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Table 1.1. First-Generation Synchrotron Radiation Sources

Location Ring Energy (GeV) Notes

China

Beijing BEPC 1.5-2.8 Partly Ded.

Denmark

Aarhus ASTRID 0.6 Partly Ded.

France

Orsay DCI 1.8 Dedicated

Germany

Bonn ELSA 1.5-3.5 Partly Ded.

Hamburg DORIS I 4.5 -5.3 Dedicated
PETRA 11 7-13 Beam line in cons.*

Italy

Frascati DADNE 0.51 Parasitic*

Japan

Sendai TSSR 1.5 Proposed

Tsukuba Accum. Ring 6.5 Partly Ded.
TRISTAN MR 6 ~ 30 Planned Use

Netherlands

Amsterdam AmPS 0.9 Planned Use

Eindhoven EUTERPE 0.4 Planned Use

Russia

Novosibirsk VEFP-2M 0.7 Partly Ded.
VEPP-3 2.2 Partly Ded./FEL use
VEPP-4 5-79 Partly Ded.

Ukraine

Kharkov N-100 0.1 Dedicated
HP-2000 2.0 Partly Ded.*

USA

Gaithersburg, MD SURF 1I 0.28 Dedicated

Ithaca,NY CESR 5.5 Partly Ded.

Stanford,CA SPEAR 3-35 Dedicated

* In Construction as of 4/94
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Table 1.2 Second-Generation Synchrotron Radiation Sources
Location Ring Energy (GeV) Motes
Brazil
Campinas LNLS-1 1.15 Dedicated*
China (PRC)
Hefei HESYRL 0.8 Dedicated
England
Daresbury SRS 2 Dedicated
Germany
Berlin BESSY I 0.8 Dedicated
India
Indore INDUS-1 0.45 Dedicated™
Japan
Okasaki UVSOR 0.75 Dedicated
Tokyo SOR-Ring 0.38 Dedicated
Tsukuba TERAS 0.8 Dedicated
Tsukuba Photon Factory 2.5-3 Dedicated
Russia
Moscow Siberia [ 0.45 Dedicated
Siberia II 2.5 Dedicated*
Zelenograd TNK 1.2 -1.6 Dedicated*
Sweden
Lund MAX 1 0.55 Dedicated
USA
Baton Rouge, LA CAMD 1.2 Dedicated
Stoughton, WI Aladdin 0.8-1 Dedicated
Upton, NY NSLS 1 0.75 Dedicated
NSLS 11 2.5 - 2.8 Dedicated

* In Construction as of 4/94
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Table 1.3. Third-Generation Synchrotron Radiation Sources
Location Ring Energy (GeV) MNotes
Brazil
Campinas LNLS-2 2.0 Design/Proposed
China (ROC-Taiwan)
Hsinchu SRRC 1.3 Dedicated
England
Daresbury Sinbad 0.6 Design/Proposed
Diamond 3.0 Design/Proposed
France
Grenoble ESRF 6 Dedicated
Orsay SuperACO 0.8 Dedicated
SOLEIL 2.16 Design/Proposed
Germany
Dortmund BELTA 1.5 FEL Use*
Berlin BESSY 1I 1.6 -2 Dedicated*
India
Indore INDUS-II 2 Design/Proposed
Italy
Trieste ELETTRA 1.5-2 Dedicated
Japan
Hiroshima HISOR 1.5 Design/Proposed
Ichihara MNanchana 2.5 Design/funded
Kashiwa ISSP 2.0 Design/Proposed
Nishi Harima SPring-8 8 Dedicated*
Tsukuba NUI IV 0.5 FEL Use
Korea
Pohang PLS 2 Dedicated*
Spain
Barcelona Catalonia SR 2.5 Approved for const.
Sweden
Lund MAX I 1.5 Dedicated™
Switzerland
Villigen SLS 1.6 -2.1 Design/Proposed
Ukraine
Kiev KLS 0.8 Design/Proposed
USA
Argonne,IL APS 7 Dedicated*
Berkeley,CA ALS 1.5 Dedicated
Durham,NC FELL 1-1.3 FEL Use*
Raleigh,NC NCSTAR 2.5 Design/Proposed

* In Construction as of 4/94
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CLIPS
and Blocks World Problem

Sarira Wongthanavasu*

I. Overview

This paper is to present an expert system language, CLIPS, and its implementation
in charge of pattern matching of variables bindings. A simple blocks world is configured as
an example to be used for testing a program written in CLIPS. CLIPS was developed at NASA/
Iohnson Space Center, Houston, Texas, and is also available through the Computer Software
Management and Information Center (COSMIC), which is the distribution point for NASA
software. The cost of CLIPS is set at a nominal fee and includes use of unlimited copies. Versions
of CLIPS that run in the X Window, Macintosh, and Windows PC envireonments are avilable.
For more information, we can get in touch via internet at service@cossack.cosmic.uga.edu.
An electronic conferencing facility is also available to CLIPS users. Subscribers to this facility
may send questions, observations, answers, editorial, etc., in the form of electronic mail to the
conference. To subscribe, simply send a single line message to listserv@cossack.cosmic.uga.
edu saying SUBSCRIBE CLIPS-LIST; wiiting nothing in the subject field. Upon subscription
you will receive 2 mail message instructing you how to participate in the conference from that
point forward. Also, usenet users can also find information and post questions about CLIPS
to the comp.ai.shells news group. A number of CLIPS related files are also available via
anonymous fip from ftp.ensmp.fr (192.54.148.100). The files are contained in the /pub/clips
directory.

There are many articles and texts discussed about CLIPS, some of those are Rovert
M.Wygant [1], NASA, Lyandon B. Johnson Space Center [2], Linda Martin and Wendy Taylor
[3], and Joseph Giarratano and Gary Riley [4].

* A lecturer at Department of Computer Science, Faculty of Science, Khon Kaen University.
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3. Knowledge Base:  Contains all the rules used by the expert system. For example, consider

the english-like rule as follows:

IF The goal is to move block Zupper on top of block ?lower and block
?upper is the top block in its stack and block ?lower is the top block

m its stack,
THEN Move block Zupper on top of block ?lower.

We can represent this english-like rule to CLIPS ans
(defrule move-directly
7goal <- (goal (move 7block 1) (on-top=of 7block 2))
(block ?block 1)

(block ?block 2)

(on-top-of (upper nothing) (lower ?block 1))

Istack-1 <- (on-top-of (upper 7block 1)
(lower ?block 3))

Istack-2 <~ (on-top-of (upper nothing)
(lower 7block 2))

=>

(retract 7goal 7stack-1 7stack-2)

(assert (on-top-of (upper 7block 1)
(lower 7block 2))

(on-top-of (upper nothing)

(lower Tblock3)))

(printout ¢ 7block 1 "moved on top of "?block2 " erlf))

4. Inference Emgine : Makes inferences by deciding which rules are satisfied by facts,
prioritiaes the satisfied rules, and executes the rule with the highest

priority.

5. Agenda : A prioritized list created by the inference engine of instances of rules whose
patterns are satisfied by facts in the fact list. The following shows the contents
of the agenda at some stage:

2 ms-symptoms-primary  {-5
1 ms-symptoms-secondary -6

0 ms-symptoms-more {-7.£-8
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Three instantiated rules are placed on the agenda. Each entry in the agenda is divided into
three parts: Priority of the rule instance, name of the rule, and the fact-identifiers.

For the first entry in the agenda, for example:

2 refers to the priority
ms-symptom-primary is the name of the rule

£.5 is the fact-identifier of the fact that matches the pattern of the rules.

III. CLIPS and Blocks World Problem

In this section, we discuss about ipmlementing CLIPS in a simple problem, i.e. blocks
world problem. Firstly, we set up a configuration of blocks can be used for testing the program
written in CLIPS. The blocks world problem is composed of two stacks in this configuration
as shown in Figure 2. The first stack has block A on top of block B on top of block C.
The second stack has block D on top of block E on top of block F.

