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The optimization of 3-glucanase production from Bacillus circulans IMC 2504 was carried
out by the sequential simplex optimization method. The optimal conditions for [-glucanase
production was 0.53 g/100 mL of the bakers’ yeast cell wall, agitation rate 205 rpm, initial pH 5.54,
temperature 26.7 °C and incubation time 23.4 hr. The total experiments of simplex optimization were
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IMC 2504 was 1.645x10" CFU/mL. The characteristics of B-glucanase were also investigated. It

was found that the optimal temperature at 45 °C and the optirnal pH at 4.5 showed the highest relative

Application of the Sequential Simplex Optimization for
Improvement the Glucanase Production by Bacillus circulans
IMC 2504

Miss Piyaporn Maruekhaphan

Miss Sumolrat Panthong

Biotechnology

Applied Biclogy

2006

Dr. Jidapha Tinoi

Abstract

B-glucanase activity of 106 % and 104 %, respectively.




=y oy
nnfAnssNUsEMn

b 4
@ o - =] o o * - ' )
ﬂ'lﬁﬁ]ﬂﬂ'ﬂﬂiﬂﬁ'\ﬂ‘wLﬁyuﬁﬁﬁﬂ‘jﬂQﬁ'}NﬂI‘lﬁﬁTﬂ'lﬂ"d“lﬂﬂ'J'HJ‘lf'JUlﬂﬁfJ mmsmﬁ'a ANDAIU

o o = ¢ 1 A T Yar o t
ATUUZHIAN TN ‘V]L‘lJ‘LIlJ'i%TEI‘]qu)UNU\‘]Mﬂﬂmzhﬁ}ﬂﬂ'ﬁnﬂuﬂﬂﬁﬂ']ﬁ“]

= o ]

s ooy A (R = o ' Ve =5
YBYBUNTEAM A3.3A101 Mles MlTnu Inssnuimemiluedieganldfungi ddsnm
¥ ¥
1 ° -~ ar e o ' =1
uaz Idanunmas lums lassauiirmun il dduSegaae1daef
@ w o s ¢ & ¢4 o o o
YDUDUNTZAM HALAT.ATYY WUTAONY naz or1sdnilaniua nduysd Angamtulszsm

)

NITUNTUAZNTTUNIT mm)ﬂw“lﬁﬁmuzﬁﬂumsﬁﬂmwmﬁmu

1
=1

4 ] o o = o ¥ o 4
YBUDUWIT AU ?)’HJ'ISUﬂﬂﬂ'lu‘ﬂ‘h"]ﬂ'ljiZﬁﬂ'ﬁﬂiﬁﬁ'lﬂ'l‘h"lﬂ’l'lliz Tda1d5ny uaznow
' e -
PRIV DOADNDATLHLIIN 4 1J
O -t P a ga = s v v vy elg W
VOUDUWISHANU li]']‘Hu'l‘ﬂ‘ljiBW]THEN‘LI{]'UﬂﬂTJ"JYIU"IﬁTﬁﬂi RIMUINTINTT dBz LYY 1‘11”
¥
ﬂ'ﬂll‘]f'!Ulﬂﬁﬂlm%ﬂ'ﬂﬂﬁ%ﬂ'ﬂﬂ‘luﬂ'l'iﬁ'll,uu\ﬂuiﬂﬁQ\‘l']‘HWLﬂ'Hﬁ
- = o o 4 n"‘ P dg 3 e = ] Q
VOUDURUIWIUN ﬂ'lﬂ'l‘li']‘li']']‘ﬂﬂﬁJngﬂﬂ ﬂi'l..lll“ﬂ 4 ﬂnﬂu'ﬂi'ﬂﬂ']ﬂiﬂﬂ'] AUTUT AT

sromdeluduaie uasldddalenlaunnsa

+
I3 ar 1

_—y ar d - o/ s -]
YpuaUnsEAM Ta1-y13a1 kazasounia Nmivayuuaziludidaloundaiioudssau
a d 9 =&
anudsoluaunisfnya
mycu =1 c;q L] ] | d'q 3 v = 4:;.d W o o
wenvinfifaiiyanaifidusromdednuinuiy Adldnains w Al nsanzdiai

