�i�o�n�.� 

�F�A�O�.� �R�o�m�e�.� �p�p� �1�-�2�1�.� 

�G�o�y�a�l�,� �A�.�K�.� �a�n�d� �B�.�D�.� �B�a�i�j�a�l�.� �1�9�8�0�.� �A� �n�o�t�e� �o�n� �g�i�b�b�e�r�e�l�l�i�c� 

�a�c�i�d� �i�n�d�u�c�e�d� �a�-�a�m�y�l�a�s�e� �a�c�t�i�v�i�t�y� �d�u�r�i�n�g� �s�e�e�d� �g�e�r�m�i�n�a�t�i�o�n� �i�n� 

�s�o�m�e� �r�i�c�e� �(�O�r�y�z�a� �s�a�t�i�v�a� �L�)� �c�u�l�t�i�v�a�r�s�.� �S�e�e�d� �R�e�s�o�u�r�c�e�s� �8�(�1�)�:�7�7�-� 

�8�0�.� 

�2�0



�H�e�y�w�o�o�d�,� �V�.�H�.� �1�9�7�8�.� �F�l�o�w�e�r�i�n�g� �P�l�a�n�t�s� �i�n� �t�h�e� �W�o�r�l�d�.� �M�a�y� 

�F�l�o�w�e�r� �B�o�o�k�s�.� �p�p� �1�4�-�1�5�;� �2�8�5�-�2�8�6�.� 

�H�u�a�n�g�,� �N�.�,� �T�.�D�.� �S�u�t�l�i�f�f�,� �J�.�C�.� �L�i�t�t�s�,� �a�n�d� �R�.�L�.� �R�o�d�r�i�g�u�e�z�.� 

�1�9�9�0�.� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �r�i�c�e� �a�-� 

�a�m�y�l�a�s�e� �m�u�l�t�i�g�e�n�e� �f�a�m�i�l�y�.� �P�l�a�n�t� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y� �1�4�(�5�)� �:�6�5�5�-� 

�6�6�8�.� 

�H�u�a�n�g�,� �N�.�,� �S�.�J�.� �R�e�i�n�i� �a�n�d� �R�.�L�.� �R�o�d�r�i�g�u�e�z�.� �1�9�9�2�.� �R�A�m�y�2�A�:� 

�a� �n�o�v�e�l� �a�-�a�m�y�l�a�s�e� �e�n�c�o�d�i�n�g� �g�e�n�e� �i�n� �r�i�c�e�.� �G�e�n�e�,� �1�1�1�(�2�)�:�2�2�3�-�2�2�8�.� 

�H�u�a�n�g�,� �N�.�,� �G�.�L�.� �S�t�e�b�b�i�n�s� �a�n�d� �R�.�L�.� �R�o�d�r�i�g�u�e�z�.� �1�9�9�2�.� 

�C�l�a�s�s�i�f�i�c�a�t�i�o�n� �a�n�d� �e�v�o�l�u�t�i�o�n� �o�f� �a�-�a�m�y�l�a�s�e� �g�e�n�e� �i�n� �p�l�a�n�t�s�.� 

�P�r�o�c�e�e�d�i�n�g�s� �o�f� �N�a�t�i�o�n�a�l� �A�c�a�d�e�m�y� �o�f� �S�c�i�e�n�c�e� �U�S�A� �8�9�:�1�6�)� �:�7�5�2�6�-� 

�7�5�3�0�.� 

�I�w�a�m�i�,� �K�.� �a�n�d� �K�.� �Y�a�s�u�m�o�t�o�.� �1�9�8�6�.� �S�y�n�t�h�e�s�i�s� �o�f� �p�y�r�i�d�o�x�i�n�e� 

�B�-�g�l�u�c�o�s�i�d�e� �a�n�d� �i�t�s� �i�n� �s�i�t�u� �a�b�s�o�r�p�t�i�o�n� �i�n� �r�a�t� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e�.� 

�N�u�t�r�i�t�i�o�n� �R�e�s�e�a�r�c�h� �6�:�4�0�7�-�4�1�4�.� 

�J�u�l�i�a�n�o�,� �B�.�O�.� �1�9�8�5�.� �T�h�e� �r�i�c�e� �g�r�a�i�n� �a�n�d� �i�t�s� �g�r�o�s�s� 

�c�o�m�p�o�s�i�t�i�o�n�.� �I�n�:� �R�i�c�e� �C�h�e�m�i�s�t�r�y� �a�n�d� �T�e�c�h�n�o�l�o�g�y�.� �2�n�d� �e�d�.� �E�d�.� �b�y� 

�B�.�O�.� �J�u�l�i�a�n�o�.� �p�p� �1�7�-�5�7�.� �A�m�e�r�i�c�a�n� �C�e�r�e�a�l� �C�h�e�m�i�s�t�r�y� �S�o�c�i�e�t�y�.� 

�K�a�r�r�e�r�,� �E�.�E�.�,� �J�.�C�.� �L�i�t�t�s� �a�n�d� �R�.�L�.� �R�o�d�r�i�g�u�e�z�.� �1�9�9�1�.� 

�D�i�f�f�e�r�e�n�t�i�a�l� �e�x�p�r�e�s�s�i�o�n� �o�f� �a�-�a�m�y�l�a�s�e� �g�e�n�e�s� �i�n� �g�e�r�m�i�n�a�t�i�n�g� �r�i�c�e� 

�a�n�d� �b�a�r�l�e�y� �s�e�e�d�.� �P�l�a�n�t� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y� �1�6�(�5�)�:�7�9�7�-�8�0�5�.� 

�K�a�r�r�e�r�,� �E�.�E�.� �a�n�d� �R�.�L�.� �R�o�d�r�i�g�u�e�z�.� �1�9�9�2�.� �M�e�t�a�b�o�l�i�c� 

�r�e�g�u�l�a�t�i�o�n� �o�f� �r�i�c�e� �a�-�a�m�y�l�a�s�e� �a�n�d� �s�u�c�r�o�s�e� �s�y�n�t�h�a�s�e� �g�e�n�e�s� �i�n� 

�p�l�a�n�t�s�.� �P�l�a�n�t� �J�o�u�r�n�a�l� �2�(�4�)�:�5�1�7�-�5�2�3�.� 
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�K�h�u�s�h�,� �G�.�S�.� �a�n�d� �G�.�H�.� �T�o�n�n�i�e�s�s�e�n�.� �1�9�9�1�.� �R�i�c�e� �B�i�o�t�e�c�h�n�o�l�o�g�y� 

�C�A�B� �i�n�t�e�r�n�a�t�i�o�n�a�l�.� �p�p�.� �v�i�i�-�x�.� 

�K�i�m�,� �J�.�K�.� �1�9�9�2�.� �N�u�c�l�e�o�t�i�d�e� �s�e�q�u�e�n�c�e� �o�f� �a� �h�i�g�h�-�p�I� �r�i�c�e� 

�(�O�r�y�z�a� �s�a�t�i�v�a�)� �a�-�a�m�y�l�a�s�e� �g�e�n�e�.� �P�l�a�n�t� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y�:� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �f�o�r� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y�,� �B�i�o�c�h�e�m�i�s�t�r�y�,� �a�n�d� 

�G�e�n�e�t�i�c� �E�n�g�i�n�e�e�r�i�n�g� �1�8�(�2�)� �:�3�9�9�-�4�0�2�.� 

�K�o�c�h�e�r�t�,� �G�.� �1�9�9�2�.� �R�i�c�e� �a�s� �a� �m�o�d�e�l� �s�y�s�t�e�m�.� �I�n�:� �G�r�a�s�s� 

�E�v�o�l�u�t�i�o�n� �a�n�d� �D�o�m�e�s�t�i�c�a�t�i�o�n�.� �E�d�.� �b�y� �G�.�P�.� �C�h�a�p�m�a�n�.� �C�a�m�b�r�i�d�g�e� 

�U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s� �p�p�.� �2�9�0�-�3�1�5�.� 

�L�u�,� �J�.�J�.� �1�9�8�0�.� �R�i�c�e� �i�n� �i�t�s� �t�e�m�p�o�r�a�l� �a�n�d� �s�p�a�t�i�a�l� 

�p�e�r�s�p�e�c�t�i�v�e�s�.� �I�n�:� �R�i�c�e� �P�r�o�d�u�c�t�i�o�n� �a�n�d� �U�t�i�l�i�z�a�t�i�o�n�.� �E�d� �b�y� �B�.�S�.� 

�L�u�h�.� �A�v�i� �p�u�b�l�i�s�h�i�n�g� �c�o�.� �i�n�c�.� �W�e�s�t� �P�o�r�t�,� �c�o�n�n�e�c�t�i�c�u�t�.� �p�p�.� �1�-�7�4�.� 

�M�a�y�e�r�,� �A�.�M�.� �a�n�d� �A�.� �P�o�l�j�a�k�o�f�f�-�M�a�y�b�e�r�.� �1�9�8�9�.� �T�h�e� 

�G�e�r�m�i�n�a�t�i�o�n� �o�f� �S�e�e�d�s�.� �4�t�h�.� �e�d�.� �P�e�r�g�a�m�o�n� �p�r�e�s�s�.� �O�x�f�o�r�d�/� �N�e�w� 

�Y�o�r�k�/� �B�e�i�j�i�n�g�/� �F�r�a�n�k�f�u�r�t�/� �S�a�o� �P�a�u�l�o�/� �S�y�d�n�e�y�/� �T�o�k�y�o�/� �T�o�r�o�n�t�o�.� 

�p�p� �.�1�1�1�-�2�0�0�.� 

�M�i�t�s�u�i�,� �T�.� �a�n�d� �T�.� �A�k�a�z�a�w�a�.� �1�9�8�6�.� �P�r�e�f�e�r�e�n�t�i�a�l� �s�e�c�r�e�t�i�o�n� 

�o�f� �R�-�t�y�p�e� �a�-�a�m�y�l�a�s�e� �m�o�l�e�c�u�l�e� �i�n� �r�i�c�e� �s�e�e�d� �s�c�u�t�e�l�l�u�m� �a�t� �h�i�g�h� 

�t�e�m�p�e�r�a�t�u�r�e�s�.� �P�l�a�n�t� �P�h�y�s�i�o�l�o�g�y� �8�2�(�4�)� �:�8�8�0�-�8�8�4�.� 

�M�i�t�s�u�i�,� �T�.� �a�n�d� �T�.� �A�k�a�z�a�w�a�.� �1�9�8�6�.� �S�e�c�o�n�d�a�r�y� �m�o�d�i�f�i�c�a�t�i�o�n� 

�o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �c�h�a�i�n�s� �i�n� �a�-�a�m�y�l�a�s�e� �m�o�l�e�c�u�l�e�s� �s�y�n�t�h�e�s�i�z�e�d� �i�n� 

�r�i�c�e� �s�c�u�t�e�l�l�u�m�.� �P�h�y�s�i�o�l�-�V�e�g�.� �2�4�(�6�)� �:�6�2�9�-�6�3�8�.� 

�M�i�t�s�u�i�,� �T�.�,� �J�.�T�.� �C�h�r�i�s�t�e�l�l�e�r�,� �T�.� �H�a�r�a�-�N�i�s�h�i�m�u�r�a� �a�n�d� �T�.� 

�A�k�a�z�a�w�a�.� �1�9�8�4�.� �P�o�s�s�i�b�l�e� �r�o�l�e�s� �o�f� �c�a�l�c�i�u�m� �a�n�d� �c�a�l�m�o�d�u�l�i�n� �i�n� �t�h�e� 

�b�i�o�s�y�n�t�h�e�s�i�s� �a�n�d� �s�e�c�r�e�t�i�o�n� �o�f� �a�«�a�-�a�m�y�l�a�s�e� �i�n� �r�i�c�e� �_� �s�e�e�d� 

�2�2



�s�c�u�t�t�e�l�l�a�r� �e�p�i�t�h�e�l�l�i�u�m�.� �P�l�a�n�t� �P�h�y�s�i�o�l�o�g�y� �7�5�(�1�)�:�2�1�-�2�5�.� 

�M�i�t�s�u�i�,� �T�.�,� �T�.� �A�k�a�z�a�w�a� �a�n�d� �J�.�T�.� �C�h�r�i�s�t�e�l�l�e�r�.� �1�9�8�5�.� 

�B�i�o�s�y�n�t�h�e�s�i�s� �o�f� �r�i�c�e� �s�e�e�d� �a�-�a�m�y�l�a�s�e�:� �t�w�o� �p�a�t�h�w�a�y�s� �o�f� �a�m�y�l�a�s�e� 

�s�e�c�r�e�t�i�o�n� �b�y� �t�h�e� �s�c�u�t�e�l�l�u�m�.� �A�r�c�h�i�v�e�s� �o�f� �B�i�o�c�h�e�m�i�s�t�r�y� �a�n�d� 

�B�i�o�p�h�y�s�i�c�s� �2�4�1�(�1�)� �:�3�1�5�-�3�2�8�.� 

�M�i�y�a�t�a�,� �S�.�,� �K�.� �O�k�a�m�o�t�o�,� �A�.� �W�a�t�a�n�a�b�e� �a�n�d� �T�.� �A�k�a�z�a�w�a�.� �1�9�8�1�.� 

�E�n�z�y�m�i�c� �m�e�c�h�a�n�i�s�m� �o�f� �s�t�a�r�c�h� �b�r�e�a�k�d�o�w�n� �i�n� �g�e�r�m�i�n�a�t�i�n�g� �r�i�c�e� 

�s�e�e�d�:� �i�n� �v�i�t�r�o� �a�n�d� �i�n� �v�i�v�o� �s�y�n�t�h�e�s�i�s� �o�f� �a�-�a�m�y�l�a�s�e� �i�n� �r�i�c�e� 

�s�e�e�d�s� �s�c�u�t�e�l�l�u�m�.� �P�l�a�n�t� �P�h�y�s�i�o�l�o�g�y� �8�:�1�3�1�4�-�1�3�1�8�.� 

�M�i�y�a�t�a�,� �S�.� �a�n�d� �T�.� �A�k�a�z�a�w�a�.� �1�9�8�2�.� �E�n�z�y�m�i�c� �m�e�c�h�a�n�i�s�m� �o�f� 

�s�t�a�r�c�h� �b�r�e�a�k�d�o�w�n� �i�n� �g�e�r�m�i�n�a�t�i�n�g� �r�i�c�e� �s�e�e�d�s�.� �1�2�.� �B�i�o�s�y�n�t�h�e�s�i�s� 

�o�f� �a�-�a�m�y�l�a�s�e� �i�n� �r�e�l�a�t�i�o�n� �t�o� �p�r�o�t�e�i�n� �g�l�y�c�o�s�i�l�a�t�i�o�n� �O�r�y�z�a� 

