
C H A P T E R  III  
E X P E R I M E N T A L

3 .1  M a t e r ia l s

C hitosan  w ith  a degree o f  deacety lation  o f  75.8%  w as a gift from  Prof. 
Suw alee C handrkrachang, the A sian Institu te o f  T echnology , T hailand. 
A m m on ium  sulfate, d ipotassium  hydrogen orthophosphate, pyrid ine, sodium  
acetate , hydroch loric  acid, iY,Ar-dim ethylform am ide, and sodium  hydroxide 
w ere  the products o f  U N IV A R , A ustralia. Polyethylene glycol (M W  6 000), 
po tassium  dihydrogen phosphate, sodium  carbonate anhydrous, lauric acid, 
ph thalic  anhydride, to luene-4-sulfonyl chloride and N -acety l-D -g lucosam ine 
w ere  purchased  from  F luka C hem ical, Sw itzerland. M ethanol and glacial 
acetic  acid  w ere from  J.T. Baker, บ .S.A. M agnesium  su lfate w as from  
C A R L O  E R B A , France. E thanol and potassium  ferricyanide w ere purchased 
from  B D H  L aboratory  Supplies, England.

3 .2  I n s t r u m e n t s  a n d  E q u ip m e n t

3.2.1 F ourier T ransform  Infrared Spectrophotom eter (FT-IR ) 
Q uantita tive and Q ualitative F T -IR  spectra w ere ob tained  from  

V E C T O R  3.0 B R U K E R  spectrom eter w ith  64 scans at a resolution  o f  4 cm"1. 
A  frequency range o f  4000-400 cm"1 w as observed using a deuterated  
trig lycinesu lfate  detector (D TG S).
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3.2.2 U ltrav io let-V isib le  S pectrophotom eter (U V -V IS)
A  la m b d a -16 U V -V IS spectrophotom eter from  P erk in -E lm er w as used 

for quan tita tive  analysis. The unit activity o f  enzym e w as determ ined  by 
co lo rim etric  assay at absorbance 420 nm  (A 4 2 0 ) . The stability  o f  the enzym e 
w as evaluated  by turbid im etric  assay at transm ission 650 nm  (T 650). B ousch 
&  L om b ST E C T R O N IC  2000 w as used to m easure the enzym e activ ity  by 
tu rb id im etric  assay at T 650 nm during enzym e production.

3.2.3 E lem ental A nalysis (EA)
T he percent elem ents w ere obtained from  Y A N A K O  C H N  C O R D E R  

M T -3 , M T-5 w ith  com bustion tem perature 950°c. T he sam ple w ere  run 
under H e (flow ing  rate 200 m L/m in) and oxygen (flow ing  rate 20 m L/m in).

3.2 .4 T herm al G ravim etric A nalysis (TG A )
T herm ograv im etric  analyzer, Du Pont TG A  2950 w as applied  for 

study ing  the w eigh t loss o f  chitosan derivatives. Sam ples (approxim ately  
5-7 m g) w ere  loaded in a platinum  pan and heated under a N 2 flow ing rate o f  
20 m L /m in. The heating  rate was 2 0 °c /m in  from  30°c to 600°c.

3.2.5 X -ray D iffraction (X RD )
X -ray diffraction  patterns w ere obtained from  a R IG A K U  R IN T 2000. 

C u K a  (À, =  0.154 nm ) w as used as an X -ray source and operated  at 40 kV, 
30 m A  w ith  N i fdter. Sam ple (0.1-0.2 g) w as ground w ith  agate  m ortar and 
spread  on a glass slide specim en holder to exam ine 29 o f  5-50°.

3.2 .6 N uclear M agnetic R esonance Spectrom eter (N M R )
Solution state 'H -N M R  spectra w ere analyzed by JEO L: JN M -L A 500 

and V arian  IN IT Y  plus 600.
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3.2.7 B rookfie ld  V iscom eter
B rookfie ld  v iscom eter R V D V -III, w ith a sm all sam ple adap ter (SSA  

21/13R ) and a w ater bath, w as used to m easure the chitosan v iscosity  before 
and after trea tm en t w ith  the enzym e. The m easurem ent w as operated  at 37°c 
by con tro llin g  the tem perature  in the w ater bath.