o] ] ¥
yovounszaMiuatigeld a Tenmaiiaay

o a o
Tnsal uganug

quaial 1huned




a13tiey

unfageniy Ine

UNARYBAIMIDINGY

Aaanssulszne

GAFSIN

MITVYATN

asvnygy

unii |
11
1.2
13
1.4
Wi 2

2.1

22

uni 3
3.1
32
33

uni
AaNuA AL HUYDLIUITY
ar o =
TagUszaenuoeInTaaIuney
YDUUAYDL INTINURLAY
e 1 ar
sz Topdfiniadneg 1asy
NOYRUATHANMS
o
tou lainga e
2.1.1 wilavoueu lwingauua
o LS " !
2.1.2 mitunizveseu lminganuades1saidu
Vo o
2.1.3 uvasnwueu lasingaiue
¥ A 1 5 o
2.1.4 adeninaranmsiinuyeion lyingaiud

o o
2.1.5 Usz Tumuoaeu lysingauua

[
A S

a’ o 4
2.1.6 awAtoinuatesdumsnimeu lsdngauue
ol s, o’ L

msmanIzimuizay lng3sguwand (Sequential Simplex Optimization)

=1 ad e o
22,1 NYUHVBIITBUNWANT

aw A e 9/
2.2.2 AuRNuIveq
WAUUUNUIY

d:’ =y = o
IogaunTe

11
11
13
13
20
23
23
23
24



31ty (@19)

3.4 3BMINARDY
3.4.1 mswﬁmau”lcnﬁnqmmﬁmmﬁﬁa B. circulans IMC 2504
3.42 MymTueusad Tas3smsiusuiugiuns sdromaila pour plate
3.4.3 mi’?ﬂﬂ%‘umu,mzmsﬁNmﬂmmu"lsnﬂﬂgml,uﬁmmé’a B. circulans
IMC 2504
344 mimﬁmazﬁmmzﬁuiumiwﬁmmu"lcnﬁﬂgmmﬂmmﬂﬁa B.circulans
McC 2504 Tao3tTuwand
3.4.5 mﬁﬂymmﬁuﬁﬁzmxmmmﬁuwaamu"lcuﬁmmmmwﬂv‘fja
B. circulans IMC 2504
uni 4 Han1sNARDa
4.1 ﬁmazﬁmmmﬂumiwﬁmau"lﬂﬁﬂﬂgmmﬁmm%a Bacillus circulans
mMC 2504 TaolF35Fumand
42 ﬂmﬁuﬁﬁmauau"},mﬂﬂgmmamnv’f'ﬁya B. circulans IMC 2504
4.2.1 noweemarilunsadafimnzaudemshnusoueulasinga e
422 msanmenngifimmnzausonhauseasy lxingag
unfi 5 agilranmsnaasiazofilsionamsnans
5.1 aﬂnsﬁmmmuiummﬁmﬂu"lmﬁﬂgmmﬁmmﬁ'ga B. circulans JMC 2504
Tael43% Bawand
5.2 ﬂmﬁnﬁﬁmmmu%ﬁnQmmﬁﬁwﬁﬂ"lé’fmmé’a B. circulans IMC 2504
1eNE1581989
AAHUIN N
AAFUIN