�s�a�t�i�v�a�.� �P�l�a�n�t� �P�h�y�s�i�o�l�o�g�y� �7�0�(�1�)�:�1�4�7�-�1�5�3�.� 

�M�o�m�o�t�a�m�i�,� �Y�.�,� �T�.� �W�a�k�i�z�u�k�a�,� �T�.� �Y�a�m�a�g�u�c�h�i�.� �1�9�8�9�.� �I�s�o�z�y�m�e�s� 

�o�f� �a�-�a�m�y�l�a�s�e�,� �e�s�t�e�r�a�s�e� �a�n�d� �p�e�r�o�x�i�d�a�s�e� �i�n� �a�g�e�d� �r�i�c�e� �s�e�e�d�.� 

�B�u�l�l�e�t�i�n� �o�f� �O�s�a�k�a� �u�n�i�v�e�r�s�i�t�y�,� �4�1�:�8�7�-�9�0�.� 

�M�o�r�i�s�h�i�m�a�,� �H�.� �1�9�8�4�.� �W�i�l�d� �r�i�c�e� �p�l�a�n�t�s� �a�n�d� �d�o�m�e�s�t�i�c�a�t�i�o�n�.� 

�I�n�:� �B�i�o�l�o�g�y� �o�f� �R�i�c�e�.� �E�d�.� �b�y� �T�s�o�n�u�d�a� �a�n�d� �T�a�k�a�h�a�s�h�i�.� �J�a�p�a�n� �S�c�i�.� 

�S�o�c�.� �P�r�e�s�s�,� �T�o�k�y�o�/�E�l�s�e�v�i�e�r�,� �A�m�s�t�e�r�d�a�m�.� �p�p�.� �3�-�3�0�.� 

�O�k�i�t�a�,� �T�.�W�.� �1�9�9�1�.� �T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �r�i�c�e� �n�u�c�l�e�a�r� 

�g�e�n�e�s�.� �I�n�:� �R�i�c�e� �b�i�o�t�e�c�h�n�o�l�o�g�y�.� �E�d�.� �b�y� �G�.�S�.� �K�h�u�s�h� �a�n�d� �G�.�H�.� 

�T�o�n�n�i�e�s�s�e�n�.� �C�A�B� �i�n�t�e�r�n�a�t�i�o�n�a�l�.� �p�p�.� �1�9�1�-�2�2�4�.� 

�P�a�s�e�s�h�n�i�c�h�e�n�k�o�.� �V�.�A�.� �1�9�9�0�.� �B�-�g�l�u�c�o�s�i�d�a�s�e� �o�f� �h�i�g�h�e�r� �p�l�a�n�t�s� 

�a�n�d� �t�h�e�i�r� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �f�e�r�m�e�n�t�a�t�i�o�n� �o�f� �s�o�m�e� �t�y�p�e�s� �o�f� 

�v�e�g�e�t�a�b�l�e� �m�a�t�e�r�i�a�l�s� �(�r�e�v�i�e�w�)�.� �A�p�p�l�i�e�d� �B�i�o�c�h�e�m�i�c�a�l� �M�i�c�r�o�b�i�o�l�o�g�y� 
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�2�5�(�4�)� �3�6�7�-�3�8�0�.� 

�R�a�n�j�h�a�n�,� �S�.�,� �J�.�C�.� �L�i�t�t�s�,� �M�.�R�.� �F�o�o�l�a�d�,� �R�.�L�.� �R�o�d�r�i�g�u�e�z�.� 

�1�9�9�1�.� �C�h�r�o�m�o�s�o�m�a�l� �l�o�c�a�l�i�z�a�t�i�o�n� �a�n�d� �g�e�n�o�m�i�c� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �«�-� 

�a�m�y�l�a�s�e� �g�e�n�e� �i�n� �r�i�c�e� �(�O�r�y�z�a� �s�a�t�i�v�a� �L�)�.� �T�h�e�o�r�y� �a�n�d� �A�p�p�l�i�c�a�t�i�o�n� 

�o�f� �G�e�n�e�t�i�c�s� �8�2�(�4�)� �:�4�8�1�-�4�8�8�.� 

�R�o�t�h�e�n�b�e�r�g�,� �M�.� �a�n�d� �R�.� �W�u�.� �1�9�9�1�.� �M�o�l�e�c�u�l�a�r� �a�n�a�l�y�s�i�s� �o�f� 

�r�i�c�e� �g�e�n�e�s� �a�n�d� �m�e�t�h�o�d�s� �f�o�r� �g�e�n�e� �t�r�a�n�s�f�e�r�.� �I�n� �B�i�o�t�e�c�h�n�o�l�o�g�y� �i�n� 

�A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �F�o�r�e�s�t�r�y�,� �V�o�l�.� �1�4�.� �E�d�.� �b�y� �Y�P�S� �B�a�j�a�j�.� �p�p�.� �4�2�2�-� 

�4�4�6�.� �S�p�r�i�n�g�e�r� �V�e�r�l�a�g� �B�e�r�l�i�n� �H�e�i�d�e�l�b�e�r�g�.� 

�S�a�s�a�h�a�r�a�,� �T�.�,� �H�.� �I�k�a�r�a�s�i� �a�n�d� �H�.� �K�a�m�b�a�y�a�s�i�.� �1�9�8�6�.� �G�e�n�e�t�i�c� 

�v�a�r�i�a�t�i�o�n� �i�n� �e�m�b�r�y�o� �a�n�d� �e�n�d�o�s�p�e�r�m� �w�e�i�g�h�t�s�,� �s�e�e�d�l�i�n�g� �g�r�o�w�t�h� 

�p�a�r�a�m�e�t�e�r�s� �a�n�d� �a�-�a�m�y�l�a�s�e� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �g�e�r�m�i�n�a�t�e�d� �g�r�a�i�n� �i�n� 

�r�i�c�e� �(�O�r�y�z�a� �s�a�t�i�v�a� �L�)�.� �I�k�o�s�h�u�g�a�k�u� �Z�a�s�s�i� �J�a�p�a�n�e�s�e� �J�o�u�r�n�a�l� �o�f� 

�B�r�e�e�d�i�n�g� �3�6�(�3�)�:�2�4�8�-�2�6�1�.� 

�S�c�h�l�i�e�m�a�n�n�,� �W�.� �1�9�8�4�.� �H�y�d�r�o�l�y�s�i�s� �o�f� �c�o�n�j�u�g�a�t�e�d� �g�i�b�b�e�r�e�l�l�i�n� 

�b�y� �B�-�g�l�u�c�o�s�i�d�a�s�e� �f�r�o�m� �d�w�a�r�f� �r�i�c�e� �(�O�r�y�z�a� �s�a�t�i�v�a� �L�.� �e�v�.� �'�T�a�n�-� 

�g�i�n�b�o�z�u�'�)�.� �J�o�u�r�n�a�l� �o�f� �P�l�a�n�t� �P�h�y�s�i�o�l�o�g�y� �1�1�6�:�1�2�3�-�1�3�2�.� 

�S�i�l�k�,� �G�.�W�.� �a�n�d� �B�.�F�.� �M�a�t�t�h�e�w�s�.� �1�9�9�3�.� �C�l�o�n�i�n�g� �o�f� �t�h�e� 

�s�o�y�b�e�a�n� �d�a�p�A� �g�e�n�e� �e�n�c�o�d�i�n�g� �d�i�h�i�d�r�o�d�i�p�i�c�o�l�i�n�a�t�e� �s�y�n�t�h�a�s�e�.� �1�0�t�h� 

�a�n�n�u�a�l� �m�e�e�t�i�n�g� �o�f� �m�i�d�-�A�t�l�a�n�t�i�c� �P�l�a�n�t� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y� 

�S�o�c�i�e�t�y�.� �D�e�l�a�w�a�r�e�.� �p�.� �3�8�.� 

�S�m�a�l�l�,� �J�.�K�.� �1�9�1�3�.� �F�l�o�r�a� �o�f� �t�h�e� �S�o�u�t�h�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s�.� 

�N�e�w� �Y�o�r�k� �B�o�t�a�n�i�c�a�l� �G�a�r�d�e�n�.� �p�p� �v�i�i�,� �4�8�,� �1�1�2�.� 

�S�m�i�t�h�,� �J�.�E�.� �1�9�8�8�.� �B�i�o�t�e�c�h�n�o�l�o�g�y�.� �E�d�w�a�r�d� �A�r�n�o�l�d�.� �p�p�.� �1�-�1�0�.� 

�L�o�n�d�o�n�/� �B�a�l�t�i�m�o�r�e�/� �M�e�l�b�o�u�r�n�e�/� �A�u�c�k�l�a�n�d�.� 
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�S�m�i�t�h�,� �G�.�P�.� �1�9�8�9�.� �T�h�e� �n�e�w� �B�i�o�l�o�g�y�:� �L�a�w�,� �E�t�h�i�c�s� �a�n�d� 

�B�i�o�t�e�c�h�n�o�l�o�g�y�.� �P�l�e�n�u�m� �P�r�e�s�s�.� �p�p�.� �1�-�1�3�.� �N�e�w� �Y�o�r�k�.� 

�S�t�e�v�e�n�s�,� �J�.�E�.� �1�9�9�4�.� �J�a�p�a�n� �p�i�c�k�s� �a� �w�i�n�n�e�r� �i�n� �t�h�e� �r�i�c�e� 

�g�e�n�o�m�e� �p�r�o�j�e�c�t�.� �S�c�i�e�n�c�e� �2�6�6�:�1�1�8�6�-�1�1�8�7�.� 

�S�u�t�l�i�f�f�,� �1�T�.�D�.�,� �N�.� �H�u�a�n�g�,� �J�.�C�.� �L�i�t�t�s�,� �a�n�d� �R�.�L�.� 

�R�o�d�r�i�g�u�e�s�.�1�9�9�1�.� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �a�n� �e�-�a�m�y�l�a�s�e� �m�u�l�t�i�g�e�n�e� 

�c�l�u�s�t�e�r� �i�n� �r�i�c�e�.� �P�l�a�n�t� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y� �1�6�(�4�)� �:�5�7�9�-�5�9�1�.� 

�T�a�d�e�r�a�,� �K�.�,� �F�.� �Y�a�g�i�,� �S�.� �M�i�n�e�m�o�t�o� �a�n�d� �A�.� �k�o�b�a�y�a�s�h�i�.� �1�9�8�2�.� 

�I�n�h�i�b�i�t�o�r�y� �e�f�f�e�c�t� �o�f� �c�y�c�a�s�i�n� �o�n� �g�e�r�m�i�n�a�t�i�o�n�,� �g�r�o�w�t�h� �a�n�d� �a�-� 

�a�m�y�l�a�s�e� �b�i�o�s�y�n�t�h�e�s�i�s� �i�n� �r�i�c�e� �p�l�a�n�t�s�.� �A�g�r�i�c�u�l�t�u�r�a�l� �a�n�d� 

�B�i�o�l�o�g�i�c�a�l� �C�h�e�m�i�s�t�r�y� �4�6�(�6�)� �:�1�4�5�5�-�1�4�5�6�.� 

�T�a�k�a�h�a�s�h�i�,� �N�.� �1�9�8�4�.� �S�e�e�d� �g�e�r�m�i�n�a�t�i�o�n� �a�n�d� �s�e�e�d�l�i�n�g� �g�r�o�w�t�h�.� 

�I�n�:� �B�i�o�l�o�g�y� �o�f� �R�i�c�e�,� �S�.� �T�s�o�n�u�d�a� �a�n�d� �N�.� �T�a�k�a�h�a�s�h�i�,� �e�d�s�.� �J�a�p�a�n� 

�S�c�i�e�n�t�i�f�i�c� �S�o�c�i�e�t�i�e�s� �P�r�e�s�s�.� �T�o�k�y�o�.� �E�l�s�e�v�i�e�r� �A�m�s�t�e�r�d�a�m�,� �O�x�f�o�r�d� 

�N�e�w� �Y�o�r�k� �T�o�k�y�o�.� �P�p� �7�1�-�8�8�.� 

�T�i�n�g�,� �I�.�P�.�,� �1�9�9�2�.� �P�l�a�n�t� �P�h�y�s�i�o�l�o�g�y�.� �A�d�d�i�s�o�n�-�W�e�s�l�e�y� 

�P�u�b�l�i�s�h�i�n�g� �C�o�.�,� �I�n�c�.� �p�p�.� �5�8�5�-�5�9�0�.� �P�h�i�l�i�p�p�i�n�e�s�.� 

�T�s�o�n�u�d�a�,� �S�.� �a�n�d� �N�.� �T�a�k�a�h�a�s�h�i�.� �1�9�8�4�.� �B�i�o�l�o�g�y� �o�f� �R�i�c�e�.� 

�J�a�p�a�n� �s�c�i�e�n�t�i�f�i�c� �s�o�c�i�e�t�i�e�s� �p�r�e�s�s�,� �T�o�k�y�o�.� �P�p�.� �v�i�i�-�v�i�i�i�.� 

�W�a�l�b�o�t�,� �V�.� �a�n�d� �D�.� �G�a�l�l�i�e�.� �1�9�9�1�.� �G�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n� �r�i�c�e�.� 

�I�n�:� �R�i�c�e� �B�i�o�t�e�c�h�n�o�l�o�g�y�.� �E�d�.� �b�y� �G�.�S�.� �K�h�u�s�h� �a�n�d� �G�.�H�.� �T�o�n�i�e�s�s�e�n�.� 

�C�A�B� �i�n�t�e�r�n�a�t�i�o�n�a�l�.� �p�p�.� �2�2�5�-�2�5�2�.� 

�W�i�e�g�e�l�e�,� �T�.�C�.� �1�9�9�1�.� �B�i�o�t�e�c�h�n�o�l�o�g�y� �a�n�d� �I�n�t�e�r�n�a�t�i�o�n�a�l� 

�R�e�l�a�t�i�o�n�s�,� �t�h�e� �P�o�l�i�t�i�c�a�l� �D�i�m�e�n�s�i�o�n�.� �U�n�i�v�e�r�s�i�t�y� �o�f� �F�l�o�r�i�d�a� 

�P�r�e�s�s�.� �p�p�.� �2�1�-�2�3�.� �F�l�o�r�i�d�a�.� 
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�Y�u�,� �S�.�M�.�,� �Y�.�H�.� �K�u�o�,� �G�.� �S�h�e�u�,� �Y�.�J�.� �S�h�e�u�,� �a�n�d� �L�.�F�.� �L�i�u�.� 

�1�9�9�1�.� �M�e�t�a�b�o�l�i�c� �d�e�p�r�e�s�s�i�o�n� �o�f� �a�-�a�m�y�l�a�s�e� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n� 

�s�u�s�p�e�n�s�i�o�n�-�c�u�l�t�u�r�e�d� �c�e�l�l�s� �o�f� �r�i�c�e�.� �J�o�u�r�n�a�l� �o�f� �B�i�o�l�o�g�i�c�a�l� 

�C�h�e�m�i�s�t�r�y� �2�6�6�(�3�1�)� �:�2�1�1�3�1�-�2�1�1�3�7�.� 
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�P�a�r�t�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� 