A D
B E
C F

Figure 2. Blocks World Configuration

The question is "what steps must be taken to move block C on top of block E?". This is a
good example of planning and might be applied to automated manufacturing where a robot
arm is manipulating parts. We shall demonstrate building a program using a step-by-step method.
First, pseudorules were written using English-like text. Second, the pseudorules were used to
determine the types of facts that would be required. Deftemplates describling the facts were
designed, and the initial knowledge for the program was coded using these deftgmpldies. Finally,
the pseudorules were translated to CLIPS rules using the deftemplates as a guide for translation.

To answer the question "what steps must be taken to move block C on top of block E?", the
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easiest solution for this problem would be to directly move block C on top of Block E. This
rule, however, could only be applied if both block C and block E had no other blocks on top

of them. The Ipseudocode for this rule would be

RULE MOVE-DIRECTLY

IF The goal is to move block Zupper on top of block ?lower and
block ?upper is the top block in its stack and
block ?lower i3 the top block in its stack,

THEN Move block ?upper on top of block Ziower.

The move-directly rule cannot be used in this case since blocks A and B are on top of block
C, and block D is on top of block E. In order to allow the move-directly rule to move block
C on top of block E, blocks A, B, and D must be moved to the floor. The blocks are moved
to the floor since this is the easiest step to take and get them out of the way. The simple
blocks world does not require that the blocks be restacked and only a single initial goal is
allowed, so there is no need to stack blocks when they are moved out of the way. This rule
can be expressed as two psendocode rules: one rule to clear blocks off the block to be moved

and one rule to clear blocks off the block to be stacked on.

RULE CLEAR-UPPER-BLOCK

IF The goal ts to move block 7y and
block 7y is not the top block in its stack and
block 7above is on top of block 7y

THEN The goal is to move block 7above to the floor

RULE CLEAR-LOWER-BLOCK

IF The goal is to move another block on top of block 7y and
block Ty is not the top block in its stack and
block 7above is on top of block 7y,

THEN The goal is to monve block 7above to the floor

The clear-upper-block rule will work to clear the blocks off block C. It will first determine
that block B needs to be monved to the floor. In order to move block B to the floor,
this same rule will determine that block A needs to be moved to the floor. Similarly, the
clear-lower-block rule will determine that block D needs to be moved to the floor in order
to move something on top of block E. Now there are subgoals to move blocks A, B, and D
to the floor. blocks A and D can be moved directly to the floor. If written properly, the move-
directly rule might bo able tc handle moving blocks on top of the floor as well as other blocks.

Since the floor is really not a block, it may be necessary to treat the floor differently. The
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following pseudocode rule will handle the special case of moving a black to the florr.

RULE MOVE-TO-FLOOR

IF The goal is to move block Tupper on top of the floor and
block ?upper is the top block in its stack,

THEN Move block ?upper on top of the floor.

The move-to-floor rule can now move blocks A and D to the floor. Once block A is moved
to the floor, the move-to-floor rule can be activated to move block B to the floor. With blocks
A, B, and D on the floor, blocks C and E are now the top blocks in their stacks and it is
possible to use the move-directly rule to move block C on top of block E. Now that the rules
have been written using pseudocode, the facts to be used by the rules should be determined.
The types of facts needed cannot always be determined without some prototyping. In this case,
the pseudocode rules point out several types of facts that will be needed. For example, the
information about which blocks are on top of other blocks is crucial. this information could

be described with the following deftemplate

(deftemplate on-top-of
(slot upper)

(slot lower)
and the facts described by this template would be

(on-top-of (upper A) (lower B))
(on-top-of (upper B) (lower C))
(on-top-of (upper D) (lower E))
(on-top-of (upper E) (lower F))

Sinces it is also important to know which block is at the top of a stack and which block 1is

at the bottom of a stack, it would be useful to include the following facts.

(on-top-of (upper nothing) (lower A))
(on-top-of (upper C) (lower floor))
(on-top-of (upper nothing) (lower D))
(on-top-of (upper F) (lower floor)

The words nothing and floor have special meaning in these facts. The facts (on-top-of (upper
nothing) (lower A)) and (on-top-of (upper nothing) (lower D)) indicate that A and D are the
top blocks in their stacks. Similary, the facts (on-top-of (upper C) (lower floor)) and (on-top-
of (upper F) (lower floor)) indicate that blocks C and F are the bottom blocks in their stacks.
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Including these facts does not necessarily solve the problem of determining the top and bottom
blocks in a stack. If the rules are not written correctly, the works floor and nothing might be
mistaken as the names of blocks. Facts that indicate the name of the block might be useful.
The following facts using the implied deftemplate build can be used to identify the blocks from

the special words nothing and floor.

(block A)
(block B)
(block C)
(block D)
(block E)
(block F)

Finally, a fact is needed to describe the block-moving goals that are being processed. These

goals could be described with the deftemplate
(deftemplate foal (slot move) (slot on-top-of))

and the initial goal using this deftemplate would be
(goal (move C) (on-top-of E))

With the facts and deftemplates now defined, the initial configuration of the blocks world can
be described by the following deffacts.
(block A)
{(block B)
(block C)
(block E)
(block F)
(on-top-of (upper nothing) (lower A))
(on-top-of (upper A) (lower B))
(on-top-of (upper B) (lower C))
(on-top-of (upper C) (lower floor))
(on-top-of (upper nothing) (lower D))
(on-top-of (upper D) (lower E))
(on-top-of (upper E) (lower F))
(on-top-of (upper F) (lower floor))
(goal (move C) (on-top-of E))

The monve-directly rule is written as follows
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(defrule move-directly
7goal <- (goal (move ?blockl) (on-top-of 7block2))
(block 7blockl)
(block 7block2)
(on-top-of (upper nothing) (lower 7blockl))
7stack-1 <- (on-top-of (upper 7blockl)
(lower 7block3))
?stack-2 <- (on-top-of (upper nothing)
(lower 7block2))
=>
(retract ?goal 7stack-1 7stack-2)
(assert (on-top-of  (upper 7blockl)
(lower 7block2))
(on-top-of  (upper nothing)
(lower 7block3))
(printour t 7blockl " moved on top of " 7block2 "." crlf))

The first three patterns determine that there is a goal to move a block on top of another block.
Patterns two and three ensure that a goal to move a block on to the floor will not be processed
by this rule. The fourth and sixth patterns check that the blocks are the top blocks in their
stacks. The fifth and sixth patterns match against information necessary to update the stacks
which the moving block is being taken from and moved to. The actions of the rule update
the stack information for the two stacks and print a message. The block beneath the moved
block is now the top block in that stack, and the block being moved is now the top block

in the stack to which it was moved.
The move-to-floor rule is implementd as follows

(defrule move-to-floor
7goal <- (goal (move ?blockl) (on-top-of floor))
(block ?blockl)
(on-top-of (upper nothing) (lower ?blockl))
Istack <- (on-top-of (upper 7blockl)
(lower 7block2))
=>
(retract ?goal 7Tstack)
(assert (on-top-of (upper 7blockl)

(lower ?floor))
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(on-top-of  (upper nothing)
(lower 7block2)))

(printout t ?blockl " moved on top of floor." erif))

This rule is similar to the move-directly rule with the exception that it is not necessary to update

some information about the floor since it is not a block.
The clear-upper-block rule is implemented as follows:

(defrule clear-upper-block
(goal (move 7blockl))
(block 7blockl)
(on-top-of (upper 7block2) (lower 7blockl))
{block 7block2)
=>
(assert (goal (move 7block2) (on-top-of floor))))