3.2.8 C apillary  V iscom eter
T he C annon-U bbelohde v iscom eter Cole Palm er, บ .S.A ., capillary  no. 

50 B 582, w ith  therm ostatic  bath D T-2 H eto, D enm ark w as applied  to  m easure 
the ch itosan  v iscosity  in 0.1M  sodium  acetate / 0 .2M  acetic  acid  at 30°c.

3.2.9 L yophilizer
T he ch itinase enzym e solution w as frozen under liquid  n itrogen  and 

lyoph ilized  by F lexi-D ry FTS, STO N E R ID G E, N ew  Y ork, U .S .A .

3.2 .10 L am inar F low
The procedures o f  isolation, transferring , to prepare enzym e w as done 

in L am inar flow , International Scientific Supply Co., L td, to  avoid the o ther 
m icroorganism s and im purity  in the air.

3.2.11 Shaker
T he Shaker, N ew  B runsw ick Scientific C o., Inc, w as applied  to  control 

the shaking  and tem perature  in chitosan degradation studies.

3 .2 .1 2  A u to c la v e
A ll o f  e q u ip m e n ts  fo r en z y m e  and  c u ltu re  m e d ia  w e re  s te r iliz e d  by

a u to c la v e , K o k u s a n  E n s in k i C o ., L td ., b e fo re  use .
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3 .3  E x p e r im e n t a l  P r o c e d u r e

3.3.1 P reparation  o f C hitinase Enzym e
3 .3 .1 .1  P r e p a r a t io n  o f  C o l lo id a l  C h itin

C hitin  (10 g) was added slow ly into 400  m L  o f concen trated  
hydrochloric  acid in ice-bath w ith vigorous stirring. A fter 2 h, the m ixture 
w as heated  up to 37°c w ith m oderate stirring for 30 m in and then filtered  
th rough quartz  w ool. The filtrate w as poured into 4 L  o f  deion ized  cold  w ater 
in ice-bath  w ith  stirring to obtain  the colloidal chitin  suspension. The 
suspension  w as kep t overn ight at 4°c. The supernatant w as decan ted  and 
co llo ida l chitin  w as w ashed w ith deionized w ater until neutral. T he co llo idal 
ch itin  w as resuspended  in deionized water. The percent w eight o f collo idal 
ch itin  w as determ ined  after drying the suspension.

3 .3 .1 .2  P r e p a r a t io n  o f  C u ltu re  M e d ia
C olloidal chitin liquid m edium  w as used to grow  bacteria  for 

enzym e production . A litre o f colloidal chitin  m edium  (CM  m edium ) 
con ta in ing  co llo idal chitin 0 .2 %, yeast ex tract 0.5 g, (N H 4)2S 0 4 1 g, 
M g S 0 4.7H20  0.3 g, K H 2PO 4 6 g, and K 2H P 0 4 10 g w as prepared. F o r solid

m edium , B acto -A gar 20 g was added. Solid m edium  w as used for iso la ting  
bacteria  in to a single colony. LB m edium  was used to generate  innocum n. 
A litre  o f L u ria -B u rtan i m edium  (LB M edium ) contain  B ac to -try p to n e  10 g, 
B ac to -y e a s t ex trac t 5 g, and N aCl 10 g, the pH  o f  the LB m edium  w as 
ad justed  to 7 .2 -7 .4  by 10 N N aO H . B efore use, all o f  the m edia  w ere 
sterilized  by au toclave at 121°c for 20 min.