�o�f� �r�i�c�e� �(�O�r�y�z�a� �s�a�t�i�v�a� �L�.�)� �B�-�g�l�u�c�o�s�i�d�a�s�e� 

�A�b�s�t�r�a�c�t� 

�R�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e�s� �w�e�r�e� �p�a�r�t�i�a�l�l�y� �p�u�r�i�f�i�e�d� �u�s�i�n�g� �a� 

�m�o�d�i�f�i�e�d� �m�e�t�h�o�d� �b�a�s�e�d� �o�n� �t�h�a�t� �o�f� �S�c�h�l�i�e�m�a�n�n� �(�1�9�8�4�)�.� �T�h�e� 

�p�u�r�i�f�i�c�a�t�i�o�n� �s�t�e�p�s� �i�n�c�l�u�d�e�d� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t�i�a�l� 

�s�o�l�u�b�i�l�i�t�y�,� �c�r�y�o�p�r�e�c�i�p�i�t�a�t�i�o�n�,� �a�n�d� �c�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�-� 

�g�r�a�p�h�y�.� �T�h�e� �p�a�r�t�i�a�l�l�y� �p�u�r�i�f�i�e�d� �e�n�z�y�m�e�s� �w�e�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �w�i�t�h� 

�r�e�s�p�e�c�t� �t�o� �t�h�e�i�r� �b�o�t�h� �n�a�t�i�v�e� �a�n�d� �d�e�n�a�t�u�r�e�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s�,� 

�p�I� �v�a�l�u�e�,� �p�H� �p�r�o�f�i�l�e� �o�f� �a�c�t�i�v�i�t�y�,� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�f�i�l�e� �o�f� 

�a�c�t�i�v�i�t�y�,� �p�H� �p�r�o�f�i�l�e� �o�f� �s�t�a�b�i�l�i�t�y�,� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�f�i�l�e� �o�f� 

�s�t�a�b�i�l�i�t�y�,� �a�c�t�i�v�i�t�y� �a�n�d� �s�t�a�b�i�l�i�t�y� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�e�l�e�c�t�e�d� 

�d�e�n�a�t�u�r�a�n�t�s� �a�n�d� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s�,� �s�u�b�s�t�r�a�t�e� �s�p�e�c�i�f�i�c�i�t�y�,� �a�n�d� 

�i�n�h�i�b�i�t�i�o�n� �b�y� �s�e�v�e�r�a�l� �k�n�o�w�n� �f�-�g�l�u�c�o�s�i�d�a�s�e� �i�n�h�i�b�i�t�o�r�s�.� 

�A�m�o�n�g� �t�h�e� �c�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �f�r�a�c�t�i�o�n�s�,� �I� 

�f�o�u�n�d� �t�w�o� �d�i�s�t�i�n�c�t� �p�e�a�k�s� �o�f� �o�N�P�G�a�s�e� �a�n�d� �p�N�P�g�a�s�e� �a�c�t�i�v�i�t�y�:� 

�f�r�a�c�t�i�o�n�-�1� �(�F�r�-�1�)� �a�n�d� �f�r�a�c�t�i�o�n�-�2� �(�F�r�-�2�)� �f�o�r�m�s�.� �T�h�e� �o�N�P�G�a�s�e� 

�a�c�t�i�v�i�t�y� �o�f� �t�h�e� �f�r�a�c�t�i�o�n�-�1� �f�o�r�m� �i�s� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �f�r�a�c�t�i�o�n�-�2� 

�a�c�t�i�v�i�t�y�.� �H�o�w�e�v�e�r�,� �t�h�e� �a�c�t�i�v�i�t�y� �l�e�v�e�l� �o�b�s�e�r�v�e�d� �o�n� �1�2� �%� �S�D�S�-� 

�P�A�G�E� �g�e�l�s�,� �d�e�t�e�c�t�e�d� �u�s�i�n�g� �6�-�B�N�G� �a�n�d� �f�a�s�t� �b�l�u�e� �B�B� �s�a�l�t� �d�y�e�,� �w�a�s� 

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�a�t� �e�x�p�e�c�t�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �s�p�e�c�t�r�o�-� 

�p�h�o�t�o�m�e�t�r�i�c� �a�s�s�a�y�s� �u�s�i�n�g� �p�N�P�G� �o�r� �O�N�P�G� �a�s� �s�u�b�s�t�r�a�t�e�s�.� �F�r�-�1� �h�a�s� 
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�n�o� �d�e�t�e�c�t�a�b�l�e� �6�-�B�N�G�a�s�e� �a�c�t�i�v�i�t�y� �b�a�n�d�,� �w�h�i�l�e� �F�r�-�2� �h�a�s� �a� 

�p�r�o�m�i�n�e�n�t� �6�-�B�N�G�a�s�e� �a�c�t�i�v�i�t�y� �b�a�n�d� �d�e�t�e�c�t�e�d� �a�f�t�e�r� �e�l�e�c�t�r�o�-� 

�p�h�o�r�e�s�i�s�.� �U�p�o�n� �f�u�r�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �t�h�e� 

�t�w�o� �f�o�r�m�s� �o�f� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e� �a�r�e� �d�i�f�f�e�r�e�n�t� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� 

�s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �d�e�n�a�t�u�r�a�t�i�o�n� �b�y� �S�D�S�,� �s�u�b�s�t�r�a�t�e� �s�p�e�c�i�f�i�c�i�t�y� 

�a�n�d� �s�o�m�e� �p�h�y�s�i�c�a�l�-�c�h�e�m�i�c�a�l� �p�r�o�p�e�r�t�i�e�s�.� �F�r�-�1� �i�s� �s�u�s�c�e�p�t�i�b�l�e� �t�o� 

�d�e�n�a�t�u�r�a�t�i�o�n� �b�y� �S�D�S� �a�n�d� �u�r�e�a�,� �a�n�d� �c�a�t�a�l�y�z�e�s� �s�p�e�c�i�f�i�c�a�l�l�y� �t�h�e� 

�h�y�d�r�o�l�y�s�i�s� �o�f� �s�e�v�e�r�a�l� �#�-�g�a�l�a�c�t�o�s�i�d�e�s� �(�p�N�P�G�a�l�,� �X�-�g�a�l�,� �a�n�d� �6�-� 

�B�N�G�a�l�)� �b�u�t� �n�o�t� �g�e�n�t�i�o�b�i�o�s�e� �a�n�d� �c�e�l�l�o�b�i�o�s�e�,� �a�n�d� �i�s� �s�t�a�b�l�e� �o�v�e�r� 

�p�H� �r�a�n�g�e� �(�4� �t�o� �1�0�)�.� �F�r�-�2�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�s� �m�o�r�e� �r�e�s�i�s�t�a�n�t� 

�t�o� �d�e�n�a�t�u�r�i�n�g� �a�g�e�n�t�s�,� �c�a�t�a�l�y�z�e�s� �t�h�e� �h�y�d�r�o�l�y�s�i�s� �o�f� �g�e�n�t�i�o�b�i�o�s�e� 

�a�n�d� �c�e�l�l�o�b�i�o�s�e�,� �b�u�t� �n�o�t� �a�n�y� �o�f� �t�h�e� �P�-�g�a�l�a�c�t�o�s�i�d�e�s� �m�e�n�t�i�o�n�e�d� 

�a�b�o�v�e�;� �i�t� �i�s� �r�e�l�a�t�i�v�e�l�y� �s�t�a�b�l�e� �a�t� �p�H� �9�,� �a�n�d� �l�e�s�s� �s�t�a�b�l�e� �a�t� 

�h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e�s� �t�h�a�n� �F�r�-�1�.� �B�o�t�h� �F�r�-�1� �a�n�d� �F�r�-�2� �a�r�e� �1�2�0� �k�D� 

�n�a�t�i�v�e� �d�i�m�e�r�s�,� �m�a�d�e� �u�p� �o�f� �6�0� �k�D� �m�o�n�o�m�e�r�s� 

�S�o�m�e� �a�b�b�r�e�v�i�a�t�i�o�n�s� �u�s�e�d�:� �p�N�P�G�/�G�a�l�,� �p�a�r�a�-�n�i�t�r�o�p�h�e�n�y�l� �B�-�D�-� 

�g�l�u�c�o�p�y�r�a�n�o�s�i�d�e�/�g�a�l�a�c�t�o�s�i�d�e�;� �o�N�P�G�,� �o�r�t�h�o�-�n�i�t�r�o�p�h�e�n�y�l� �f�-�D�-� 

�g�l�u�c�o�p�y�r�a�n�o�s�i�d�e�;� �6�-�B�N�G�/�G�a�l�,� �6�-�b�r�o�m�o�-�2�-�n�a�p�h�t�y�1�-�f�-�D�-� 

�g�l�u�c�o�p�y�r�a�n�o�s�i�d�e�/�g�a�l�a�c�t�o�s�i�d�e�;� �X�-�g�a�l�,� �5�-�b�r�o�m�o�-�4�-�c�h�l�o�r�o�-�3�-� 

�i�n�d�o�l�y�1�-�B�-�D�-�g�a�l�a�c�t�o�p�y�r�a�n�o�s�i�d�e�;� �S�D�S�,� �s�o�d�i�u�m� �d�o�d�e�c�y�l� �s�u�l�p�h�a�t�e�.� 
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�C�h�a�p�t�e�r� �2� 

�P�a�r�t�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� 

�o�f� �r�i�c�e� �(�O�r�y�z�a� �s�a�t�i�v�a�,� �L�.�)� �B�-�g�l�u�c�o�s�i�d�a�s�e� 

�2�.�1�.� �I�n�t�r�o�d�u�c�t�i�o�n� 

�2�.�1�.�1�.� �E�n�z�y�m�e� �p�u�r�i�f�i�c�a�t�i�o�n� 

�A� �(�p�l�a�n�t�)� �c�e�l�l� �c�o�n�t�a�i�n�s� �1�0�,�0�0�0�-�5�0�,�0�0�0� �d�i�f�f�e�r�e�n�t� �p�r�o�t�e�i�n�s� 

�w�i�t�h� �d�i�f�f�e�r�e�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�C�o�o�p�e�r�,� �1�9�7�7�)�;� �t�h�e�s�e� �p�r�o�t�e�i�n�s� 

�e�x�i�s�t� �i�n� �d�i�s�t�i�n�c�t� �c�o�m�p�a�r�t�m�e�n�t�s� �i�n� �t�h�e� �c�e�l�l�.� �T�h�e� �c�e�l�l� �i�s� 

�c�o�m�p�o�s�e�d� �o�f� �s�t�r�u�c�t�u�r�a�l� �a�n�d� �f�u�n�c�t�i�o�n�a�l� �p�r�o�t�e�i�n�s�.� �E�n�z�y�m�e�s� �b�e�l�o�n�g� 

�t�o� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �p�r�o�t�e�i�n�s�.� �I�t� �m�i�g�h�t� �b�e� �p�o�s�s�i�b�l�e�,� �i�n� �s�o�m�e� 

�c�a�s�e�s�,� �t�o� �d�e�t�e�c�t� �o�r� �t�e�s�t� �a�n� �e�n�z�y�m�e� �a�c�t�i�v�i�t�y� �w�h�i�l�e� �t�h�e� �e�n�z�y�m�e� 

�i�s� �s�t�i�l�l� �i�n� �t�h�e� �c�e�l�l� �o�r� �i�n� �a�n� �i�m�p�u�r�e� �s�t�a�t�e�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� 

�p�u�r�i�f�y� �a� �g�i�v�e�n� �e�n�z�y�m�e� �b�e�f�o�r�e� �a� �f�u�n�c�t�i�o�n�a�l� �e�n�z�y�m�e� �a�s�s�a�y� �i�s� 

�c�a�r�r�i�e�d� �o�u�t�;� �o�t�h�e�r�w�i�s�e� �t�h�e� �c�o�n�t�a�m�i�n�a�n�t�s� �m�a�y� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �t�h�e� 

�r�e�s�u�l�t�s�.� �T�h�e� �e�n�z�y�m�e� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �i�n�c�l�u�d�e�s� �b�i�o�l�o�g�i�c�a�l� 

�a�s�s�a�y�,� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �a�s�s�a�y� �c�o�n�d�i�t�i�o�n�s�,� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� 

�p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �i�n�c�l�u�d�i�n�g� �c�r�y�s�t�a�l�l�o�g�r�a�p�h�i�c� �s�t�u�d�y� �o�f� 

�t�e�r�t�i�a�r�y� �s�t�r�u�c�t�u�r�e�,� �a�n�t�i�b�o�d�y� �p�r�e�p�a�r�a�t�i�o�n�,� �a�n�d� �g�e�n�e� �c�l�o�n�i�n�g�.� 

�C�o�o�p�e�r� �(�1�9�7�7�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �e�n�z�y�m�e� �a�s�s�a�y� �m�u�s�t� 

�m�e�e�t� �f�o�u�r� �c�r�i�t�e�r�i�a�:� �a�b�s�o�l�u�t�e� �s�p�e�c�i�f�i�c�i�t�y�,� �h�i�g�h� �s�e�n�s�i�t�i�v�i�t�y�,� 

�h�i�g�h� �p�r�e�c�i�s�i�o�n�,� �a�n�d� �c�o�n�v�e�n�i�e�n�c�e�.� �T�h�e� �f�o�u�r� �c�r�i�t�e�r�i�a� �a�r�e� �m�e�t� 

�o�n�l�y� �i�f� �t�h�e� �m�o�s�t� �p�u�r�i�f�i�e�d� �e�n�z�y�m�e� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �a�n�d� �u�s�e�d�.� �A�n� 

�a�d�m�o�n�i�t�i�o�n� �f�r�o�m� �D�r�.� �A�r�t�h�u�r� �K�o�r�n�b�e�r�g� �(�E�s�e�n�,� �1�9�9�3�)� �i�s�:� �"�D�o�n�'�t� 

�w�a�s�t�e� �c�l�e�a�n� �t�h�i�n�k�i�n�g� �o�n� �d�i�r�t�y� �e�n�z�y�m�e�s�"�.� 
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�E�v�e�r�y� �p�r�o�t�e�i�n� �h�a�s� �p�r�o�p�e�r�t�i�e�s� �u�n�i�q�u�e� �t�o� �i�t�s�e�l�f�.� �A�s� �a� 

�r�e�s�u�l�t�,� �t�h�e�r�e� �a�r�e� �n�o� �u�n�i�v�e�r�s�a�l� �s�e�r�i�a�l� �s�t�e�p�s� �o�r� �p�r�o�t�o�c�o�l�s� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �p�r�o�t�e�i�n� �p�u�r�i�f�i�c�a�t�i�o�n�.� �I�n� �o�r�d�e�r� �t�o� �e�s�t�a�b�l�i�s�h� �a� 

�s�t�e�p�w�i�s�e� �p�r�o�c�e�d�u�r�e� �f�o�r� �p�u�r�i�f�i�c�a�t�i�o�n�,� �o�n�e� �t�a�k�e�s� �a�d�v�a�n�t�a�g�e� �o�f� 