NMANUIN A

24
24

25

25

27

28
30

30
42
42
43
45

45
47
49
54
55
58



M5UYAI5I

=
MIaIN

a r u’: L4 A
1 anudumzaeasaeduyoaeuland -1,3-glucanase HWAA IR0 Bacillus
circulans WL-12
@ o EE c’:’ gl 1
2 Asauveue 1ol endo-B-1,4-D-glucanase I AABEIIAIAUIUNGY

cellulosic

Ql

¥ T
3 anuiumnziuasdeduuoaeulad B-1,3-glucanase ST TinGa lda1n
¥
A. brasiliensis 100N InaaeufUa1sAIAUL 521N B-glucan Ha1eila
2 a o a d ¥ i
4 ueasanzisududmiunisudmeulednganuaainie B. circulans o
] H oae o o
gNILUIUMSMIAM IS AN NIZAULUUTTBUWANCS
0 o o o 1 r=y o
5 warawamsA s nsememanz i lumsnaaeu laningaiug
ol & o
INIDTULWANT
' a fo o o A @ = il
6 uwiuuFuwangdiSrginaasrnzammeasuiuanlunsnaneu ol
¥
(=Y o o
AQANUTINKD B, circulans IMC 2504 HAEAININTIUNTIIRITHVO 10 ars]
ngR U ings 13
1 =, o o o 3 10 ar =
7 ugALHUMFIwandd s ogliemanzmsnanoe nudmiumnan
s ¥ =
LE)UU],”HIJﬂQﬂ‘ILuﬁi}‘IﬂL%B B. circulans IMC 2504 (LL'U'LI‘IJﬂﬂ R)
] = o o o 4 LI LY =
g uaeswuOuFuWansduisgliNomaniizmsnaaesge Inidmiumanan
o ¥
U lwNgANUTINAD B. circulans IMC 2504
' = e o o i T w Yy
9 uanmHuNUTMWAngduTvgiemanznIMeanga Indd1niunisnas
FY
a
wu lwingAnuaInIFe B. circulans IMC 2504
u’/‘ = 9/ - o df . .
10 azmanaaoanmuan g lunswamou leingaunuaenie B. circulans
—et e 4
IMC 2504 Tau3s9ummandy
11 snudutuvssmsazatwng InduazAimiganfulasnanuenau
540 W1 1R S
12 wavesnnuidlunsasianiinensiauveasulmingauua

13 wavesguupiiniaemavhauveaen laingaune



2o
=
=n.

10

11

12

13

14

15

16

17

18

19

1y

a3

¢
2
€ah

o
dnpaz§Us19ve0de B. circulans
3
Anuuzuo e B. circulans
ar = o - s =Y
AnyauzuoIFumana lumInaasinlssnoudleilate 2 wiia
&nuazFmwana UYL s
A - [~ o ar = ar
assnmmaounntu I 1ddwmSuSumanguuuvuiau sy
] = ¢ a w oo o« Qs a
AU QUMW aNSE S DT ansuuuvwtanl sAuay 3 aauls
AnyaIENISINAoUNVITIWANT
anuUZASAADUTUDITUNANFULVVUIAAMR
Qr Y A o o as
ANHEATATDUNVDIFUWANTHUVV LA HL
" @ o s - o df " & o
Anunssuvouey lasingauuafinga lavimde B. circulans 1H9MIN1INAT0O4
ot s
Tugaantizminanstlagldd i Fumand
oy o - q o
USinanadvoudo B. circulans IMC 2504 pynmanaaslugaan1izns
Blenct =y &
nAand Ino ¥ 35U WanTy
= [ = ar o alzy o o =Y
waaamalasuulasusamdSnamissadnnnestadainnsaiiv hves
o o V=N o
AnN12EMINARDI IUMIHAAE Y [HINA UM AU ITTIWANT
s ar o i Y = o s
uaRInNFNRUT I INanEMINaRDuRBNAnEY IningRuuai
asfavuin)asussguupinldlumandn
= ' o ] dy g ¢'| - o
uaaansilfsunlasupaninNuilunina1Iuee T Rs AT DN oNa RO Tas]
n’gmmﬁmumsﬁuﬁu"lﬂuaaam'azmswﬂam
1 [ o [ o =Y
uaraansilasuulasaanudasou lumswomaznisaiin lWvesanie
P LY o o P EY_ N o
msnaanai lFlumsndaoulmingauuai lien It sumands
.:«i d' 9 dy ; o o é'l =)
naaansildsuudasvesrai s lunmsduadedmiunisnaasunenas
3
wulaingruuannie 8. circulans At veaBuwand
] =] 1 P 1 ] . L4
nannavesnnNuiunsaaefifldon relative activity vouou lagingaue
v 3
ﬂwm“lﬁ 1N B B. circulans JMC 2504
el 1 . .. & o e 9
naraanaveIguuiinddenn relative activity yoou lmingauuainda’ld
1
il'lﬂl%‘e'] B. circulans JMC 2504