The clear-lower-block rule is implemented as follows

(defrule clear-lower-block
(goal (on-top-of 7blockl))
{block 7blockl)
(on-top-of (upper 7block2) (lower 7blockl))
(blokc 7block2)
=>
(assert (goal (move 7block2) (on-top-of floor))))

The program is now complete with the move-directly, move-to-floor, clear-upper-block, and
clear-lower-block rules, the goal and on-top-of deftemplates, and the initial-state deffacts. The

following output shows a sample run of blocks world program.
CLIPS> (reset)

CLIPS> (rum)

A moved on top of floor.
B moved on top of floor.
D moved on top of floor.
C moved on top of E.
CIIPS>
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IV. Conclusion

The basic components of CLIPS that are necessary for expert system are presented.
The simple configuration of blocks world problem is set up to be used for testing the program
written in CLIPS. The example demonstrates simple pattern matching that bind facts to variables.
[The terms "blind" is used to describe the assignment of a value to a variable]. We demonstrate
bilding a program using step-by-step method. First, pseudocode rules were written. Second,
the pseudocode rules were used to determine the types of facts that would be required.
Deftemplates describing the facts were designed, and the initial knowledge for the program was
coded using these deftemplates. Finally, the pseudocode rules were translted to CLIPS rules
using the deftemplates as a guide for translation. Generally, the development of an expert system
requires a great deal more prototyping and iterative development than was shown in developing
this example. It is not always possible to determine the best method for representing facts or

the rypes of rules that will be needed to build an expert system.
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Abstract

Fullerenes, the newly discovered

allotropes of carbomn, consist of closed hollow
cages of only carbon atoms. The general
where n #= 1.

20+2n

The most abundant form is the nearly spheri-

formula of fullerenes is C

cal C60, although tubular and more complex
structures of the larger fullerenes have been
elucidated. The basic structure consists of
edge-sharing hexagons and pentagons and the
stability of various fullerenes is predicted by
the Isolated Pentagonal Rule (IPR) which states
that the most stable fullerene is the one with
the fewest edge-sharing pentagons. Resistive
heating is the most widely used preparation
method and chromatographic methods are
generally used for separation and purification.
The electron accepting properties of the
fullerenes produce a rich and varied chemistry.
Three major fields of study include a) the
chemistry of fullerene materials, b) fullerene
derivatives and, c) endohedral fullerenes, which
contain entrapped atoms, molecules or ions.

The techniques that are used to study physical

and chemical properties of fullerenes include
electrochemistry, nuclear magnetic resonance,
vibrational and electronic spectroscopy, mass
spectrometry, and diffraction method. Theo-
retical calculations describing the bonding
characteristics in fullerenes have been quite

successful.

1 Introduction

Being an inorganic chemistry graduate
student at the University of Wisconsin, I have to
fulfill several requirements for the Doctor of
Philosophy degree. One such requirement is to
pass a series of "cumulative exams" in order to
demonstrate a broad knowledge of chemistry,
beyond the specialized knowledge associated
with my research topic. Each month I am
expected to answer questions on a pre-
announced general topic by reading the current
literature, studying specialized texts, and revie-
wing lecture notes and other textbooks. The
last examination in 1996 was on the chemistry
of "fullerenes", a family of highly symmetrical

carbon-cage molecules. Besides their interes-
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ting chemistry, this topic was chosen for us to
study because the Nobel Prize in chemistry in
1996 was recently awarded to three chemists
for their discovery of fullerenes: Professor
Richard E. Smalley, Professor Robert F. Curl
Jr., both from Rice University, Houston, USA
and Professor Harold W. Kroto, University of
Sussex, Brighton, UK. Theirdiscovery has opened
up an entirely new and fascinating field of
chemistry. I would like to share some of what
I learned about the history and details of these

interesting molecules.

2  General Information and
Structure of Fullerenes

The fullerene family contains new
allotropes of carbon which was discovered in
1985. The most familiar allotropes of carbon
are diamond and graphite (see Figure 1).

Prior the discovery, fullerene structure
has been discussed by several scientists. David
E. H. Jones wrote in 3 November 1966 New
Scientist, speculated on a hollow, closed-shell
carbon molecules derived from graphite sheet
in which incorporated pentagons caused the
flat graphite to curve around. Eiji Osawa
predicted the structure and properties of
icosahedron C60 in Japanese in Kagaku in

1970.

a s oA v d ~
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Figure 1.

Three allotropes of carbon: A)

diamond, B) graphite and C)
fullerene (C60) (from reference 1).

Fullerenes are closed hollow cages which
consist of only carbon atoms. Fullerene has been
named after the architect Richard Buckminster
Fuller, a designer of the "geodesic dome", a
structure of surprising strength made by joining
mostly 5-, 6-membered shapes along their
edgés.

In fullerenes, each carbon is bonded
to three neighbor carbon atoms and has
approximately sp® hybridization. The simplest
and most common is the nearly spherical
60-carbon molecule usually referred to as C

which is also known as "buckminsterfullerene”
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or "Bucky ball". C is an active molecule
which easily undergoes a variety of chemical
transformation which will be discussed later.
It consists of 12 isolated pentagons and 20
hexagons. The symmetry of the molecule is
icosahedral (I,) which is similar to the shape
of a soccer ball with a diameter of 7.1A. There
are 120 covalent bonds which 90 are sigma
(&) and 30 are pi (T0) bonds. The structure is
strained because of the necessary curvature of
the surface to complete the enclosure. The
summation of three angles around any carbon
is 348 instead of 360 degree.

distinguishable carbon-carbon bond lengths.

There are two

The bond of six-six rings fusion is 1.38A while
the bond of five-six rings fusion is 1.45A

(see Figure 2).

1.45 A (5-8)

138 ks

Figure 2. Bond length in C  (from reference
3).

Under normal conditions of temper-
ature and pressure, C crystallizes into a face-

centered cubic (fce) lattice (Figure 3).

UNA

Figure 3. C face-centered cubic crystal (from

reference 1).

In general, the term fullerene refers to
cages made of five-mem bered (pentagonal)
and six-membered (hexagonal) carbon rings.
The general molecular formula for all fulle-
renes is C,

must not be equal to one (n#1). This formula

for integral values of n and n

is developed from Euler’s equation which
relates the number, edges and faces of simple
polyhedron and satisfaction of the condition
that each vertex is linked to exactly three
neighbors. As a result, fullerenes contain an
even number of carbon atoms.

The three simplest fullerenes are ] -
Czo ' Dsa -C

only one isomer for each of these. (Details

e and D3h- C26 and there are
of symmetry can be found in physical or
morganic chemistry textbooks). The stability
of fullerenes can be predicted by the Isolated

Pentagonal Rule (IPR).
fullerenes which contain edge-sharing penta-

This rule states that

gons are not stable. In the other words, the

most stable isomer of fullerenes is the one that
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has the fewest edge-sharing pentagons. The
rule explains why I - C is the only exist
isomer of C,, since it has all pentagons
separated from one another.

After I, - C, the next IPR fullerene
structure is D - C,;. Other fullerenes which
have been characterized are D2 - Cw C2v - Cn,
D,-C,.C,-C,,C-C

of some fullerenes are shown in Figure 4.

. - g D, - Gy The structure

Figure 4. Structures of some fullerenes (from

reference 1).
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In addition to fullerenes, heterofulle-
renes and endohedral fullerenes which are
derivatives of fullerenes are often found in
literature. Heterofullerenes are fullerenes in
which one or more carbon atoms are replaced
by a different element without disruption of
the cage. The example is C B in which one
boron atom substitutes one carbon in C.

Endohedral fullerenes are molecules
in which an atom or group of atoms is
Endohedral

metallofullerenes are referred to metal encap-

encapsulated within the cage.

sulation. The symbol used for encapsulation
is @. Forexample, La@C,, means an La atom

is encapsulated in the C,, cage.