�t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �p�r�o�t�e�i�n� �t�o� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d�,� �s�u�c�h� �a�s� 

�s�o�l�u�b�i�l�i�t�y� �i�n� �a� �s�a�l�t� �o�r� �s�o�l�v�e�n�t�,� �a�b�s�o�r�p�t�i�o�n� �p�r�o�p�e�r�t�i�e�s�,� 

�b�i�o�l�o�g�i�c�a�l� �f�u�n�c�t�i�o�n�,� �b�i�n�d�i�n�g� �a�f�f�i�n�i�t�y� �t�o� �o�t�h�e�r� �m�o�l�e�c�u�l�e�s�,� 

�i�o�n�i�c� �c�h�a�r�g�e�,� �a�n�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �(�V�o�e�t� �a�n�d� �V�o�e�t�,� �1�9�9�1�)�.� 

�2�.�1�.�1�.� �B�P�-�g�l�u�c�o�s�i�d�a�s�e� �p�u�r�i�f�i�c�a�t�i�o�n� 

�T�h�e� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �B�-�g�l�u�c�o�s�i�d�a�s�e� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �p�l�a�n�t�s� 

�h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �p�r�o�t�o�c�o�l�s�.� �E�s�e�n� �(�1�9�9�2�)� 

�i�s�o�l�a�t�e�d� �t�h�e� �m�a�i�z�e� �B�p�-�g�l�u�c�o�s�i�d�a�s�e� �f�r�o�m� �c�o�l�e�o�p�t�i�l�e�s� �o�f� �5�-�6� �d�a�y�-� 

�o�l�d� �s�e�e�d�l�i�n�g�s�.� �T�h�e� �i�s�o�l�a�t�i�o�n� �s�t�e�p�s� �w�e�r�e� �c�r�y�o�p�r�e�c�i�p�i�t�a�t�i�o�n� �i�n� 

�5�0� �m�M� �s�o�d�i�u�m� �a�c�e�t�a�t�e� �p�H� �4�.�6� �f�o�l�l�o�w�i�n�g� �e�x�t�r�a�c�t�i�o�n� �a�n�d� �A�c�c�e�l� �C�M� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� �a� �4�.�8�-�6�.�8� �p�H� �g�r�a�d�i�e�n�t� �o�f� �5�0� �m�M� �s�o�d�i�u�m� 

�a�c�e�t�a�t�e� �t�o� �e�l�u�t�e� �t�h�e� �b�o�u�n�d� �p�r�o�t�e�i�n�.� �H�e� �e�n�d�e�d� �u�p� �w�i�t�h� �t�w�o� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�i�c�a�l�l�y� �d�i�s�t�i�n�c�t� �h�o�m�o�g�e�n�e�o�u�s� �e�n�z�y�m�e� �f�r�a�c�t�i�o�n�s�.� 

�C�u�e�v�a�s� �e�t� �a�l�.� �(�1�9�9�2�)� �p�a�r�t�i�a�l�l�y� �p�u�r�i�f�i�e�d� �t�h�e� �m�a�i�z�e� �6�-� 

�g�l�u�c�o�s�i�d�a�s�e� �a�n�d� �f�o�u�n�d� �t�w�o� �t�y�p�e�s� �o�f� �e�n�z�y�m�e�s� �f�r�o�m� �l�e�a�v�e�s� �o�f� �8�-�1�6� 

�d�a�y�-�o�l�d� �s�e�e�d�l�i�n�g�s�:� �o�n�e� �h�a�d� �s�p�e�c�i�f�i�c�i�t�y� �f�o�r� �h�y�d�r�o�x�a�m�i�c� �a�c�i�d� 

�(�h�x�)� �g�l�u�c�o�s�i�d�e�s�,� �a�n�d� �t�h�e� �o�t�h�e�r� �f�o�r� �p�a�r�a�-�n�i�t�r�o�p�h�e�n�y�l� �f�-�D�-� 

�g�l�u�c�o�p�y�r�a�n�o�s�i�d�e� �(�p�N�P�G�)�.� �T�h�e� �p�N�P�G� �f�-�g�l�u�c�o�s�i�d�a�s�e� �h�a�d� �a� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �o�f� �1�5�8�,�0�0�0� �k�d� �a�n�d� �a� �p�I� �o�f� �4�.�8�;� �t�h�e� �h�x� �B�-�g�l�u�c�o�s�i�d�a�s�e� �w�a�s� 

�6�0�,�0�0�0� �k�d� �a�n�d� �h�a�d� �a� �p�I� �o�f� �6�.�4�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� 

�3�0



�t�h�e� �p�N�P�G� �B�-�g�l�u�c�o�s�i�d�a�s�e� �w�a�s� �v�e�r�y� �l�o�w� �i�n� �s�e�e�d�l�i�n�g�s� �o�l�d�e�r� �t�h�a�n� �a�n� 

�8�-�d�a�y�-�o�l�d�,� �w�h�i�l�e� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �h�y�d�r�o�x�a�m�i�c� �a�c�i�d� �B�-�g�l�u�c�o�s�i�d�a�s�e� 

�a�t� �t�h�e� �s�a�m�e� �a�g�e� �a�l�s�o� �d�e�c�r�e�a�s�e�d� �b�u�t� �n�o�t� �a�s� �d�r�a�s�t�i�c�a�l�l�y� �a�s� �t�h�a�t� 

�o�f� �t�h�e� �p�N�P�G� �f�B�-�g�l�u�c�o�s�i�d�a�s�e�.� �T�h�e�i�r� �p�u�r�i�f�i�c�a�t�i�o�n� �u�t�i�l�i�z�e�d� �g�e�l� 

�f�i�l�t�r�a�t�i�o�n�,� �a�n�d� �c�h�r�o�m�a�t�o�f�o�c�u�s�i�n�g�.� 

�L�i�n�a�m�a�r�a�s�e� �f�r�o�m� �c�a�s�s�a�v�a� �(�M�a�n�i�h�o�t� �e�s�c�u�l�e�n�t�a� �C�r�a�n�t�z�)� �l�e�a�v�e�s� 

�w�a�s� �p�u�r�i�f�i�e�d� �b�y� �M�k�p�o�n�g� �e�t� �a�l�.� �(�1�9�9�0�)�.� �T�h�e�i�r� �p�u�r�i�f�i�c�a�t�i�o�n� �s�t�e�p�s� 

�i�n�v�o�l�v�e�d� �h�o�m�o�g�e�n�i�z�a�t�i�o�n� �i�n� �0�.�1� �M� �s�o�d�i�u�m� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r� �p�H� 

�3�.�5�,� �4�0�%� �a�m�m�o�n�i�u�m� �s�u�l�f�a�t�e� �p�r�e�c�i�p�i�t�a�t�i�o�n�,� �d�i�a�l�y�s�i�s� �a�g�a�i�n�s�t� �0�.�0�5� 

�M� �s�o�d�i�u�m� �p�h�o�s�p�h�a�t�e� �(�p�H� �4�.�5�)�,� �t�r�e�a�t�m�e�n�t� �t�w�i�c�e� �w�i�t�h� �0�.�3� �g�r�a�m� 

�a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l� �p�e�r� �1�0� �m�l� �s�a�m�p�l�e�,� �r�e�p�r�e�c�i�p�i�t�a�t�i�o�n� �w�i�t�h� �4�0�%� 

�a�m�m�o�n�i�u�m� �s�u�l�f�a�t�e�,� �d�i�a�l�y�s�i�s�,� �a�n�d� �g�e�l� �f�i�l�t�r�a�t�i�o�n� �o�n� �S�e�p�h�a�d�e�x� �G�-� 

�2�0�0�.� 

�N�o�k� �a�n�d� �I�k�e�d�i�o�b�i� �(�1�9�9�0�)� �a�l�s�o� �p�u�r�i�f�i�e�d� �c�a�s�s�a�v�a� �l�i�n�a�m�a�r�a�s�e� 

�f�r�o�m� �t�h�e� �c�o�r�t�e�x� �u�s�i�n�g� �a� �s�e�r�i�a�l� �t�e�c�h�n�i�q�u�e� �i�n�c�l�u�d�i�n�g� �a�c�e�t�o�n�e� 

�p�r�e�c�i�p�i�t�a�t�i�o�n�,� �a�m�m�o�n�i�u�m� �s�u�l�f�a�t�e� �f�r�a�c�t�i�o�n�a�t�i�o�n�,� �g�e�l� �f�i�l�t�r�a�t�i�o�n�,� 

�a�n�d� �i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� �L�i�n�a�m�a�r�a�s�e� �h�a�d� �t�w�o� �f�o�r�m�s�;� 

�t�h�e�y� �w�e�r�e� �s�i�m�i�l�a�r� �i�n� �t�e�r�m� �o�f� �c�a�t�a�l�y�t�i�c� �a�c�t�i�v�i�t�y�,� �b�u�t� �d�i�f�f�e�r�e�n�t� 

�i�n� �t�h�e�i�r� �r�a�t�e�s�.� 

�C�o�n�i�f�e�r�i�n� �B�-�g�l�u�c�o�s�i�d�a�s�e� �o�f� �c�h�i�c�k� �p�e�a� �(�C�i�c�e�r� �a�r�i�e�t�i�n�u�m� �L�.�)� 

�s�u�s�p�e�n�s�i�o�n� �c�u�l�t�u�r�e�s� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �H�o�s�e�l� �e�t� �a�l�.� �(�1�9�7�8�)�.� �T�h�e� 

�s�e�r�i�a�l� �p�r�o�c�e�d�u�r�e�s� �i�n�v�o�l�v�e�d� �c�e�l�l� �c�o�l�l�e�c�t�i�o�n�,� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �t�o� 

�o�b�t�a�i�n� �t�h�e� �c�r�u�d�e� �c�e�l�l� �w�a�l�l� �f�r�a�c�t�i�o�n�s�,� �6�5�%� �a�m�m�o�n�i�u�m� �s�u�l�f�a�t�e� 

�p�r�e�c�i�p�i�t�a�t�i�o�n�,� �S�e�p�h�a�d�e�x� �G�-�2�5� �c�o�l�u�m�n �� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� 

�u�l�t�r�a�f�i�l�t�r�a�t�i�o�n�,� �a�n�d� �S�e�p�h�a�d�e�x� �G�-�2�0�0� �c�o�l�u�m�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� 
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�T�h�e�y� �p�o�o�l�e�d� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �t�h�e� �c�o�n�i�f�e�r�i�n� �$�-�g�l�u�c�o�s�i�d�a�s�e� �b�y� 

�u�s�i�n�g� �u�l�t�r�a�f�i�l�t�r�a�t�i�o�n� �a�n�d� �e�v�e�n�t�u�a�l�l�y� �s�e�p�a�r�a�t�e�d� �t�h�e� �e�n�z�y�m�e� �o�n� 

�t�h�e� �b�a�s�i�s� �o�f� �c�h�a�r�g�e� �u�s�i�n�g� �C�M�-�s�e�p�h�a�d�e�x� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� 

�C�h�e�r�o�n� �e�t� �a�l�.� �(�1�9�9�0�)� �p�u�r�i�f�i�e�d� �c�e�l�l� �w�a�l�l� �b�o�u�n�d� �6�-� 

�g�l�u�c�o�s�i�d�a�s�e� �f�r�o�m� �a� �s�o�y�b�e�a�n� �(�G�l�y�c�i�n�e� �m�a�x� �(�L�.�)� �M�e�r�r�.�)� �c�e�l�l� 

�c�u�l�t�u�r�e� �h�a�r�v�e�s�t�e�d� �d�u�r�i�n�g� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l� �g�r�o�w�t�h� �p�h�a�s�e�.� �T�h�e�y� 

�u�s�e�d� �C�M�-�t�r�i�s�a�c�r�y�l� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �a�n�d� �e�l�u�t�e�d� �t�h�e� �b�o�u�n�d� �e�n�z�y�m�e� 

�w�i�t�h� �a� �l�i�n�e�a�r� �g�r�a�d�i�e�n�t� �o�f� �0�.�1�5�-�0�.�2�5� �M� �s�u�c�c�i�n�a�t�e�.� �T�h�i�s� 

�p�r�o�c�e�d�u�r�e� �y�i�e�l�d�e�d� �e�n�z�y�m�e� �p�r�e�p�a�r�a�t�i�o�n� �w�i�t�h� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �o�f� 

�3�3�0�0� �u�n�i�t�s� �(�p�m�o�l�/�m�i�n�/�m�g�)�.� 

�R�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e�,� �w�h�i�c�h� �h�y�d�r�o�l�y�z�e�d� �c�o�n�j�u�g�a�t�e�d� 

�g�i�b�b�e�r�e�l�l�i�n� �f�r�o�m� �d�w�a�r�f�-�r�i�c�e� �(�0�.� �s�a�t�i�v�a� �c�v�.� �T�a�n�-�g�i�n�b�o�z�u�)�,� �w�a�s� 

�p�a�r�t�i�a�l�l�y� �p�u�r�i�f�i�e�d� �b�y� �S�c�h�l�i�e�m�a�n�n� �(�1�9�8�4�)�.� �T�h�e� �p�u�r�i�f�i�c�a�t�i�o�n� 

�i�n�v�o�l�v�e�d� �e�x�t�r�a�c�t�i�o�n�,� �9�0�%� �a�m�m�o�n�i�u�m� �p�r�e�c�i�p�i�t�a�t�i�o�n�,� �d�i�a�l�y�s�i�s� 

�a�g�a�i�n�s�t� �M�c�I�l�v�a�i�n�e� �b�u�f�f�e�r� �(�1�0�0� �m�M� �c�i�t�r�i�c� �a�c�i�d� �a�n�d� �2�0�0� �m�M� �s�o�d�i�u�m� 

�p�h�o�s�p�h�a�t�e� �d�i�b�a�s�i�c�,� �p�H� �5�)�,� �a�n�d� �C�M�-�s�e�p�h�a�d�e�x� �C�-�5�0� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� 

�T�h�e� �f�r�a�c�t�i�o�n�s� �c�o�n�t�a�i�n�i�n�g� �f�-�g�l�u�c�o�s�i�d�a�s�e� �a�c�t�i�v�i�t�y� �w�e�r�e� 

�p�r�e�c�i�p�i�t�a�t�e�d� �b�y� �9�0�%� �a�m�m�o�n�i�u�m� �s�u�l�f�a�t�e�,� �a�n�d� �d�i�a�l�y�z�e�d� �a�g�a�i�n�s�t� �t�h�e� 

�M�c�I�l�v�a�i�n�e� �b�u�f�f�e�r� �(�p�H� �5�)�.� �S�c�h�l�i�e�m�a�n�n� �f�o�u�n�d� �f�o�u�r� �d�i�f�f�e�r�e�n�t� �p�e�a�k�s� 

�o�f� �p�N�P�G�a�s�e� �a�c�t�i�v�i�t�y�.� 

�R�i�c�e� �b�r�a�n� �f�-�g�l�u�c�o�s�i�d�a�s�e� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �I�w�a�m�i� �a�n�d� 