3 .3 .1 .3  P r o d u c tio n  o f  C h itin a se  E n zym e
S ta p h y lo c o c c u s  s p e c ie s  strain TU 005 (E) was streaked to form  

single co lon ies on colloidal chitin m edium  agar m edium . A single colony 
w as inocu lated  to LB broth m edium  and grow n overn ight to produce an
innocum n.
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C hitinase enzym e w as prepared as follow s. The overn ight 
bacteria  cell cu lture  w as innoculated, 1:100 dilution, into CM  m edium . The 
cu lture  w as grow n in w ater bath  at 30°c for tw o days w ith shaking, 250  rpm . 
E very 3 h, the m edium  w as sam pled ou t to assay for the ch itinase activity 
using tu rb id ity  assay. A fter the h ighest activity  had reached, the culture 
m edium  con ta in ing  crude enzym e was co llected  by centrifugation , at 7 000 
rpm  20 m in. T he crude enzym e w as pu t in a d ialysis tube and placed  in the 
box conta in ing  polyethylene glycol pow der to reduce the volum e o f  the 
solution. A fter the solution w as reduced to 1/3 o f the starting volum e, the 
concen trated  crude enzym e was dialyzed with phosphate buffer (10 m M ) pH
7.0 and lyophilized  to obtain pow der chitinase.

3 .3 .1 .4  D e te r m in a tio n  o f  E n zy m e  A c t iv i ty  
Turbidim etric  Assay
E nzym e solution (1 m L) w as added to a m ixture o f 0.5 jag/mL 

collo idal chitin  (0.5 m L) and phosphate buffer pH  7 .0  (0.5 m L). A fter adding 
enzym e, the transm ittance (% T) at 650 nm w as m easuring every  5 m in for 
1 h at T 550 nm. The enzym e activity w as calculated  from  the slope o f  the 
graph betw een  A% T650 value (A% T650 = T-To) and the reaction  tim e in unit 
A % T650/m in.

C a lc u la tio n

E nzym e A ctiv ity  (A%T65o/min.mL or m g) m easuring tim e (m in) 
am ount enzym e used (m L or m g)

T otal activity  = activity value (A%T65o/ m in ,m L )x  to tal volum e (m L ) 
( A % T 650 / m in)

% yield  o f  enzym e purified total activity o f  purified enzym e X100%
total activity o f crude enzym e
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C olorim etric  A ssay
T he am ount o f enzym e (concentration  10 m g/m L ) varied  from  

10 p L  to 50 p L  w as added in the tubes contain ing excess co llo idal chitin. 
T he volum e w as m ade to be 1.5 m L w ith phosphate buffer pH  7 .0  fo llow ed 
by shaking at 37°c for 30 m in. The color reagent w as prepared  from  0.5g 
po tassiu m  ferriccyan ide  in 0.5 M  sodium  carbonate 1 L. T he co lo r reagent 
(2 m L ) w as added to  the m ixture and heat for 15 m inutes in boiling  w ater. 
A fter 15 m in, the sam ples w ere centrifuge to rem ove the substrate and the 
co lo r o f  m ix tu re  w as determ ined by บ V-V IS absorbance at 420  nm  (A ]). The 
b lank  value (Ao) w as m easured by using phosphate  buffer pH  7 .0  rep lacing 
the enzym e solution in the reaction. The experim ents w ere done at least 3 
tim es and the values from  the m easurem ents w ere used in the calcu lation  o f 
AA, (AA = Ao-Aj).

T he standard curve o f N -acety lg lucosam ine w as perfo rm ed  
using concen trations o f  0.09, 0.18, 0.27, 0.36, and 0.45 pm ole  o f G lcN A c.

T he enzym e activity was obtained by calculating  the am ount o f 
G lcN A c produced  in the reaction using the N -acety lg lucosam ine standard  
curve. T he enzym e activity was calculated in the unit o f  pm ole  o f  reducing  
sugar p roduced /m in .m g sam ple (บ /m g sam ple).

C a lc u la tio n

. . . R e leased  o f G lcN A c by enzym eA ctiv ity  = ----------------------------------- — —-------- -------L----------------------
am ount o f enzym e used (m g )x d e g  radation  tim e (m in)

(A % T ô50 /  m in  .m g)
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3.3 .2  Study on the Factors E ffecting  E nzym e H ydrolysis 
on C hitosan Chain

3 .3 .2 .1  E ffe c t  o f  H y d r o ly s is  tim e
E nzym e stability  w as m easured by incubating  ch itinase solution 

(concen tra tion  0 .6 U /m L ) for d ifferen t length o f tim e at 37°c. E very h a lf an 
hour, ch itinase  solution w as aliquot and assayed for enzym atic activity using 
tu rb id ity  assay. The enzym e stability w as also considered  by using acetate 
bu ffe r pH  4.5 com pared w ith phosphate buffer pH  7.0.