3 Preparation and Purification

Highly enriched fullerene-containing
soot can be prepared directly from graphite
by resistive heating/carbon arc or inductive
heating or laser vaporization. It can also be
prepared by controlled incomplete combustion
of hydrocarbons such as benzene. Laser
vaporization was the first method used which
results in high fullerene yields but it is not
easy to scale up. Combustion of hydrocarbons
is inefficient because the product is contam-
inated with organic byproducts. The most
widely used method is graphite vaporization
by resistive heating which produce macroscopic
quantities of C, and C, with ratio about
85:15 with trace of higher fullerenes. Figure 5
demonstrates a simple benchtop reactor which
uses resistive heating. This reactor is small
enough to install on a laboratory bench. It

consists of a bell jar as recipient, which is
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connected to a pump system and’a gas inlet.
The graphite rods are connected to copper
electrodes.

Fullerenes can be extracted by using
boiling benzene or toluene. Soxhlet extraction
of the soot with a suitable solvent for C ; and
C,, are hexane, dichloromethane (CH,CL),
and chloroform (CHCL,). For higher fullerenes,
toluene, pyridine, quinone and CS, are used.
Purification of products can be done by chro-
matography such as high performance liguid
chromatography (HPLC), column-chromato-
graphy, charge-transfer-chromatography or by
a simple recrystallization. Fullerenes can be

identified by using mass spectroscopy.

Il

e 4

Figure 5. A benchtop reactor (from reference
3). (A: helium supply to the vacuum
system, B: Pyrex bell jar, C: 3mm
graphite rod, D:10 mm graphite
rod E: copper electrode, and F:

manometer).

UNAN
4 Physical Property and
Characterization
The C,, molecule is diamagnetic

The
Huckel energy level diagram of the 60-

(containing no unpaired electrons).

electron system is shown in Figure 6. The highest
occupied molecular orbital (HOMO) has H
symmetry with five fold degeneracy while the
lowest unoccupied molecular orbital (LUMO)
has triply degenerate T, symmetry. Because of
the large HOMO-LUMO gap, the Tt-bonding

in Cé0 is localized.

4.1 Electrochemistry

From electrochemistry studies, Céo
and C,, can accept electrons up to six
electrons.
-0.98, -1.37, -1.87, -2.35, -2.85 and -3.26 V,
and that of C70 are -0.97, -1.34, -1.78, -2.21,
-2.70, -3.87 V. The

fullerenes are reversible where as oxidation

The redox potential of C_ are

reduction of these

is irreversible. The first redox potential of C,,
and C,, are -1.18 and -0.63 V, respectively.
From values of the first redox potential which
is approximately -1 V, it is obvious that these
fullerenes are good electron acceptors. Thus,

they are expected to behave as a Lewis acid.
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Figure 6. Energy level diagram of C60 (from

reference 2).

4.2 Nuclear Magnetic Resonance

Because fullerenes contain only
carbon atoms, they can be studied by *C
nuclear magnetic resonance (NMR) spectros-

copy. ForC_,, only a single line is observed

60°°
which the chemical shift (8) of 147.7 ppm in
CD,. C,, has D, symmetry and there are
five distinct carbon environments. A fine line
spectrum is observed at & of 150.1, 147.5,
146.8, 144.8 and 130.3 ppm in CD,

Figure 7). For higher fullerenes the spectrum

(see

will be more complicated. For example, C,
which has D, symmetry is expected to have

19-line spectrum.

Figure 7. "C NMR spectra and assignments
of C,, and C,  (from reference 1).

4.3 Mass Spectrometry

Mass spectrometry is a very powerful
method for fullerene research. The fullerenes
produced by laser vaporization of graphite
were first observed by mass spectrometric
technique. From time-of-flight mass spectrum
the ions were identified as C_*, C5 AN C56+’ C,h
C60+, C, CM+ etc. and the most dominant
peak was C* followed by C,* It was
concluded that the multiphoton fragmentation
of the fullerenes proceeds with elimination of
even carbon fragments C (n =2, 4, 6, etc.).
C, and C,* are the preferred fragmentation

products of the larger fullerenes C, (2n > 70).
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For C,,* ion, fragmentation, the cage structure
is lost. In addition, Mass spectrometry can
be used to study endohedral fullerenes as well.
For example, the mass spectrum of La@C™
complexes and empty fullerenes produced by
laser vaporization of impregnated graphite disk
has other two dominate peaks beside C_* and
C"
La,@C "

They were assigned as La@C_' and

4.5 Diffraction Methods

Diffraction methods can be used to
determine the bond lengths within fullerenes.
the bond
distance in C60 is 1.455 A for five-six rings

From neutron powder diffraction,

fusion and 1.391 A for six-six rings fusion.
Electron diffraction gave 1.458 A and 1.401
A while X-ray diffraction gave 1.467 A and
1.355 A. From the single X-ray crystallography
of C , g
cubic with the unit cell length of 14.17 A,

the crystal structure is face-center

The calculated van der Waals diamete r for
the carbons of C is 2.94 A which is smaller
than the value of graphite which is 3.35 A.

4.6 Vibrational Spectroscopy

For pure C6 all four allowed infrared
transitions are observed as sharp bands at 1249,
1183, 577 and 528 cm!. Furthermore, all 10
allowed bands at 1573, 1467, 1422, 1250, 1099,
772, 711, 495, 429, and 272 cm-1 are seen in
Raman spectrum. However, the spectrum of
lower symmetry fullerenes are more complex

than the C_, spectra.

NN

4.7 Electron Spin Resonance

The last technique which will

mention here is electron spin resonance
(ESR) or electron paramagnetic resonarnce
(EPR). This technique provides information
about the electronic structure and chemical
nature of several metallofullerene. The species
containing unpaired electrons will give ESR
signal, or electron-nuclear hyperfine coupling.
Thus, whenever a metal species donates odd
number of electrons to the LUMO of fullerene
cage, the ESR signal will be observed. ESR
provides the information about a favorable
oxidation state of the metal. For example, ESR
spectra of Y@C,, indicated that yttrium in this
species has +3 oxidation state. However, when
the sample contains no unpaired electrons,
there will be no ESR signal. Y, @C_ is a good
example of this case. It can be detected by
mass spectrometry.

Other technigues that are not discus-
sed here include Photoelectron spectroscopy,
M(ssbauer spectroscopy, and extended X-ray

absorption fine structure (EXAFS).

5. Chemistry of Fullerenes

The chemistry of fullerenes can be

discussed in three categories: fullerenes
materials, fullerene derivatives and endohedral

fullerenes.

5.1 Fullerene Materials

Because C, is a good electron
acceptor which can be reduced by strong
reducing reagents to yield salts [M]*[C ™

when M is reducing agents. The example is



A

Na, C

11760

salts of group Tas L1,,C

127607

K.C,n K,C

6 607 360"
For light alkali metal, Li and Na, electrons
canbeﬁlledinlowlyingtluandtlgtoformLiuCéO,
Na,C,,. For Li,Cy
are located above each pentagonal face. In

in the solid state Li* ions

Na“Cﬁo, Na* resides in tetrahedral interstices.

For heavier alkali metals (M = K, Rb and Cs),
only the t level is filled or half-filled (see
Figure 5). The formula are M,C and M,C

660 360"
M.C

.C,, compounds are more interesting because

they become superconducting at low temper-
ature. The critical temperature (Tc) of K.C,
Rb,C,, and RbCs,C,, are 19, 28 and 33 K,
respectively. Compound M C with n>3 was
not observed. They are believed to dispropor-
tionation to M,C
salts, the salt of group II (alkali earth) metals

such as Ca.C_ and Ba C

5760 6 60

and C,. Besides group I

have been synthesi-
zed. Weak electron donors, such as sulfur-
based organic donors, with appropriate con-
ditions can form charge transfer complexes
with C,. In this case the inferaction between
the donors can be caused by partial or complete

electron transfer.