�Y�a�s�u�m�o�t�o� �(�1�9�8�6�)�.� �F�i�r�s�t�,� �t�h�e� �r�i�c�e� �b�r�a�n� �w�a�s� �d�e�f�a�t�t�e�d� �u�s�i�n�g� �c�o�l�d� 

�e�t�h�a�n�o�l� �a�n�d� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r� �p�H� �6�.�8�.� �T�h�e� 

�p�u�r�i�f�i�c�a�t�i�o�n� �s�t�e�p�s� �i�n�v�o�l�v�e�d� �4�0�-�7�0�%� �a�m�m�o�n�i�u�m� �s�u�l�p�h�a�t�e� �c�u�t�,� �D�E�A�E� 

�S�e�p�h�a�d�e�x� �c�o�l�u�m�n� �(�a�n�i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�)�,� �a�n�d� �C�M�-� 

�3�2



�S�e�p�h�a�d�e�x� �c�o�l�u�m�n� �(�c�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�)�.� �T�h�e� �e�n�z�y�m�e�s� 

�b�o�u�n�d� �t�o� �t�h�e� �r�e�s�i�n�s� �w�e�r�e� �e�l�u�t�e�d� �w�i�t�h� �i�o�n�i�c� �s�t�r�e�n�g�t�h� �g�r�a�d�i�e�n�t� 

�o�f� �a�c�e�t�a�t�e� �b�u�f�f�e�r� �p�H� �5�.�3�.� �I�w�a�m�i� �a�n�d� �Y�a�s�u�m�o�t�o� �f�o�u�n�d� �t�h�r�e�e� �p�e�a�k�s� 

�o�f� �r�i�c�e� �f�-�g�l�u�c�o�s�i�d�a�s�e� �a�c�t�i�v�i�t�y� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e�i�r� 

�i�s�o�e�l�e�c�t�r�i�c� �f�o�c�u�s�i�n�g� �(�p�I�)� �v�a�l�u�e�,� �w�h�i�c�h� �w�e�r�e� �5�.�6�,� �6�.�7�,� �a�n�d� �8�.�2�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�B�a�s�e�d� �o�n� �t�h�e� �w�o�r�k� �b�y� �S�c�h�l�i�e�m�a�n�n� �(�1�9�8�4�)�,� �a�n�d� �I�w�a�m�i� �a�n�d� 

�Y�a�s�u�m�o�t�o� �(�1�9�8�6�)�,� �i�t� �i�s� �o�b�v�i�o�u�s� �t�h�a�t� �r�i�c�e� �$�-�g�l�u�c�o�s�i�d�a�s�e� 

�c�o�n�s�i�s�t�s� �o�f� �m�o�r�e� �t�h�a�n� �o�n�e� �f�o�r�m�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�h�y�s�i�c�a�l� �a�n�d� 

�b�i�o�c�h�e�m�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �e�n�z�y�m�e�s� �r�e�m�a�i�n�s� �u�n�k�n�o�w�n�.� 

�H�y�p�o�t�h�e�s�i�s�:� 

�T�h�e� �d�i�f�f�e�r�e�n�t� �f�o�r�m�s� �o�f� �r�i�c�e� �f�P�-�g�l�u�c�o�s�i�d�a�s�e� �c�a�n� �b�e� 

�d�i�s�t�i�n�g�u�i�s�h�e�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e�i�r� �p�r�o�p�e�r�t�i�e�s�:� �s�u�b�s�t�r�a�t�e� 

�s�p�e�c�i�f�i�c�i�t�i�e�s�,� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �d�e�n�a�t�u�r�i�n�g� �a�g�e�n�t�s�,� �e�t�c�.� 

�H�e�r�e�,� �I� �r�e�p�o�r�t� �p�a�r�t�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e�,� �a�n�d� 

�t�h�e� �p�h�y�s�i�c�a�l� �a�n�d� �b�i�o�c�h�e�m�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�w�o� �d�i�s�t�i�n�c�t� �f�-� 

�g�l�u�c�o�s�i�d�a�s�e�s� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g�:� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�o�f� �t�h�e� �e�n�z�y�m�e� �i�n� �b�o�t�h� �n�a�t�i�v�e� �a�n�d� �d�e�n�a�t�u�r�e�d� �f�o�r�m�,� �p�H� �p�r�o�f�i�l�e� �o�f� 

�a�c�t�i�v�i�t�y�,� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�f�i�l�e� �o�f� �a�c�t�i�v�i�t�y�,� �p�H� �p�r�o�f�i�l�e� �o�f� 

�s�t�a�b�i�l�i�t�y�,� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�f�i�l�e� �o�f� �s�t�a�b�i�l�i�t�y�,� �a�c�t�i�v�i�t�y� �a�n�d� 

�s�t�a�b�i�l�i�t�y� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�e�l�e�c�t�e�d� �d�e�n�a�t�u�r�a�n�t� �a�n�d� 

�m�o�d�i�f�i�e�r�s�,� �s�u�b�s�t�r�a�t�e� �s�p�e�c�i�f�i�c�i�t�y� �u�s�i�n�g� �k�n�o�w�n� �a�r�t�i�f�i�c�i�a�l� �a�n�d� 

�n�a�t�u�r�a�l� �s�u�b�s�t�r�a�t�e�s� �(�e�.�g�.�,� �g�l�y�c�o�n�e� �a�n�d� �a�g�l�y�c�o�n�e� �s�p�e�c�i�f�i�c�i�t�y�,� �K�m� 

�a�n�d� �V�m� �v�a�l�u�e�s�)�,� �r�e�s�i�s�t�a�n�c�e� �t�o� �p�r�o�t�e�a�s�e�s�,� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� 

�i�n�h�i�b�i�t�o�r�s�,� �a�n�d� �t�y�p�e�s� �o�f� �i�n�h�i�b�i�t�i�o�n�.� 
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�2�.�2�.� �M�a�t�e�r�i�a�l� �a�n�d� �M�e�t�h�o�d�s� 

�2�.�2�.�1�.� �M�a�t�e�r�i�a�l� 

�"�O�r�i�o�n�"� �r�i�c�e� �s�e�e�d�s� �w�e�r�e� �k�i�n�d�l�y� �p�r�o�v�i�d�e�d� �b�y� �D�r�.� �A�.�K�.� 

�M�o�l�d�e�n�h�a�u�e�r� �(�R�i�c�e� �R�e�s�e�a�r�c�h� �a�n�d� �E�x�t�e�n�s�i�o�n� �C�e�n�t�e�r�,� �U�n�i�v�e�r�s�i�t�y� �o�f� 

�A�r�k�a�n�s�a�s�,� �S�t�u�t�t�g�a�r�t�,� �A�r�k�a�n�s�a�s�)�,� 

�2�.�2�.�2�.� �M�e�t�h�o�d�o�l�o�g�y� 

�2�.�2�.�2�.�1�.� �S�o�u�r�c�e� �o�f� �e�n�z�y�m�e�:� �R�i�c�e� �s�e�e�d�s� �w�e�r�e� �s�o�w�n� �o�n� �t�h�r�e�e� 

�l�a�y�e�r�s� �o�f� �m�o�i�s�t�e�n�e�d� �K�i�m�w�i�p�e� �p�a�p�e�r� �i�n�a� �g�l�a�s�s� �d�i�s�h� �c�o�v�e�r�e�d� �w�i�t�h� 

�S�a�r�a�n� �w�r�a�p�.� �A�t� �d�a�y� �4� �o�r� �5�,� �t�h�e� �s�e�e�d�l�i�n�g�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �a�n�d� 

�t�h�e� �r�e�m�n�a�n�t� �o�f� �t�h�e� �s�e�e�d�s� �w�e�r�e� �r�e�m�o�v�e�d�.� �T�h�e� �s�e�e�d�l�e�s�s� �s�e�e�d�l�i�n�g�s� 

�(�m�o�s�t�l�y� �c�o�l�e�o�p�t�i�l�e�s� �w�i�t�h� �l�e�a�f� �p�r�i�m�o�r�d�i�a� �a�n�d� �s�h�o�o�t� �a�p�e�x�,� 

�m�e�s�o�c�o�t�y�l� �a�n�d� �p�r�i�m�a�r�y� �r�o�o�t�)� �w�e�r�e� �w�e�i�g�h�e�d� �a�n�d� �f�r�o�z�e�n� �a�t� �-�8�0�°�C� 

�a�n�d� �u�s�e�d� �a�s� �s�o�u�r�c�e� �f�o�r� �e�n�z�y�m�e� �e�x�t�r�a�c�t�i�o�n� �w�h�e�n�e�v�e�r� �n�e�e�d�e�d�,� 

�u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �s�t�a�t�e�d�.� 

�E�x�t�r�a�c�t�a�b�i�l�i�t�y� 

�I�n� �o�r�d�e�r� �t�o� �k�n�o�w� �i�t�s� �e�x�t�r�a�c�t�a�b�i�l�i�t�y�,� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e� 

�w�a�s� �g�r�o�u�n�d� �a�n�d� �d�i�s�s�o�l�v�e�d� �(�a�t� �w�e�i�g�h�t�:�v�o�l�u�m�e� �r�a�t�i�o� �=� �1�:�3�)� �w�i�t�h� 

�b�u�f�f�e�r�s� �a�t� �d�i�f�f�e�r�e�n�t� �p�H� �a�n�d� �i�o�n�i�c� �s�t�r�e�n�g�t�h�.� �M�o�n�o�v�a�l�e�n�t� �b�u�f�f�e�r�s� 

�a�t� �5�0� �m�M� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �u�s�e�d� �w�i�t�h� �t�h�e� �p�H� �r�a�n�g�i�n�g� �f�r�o�m� 

�3� �t�o� �1�0�.� �W�h�e�n� �i�o�n�i�c� �s�t�r�e�n�g�t�h� �w�a�s� �c�o�n�s�i�d�e�r�e�d�,� �0�.�2� �M� �s�o�d�i�u�m� 

�c�h�l�o�r�i�d�e� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �b�u�f�f�e�r�.� �T�h�e� �e�x�t�r�a�c�t�s� 

�d�i�s�s�o�l�v�e�d� �i�n� �d�i�f�f�e�r�e�n�t� �p�H� �b�u�f�f�e�r� �a�n�d� �i�o�n�i�c� �s�t�r�e�n�g�t�h� �w�e�r�e� 
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�a�s�s�a�y�e�d� �f�o�r� �p�N�P�G� �a�c�t�i�v�i�t�y�.� 

�2�.�2�.�2�.�2�.� �E�n�z�y�m�e� �e�x�t�r�a�c�t�i�o�n� �a�n�d� �p�a�r�t�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n�:� 

�4�0�g�r�a�m� �f�r�o�z�e�n� �s�e�e�d�l�i�n�g� �p�a�r�t�s� �w�e�r�e� �g�r�o�u�n�d� �i�n� �a� �c�h�i�l�l�e�d� �m�o�r�t�a�r� 

�a�n�d� �s�u�s�p�e�n�d�e�d� �i�n� �1�2�0�m�l� �o�f� �1�0�0� �m�M� �c�i�t�r�i�c� �a�c�i�d�,� �2�0�0� �m�M� �s�o�d�i�u�m� 

�p�h�o�s�p�h�a�t�e� �(�d�i�b�a�s�i�c�)�,� �p�H� �5�.� �A�f�t�e�r� �3�0�-�6�0� �m�i�n� �o�f� �i�n�c�u�b�a�t�i�o�n� �o�n� 

�i�c�e� �t�h�e� �h�o�m�o�g�e�n�a�t�e�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�0�,�0�0�0� �g� �f�o�r� �1�5� �m�i�n� 

�a�n�d� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t�s� �(�c�r�u�d�e� �e�x�t�r�a�c�t�)� �w�e�r�e� �s�a�v�e�d�.� �F�o�r� �s�e�c�o�n�d� 

�e�x�t�r�a�c�t�i�o�n�,� �t�h�e� �p�e�l�l�e�t� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �6�0� �m�l� �o�f� �t�h�e� �b�u�f�f�e�r� 

�a�n�d� �t�h�e� �h�o�m�o�g�e�n�a�t�e�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d�.� �B�o�t�h� �c�r�u�d�e� �e�x�t�r�a�c�t�s� �w�e�r�e� 

�c�o�m�b�i�n�e�d� �a�n�d� �f�r�o�z�e�n� �a�t� �-�2�0�°�C� �f�o�r� �a�t� �l�e�a�s�t� �6� �h�o�u�r�s�,� �t�h�e�n� 

�t�h�a�w�e�d�,� �a�n�d� �r�e�c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�0�,�0�0�0� �g� �f�o�r� �1�5� �m�i�n� �t�o� �r�e�m�o�v�e� 

�p�r�e�c�i�p�i�t�a�t�e�d� �c�o�n�t�a�m�i�n�a�t�i�n�g� �p�r�o�t�e�i�n�.� 

�1�5�0�m�l� �o�f� �t�h�a�w�e�d� �e�x�t�r�a�c�t� �w�a�s� �d�i�l�u�t�e�d� �4�-�f�o�l�d� �w�i�t�h� �d�i�s�t�i�l�l�e�d� 

�d�e�i�o�n�i�z�e�d� �w�a�t�e�r� �a�n�d� �l�o�a�d�e�d� �o�n�t�o� �a� �c�o�l�u�m�n� �o�f� �A�c�c�e�l�l� �C�a�r�b�o�x�y�-� 

�M�e�t�h�y�l� �(�c�a�t�i�o�n� �e�x�c�h�a�n�g�e�r�,� �W�a�t�e�r� �C�o�.�)� �(�3�0� �c�m� �h�i�g�h� �a�n�d� �1�.�5� �c�m� 

�d�i�a�m�e�t�e�r�)� �e�q�u�i�l�i�b�r�a�t�e�d� �w�i�t�h� �2�5� �m�M� �c�i�t�r�i�c� �a�c�i�d� �5�0� �m�M� �p�h�o�s�p�h�a�t�e� 

�b�u�f�f�e�r�,� �p�H� �5�.� �T�h�e� �c�o�n�s�t�a�n�t� �f�l�o�w�r�a�t�e� �f�o�r� �t�h�e� �l�o�a�d�i�n�g� �w�a�s� 

�0�.�2�5�m�l�/�m�i�n�.� �T�h�e� �p�r�o�t�e�i�n� �b�o�u�n�d� �t�o� �t�h�e� �r�e�s�i�n� �w�a�s� �e�l�u�t�e�d� �b�y� �u�s�i�n�g� 

�a� �n�o�n�e� �t�o� �1� �M� �g�r�a�d�i�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �s�o�d�i�u�m� �c�h�l�o�r�i�d�e� �i�n� �t�h�e� 

�b�u�f�f�e�r�,� �a�t� �a� �c�o�n�s�t�a�n�t� �f�l�o�w�r�a�t�e� �o�f� �1�.�6�m�l�/�m�i�n�.� �T�h�e� �g�r�a�d�i�e�n�t� 