nsvmsazaiong lnuinsgd

15

15

17

19

19

20

20

37

38

39

40

40

41

42

43

44

56



1.1 anudingasinvesnuide
¢ o o S v o 4
wu lmingauuaithuou laniteus13@adu (substrate) $S1MINAGUAY (glucan) Failuas
o 4 { 4 5 o ar o o o
$1ana13 Tulawsn (carbohydrate) Miflussddsznoudigluniusadvouna 1 nazdanldn
s < TS ¢ ' 4
Wuens Tuenamul (monomer) 15U Wimang 1ad (glucose) Tawou lwiingauudazdosnguaui
- ar oy - 1 ] s 1 L4 ' o’:
vSnaiuse Inaladan (glycosidic bond) drusiinvesiuseiitoulsdngauumezidn lidooiu
d? P oas = < Y] n’;‘ ¥ o [} 9 o
Yusgiusilavousu laliaziuszveemsdedu oulwingruuamuisaunialdithe 2 dszian
ngy fio
1. 191 IANgAMIA (Endo-glucanase) sztavusnmwuse lnalagdnniotuTuonavesans
3
AWNUUL DT
F-3 3 - qs o
2. dnT¥ngAUUA (Exo-glucanase) 1z 8vuT 130w Ut tna Tadanniolu luanavesms
u’: o T o -1 = () -~ o nla’ L
asruagatiuszitivy Taesudesninlasaonetiweivesnlsaeay
£
o - o - a ' %, .
wulaingauuaansonan ldeingdunsduaz luR Y1 @ Citrus Fruit (Sanchez-
9 o ' Y A o J 1 7
Ballesta tiagnatg, 2006) ludruminaaoulaninganua Taoldgauniowudneu leingauua
a gt Af = o 1 Fort df ‘5 = o« 3/
amnsonaaldenludos dad amsouazuuaiSe o ifawrsandaeu laingauuald
18un Neurospora crassa (Hiura LIDSANUY, 1986) UAY Penicillium italicum (Sanchez HazAME, 1982)
d a od a ¢ T X ¢ )
Wwetaanawsonanou lyingauua I Candida albicans (Molina UazAME, 1989) Uay
o [ = o
Saccharomyces cerevisiae (Kuranda Waznaug, 1987) §msunisnaaeu loingauuannuuanisy
(- o a - 4 1
wuh Tuuafis onaterieRmusondaeu ledngauud ] 15y Closrridium  thermocellum
(Schwarz LLaxAMe, 1988), Flavobacterium dormitator (Nagata WASAMS, 1990), Bacillus circulans
t = o
(Watanabe 1aZAME, 1989) 1ABIMWIRULANSY B. circulans wiMeusondaeu lxingauua’ld
= - ’ ) « o o
USainaanniiga mamsanynuinissaaeulelon B ciradans ansathundssynaly1d
' 1 P o5 o a a ¥ d a 3
agnend e naidssnnuuafisuinsniyaulaldetisiad uazamsandaou lwl 18y
Usuagauazluniswdaeulailes B crodans wirinen lydngauuaiinga 1desfinanas
g o v 1 ar Q E
sonuIusnraa Minazandamsadauaziii e
wulsingruuasuisoi ldsegnald 1dedendsvne gy Tugamunssumswin
o o = L4 A 1 w < = o
defvzdmeou lainganuaasldiorislunsadauedan mal) uazmsifuou laingauuaas
« j
Winemisvesdaiilnsmandauos1n esnndaflsuianit liaunsandaeulaingauua