5.2 Fullereme Derivatives

The reactive site of C is at double
bonds between two hexagons. Thus, the main
type of reactions are additions to those double
bonds. These reactions include nucleophilic-,
radical-, and cycloaddition and the formation
of mP-transition metal complexes. The driving
force for addition reactions is to relief of strain
in the fullerene cage. Reaction changes sp’

hybridized carbon to sp’. The addition reaction

are mostly exothermic.

Ny Inenaas v, TR 25 ailui 1 uanau-uiay 2540 41

For nucleophilic additions, the nucl-
eophile and C,) will form anionic intermediates
Nu C, ™ which can be stabilized by addition of
electrophiles, E. The product of di-substituted
fullerenes CﬁoENu which prefer 1,2 addition
mode or poly-substituted fullerenes C_ (ENu) .
Radical additions prefer 1,2 addition mode for
nonsteric addents and 1,4 for steric addents.

For cycloadditions, cyclization takes
place on 6-6 double bond which is eleciron
deficient. The reactions that have been studied
include [4+2], [3+2], [2+2] and [2+1]
cycloadditions.

The fullerene complex formations
with transition metals proceed in dihapto (m*)
mode in which the metal coordinates at a 6-6
ring fusion instead of 1’ or M’ mode via the
pentagonal or hexagonal faces. The example
shown in Figure 8 is (PPh,),Pt(n*-C, ). Similar
type of complexes are CGO[M(PEt3)2]6 and
C IM(PEL),],. These complex formations

are reversible.
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Figure 8. Structure of C_[M(PEt),], (from
reference 1), omit phosphine groups

for clarity).

5.3 Endohedra Fullerenes

Since fullerenes are hollow carbon
cages, an atom or group of atoms can be
encapsulated inside the cage. As mentioned
before, this type of fullerene is called endoh-
edral fullerene. The general technique to
produce endohedral fullerenes is by evaporat-
ing a mixture of graphite and a desired species
together. Ab initio calculation suggests that
an interstitial species which is electropositive
can donate electrons to the empty LUMO of
the cage. This will enhance the conductivity of
fullerenes. Some may be come superconductors.
The orbital mixing between sequested species
and the cluster molecular orbital is negligible.
Metals with high ionization energy, such as

Mn and U, or nonmetals, such as oxygen and

auf 1 uATIeu-hna 2540

unana

fluorine, have little interaction to the cage.
Tremendous number of researches have been
conducted to study metal encapsulated fulle-
renes. For lanthanum, La@ng is a predominant
species. It is isolated by solvent extraction
La@C,, La@C,, and
La@C, have also been detected. Almost all
of them are in the form of soluble salt. The
example is [La@C_J[C ]. The larger fulle-
renes can encapsulate two or more metals.
The examples are M,@C, (M = La, Ce, Tb),
Y2@C,, Sc,@C,, La,@C,  and La,@C, .
Furthermore, mixed -metal species such as
YLa@C,, has also bee n reported . The

formation of multi metallic endohedral fulle-

techniques. La@C

60° 70°

82’ 82’ 106°

renes is strongly dependent on the metal to
carbon ratio of the vaporized graphite. V@C,,
has been reported to be the smallest stable
endohedral metallofullerene.

There are two mechanisms which
discussed the endohedral complex formation.

The first involves carbon aggregation leading

to closure as a cage around the metal. This
possibly happens when metal doped-graphite
undergoes laser vaporization. The other

explanation suggests that endohedral fullerenes
are produced by successive loss of C, units
from larger endohedral fullerenes.  This
mechanism can be called 'shrink-wrap' notion.
After the losing the carbon dimer, the cage
wraps back to form cluster again until a
minimum size dependent on the trapped
species. This mechanism is generalized as

followed:
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(M@cC, )" - (M@C. )" — M@C )" —
M@C,,) — ... elc.

This mechanism takes place when a beam of
fullerenes ions is accelerated and collides with
helium at a low pressure. The collision causes

the loss of C, units.

6 Conclusion

After the discovery of Tullerenes, the
researches to understand the chemistry and
physics of fullerenes are widely conducted.
Several articles about fullerenes are published
every week. New studies include new fulle-
rene derivatives, new reactions, polymers
which contain fullerenes (polyfullerenes), etc.
Medical scientists have been searching
derivatives of fullerene which can be used as
anti-tamor or anti-HIV agents. In 1993 an
international journal named 'Fullerene Science
and Technology' was bom because of the fast
growing of this field. There are a lot of
fullerene properties which await to be disco-
vered. When these properties arc revealed,
we will be more familiar with fullerenes and

their use.
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UL Saccharomyces cerevisiae

(Biochemical Changes during Fermentation of (ocoa bean
Inoculated with Saccharomyces cerevisiae (Wild Strain)
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Abstract

Study on bicchemical changes during cocoa fermentation were carried out in fruit baskets
for 7 days at room temperature from the 3 days stored cocoa pods after harvesting. Cocoa beans
were inoculated with Saccharomyces cerevisiae at concentration of 5% and 10% compared to the
control with no inoculation. It was observed that treatment inoculated of 5% Saccharomyces cerevisiae
was the best starter culture for cocoa fermentation. This culture provided cocoa beans with high
fermentation index and lower concentration of lactic acid, acetic acid and citric acid but they were

not significantly different from those of control.
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Screening and Characterization of ¢
Feather Degradation from Varlous Sources in Thailand.

UNAAED

Htmm%waaﬁmﬂ%ﬁ o Tolaan fuaasanusinsolumstagaasuuld wudelalawn
K6, K38, K57, K82 uazkK103 uamannannsalumstasuulalageluriieionss 60.16 - 91.83
Tosnnwin warlsivsinanseazdluuandsiu 27.87 - 63.63 lulaslua Lﬁaﬁﬂlugﬂwaqnﬁm
axiiTumau Tawdalalsan K6 usasanumaninlumssasmlildgigais Sauay 91.83 Tnenh
wiin ualvusinansaasilumias 28.47 lulaslua Mnmsdnufiesimnzaawun ﬂ@:m%va
Ke fiu K38 njuida K57 fu K103 wosnduifo Ksz uanwaulmiludnuoe usdalusdies
tntalusiios uarsamladlsiies muiey wiiafimsananuaisssavaulsinuh da
Taloian K6, K82 uarK103 ugaeamiutatasgsludiefitesn i dazguv)igeiia 50 avenalged
Sudanm 3 lalnandnhauls usrdadandolflumsinmaaly

Abstract

9 isolates being able to hydrolyze feather were isolated. It was found that the isoclates
K6, K38, K57, K82 and K103 possessing strong feather hydrolysis with the range of 60.16 to
91.839% by weight exhibited difference in amino acid contents as 27.87 to 63.63 (mole as leucine.
The isolate K6 exhibited the highest feather digestibility up to 91.83% by weight with the low amount
of amino acid contents of 28.47 (mole as leucine comparing to the others. Optima pH studies indicated
that they were acid (K6,K38), neutral (K57, K103) and alkaline (K82) proteases. Considering
enzyme stabilities, the isclates K6, K82 and K103 were rather stable at wide pH range and high

temperature up to 50 degree celcius. Therefore these three isolates were selected for further studies.

* madmmalulafFimw aaegeamnssunyas umIngBanyasmans g 10900 Usanalig

Department of Biotechnology, Faculty of Agro-Industry, Kasetsart University Chatuchak Bangkok 10900, Thailand
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Introduction

Feather waste, a by product from the
poultry industry, is generated in a large amount
each year. In Thailand there has been some
problem concerning the high prices of protein
sources used for animal feed [1]. Feather,
consisting mainly up to 83-86% of keratin
is one choice for use as a dietary protein supple-
ment for animal feed [2]. Unfortunately the
native keratin is difficult to use directly as a
protein source since it is not degraded by
common proteolytic enzymes such as trypsin,
pepsin, bromelain and papain [3, 4]. Therefore
prior to being used, the feather has to be
stearn - pressure-cooked or chemically treated to
increase digestibility. These treatment processes
require significant energy resulting in the

[5].