�m�i�x�t�u�r�e� �w�a�s� �m�a�d�e� �a�n�d� �m�o�n�i�t�o�r�e�d� �i�n� �t�h�e� �L�K�B� �1�1�3�0�0� �u�l�t�r�o�g�r�a�d� 

�g�r�a�d�i�e�n�t� �m�i�x�e�r�.� �T�h�e� �f�r�a�c�t�i�o�n�s� �c�o�n�t�a�i�n�i�n�g� �p�N�P�G� �a�c�t�i�v�i�t�y� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �a�n�d� �d�e�s�a�l�t�e�d� �b�y� �u�s�i�n�g� �a� �c�o�l�u�m�n� �o�f� �S�e�p�h�a�d�e�x� �G�-�1�0� �(�g�e�l� 

�f�i�l�t�r�a�t�i�o�n�,� �P�h�a�r�m�a�c�i�a�)� �e�q�u�i�l�i�b�r�a�t�e�d� �w�i�t�h� �2�5� �m�M� �a�m�m�o�n�i�u�m� 

�a�c�e�t�a�t�e� �b�u�f�f�e�r� �(�p�H� �5�)� �a�n�d� �c�o�n�c�e�n�t�r�a�t�e�d� �b�y� �f�r�e�e�z�e�-�d�r�y�i�n�g�.� �T�h�e� 
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�d�e�s�a�l�t�e�d� �m�a�t�e�r�i�a�l�s� �w�e�r�e� �k�e�p�t� �i�n� �t�h�e� �-�8�0�°�C� �f�r�e�e�z�e�r� �u�n�t�i�l� �t�h�e�y� 

�w�e�r�e� �r�e�a�d�y� �f�o�r� �a�s�s�a�y�.� 

�2�.�2�.�2�.�3�.� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e�s� 

�1�.� �M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �e�s�t�i�m�a�t�i�o�n� �f�o�r� �r�i�c�e� �f�p�-�g�l�u�c�o�s�i�d�a�s�e�s�.� 

�1�.�1�.� �N�a�t�i�v�e� �f�o�r�m� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �e�s�t�i�m�a�t�i�o�n�.� 

�N�a�t�i�v�e� �f�o�r�m� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �e�n�z�y�m�e�s� �w�a�s� �e�s�t�i�m�a�t�e�d� 

�b�y� �l�o�a�d�i�n�g� �a�n� �e�x�t�r�a�c�t� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �r�i�c�e� �f�B�-�g�l�u�c�o�s�i�d�a�s�e� �a�n�d� 

�s�e�v�e�r�a�l� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �m�a�r�k�e�r�s� �o�n�t�o� �S�e�p�h�a�c�r�y�l� �H�R�-�2�0�0� �c�o�l�u�m�n� 

�(�8�0� �c�m� �h�i�g�h� �a�n�d� �2�.�5� �c�m� �d�i�a�m�e�t�e�r�)�.� �T�h�e� �p�o�s�i�t�i�o�n� �o�f� �f�-� 

�g�l�u�c�o�s�i�d�a�s�e� �i�n� �t�h�e� �f�r�a�c�t�i�o�n�s� �c�a�n� �b�e� �i�d�e�n�t�i�f�i�e�d� �i�n� �c�o�m�p�a�r�i�s�o�n� 

�t�o� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �m�a�r�k�e�r�s�.� �T�h�e� �m�a�r�k�e�r�s� �u�s�e�d� �w�e�r�e� �B�-� 

�g�a�l�a�c�t�o�s�i�d�a�s�e� �o�f� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �(�M�i�g�u�l�a�)� �C�a�s�t�e�l�l�a�n�i� �a�n�d� 

�C�h�a�l�m�e�r�s� �(�m�o�n�o�m�e�r�i�c� �f�o�r�m� �=� �1�1�6� �k�D�)�,� �h�o�r�s�e�r�a�d�i�s�h� �(�A�r�m�o�r�a�c�i�a� 

�r�u�s�t�i�c�a�n�a� �G�a�e�r�t�n�.�,� �M�e�y�.� �&� �S�c�h�e�r�b�.�)� �p�e�r�o�x�i�d�a�s�e� �(�4�4� �k�D�)�,� �a�n�d� 

�b�o�v�i�n�e� �s�e�r�u�m� �a�l�b�u�m�i�n� �(�6�8� �k�D�)�.� 

�1�.�2�.� �E�s�t�i�m�a�t�i�o�n� �o�f� �d�e�n�a�t�u�r�e�d� �f�o�r�m� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� 

�T�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �d�e�n�a�t�u�r�e�d� �f�o�r�m� �o�f� �b�o�t�h� �F�r�-�1� �a�n�d� 

�F�r�-�2� �o�f� �r�i�c�e� �f�P�-�g�l�u�c�o�s�i�d�a�s�e� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �o�n� �1�2�%� �S�D�S� 

�p�o�l�y�a�c�r�y�l�a�m�i�d�e� �g�e�l�s�.� �A�f�t�e�r� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�,� �t�h�e� �g�e�l�s� �w�e�r�e� 

�s�t�a�i�n�e�d� �f�o�r� �t�h�e� �f�P�-�g�l�u�c�o�s�i�d�a�s�e� �a�c�t�i�v�i�t�y� �a�n�d� �p�r�o�t�e�i�n�.� �T�h�e� 

�p�o�s�i�t�i�o�n� �o�f� �a�c�t�i�v�i�t�y� �b�a�n�d� �a�n�d� �p�r�o�t�e�i�n� �b�a�n�d� �o�f� �t�h�e� �e�n�z�y�m�e�s� �w�e�r�e� 

�c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �k�n�o�w�n� �m�o�l�e�c�u�l�a�r� �s�i�z�e� �m�a�r�k�e�r�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�m�o�l�e�c�u�l�a�r� �w�i�g�h�t� �o�f� �d�e�n�a�t�u�r�e�d� �f�o�r�m� �c�o�u�l�d� �b�e� �e�s�t�i�m�a�t�e�d�.� 

�2�.� �I�s�o�e�l�e�c�t�r�i�c� �f�o�c�u�s�i�n�g� �(�p�I� �v�a�l�u�e�)� �o�f� �t�h�e� �e�n�z�y�m�e�s�.� 

�T�h�e� �p�I� �v�a�l�u�e� �o�f� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e� �w�a�s� �e�s�t�i�m�a�t�e�d� �a�f�t�e�r� 
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�i�s�o�e�l�e�c�t�r�i�c� �f�o�c�u�s�i�n�g� �i�n� �5�%� �p�o�l�y�a�c�r�y�l�a�m�i�d�e� �g�e�l�.� �T�o� �c�o�n�f�i�r�m� �t�h�e� 

�i�s�o�e�l�e�c�t�r�i�c� �p�o�i�n�t�,� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e� �w�a�s� �a�l�s�o� �l�o�a�d�e�d� �o�n�t�o� 

�b�o�t�h� �6� �t�o� �8�%� �b�a�s�i�c� �a�n�d� �a�c�i�d�i�c� �n�a�t�i�v�e� �p�o�l�y�a�c�r�y�l�a�m�i�d�e� �g�e�l�.� �A�f�t�e�r� 

�g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�,� �t�h�e� �e�n�z�y�m�e�s� �w�e�r�e� �s�t�a�i�n�e�d� �b�o�t�h� �f�o�r� 

�a�c�t�i�v�i�t�y� �a�n�d� �p�r�o�t�e�i�n�.� �A�c�t�i�v�i�t�y� �s�t�a�i�n�i�n�g� �w�a�s� �w�i�t�h� �6�-�b�r�o�m�o�-�2�-� 

�n�a�p�h�t�y�1�-�f�-�D�-�g�l�u�c�o�p�y�r�a�n�o�s�i�d�e� �(�6�B�N�G�)� �a�s� �a� �s�u�b�s�t�r�a�t�e� �c�o�u�p�l�e�d� �w�i�t�h� 

�F�a�s�t� �b�l�u�e� �B�B� �s�a�l�t� �d�y�e�,� �a�s� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y� �b�y� �E�s�e�n� �a�n�d� 

�C�o�k�m�u�s� �(�1�9�9�0�)�.� �A�f�t�e�r� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �t�h�e� �g�e�l� �w�a�s� �w�a�s�h�e�d� �t�h�r�e�e� 

�t�i�m�e�s� �w�i�t�h� �5�0� �m�M� �c�i�t�r�i�c� �a�c�i�d� �a�n�d� �1�0�0� �m�M� �s�o�d�i�u�m� �p�h�o�s�p�h�a�t�e� 

�b�u�f�f�e�r�,� �p�H� �5� �(�e�a�c�h� �w�a�s�h� �t�o�o�k� �1�5� �m�i�n� �a�t� �4�°�C�.� �T�h�i�s� �e�q�u�i�l�i�b�r�a�t�i�o�n� 

�w�a�s� �t�o� �b�r�i�n�g� �t�h�e� �g�e�l� �t�o� �t�h�e� �p�H� �o�p�t�i�m�u�m� �o�f� �t�h�e� �e�n�z�y�m�e�s� �(�p�H� �5�)�.� 

�T�h�e� �e�q�u�i�l�i�b�r�a�t�e�d� �g�e�l� �w�a�s� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �1�.�3� �m�M� �6�B�N�G� �a�n�d� �1�.�9�3� 

�m�M� �F�a�s�t� �B�l�u�e� �B�B� �s�a�l�t� �d�y�e� �i�n� �t�h�e� �s�a�m�e� �b�u�f�f�e�r�.� �T�h�e� �i�n�c�u�b�a�t�i�o�n� 

�t�o�o�k� �6� �t�o� �1�6� �h�r� �a�t� �3�7� �°�C� �u�n�d�e�r� �c�o�n�t�i�n�u�o�u�s� �a�g�i�t�a�t�i�o�n�.� �T�h�e� �g�e�l� 

�w�a�s� �t�h�e�n� �w�a�s�h�e�d� �w�i�t�h� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �a�n�d� �f�i�x�e�d� �i�n� �a� �m�i�x�t�u�r�e� �o�f� 

�m�e�t�h�a�n�o�l�:� �g�l�a�c�i�a�l� �a�c�e�t�i�c� �a�c�i�d�:� �w�a�t�e�r� �(�1�:�1�:�5�)�,� �b�e�f�o�r�e� �b�e�i�n�g� 

�p�h�o�t�o�g�r�a�p�h�e�d� �a�n�d� �d�r�i�e�d�.� 

�3�.� �T�e�m�p�e�r�a�t�u�r�e� �a�n�d� �p�H� �p�r�o�f�i�l�e�s� �o�f� �a�c�t�i�v�i�t�y�,� �a�n�d� �s�t�a�b�i�l�i�t�y� 

�d�e�t�e�r�m�i�n�a�t�i�o�n�s� �w�e�r�e� �a�l�l� �a�s� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y� �(�E�s�e�n�,� �1�9�9�2�)�.� 

�3�.�1�.� �F�o�r� �p�H� �p�r�o�f�i�l�e� �a�c�t�i�v�i�t�y� �d�e�t�e�r�m�i�n�a�t�i�o�n�,� �t�h�e� �e�n�z�y�m�e� 

�w�a�s� �p�r�e�p�a�r�e�d� �i�n� �d�i�f�f�e�r�e�n�t� �b�u�f�f�e�r�s� �r�a�n�g�i�n�g� �f�r�o�m� �p�H� �3� �t�o� �1�1� �a�t� 

�t�h�e� �s�a�m�e� �i�o�n�i�c� �s�t�r�e�n�g�t�h�.� �T�h�e� �s�u�b�s�t�r�a�t�e� �(�5�m�M� �p�N�P�G�)� �w�a�s� �a�l�s�o� 

�p�r�e�p�a�r�e�d� �i�n� �t�h�e� �s�a�m�e� �b�u�f�f�e�r�.� �S�e�v�e�n�t�y� �y�l� �o�f� �d�i�l�u�t�e�d� �e�n�z�y�m�e� �w�e�r�e� 

�d�i�s�p�e�n�s�e�d� �i�n�t�o� �f�o�u�r� �m�i�c�r�o�p�l�a�t�e� �w�e�l�l�s�,� �a�n�d� �t�h�e�n� �r�e�a�c�t�e�d� �w�i�t�h� �7�0� 

�w�l� �o�f� �5� �m�M� �p�N�P�G� �f�o�r� �t�e�n� �m�i�n�,� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �s�t�o�p�p�e�d� �b�y� 
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�a�d�d�i�n�g� �7�0� �p�l� �0�.�4� �M� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e�.� �T�h�e� �a�m�o�u�n�t� �o�f� �p�N�P� 

�p�r�o�d�u�c�e�d� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �r�e�a�d�i�n�g� �a�b�s�o�r�b�a�n�c�e� �a�t� �4�1�0� �n�m�.� �T�h�e� 

�d�a�t�a� �w�e�r�e� �p�l�o�t�t�e�d� �i�n� �a� �g�r�a�p�h� �o�f� �a�c�t�i�v�i�t�y� �v�s�.� �p�H�.� 

�3�.�2�.� �T�e�m�p�e�r�a�t�u�r�e� �p�r�o�f�i�l�e� �o�f� �a�c�t�i�v�i�t�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�p�r�e�p�a�r�i�n�g� �t�h�e� �e�n�z�y�m�e� �i�n� �5�0� �m�M� �s�o�d�i�u�m� �a�c�e�t�a�t�e� �(�p�H� �5�)� �a�n�d� 

�i�n�c�u�b�a�t�i�n�g� �w�i�t�h� �5� �m�M� �p�N�P�G� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �5� �t�o� 

�7�0�°�C� �a�t� �5�°�C� �i�n�c�r�e�m�e�n�t�s�.� �A�f�t�e�r� �1�0� �m�i�n� �o�f� �i�n�c�u�b�a�t�i�o�n�,� �t�h�e� 

�r�e�a�c�t�i�o�n� �w�a�s� �s�t�o�p�p�e�d� �a�n�d� �r�e�a�d� �a�t� �4�1�0� �n�m�.� �T�h�e� �d�a�t�a� �w�e�r�e� �t�h�e�n� 

�p�l�o�t�t�e�d� �i�n� �a� �g�r�a�p�h� �o�f� �a�c�t�i�v�i�t�y� �v�s�.� �t�e�m�p�e�r�a�t�u�r�e�.� 

�3�.�3�.� �T�h�e� �p�H� �p�r�o�f�i�l�e� �o�f� �s�t�a�b�i�l�i�t�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�i�n�c�u�b�a�t�i�n�g� �t�h�e� �e�n�z�y�m�e� �i�n� �d�i�f�f�e�r�e�n�t� �b�u�f�f�e�r�s� �r�a�n�g�i�n�g� �f�r�o�m� �p�H� �3� 