3 .3 .2 .2  E ffe c t  o f  S u b s tra te  C o n c e n tra tio n
T he decrease o f v iscosity  w as m easured  by B rookfield  

v isco m eter to evaluate the chitosan concen tration  effect. C hitosan 
concen tration  w as varied from  2% to 4%  w hile the am ount o f  enzym e was 
m ain ta ined  the sam e (18m U /m L).

3 .3 .2 .3  E ffe c t  o f  E n zy m e  C o n c e n tra tio n
T he am ount o f  enzym e w as varied from  4.5 m U /m L  to 

30 m U /m L  w hile the 4%  chitosan concen tration  w as used. E nzym e 
hydro lysis w as also m easured by the reduction  o f reaction  viscosity.

A fter the optim um  condition was obtained. T he p roduct was 
rep recip ita ted  by N aO H  (1 M ) to co llect the o ligochitosan.

3.3 .3 P reparation  o f O ligochitosan D erivatives
3 .3 .3 .1  P r e p a r a t io n  o f  N -P h th a lo y lo l ig o c h i to s a n

N -Phthaloyloligochitosan (Schem e 3.1) w as prepared  by using 
excess ph thalic  anhydride to react w ith chitosan in A ,A -dim ethylform am ide 
(D M F) as referred  to N -phthaloylchitosan (N ish im ura e t  a l ., 1991). One 
gram  o f o ligochitosan  was dispersed in 20 m L  o f AOV-dim ethylform am ide 
under vacuum  condition  and heated to 100°c. T hree-fold  excess phthalic 
anhydride w ere added and reaction w as proceed at 100°c. A fter 7 h, the 
nitrogen atm osphere  was changed to vacuum  and stirred overnight. The
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obtained p roduct w as reprecipitated in cold w ater and w ashed thoroughly 
w ith  ethanol. A fter drying in v a c u o , the product was characterized  by FT-IR , 
EA, X RD , TG A , uv, and NM R.

S c h e m e  3 .1  Preparation o f N -phthaloylo ligochitosan

O ligochitosan

N -P hthaloylo ligochitosan

3 .3 .3 .2  P r e p a r a t io n  o f  O -T o s y l-N -P h th a lo y lo l ig o c h ito s a n
O ne gram  o f phthaloyloligochitosan was d issolved in pyrid ine 

20 m L  at room  tem perature. T en-fo ld excess to sy lsu lfonylch loride w ere 
added, and the m ixture was stirred at room  tem perature for 24 h (Schem e
3 .2 ) . T he obtained  product was reprecip itated  in cold w ater and w ashed  w ith 
ethanol. T he p roduct w as characterized by FT-IR , EA, X R D , TGA and u v .

3 .3 .3 .3  P r e p a r a t io n  o f  O -L a u r y l-N -P h th a lo y lo l ig o c h ito s a n
O ne gram  o f tosylphthaloyloligochitosan w as d ispersed  in 40 

m L pyrid ine  under vacuum  condition and heated to 80°c. Laurie acid (15 
fo ld -excess) w as added and reacted at 80°c. A fter 12 h, the nitrogen 
atm osphere w as rep laced  to vacuum  condition and stirred for 3 days (Schem e
3 .3 ) . A fter the reaction , the solution w as reprecip itated  in cold w ater and
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w ashed  thoroughly  by acetone and ethanol. The obtained p roduct w as dried 
in v a c u o  and characterized  by FT-IR , N M R, EA, TG A  and u v .

S c h e m e  3.2  Preparation o f O -tosy l-N -phthaloylo ligoch itosan

N -P hthaloylo ligochitosan

T oluene-4-sulfonyl ch loride (TsC l)

S c h e m e  3 .3  Preparation o f O -laury l-N -phthaloylo ligoch itosan

o

O -T osy l-N -P hthaloylo ligochitosan  O -L aury l-N -P hthaloylo ligochitosan
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