Biodegradation by microorganisms possessing

destruction of certain amino acids

keratinolytic activity will be an alternative
method to improve the nutritional value of
feather lysate. In nature, it is found that some
microorganisms, for example Bacillus, Mucor,
Myrothecium, Paecilomyces, Penicillium,
Rhinocladiella, Verticillinm, Chryscsporium,
Arthroderma and Streptomyces etc. contain
keratinolytic enzymes which can hydrolyze
keratin [6, 7, 8, 9, 10]. Our work here reports
on the isolation, selection and characterization of
microorganisms producing keratinolytic enzymes

from various sources in Thailand.

wIaw

Materials and Methods

The sample sources and microorganisms
39 samples were taken from soil, water

and degraded feather near poultry farm areas in

Thailand. Bacillus licheniformis ATCC 23757

was used as a reference strain.

Media

All media were autoclaved at 121 °C for
15 min. Two basal media were used for enrichment
of bacteria, fungi and actinomyces. BB medium
used for baterial isolation was prepared according
to William ef al. [10] and BF, prepared according
to Noval and Nickerson [11] with the addition of
70 mg / | of chloramphenicol, was used for
isolating fungi and actinomyces.

BBF agar and BFF agar media were
modified from the above BB and BF media by
the addition of feather (0.1 g/1) which was
previously prepared by hammer milling.

CE and CF media were used for checking
protease activity as preliminary test. CB medium
composed of BB, 1000 ml; casein, 5 g and agar,
1.5 g and was used for bacterial test. CF medium
had the same composition as CB except using BF
instead of BB and was used for fungi and
actinomyces tests.

BBFP and BFFP broth media were used
for the confirmation of feather degradation. Three
pieces of feather were added into BE and BF
medium

NA and PDA media, containing 1%
ground feather, used for maintenance the culture

of bacteria and, fungi and actinomyces respec—
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tively were prepared according to Difco manual

[12].

Isolation procedure and stock culture
maintenance

All cultures were incubated aerobically
at 37 °C. A diluted sample (1 ml) was inoculated
into BBF or BFF . After incubation for 2-4
days, Each colony was tested for protease

activity in CB or CF medium. The one showing
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of clear zone was tested for feather hydrolysis
again by inoculating the culture into 250 ml of
BBFP or BFFP and incubated on shaker with the
velocity of 150 rpm for 12 days. The feather
degradation activity (Fig. 1) were indicated as
the following: - no digestion;, + partly vane
digestion; ++ partly vane and rachis digestion
and +++ completely vane and rachis digestion.
The positive ones were maintained in NA or

PDA media containing 1% of ground feather.

Figure 1 Characteristics of feather digestion. B: before digestion; -: no digestion; +: vane digestion;

++: vane and rachis digestion.

Determination of protease activity

Colony was grown on CB or CF medium
and incubated at 37 °C for 48 hr. The one
providing protease activity showed a clear zone
around the colony. The activity was determined
as the ratio between clear zone and colony

diameter.

Morphology determination
Cell shapes in one-day-old cultures
grown on NA medium were examined by

microscopy [13].

Dretermination of feather digestibility.
Feather digestibility was determined
for the action of the active isolates. The inoculum

of feather - degradable microorganisms was
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grown aerobically in 5 ml of NB medium at
37 °C. After 24 hours, the inoculum was trans-
ferred into 100 ml of BBF containing 1 g of
ground feather and then incubated on a shaker
with the velocity of 150 rpm at 37 °C for 5 days.
The residual of feather lysate was determined
by filtering 50 ml of culture through Glass
microfiber filter No. 934 AH (Whatman). The
residual feather was collected and determined for
9%feather digestibility according to Helrich [14].
The filtrate solution designed as solution F was

used for further free amino acid determination.

Analysis of free amino acid content

Free amino acid (FA) contents was
determined using a modified method of Rosen
[15]. Solution F (1 ml) was added into the
solution containing 0.2 mM cyanide-acetate buffer
pH 5.3, C.5 ml and ninhydrin solution, 0.5 ml.
After incubating at 100 °C for 15 min, 5 ml of
isopropanol-water was added immediately and
shaken vigorously. The mixture was cooled and
the absorbance was measured at 570 nm by uv-
visible spectrophotometer UV1201 (Shimazu).
Measurement of free amino acid contents was

based on the determination of free leucine.

Culture condition for crude keratinase
preparation

One colony from the overnight cultures
was inoculated into 5 ml of NB medium and
grown overnight at 37 °C. The culture was then
transferred to a 500 ml of Erlenmeyer flask

containing 100 ml of NB with 1% hammer-

3T

milled feather and grown on an incubator shaker
(150 rpm) at 37 °C for 5 days. For keratinase
activity determination, the culture was centrifu-
ged for 15 min at ca. 5000 g . The supernatant

was assayed for enzyme activity.

Determination of keratinase activity
Keratinase activity was assayed according
to the modified method of Linn, et al. [16].
Azokeratin was used as a substrate for determi-
nation of pH and temperature effects. The
reaction mixture containing 0.8 ml of azokeratin
solution (6.25%) and 0.2 ml of enzyme extract
was incubated at 37 °C for 15 mins. The buffer
systems used for pH optima study were: 0.2 M
acetate buffer (pH 4-5); 50 mM phosphate
buffer (pH 6-7) and 0.1 M KCI/H3BOS,
0.1 M NaOH (pH 8-10). For temperature
study, the reaction was carried out at 30, 40,
50, 60, 70 and 80 °C. After 15 min. incubation,
the reaction was terminated by the addition of
0.2 ml of 10% trichloroacetic acid and the
mixture was centrifuged at ca 11,000 g for 20
mins immediately. The absorbance of the clear
filtrate was measured at 570 nm by uv-visible
spectrophotometer UV1201 (Shimazu). One
unit of enzyme activity was defined as the
amount of enzyme that could liberate products
having an absorbance of 0.01 in 15 mins.
Stability of the enzyme was investi-
gated at the various pH as above for 30 mins
and the mixture reaction was assayed according

to the above method.
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Results

Sources and the activity of microorganism
producing keratinases

39 samples were collected from
poultry farms situated in the North, Northeast
and Middle of Thailand. The keratin of chicken,
introduced as a source of C and N to the basal
mineral media (BB and BF) allowed 121 isolates
to survive. By microscopy method, the result
showed that they were bacterial cell. 16, 47 and
58 isolates were found from Northeastern,

Middle and Northern part of Thailand respec-
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tively. The Northeastern part of Thailand was
quite hot up to 42 °C during the day time and
dry whereas the other two parts were more
humid. It seemed that those organisms which
could use feather as Carbon and Nitrogen
sources were found more in the humid area.
Linn and his collegues [16] have
reported that the organisms possessing keratinase
activity would also provide protease activity.
Therefore those 121 isolates were checked for
protease activity against casein as mentioned in
Materials and Methods resulting in 40 isolates

exhibiting protease activity as shown in Figure 2.

Protease activity
Ké
K47

w
|
, K38
K48

K50

K82

Reference strain

K57

K103

SOy K64

Figure 2

Chmparison on the protease activity and feather degradation of 40 isolates. Interesting

isolates were designated in the figure. Reference strain was B. licheniformis ATCC

23757. No keratinase activety, :] Low keratinase activity m High keratinase

activity -
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However when feather degradation was tested,
only 9 isclates were able to digest feather
providing two kinds of activities. They were
only vane digestion and both vane and rachis
digestion. These results elucidated that the
isolates with protease activity may or may not
degrade feather.