' o ¢ & da o < Y4 o d ¥ ¢ A
gomndosniiuradvesieninauauiluesiilsgnov 1@ Sesuiludesduon lanifias luiery




o A

1 o v & o
Tumsdestyieiilussmlsznoundnlusmsdnd (McCarthy uazauz, 2005) Minqaiauia
o 1 ' a o5 9 L] as o
vououlaingauuawyieu ladngauuaaunsair lldssgndldlunsdesaaiomisyad lay
w seda o v rw ¢ & a o v
mwizrluradninguandiuosnlszaoy nansAnymuaiusadireswariadlsznouni

¥
LI

1 ' s P ar o 9
nquauiiudulng deiulumsdesameminvadiiofveaiamsoeninuenizad laomsly
o & 1 d o’q W ¢ = A ¢ a ga P s
o lsingauua fodudumalszgndlfiouledngauualsnmaniiedn Badinsiinisi
o 9 ] qs o L JUA
wulydngauuau 1dlunisdesmiugad 10U baker's yeast (Rombouts HazAmE, 1976),
Schizosaccharomyces pombe (Kopecka LAZAMY, 1995)
o ar = o : = o
dmsumseaaeu ladngauuesn B. circulans anaziiminsaulumssdaeulaide
(- @ o @ = = A ¥ a o 9/ o o
nifuilefedrdglumsnia maenssdaluannemuizavinded v vmansosdaeu T
9/ = a = o n’.: sl .:.{ a2 g a o w 1 &4
ﬂqmmﬁ‘lﬂ’luﬂ‘smmmqmqa ﬂ\ﬂu‘l«n'ﬁﬂ'l?ﬂ'lﬂﬂ173T]E‘Hll']gﬁlﬁlﬁlﬂuﬁﬂﬁ"lﬂﬂ]uﬂﬂ'lﬁﬂu\ﬂi\lﬂ'li

- o ' =1 { = o
Faenmiswdaeu Taaingaiue samsfnywy i 18nswianshoanz aulumswdae Lol

3
Qoo

s A o 1 4 u’: . 1 = N 5 v A
Tﬂuaﬁwmmuﬂmwmﬂﬂ (one-factor-at-a-time) wmmmwﬂwamau”lw'lﬂ LAHDIINITUHY
¥ o o M k4 3/ = P & o u’: =
dod1afe desldarlunisfnyianisimuizcuinu desnndimiuaiiuesnisnaanil
-4 :;.a LT | ' = d. = o ar é t
S wazghdwaie aunsanandedlgmmsifieransgnuvesdauys (lede) nilese
a at = & A 1 ' e et
sautls (o) Snwiiantia (factor interaction) 18 dowt 1aiin1s#@rurwuin 18801519735 response

g o | ¥ - o
surface methodology BMMNMIEAEAIMzMIaznuNaIsaraaeu Tadngnuudld 251
o P A A ldli ® = o nqﬂf rog = o n:{
ylnaniladtng (Tang 1azAME, 2004) UALDIMsAREIA B INUTIADILI I INMITNARDIY
9 i o
I lumsmeazimuzeuinaunin
A ) o A . [~ { o L4
Tunisman iz immnzauwU T35 Fumand simplex) s Aansodnnyszgndls
= o 9 = o g ao - @ ar Y]
TumswFaouleingaiuald TavumandiduitnamanefiinsayTaomsndnauld
=Y o A - as = g 3 = o A P = A
Sumandiafoud JUdsnunldmsasuausiinngauinga Taevzinfiouinnusnubuly
w o dayw 4 & 4 4 4 = P v w1 Ay
FauTnunldnsneuaussiigaiusugeiige Taomdeun T lufirmenassdmduaiildnsg
¥ a = v W 5 o o a A N =
aavauestosfiga vazRpsudmlsimuavesduwandesiinuniouinionldouulaslyl
w o o st & o
Tunamadeaiudiunsudiyniafe factor interaction 18 LaznsUszyndIiSumandunld
t t o i 4 oe s o = °
fautiadie azadnuazsIasa lumsman gy 1o nn IR FnanfAATINNTATYIN
a c? = A 1 =S o g ° ¥ 9
masadiarug e wesijumiawinaunisnaassidusogdmunsodunildanld mem
= ooy o o ma e o Y o q ¥ ¥ =
annzimnzay IneItFumandiduitimusnaaduiuvesnisnanssId i lvidhganiieh
[T ) ol J 3 o P T Y a 4
iz 1dedesaad winiy wag ldanzfitmnzauiuies weanisudaeu laingauua
< -1 = dyd ] ¥ = o« 4’1’ .
vinmsfneImuuIseiitajaniulunsnimeulsingauuaninde 8. circulans
] = o = s A t
TavszAnumansnmuizaulunmsnaaoulringanuadiedTFuwand iemianiazi