�t�o� �1�1�.� �A�f�t�e�r� �1�0� �m�i�n�,� �3� �h�r� �a�n�d� �2�4� �h�r� �o�f� �i�n�c�u�b�a�t�i�o�n� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� �e�n�z�y�m�e� �w�a�s� �d�i�l�u�t�e�d� �i�n� �5�0� �m�M� �s�o�d�i�u�m� �a�c�e�t�a�t�e� 

�b�u�f�f�e�r� �(�p�H� �5�)� �a�n�d� �a�s�s�a�y�e�d� �f�o�r� �a�c�t�i�v�i�t�y�.� �T�h�e� �d�a�t�a� �w�e�r�e� �p�l�o�t�t�e�d� 

�i�n� �a� �g�r�a�p�h� �o�f� �a�c�t�i�v�i�t�y� �v�s�.� �p�H� �s�t�a�b�i�l�i�t�y�.� 

�3�.�4�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�f�i�l�e� �o�f� �s�t�a�b�i�l�i�t�y� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� 

�i�n�c�u�b�a�t�i�n�g� �t�h�e� �e�n�z�y�m�e� �i�n� �5�0� �m�M� �s�o�d�i�u�m� �a�c�e�t�a�t�e� �b�u�f�f�e�r� �(�p�H� �5�)� �a�t� 

�3�0�,� �4�0�,� �5�0� �a�n�d� �6�0�°�C�.� �A�t� �1�0� �m�i�n� �i�n�t�e�r�v�a�l�s�,� �t�h�e� �s�a�m�p�l�e�s� �w�e�r�e� 

�t�a�k�e�n� �o�u�t�,� �p�u�t� �o�n� �i�c�e�,� �a�n�d� �t�h�e�n� �a�s�s�a�y�e�d� �f�o�r� �p�N�P�G� �a�c�t�i�v�i�t�y� 

�t�o�g�e�t�h�e�r� �u�n�d�e�r� �t�h�e� �s�a�m�e� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �d�a�t�a� �w�e�r�e� �p�l�o�t�t�e�d� �i�n� 

�a� �g�r�a�p�h� �o�f� �%� �a�c�t�i�v�i�t�y� �v�s� �t�i�m�e� �o�f� �i�n�c�u�b�a�t�i�o�n� �a�n�d� �d�i�f�f�e�r�e�n�t� 

�t�e�m�p�e�r�a�t�u�r�e� �o�f� �i�n�c�u�b�a�t�i�o�n�.� 

�4�.� �A�c�t�i�v�i�t�y� �a�n�d� �s�t�a�b�i�l�i�t�y� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�e�l�e�c�t�e�d� 

�d�e�n�a�t�u�r�a�n�t�s�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �S�D�S� �o�n� �t�h�e� �s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �e�n�z�y�m�e�s� �w�a�s� 
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�m�e�a�s�u�r�e�d� �b�y� �i�n�c�u�b�a�t�i�n�g� �t�h�e� �e�n�z�y�m�e�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �0�.�1�,� 

�0�.�0�5�,� �0�.�0�2�5�,� �a�n�d� �0�.�0�1�2�5�%� �S�D�S� �(�U�S�B�,� �c�a�t�a�l�o�g� �n�u�m�b�e�r�:� �2�1�6�5�1�)�.� �A�t� 

�i�n�c�u�b�a�t�i�o�n� �i�n�t�e�r�v�a�l�s� �o�f� �0�,� �2�,� �a�n�d� �4� �h�r�,� �t�h�e� �e�n�z�y�m�e�s� �w�e�r�e� 

�d�i�l�u�t�e�d� �4�0� �t�i�m�e�s� �i�n� �5�0� �m�M� �s�o�d�i�u�m� �a�c�e�t�a�t�e� �b�u�f�f�e�r� �(�p�H� �5�)� �a�n�d� 

�a�s�s�a�y�e�d� �f�o�r� �p�N�P�G� �a�c�t�i�v�i�t�y�.� �T�h�e� �d�a�t�a� �w�e�r�e� �p�l�o�t�t�e�d� �a�s� �t�i�m�e� �o�f� 

�i�n�c�u�b�a�t�i�o�n� �o�f� �e�n�z�y�m�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �S�D�S� �v�s�.� �p�e�r�c�e�n�t� 

�a�c�t�i�v�i�t�y�.� 

�5�.� �T�h�e� �e�f�f�e�c�t� �o�f� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s� �(�m�e�t�h�a�n�o�l�,� �d�i�m�e�t�h�y�l� 

�f�o�r�m�a�m�i�d�e�,� �a�n�d� �a�c�e�t�o�n�e�)� �o�n� �e�n�z�y�m�e� �a�c�t�i�v�i�t�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�p�r�e�p�a�r�i�n�g� �5� �m�M� �s�u�b�s�t�r�a�t�e� �(�p�N�P�G�)� �i�n� �t�h�e� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s� �a�t� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �0�,� �5�.�6�,� �1�1�.�2�6�,� �2�2�.�5�,� �4�5�,� �a�n�d� �9�0�%�,� �a�n�d� �t�h�e�n� 

�t�h�e� �p�r�e�p�a�r�e�d� �s�u�b�s�t�r�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �F�r�-�1� 

�o�r� �F�r�-�2� �f�o�r� �1�0� �m�i�n� �r�e�a�c�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �f�i�n�a�l� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s� �i�n� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�s� 

�w�e�r�e� �0�,� �2�.�8�,� �5�.�6�3�,� �1�1�.�2�5�,� �2�2�.�5�,� �a�n�d� �4�5�%� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �d�a�t�a� 

�w�e�r�e� �p�l�o�t�t�e�d� �a�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s� �v�e�r�s�u�s� 

�p�e�r�c�e�n�t� �a�c�t�i�v�i�t�y� �t�o� �y�i�e�l�d� �t�h�e� �p�r�o�f�i�l�e� �o�f� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s�.� 

�6�.� �S�u�b�s�t�r�a�t�e� �s�p�e�c�i�f�i�c�i�t�y� 

�S�u�b�s�t�r�a�t�e� �s�p�e�c�i�f�i�c�i�t�y� �o�f� �t�h�e� �e�n�z�y�m�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�o�t�h� 

�q�u�a�n�t�i�t�a�t�i�v�e�l�y� �a�n�d� �q�u�a�l�i�t�a�t�i�v�e�l�y�.� �Q�u�a�n�t�i�t�a�t�i�v�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� 

�w�a�s� �d�o�n�e� �b�y� �i�n�c�u�b�a�t�i�n�g� �t�h�e� �e�n�z�y�m�e� �w�i�t�h� �a� �g�i�v�e�n� �s�u�b�s�t�r�a�t�e� �a�n�d� 

�m�e�a�s�u�r�i�n�g� �K�m� �a�n�d� �V�m�a�x� �v�a�l�u�e� �o�f� �t�h�e� �e�n�z�y�m�e�.� �Q�u�a�l�i�t�a�t�i�v�e� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �w�a�s� �t�o� �v�i�s�u�a�l�i�z�e� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e� �e�n�z�y�m�e�s� �h�a�v�e� 
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�a�b�i�l�i�t�y� �t�o� �c�a�t�a�l�y�z�e� �t�h�e� �h�y�d�r�o�l�y�s�i�s� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �s�u�b�s�t�r�a�t�e�.� 

�I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �e�n�z�y�m�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� 

�s�u�b�s�t�r�a�t�e�.� �G�l�u�c�o�s�e� �l�i�b�e�r�a�t�i�o�n� �a�s� �a� �p�r�o�d�u�c�t� �o�f� �h�y�d�r�o�l�y�s�i�s� �w�a�s� 

�d�e�t�e�c�t�e�d� �b�y� �t�h�i�n� �l�a�y�e�r�,� �o�r� �p�a�p�e�r� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� 

�7�.� �I�n�h�i�b�i�t�i�o�n� �s�t�u�d�y� 

�K�i� �v�a�l�u�e� �o�f� �s�o�m�e� �i�n�h�i�b�i�t�o�r�s� �(�é�-�g�l�u�c�o�n�o� �l�a�c�t�o�n�e� �a�n�d� 

�p�y�r�i�d�o�x�i�n�e�)� �a�n�d� �t�y�p�e� �o�f� �i�n�h�i�b�i�t�i�o�n� �w�e�r�e� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� �d�e�f�i�n�e�d� 

�b�y� �u�s�i�n�g� �a� �s�a�t�u�r�a�t�i�o�n� �k�i�n�e�t�i�c� �a�p�p�r�o�a�c�h�.� �P�a�r�a�-�N�P�G� �a�s�s�a�y� �w�a�s� 

�u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�s� �a� �s�t�a�n�d�a�r�d�.� �Q�u�a�l�i�t�a�t�i�v�e� �s�t�u�d�y� �o�n� �r�i�c�e� 

�B�-�g�l�u�c�o�s�i�d�a�s�e� �i�n�h�i�b�i�t�i�o�n� �w�a�s� �a�l�s�o� �d�o�n�e� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� 

�r�e�s�i�d�u�a�l� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �e�n�z�y�m�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �1� �m�M� 

�i�n�h�i�b�i�t�o�r�s� �w�i�t�h� �t�h�e� �o�n�e� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �i�n�h�i�b�i�t�o�r�s� 

�(�c�o�n�t�r�o�l�)�.� �I�n�h�i�b�i�t�o�r�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �i�n� �p�N�P�G�-�e�n�z�y�m�e� �r�e�a�c�t�i�o�n�s� 

�a�s�s�a�y�.� 
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�R�e�s�u�l�t�s� 

�E�x�t�r�a�c�t�a�b�i�l�i�t�y� 

�E�x�t�r�a�c�t�a�b�i�l�i�t�y� �o�f� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e� �i�n�c�r�e�a�s�e�d� �a�s� �t�h�e� �p�H� 

�o�f� �b�u�f�f�e�r� �i�n�c�r�e�a�s�e�d�.� �T�h�e� �i�o�n�i�c� �s�t�r�e�n�g�t�h� �(�a�d�d�i�n�g� �0�.�2� �M� �s�o�d�i�u�m� 

�c�h�l�o�r�i�d�e� �t�o� �e�a�c�h� �o�f� �t�h�e� �b�u�f�f�e�r�s�)� �a�l�s�o� �i�n�c�r�e�a�s�e�d� �t�h�e� 

�e�x�t�r�a�c�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �e�n�z�y�m�e� �i�n� �t�h�e� �p�H� �r�a�n�g�e� �3� �t�o� �1�0�.� �A�t� �p�H� 

�1�1�,� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �s�a�l�t� �d�i�d� �n�o�t� �h�a�v�e� �a�n�y� �e�f�f�e�c�t� �o�n� 

�e�x�t�r�a�c�t�a�b�i�l�i�t�y�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�1�.� �T�h�e� 

�a�m�o�u�n�t� �o�f� �t�o�t�a�l� �p�r�o�t�e�i�n� �e�x�t�r�a�c�t�e�d�,� �h�o�w�e�v�e�r�,� �a�l�s�o� �i�n�c�r�e�a�s�e�d� �a�s� 

�t�h�e� �p�H� �o�f� �b�u�f�f�e�r� �i�n�c�r�e�a�s�e�d�.� �T�h�e� �i�n�c�r�e�a�s�e� �o�f� �t�h�e� �a�m�o�u�n�t� �o�f� 

�t�o�t�a�l� �p�r�o�t�e�i�n� �w�a�s� �m�o�r�e� �f�r�o�m� �p�H� �3� �t�o� �6�,� �t�h�a�n� �f�r�o�m� �p�H� �6� �t�o� �1�1�.� 

�W�h�e�n� �t�h�e� �p�H� �1�1� �e�x�t�r�a�c�t� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �p�H� �3� �w�i�t�h� �a�c�e�t�i�c� �a�c�i�d�,� 

�t�h�e� �a�c�t�i�v�i�t�y� �r�e�m�a�i�n�e�d� �r�e�l�a�t�i�v�e�l�y� �s�t�a�b�l�e� �b�u�t� �t�h�e� �a�m�o�u�n�t� �o�f� 

�p�r�o�t�e�i�n� �p�r�e�c�i�p�i�t�a�t�i�n�g� �i�n�c�r�e�a�s�e�d� �r�a�p�i�d�l�y�,� �g�i�v�i�n�g� �r�i�s�e� �t�o� �h�i�g�h�e�r� 

�s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �(�s�e�e� �F�i�g�u�r�e� �2�.�2�)�.� 

�P�a�r�t�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �r�i�c�e� �f�-�g�l�u�c�o�s�i�d�a�s�e� 

�T�h�e� �s�t�e�p�s� �i�n�v�o�l�v�e�d� �i�n� �p�a�r�t�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �r�i�c�e� �B�-� 

�g�l�u�c�o�s�i�d�a�s�e� �i�n�c�l�u�d�e�d� �d�i�f�f�e�r�e�n�t�i�a�l� �s�o�l�u�b�i�l�i�t�y�,� �c�r�y�o�-� 

�p�r�e�c�i�p�i�t�a�t�i�o�n�,� �a�n�d� �i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� �T�h�e� �d�e�g�r�e�e� �o�f� 

�p�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �i�n�c�r�e�a�s�e�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� 

�T�a�b�l�e� �1�.� �T�h�e� �A�c�c�e�l�l� �C�M� �c�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� 

�f�r�a�c�t�i�o�n�s� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �O�N�P�G� �o�r� �p�N�P�G� �a�c�t�i�v�i�t�y�.� 
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�T�a�b�l�e� �2�.�1�.� �S�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �o�f� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e� �d�u�r�i�n�g� 
�p�a�r�t�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n�.� 

�N�o�.� �p�r�e�p�a�r�a�t�i�o�n� �v�o�l�u�m�e� �|� �p�r�o�t�e�i�n� �|� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �|� �f�o�l�d� 
�(�m�l�)� �(�m�g�/�m�l�)� �|� �(�u�m�o�l� �p�N�P�/�h�.�m�g� 

�p�r�o�t�e�i�n�)� 

�1� �c�r�u�d�e� �e�x�t�r�a�c�t� �|� �1�5�0� �1�.�1�1�4� �+�]�0�.�3�8�8� �+� �0�.�0�1�5� �1�X� 
�0�.�0�1�6� 

�2� �f�r�e�e�z�i�n�g� �&� �1�5�0� �0�.�5�3�6� �+�/� �0�.�8�0�7� �+� �0�.�0�3�2� �2�.�0�8� 
�t�h�a�w�i�n�g� �0�.�0�1�1� 