The isolates degrading feather were
devided into 3 groups. The isolates belonging to
the first group showed strong protease and feather
degradation activities and were designated as K6
and K47. The ones belonging to the second group
showed low protease activity but high feather
degradation and were designated as K38, K57,
K82 and K103. The last one designated as K48,

w3t

K50 and K64 exhibited both low protease and
feather degradation activities. The reference
strain, Bacillus licheniformis ATCC 53757,
showed the same characters as the first group.
These results indicated that the isolates exhibi~
ting high protease activity might exhibit low or

high efficiency in feather degradaion.

Studies on feather digestibility action of
the active isolates

9 isolates and the reference strain were
cultivated aerobically for 5 days. The degraded
feather was analyzed to determine the activity of
It was found

each isolates as shown in Table 1.

that the isolates K6, K38, K47, K57, K82 and

Table 1  The ability of the reference strain B. licheniformis ATCC 57357 and the isolates in
hydrolysing feather and producing free amino acids during fermentation.
Isolates % Feather digestibility Free amino acid
as [lmole of leucine

Groupl

B. licheniformis 90.23 33.16

ATCC 53757

K6 91.83 28.47

K47 88.93 27.87
Groupll

K38 74.99 56.50

K57 60.16 40.07

K82 77.85 63.63

K103 79.62 59.10
Grouplll

K48 46.39 11.46

K50 16.73 15.73

K64 36.58 10.80
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K103 were relatively fast in hydrolyzing feather
whereas the other isolates, K48, K50 and K64,
did less than 509%. One of them, K6, hydrolyzed
up to 91.839% which was not different from
the reference strain. Cell free culture sclutions
were investigated for residual aming acids. The
results showed that the isolates belonging to the
group 111, exhibited both low protease and feather
degradation activities, also produced low FA
contents. However the ones with fast feather
hydrolysis exhibited either high or low FA

production.

pH and temperature opfima study on
keratinolytic enzymes produced by the
fast feather degradation group

The isolates exhibiting high feather
digestibility were studied for the enzyme
properties. The effect of pH and temperature on

keratinase activities were determined from the
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culture supernatant fluid of various isolates
grown aerobically (Table 2, 3). The pH optima
was determined at 37 °C in various pH values
between 4 -~ 10 by using the substrate azokeratin.
The isolates K6 and K82 exhibited a broad pH
optimum between pH 5 to 6 and 7 to 9 whereas
the isclates K38, K57 and K103 showed sharp
pH optima at 5, 7 and 7 respectively. Both
isolates K38 and K57 were absolutely inhibited
at pH 9 and 10. At pH 4 the activities of every
isolates were lower than 40 %.

The optimum temperature was obser-
ved by incubating culture fluid with azokeratin at
each temperature for 15 mins according to the
assay condition. As shown in Table 3, the
temperature optima  for the isolate K38 was
50 °C and for the isolates K6, K82 and K103
were 60°C. The isolate K57 exhibited a broad

temperature optimum between 60 - 70 °C. The

isolate K38 was completely inhibited at 60 °C.

Table 2 Determination of optima pH of keratinolytic enzyme activities by the isolates showing fast
feather degradation in the NB medium containing 1% hammer milled feather.
Isolates % Relative activity at pH
4 5 8 7 8 2] 10
K6 36.2 100 96.55 75.86 69.83 54.31 66.38
K38 0 100 64.1 12.82 35.9 0 0
K57 <10 <10 60 1006 13.3 0 0
K82 13.95 20.35 69.77 §5.93 100 94.19 70.93
K103 9.55 52.81 76.97 100 79.78 73.03 53.37
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Table 3  Determination of optima temperature of keratinolytic enzymes by the isolates showing fast
feather degradation in the NB medium containing 1% hammer milled feather.
Isolates % Relative activity at temperature
30°C 40°C 50°C 60°C 70°C 80°C
K& 33.01 48.54 64.08 100 42.72 63.11
K38 56.52 69.56 100 0 0 0
K57 74.42 46.51 58.14 97.87 100 81.4
K82 70 82.78 82.22 100 73.33 51.67
Kio3 47.84 79.61 88.24 100 72.55 38.04

pH and temperature stability study on
keratinolytic emzymes produced by the
fast feather degradation group

The enzyme solution of each isolate was
incubated at various pH levels for 30 mins and
then the residual activity was determined at their
specific optimum pH. It was concluded in Table 4
that isolates K57, K82 and K103 played
broad pH stability between 4-6, 5-10 and
5 - 10 respectively. The others, K6 and K38

exhibited at 7 and 9 respectively.

Considering enzymatic process widely
used in the factory, the temperature process was
at 50 °C for 1 hr. Therefore we have decided
to study the temperature stability at 40, 50 and
60 °C for 1 hr. The results were shown in
Table 5. Enzyme activities from all isolates
reduced more than 50% at 60 °C. However
isolates K6, K82 and
K103 were stable at both 40 and 50 °C while

keratinase activity from

the case of isolates K38 and K57, keratinase

activity remained less than 65%.

Table 4 Determination of pH stabilities of keratinolytic enzymes by the isolates showing fast feather
milled feather degradation in the NB medium containing 1% hammer milled feather.
Isolates Relative activity at pH
4 5 <] 7 8 9 10
K6 32.62 37.59 75.89 100 38.3 54.61 48.23
K38 0 12.12 0 0 0 190 18.18
K57 100 91.42 106 81.43 77.14 84.28 54.28
K82 49.79 96.2 100 99.58 94.94 90.3 92.83
K103 26.58 96.62 100 99.58 86.5 84.39 87.76




ERTRET smsineans v, 17 25 wifuit 1 unsau-Sinag 2540 73
Table 5 Determination of temperature stability of keratinolytic enzymes by the isolates showing fast
feather degradation in the NB medium containing 1% hammer milled feather.

Isolates % Residual activities at temperature
40 °C 50°C 60°C
K6 89.83 95.16 41.77
K38 57.47 14.28 0
K57 62.79 54.76 43.75
K82 83.8 82.21 0
K103 36.63 86.58 0
Discussion keratin hydrolysis, defined as exo- and endo-

Feather degradation activity has been
found from all kinds of microorganisms such as
bacteria [10, 17], actinomyces [11] and fungi
[6, 8, 18, 19]. In our study, we found only
bacteria actively hydrolyzing both vane and
rachis parts of the feather. It seemed that bacteria
found could grow better than both fungi and
actinomyces did even the specific condition with
chloramphenicol was used. During primary
screening, 9 isclates devided into 3 groups a
ccording to the ability of feather hydrolysis
and FA contents were obtained. The first two
groups were different in FA production. The
hypothesis concerning in that high feather
degradation but low FA production might be
either rapid FA consumption as carbon and
nifrogen sources or enzymatic system itself
providing low FA contents. For the case of
high degree in both feather degradation and FA

production indicated that the enzyme activities

maybe high and act as both end-wise and random

acting respectively which was similar to the
action of cellulases {20, 21]. These hypothesis
were being studied in our laboratory and able
to be elucidated later.

In secondary screening, The effects of
pH and temperature on enzyme activities were
studied. Most of the keratinolytic enzymes from
bacteria exhibited as alkaline protease type
[7, 9, 17]. However, in our study, all 3 types
of proteolytic enzymes were found as acid
(K6, K38), neutral (K57, K103) and alkaline
protease (K82). Considering the enzymes
stabilities at various pH , isolates K82 and
K103 were rather stable at wide pH ranges of
5 - 10. This property was rather similar to
Bacillus sp. AH-101 [17]. When the tem-
perature effect was studied, optimum tem-
perature existed at rather thermal high tem-
perature with the range of 60 to 70°C . However
the enzymes were not so thermal stable. The

activities declined at 60 °C during 1 hour incub~
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ation. The enzyme solution from the isclates
K6, ¥82 and K193 were stable at 40 and
50 degree celcius. Comparing to Bacillus sp.
AH-191 and thermophillic Bacillus sp., kerati-
nase activity was rather stable at 60 degree
celcius for 10 min and 1 hour respectively [7, 17].

Based on the results of temperature
stability using in industry at 50 degree celcius,
the wide pH range and difference keratinase
actions, the isolates K6, K82 and K103 were
selected for further studies on enzyme properties

and formulation used in feather digestibility to

obtain valuable protein sources for animal feed.
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<A HREF="“mailio.pusadee@kknl kku.ac.th”>

o s = s v s at
smatems@anlaauuusne g @nsoudaslaaens Uil

’ <HTML><HEAD> ’

, Link Gther hﬂmepage i - k

</HEAD> =

 <BODY> ;

‘ i<H4><font CGIOI—»“RED”> To dowhload please chck</H4>
<A HREF="ftp://ftp. microsof't.mm”>ftp microsoft.com</A>

<H4>’Use http </H4>

Taushedaya

‘KA HREFu‘“file //homepage/exg heml” >file: //ex8. htmi</A> <ER> ;
E <AHREF~=“http //WWW kku ac.th”>http: //Www kku ac. th</A> \

<H4 >F0r more mformatmn</H4>

: Please send e- maﬂ m <A HREF““mmIm pusadee@kkul kku.ac. th”> \
‘ </BODY> ' . ‘
. </HTML>
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Tauginadayannnng click 7l
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O Department of Blologs ;
0 Departiment of Chemisny
O Deparhment of Mathematics
O Department of Phwsics
U Depurbment of Statities
U Depmrinent of Microbiology
o Depaviment of Cowmputer Sclence
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~ O Depariment of Envi
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lﬂa’afi@m‘ te:fICIHOMEPAGE/SC NEW HTM

What's Newl | Whore Coolt | Mandbosk | HetSearch i?ﬁetmmﬁmyj_ Safware |

EROURAN OF STUDY

The fac&ﬁty a)f Sémc& ofers ﬂim progomne for B,Se. &ep‘ee ander the sdministration of the
mwwpwﬁm@ d«ﬁ?‘&‘fxﬂéﬁt -

. Degaarimmt uf Biﬂieg ~ : ‘
The Department affers 2 program lemding fo 2 B.5c. degree In bislogy. Several courses indhuding
Botany Losology, Geneties, Uell and Mioleculer Biolory Porasitology, ?hyswiog,AxmtaﬁrﬁTequues
in Bleology, Biaéiv&rsity;}fmm Qﬂkmég and Bi@teﬁiﬂxﬁiegy e aﬁm ~
Iiegwﬁmmi of Cam{wter Science
T}w Bepariment ﬁﬁ?z‘*ﬂ A lSe &t@‘et propam in i mnpnter ‘iﬂeﬁme 'f’%m promEm m‘m}a&ei conrse in
Thenries and A;m’i;uim*n of Cumpuler, Computer Architectine, Compuler Hardware and Solbwore
Dasign, Anaivels and Diavelopmient of Compuier Sysiern and Computer Network, Inforenation Syctem
Dieclpns and Tinplessendation Graphic Comparer, Uneratng Eystem, Flie and Dam?:vase
Chrganizadong, and ﬁmm‘y of Fro gm_nmmg Langusses

iﬁxck h&r

For move imfanustion

Flease send omailte gmaﬁee@éﬁ}m;‘ciﬁ :

4
wlsal Dacument: Dane : i kg
<HTML><HEAD»>

<center> <IMG ALT="Science logo” ALIGN="1op” SRC="Sc1.gif”
</HEAD>

<BODY>

<H3><font Color="green”>Faculty of Science, khon Kaen University<BR>
Khon Kaen, THAILAND <BR>

Tel. (043)242332-40 Ext. 2249-50<BR>

Tel.,Fax. (043)2237603<BR></H3></center>
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<font color="darkblue”>

<UL><H1>Faculty of Science</H1><BR>

<LI>Admission</LI>

<UL><LI><A HREF="#Grad”>Craduted</A></LI>

<L1><A HREF=“#Undergrad”>Undergraduated</A></LI></UL>

<LI>Program of Study</LI>

<font color="blue”>

<UL><LI><A HREF="#bio”>Department of Biology</A></LI>

<LI>Department of Chemistry</A></LI>

<LI>Department of Mathematics</A></LI>

<LI>Department of Physics</A></LD>

<LI>Department of Statitics</A></LI>

<LI>Department of Microbiology</A></LI>

<LI><A HREF=“#ComSc”>Department of Computer Science</A></LI>
<LI>Department of Biochemistry</A></LI>

<LI>Department of Environmental Economic</A></LI></UL>

<font color="“darkblue”>

<LI>Facilities</LI>

<LI>Resarch</LI>

</UL>

<A NAME="“Admission”><H2> ADMISSION</H2>

<P><font color="blue”Students may be admitted to the Faculty of Science in one of the following
categories <BR>

<A NAME="“Undergrad”> <font color="Blue”><TABLE BODER><H2>Undergradute program</H2></
TABLE> :

<font color="“black”><OL><LI>Graduate from high schools in the notheast region and passed
the entrance examination of Khon Kaen University; about 509 of the total student</LI>
<LI>graduated from high schools or equivalent and passed the entrance examination
administered by the Ministry Affairs; about 50% of the total amounts.</LI>
<LI>Selected from students enrolled in the Development and Promotion of Science and
Technology Talent Project; about 10-12 students each year.</LI>

<LI>International Students under the support of the Thai Government or an international

agency</LI></0OL>



= a 4 T v A a
Lﬂ%@@ﬁ]&lW'}L@]@% MNIATIMGINTAT Y. A 25 atuR 1 unsnau-hnay 2540 91

<A NAME=%Grad”><font color=“Blue”><TABLE BODER><H2>Gradute Program</H2></TABLE>
font color=“black”><OL><LI>Qualified to the specific program admission requirement and passed the
enfrance examination of Khon Kaen University.</LI>

<LI>Qualified international students under the support of the Thai Government or

an international agency.</LI></OL>

<H2><B>PROGRAM OF STUDY</B></H2></BR>
<P>The faculty of Science ofers nine programs for B.Sc. degree under the administration

of the corresponding department<BR>

<A NAME=“bio”><H3><font color="Blue”><B> Department of Biology</B></H3>
<P> The Department offers a program leading to a B.Sc. degree in biology. Several
courses including Botany,Zoology,Genetics,Cell and Molecular Bisclogy,Parasitology,
Physiology,Anatomy, Techniques in Biology, Biodiversity, Tissue Culture, and

Biotechnology are offered.<BR><BR>

<A NAME=ComSc><font color="“Blue”><H3><B>Department of Computer Science</B></H3>
<P><font color =“green”>The Department offers a B.Sc. degree program in Computer Science.
The program provides course in Theories and Application of Computer, Computer Architecture,
Computer Hardware and Software Design, Analysis and Development of Computer System and
Computer Network, Information System Designs and Implementation Graphic Computer,
Operating System, File and Database Organizations, and theory of Programming

Languages.<BR><BR>

<H3><font Color=“orange”>Connect KKU<A HREF=“http://www.kku.ac.th”> click here</A></
H3><BR>

<H4><font Color=“red”>For more information</H4>

Please send e~-mail to

<A HREF=“mailto:pusadee@kkul.kku.ac.th”>
<STRONG>pusadee@kkul .kku.ac.th</STRONG></A><BR>
</BODY></HTML>
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Microorganisms. Prentice-Hall interna-
tional Inc., USA. 909 p.
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