�3� �F�r�-�1� �f�o�r�m� �3�3� �0�.�1�0�6� �+�;�1�5�.�4�6� �+� �0�.�4�0�6� �3�1�.�8� 
�0�.�0�0�4� 
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�0�3�0�)� �|� �n�o� �a�n�t� 
�|� �+� �w�i�t�h� �0�.�2�M� �N�a�c� 
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�T� � � 
�F�i�g�u�r�e� �2�.�1�.� �E�x�t�r�a�c�t�a�b�i�l�i�t�y� �o�f� �r�i�c�e� �p�-�g�l�u�c�o�s�i�d�a�s�e� �a�t� �d�i�f�f�e�r�e�n�t� 
�p�H�s�,� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �0�.�2�M� �s�o�d�i�u�m� �c�h�l�o�r�i�d�e�.� �N�o�t�e� �t�h�e� 
�e�x�t�r�a�c�t�a�b�i�l�i�t�y� �i�n�c�r�e�a�s�e�d� �a�s� �p�H� �i�n�c�r�e�a�s�e�d�.� �A�d�d�i�t�i�o�n� �o�f� �s�a�l�t� 
�a�l�s�o� �i�m�p�r�o�v�e�d� �e�x�t�r�a�c�t�a�b�i�l�i�t�y�.� �A�t� �h�i�g�h� �p�H�,� �t�h�e� �p�r�o�t�e�i�n� 
�e�x�t�r�a�c�t�a�b�i�l�i�t�y� �w�a�s� �a�l�s�o� �h�i�g�h�e�r�,� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �s�p�e�c�i�f�i�c� 
�a�c�t�i�v�i�t�y� �d�i�d� �n�o�t� �i�m�p�r�o�v�e� �a�s� �p�H� �i�n�c�r�e�a�s�e�d�.� 
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�é� �2� �C� �0�.�2�5�-� � �&� �=� 
�o�O� �:� �-�8�0� �6�)� �a�c�t�i�v�i�t�y� �(�w�/�s�a�l�t�)� 
�=� �e�e� 
�>� �0�.�2�-�  ��7�0� �©� �a�c�t�i�v�i�t�y� �(�w�/�o� �s�a�l�t�)� 

�o�O� �|� �-�6�0� �s� �A�W� 
�5� �|� �©� �p�r�o�t�e�i�n� �(�w�/�s�a�l�t�)� 
�Q�O� �0�.�1�5�-� �s�o� �=� 

�O�o� �|� �®� �p�r�o�t�e�i�n� �(�n�o� �s�a�l�t�)� 
�Y� �O� 

�2� �+�4�0� �C�c� 
�&� �0�.�1�-� �8� 

�-�3�0� 
�£�  �� �s�g� 
�3� �0�.�0�5�-� �2�%� �2� 
�©� �1�0� �6� 

�0� �1�1� �3� �0� 
�p�H� 

�F�i�g�u�r�e� �2�.�2�.� �E�x�t�r�a�c�t�a�b�i�l�i�t�y� �o�f� �r�i�c�e� �f�-�g�l�u�c�o�s�i�d�a�s�e�.� 
�R�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e� �e�x�t�r�a�c�t�e�d� �a�t� �h�i�g�h� �p�H� �(�1�1�)� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� 
�l�o�w� �p�H� �(�3�)� �u�s�i�n�g� �a�c�e�t�i�c� �a�c�i�d� �t�o� �f�i�n�a�l� �1�0�0� �m�M� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� 
�c�e�n�t�r�i�f�u�g�e�d�.� �N�o�t�e� �t�h�e� �a�c�t�i�v�i�t�y� �d�e�t�e�c�t�e�d� �a�f�t�e�r� �p�H� �a�d�j�u�s�t�m�e�n�t� �i�s� 
�r�e�l�a�t�i�v�e�l�y� �c�o�n�s�t�a�n�t�,� �b�u�t� �t�h�e� �a�m�o�u�n�t� �o�f� �p�r�o�t�e�i�n� �s�i�g�n�i�f�i�c�a�n�t�l�y� 
�d�e�c�r�e�a�s�e�d�,� �r�e�s�u�l�t�i�n�g� �i�n� �i�n�c�r�e�a�s�e� �o�f� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y�.� 
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� � 
�F�r�-�1� �F�r�-�2� �-�0�.�1� 

� � 

�4� �6� �8� �1�0� �1�2� �1�4� �1�6� �1�8� �2� �2�2� �2�4� �2� �2�8� �3�0� 
�5� �7� �9� �1� �1�3� �1�5� �1�7� �1�9� �2�1� �2�3� �2�5� �2�7� �2�9� 

�F�r�a�c�t�i�o�n� �n�u�m�b�e�r� 

�F�i�g�u�r�e� �2�.�3�.� �C�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �o�n� �A�c�c�e�l�l� �C�a�r�b�o�x�y�-� 
�M�e�t�h�y�l� �(�C�M�)� �c�o�l�u�m�n�.� �O�r�t�h�o�-�N�P�G� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �f�r�a�c�t�i�o�n�s� �a�n�d� 
�s�a�l�t� �g�r�a�d�i�e�n�t� �a�r�e� �i�n�d�i�c�a�t�e�d�.� �T�h�e� �s�a�l�t� �g�r�a�d�i�e�n�t� �w�a�s� �a�s�s�u�m�e�d� �t�o� 
�b�e� �l�i�n�e�a�r�.� �A�s� �s�h�o�w�n�,� �t�h�e�r�e� �a�r�e� �t�w�o� �p�e�a�k�s� �o�f� �O�N�P�G�a�s�e�s� �(�F�r�-�1� �a�n�d� 
�F�r�-�2�)�.� 
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�A�s� �s�e�e�n� �i�n� �F�i�g�u�r�e� �2�.�3�,� �t�h�e�r�e� �w�e�r�e� �t�w�o� �d�i�s�t�i�n�c�t� �p�e�a�k�s� �o�f� 

�O�N�P�G�a�s�e� �a�c�t�i�v�i�t�y�.� �T�h�e� �e�a�r�l�y� �e�l�u�t�i�n�g� �p�e�a�k� �(�f�r�a�c�t�i�o�n�-�1�,� �F�r�-�1�)� 

�h�a�s� �h�i�g�h�e�r� �p�N�P�G�a�s�e� �a�c�t�i�v�i�t�y� �t�h�a�n� �f�r�a�c�t�i�o�n�-�2� �(�F�r�-�2�)�.� �H�o�w�e�v�e�r�,� 

�a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�4�,� �t�h�e� �a�c�t�i�v�i�t�y� �l�e�v�e�l� �o�b�s�e�r�v�e�d� �o�n� �1�2�%� �S�D�S� 

�p�o�l�y�-�a�c�r�y�l�a�m�i�d�e� �g�e�l�s� �d�e�t�e�c�t�e�d� �b�y� �a�c�t�i�v�i�t�y� �s�t�a�i�n�i�n�g� �w�a�s� 

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�a�t� �e�x�p�e�c�t�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �s�o�l�u�t�i�o�n� �a�s�s�a�y�s� 

�u�s�i�n�g� �p�N�P�G� �o�r� �O�N�P�G� �a�s� �s�u�b�s�t�r�a�t�e�s�.� �T�h�e� �F�r�-�1� �f�o�r�m� �s�h�o�w�e�d� �t�h�e� 

�h�i�g�h�e�s�t� �p�N�P�G�a�s�e� �a�c�t�i�v�i�t�y�,� �b�u�t� �n�o� �6�-�B�N�G�a�s�e� �a�c�t�i�v�i�t�y� �b�a�n�d�s� �w�e�r�e� 

�o�b�s�e�r�v�e�d� �o�n� �S�D�S� �g�e�l�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �F�r�-�2� �f�o�r�m� �a�l�w�a�y�s� �y�i�e�l�d� 

�p�r�o�m�i�n�e�n�t� �6�-�B�N�G�a�s�e� �a�c�t�i�v�i�t�y� �o�n� �S�D�S� �g�e�l�s�,� �b�u�t� �s�h�o�w�e�d� �r�e�l�a�t�i�v�e�l�y� 

�l�o�w� �a�c�t�i�v�i�t�y� �t�o�w�a�r�d� �p�N�P�G�.� 

�T�o� �p�r�o�v�e� �w�h�e�t�h�e�r� �t�h�e�s�e� �t�w�o� �d�i�s�t�i�n�c�t� �r�i�c�e� �B�-�g�l�u�c�o�s�i�d�a�s�e�s� 

�d�i�f�f�e�r� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �p�N�P�G� �a�n�d� �6�-�B�N�G� �s�p�e�c�i�f�i�c�i�t�y�,� �o�r� 

�s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �t�h�e� �d�e�n�a�t�u�r�i�n�g� �a�g�e�n�t� �S�D�S�,� �t�h�e� �F�r�-�1� �a�n�d� �F�r�-�2� 

�e�n�z�y�m�e�s� �w�e�r�e� �s�p�o�t�t�e�d� �o�n�t�o� �n�i�t�r�o�c�e�l�l�u�l�o�s�e� �m�e�m�b�r�a�n�e�s� �a�n�d� �t�h�e� 

�m�e�m�b�r�a�n�e�s� �w�e�r�e� �s�e�p�a�r�a�t�e�d� �i�n�t�o� �t�w�o� �g�r�o�u�p�s�.� �T�h�e� �f�i�r�s�t� �g�r�o�u�p� �w�a�s� 

�i�n�c�u�b�a�t�e�d� �f�o�u�r� �h�r� �i�n� �t�h�e� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�-�r�e�s�o�l�v�i�n�g� �b�u�f�f�e�r� 

�(�0�.�3�7�5� �M� �T�r�i�s� �H�C�l�,� �p�H� �8�.�6�,� �c�o�n�t�a�i�n�i�n�g� �0�.�1�%� �S�D�S�)�.� �T�h�e� �s�e�c�o�n�d� 

�g�r�o�u�p� �w�a�s� �i�n�c�u�b�a�t�e�d� �i�n� �t�h�e� �s�a�m�e� �b�u�f�f�e�r� �b�u�t� �w�i�t�h�o�u�t� �0�.�1�%� �S�D�S�.� 

�T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �e�q�u�i�l�i�b�r�a�t�e�d� �t�h�r�e�e� �t�i�m�e�s� �f�o�r� �1�5� �m�i�n� �e�a�c�h� �a�t� 

�r�e�f�r�i�g�e�r�a�t�o�r� �t�e�m�p�e�r�a�t�u�r�e� �(�4�-�5�°�C�)� �t�o� �5�0� �m�M� �c�i�t�r�i�c� �a�c�i�d� �+� �1�0�0� �m�M� 

�s�o�d�i�u�m� �p�h�o�s�p�h�a�t�e� �(�d�i�b�a�s�i�c�)� �b�u�f�f�e�r�,� �p�H� �5�,� �t�o� �b�r�i�n�g� �t�h�e� �e�n�z�y�m�e� 

�s�p�o�t�s� �t�o� �p�H� �5�.� �A�f�t�e�r� �e�q�u�i�l�i�b�r�a�t�i�o�n�,� �t�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �s�t�a�i�n�e�d� 

�f�o�r� �6�-�B�N�G�a�s�e� �a�c�t�i�v�i�t�y�.� �T�h�e� �r�e�s�u�l�t�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�5�.� 

�W�h�e�t�h�e�r� �e�x�p�o�s�e�d� �t�o� �0�.�1�%� �S�D�S� �o�r� �n�o�t�,� �t�h�e� �c�r�u�d�e� �e�x�t�r�a�c�t� �a�n�d� �F�r�-�2� 
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�C�r� �A�w� �B�S� �4�0�.�1�1�.�9�7� �.�4�3�.� �1�4� �1�5�.�1�6�.� �1�7�.�4�8� �1�9� 

� � 

�|� �2�0�.�2�1� �2�2� �2�3� �2�8� �2�5�.�2�6� �2�7� �2�8� 

� � 

�F�i�g�u�r�e� �2�.�4�.� �A�c�t�i�v�i�t�y� �b�a�n�d� �o�f� �t�h�e� �t�w�o� �f�o�r�m�s� �o�f� �r�i�c�e� �B�-� 
�g�l�u�c�o�s�i�d�a�s�e�s� �d�e�t�e�c�t�e�d� �a�f�t�e�r� �1�2�%� �s�D�s� �p�o�l�y�a�c�r�y�l�a�m�i�d�e� �g�e�l� 
�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�.� �P�r�i�o�r� �t�o� �l�o�a�d�i�n�g�,� �t�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� 
�i�n� �t�h�e� �n�a�t�i�v�e� �s�a�m�p�l�e� �b�u�f�f�e�r� �w�h�i�c�h� �d�i�d� �n�o�t� �c�o�n�t�a�i�n� �0�.�1�%� �S�D�S� �a�n�d� 
�2�-�m�e�r�c�a�p�t�o�e�t�h�a�n�o�l� �a�n�d� �w�e�r�e� �n�o�t� �b�o�i�l�e�d�,� �t�o� �p�r�e�v�e�n�t� �t�o�t�a�l� 
�d�e�n�a�t�u�r�a�t�i�o�n�.� �I�t� �w�a�s� �a�p�p�a�r�e�n�t� �t�h�a�t� �a�f�t�e�r� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�n�d� 
�e�q�u�i�l�i�b�r�a�t�i�o�n� �i�n� �s�t�a�i�n�i�n�g� �b�u�f�f�e�r�,� �t�h�e� �e�n�z�y�m�e� �(�F�r�-�2�)� �i�n� �t�h�e� �g�e�l� 
�r�e�g�a�i�n�e�d� �a�c�t�i�v�i�t�y�.� �A�f�t�e�r� �a�c�t�i�v�i�t�y� �s�t�a�i�n�i�n�g�,� �t�h�e� �g�e�l� �w�a�s� 
�s�u�b�j�e�c�t�e�d� �t�o� �p�r�o�t�e�i�n� �s�t�a�i�n�i�n�g� �w�i�t�h� �C�o�o�m�a�s�i�e� �b�l�u�e�.� �N�o�t�e� �F�r�-�1� 
�(�f�r�a�c�t�i�o�n�s� �1�4� �t�o� �2�1�)� �h�a�s� �n�o� �d�e�t�e�c�t�a�b�l�e� �a�c�t�i�v�i�t�y� �b�a�n�d�,� �w�h�i�l�e� 
�F�r�-�2� �(�f�r�a�c�t�i�o�n�s� �2�3� �t�o� �2�8�)� �h�a�s� �a� �p�r�o�m�i�n�e�n�t� �a�c�t�i�v�i�t�y� �b�a�n�d� 
�(�i�n�d�i�c�a�t�e�d� �b�y� �a�r�r�o�w�)�.� �M� �=� �m�a�i�z�e� �B�-�g�l�u�c�o�s�i�d�a�s�e� �a�s� �a� �p�o�s�i�t�i�v�e� 
�c�o�n�t�r�o�l�;� �C�r�=� �r�i�c�e� �c�r�u�d�e� �e�x�t�r�a�c�t�;� �A�t�w�=� �r�i�c�e� �c�r�u�d�e� �e�x�t�r�a�c�t� �a�f�t�e�r� 
�b�e�i�n�g� �s�u�b�j�e�c�t�e�d� �t�o� �c�r�y�o�p�r�e�c�i�p�i�t�a�t�i�o�n�;� �n�u�m�b�e�r�s�.� �i�n�d�i�c�a�t�e� 
�f�r�a�c�t�i�o�n� �n�u�m�b�e�r�s� �a�s� �i�n� �f�i�g�u�r�e� �2�.�3�.� 
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