= ¥ = - s a a 34 P =
wurzaniuteTazmidinaeulningruuaindaldluaaizsimuizausudadnu,

[ 3
anenAnazaMuadvsvesen ladngauuaiinda lA0nide B. circulans A7y



v d =
1.2 Sngilszasaveslnssanusiey
- A Woa = 4 -ﬂ”
1. #nwanzfimmnzaviuiedumsuamoulsdngauudaanie Bacillus circulans
97 ad a o
IMC 2504 #2035 Fuwanc
arey [} L3 o e 9! g
2. AnvquaviAuaznisiiauvoseu lsingauuaiinda laninde Bacitlus circulans

IMC 2504

1.3 VoUUAU04lATINUNIAY
’q Voo o ¢ A o a ¢ F1
ﬂi::qu°l‘1nﬁmmwaﬂcm'wamann:mwmmﬂummamﬂullcvungmmamm‘m
< ey [Pr o
Bacillus circulans IMC 2504 uag finzmsiinnisniaunsauauidveson lsingauue
g
1.4 dszlominaainazidsy
1. anszoznauazazadInlumsnaasaman ez anlunisndaeu lad
=4 d' - o/t é 1 o r=} o~y A
2. vanausilymmsifanansznuvesdulsnieaos il senytianla (factor
interaction)
a -y o 4
3. Winnswanew laingAuuaD 1w Bacillus circulans IMC 2504

4. wrwannzinangenlunskiaeu lmningaiuaeinis Simplex optimization



UNN 2

NOUHUITHANNST

d
2.1 teulaaingAuue (Glucanase)
2.1.1 viinveuoulwingnuua
¢ @ ! i o et
wulmlngnund (glucanase) SaeglunguionlaftlszinnlaTasae o lydh
[ [ L) - [} ] o L] at oo A
devviuse lnaladan (glycosidic) Tmodulngioulmingauuaszdesiuse lnalagdninuly
] o & 9 o oo [~/
a15nqua1s 1u lamsalsziannguais (glucan) ¥91ased319v0Inguanssiany iy
= o :’ o LY ") =1 9 Ve 9/ A 15 ar
TuTungaa lsdueshang Inadais ssddenutludues SlulifeiuFendodroiusy 1,3
« A L% o o 1
uag 1,4-B-glucosidic o1 lmingauuainuluilogiuansodwunldvaiosiia 17un endo-1,3-
1 as T - ot | 3
B-glucanase (E.C.3.2.1.39) dzdoomwizWusy 1,3-B-glucosidic FuTuiuszinulumsdadu
(substrate) ﬂssm‘nﬂquu, exo-1,4-B-glucanase (E.C.3.2.1.74) LHDURWIZT WU 1,4-B-glucosidic
¥
RTGERT endo-1,3-1,4-B-glucanase (E.C.3.2.1.73) AWITOUDUNINUTE 1,3 ay 1,4-P-glucosidic 91U
o od o ) o
endo-1,6-B-glucanase  (E.C.3.2.1,75) ﬂmﬂumu%uﬂqmmﬁﬁamwuﬁg 1,6-B-glucosidic 11
&4 o o & Ao o < Al
pustulan Fadlunguavsidanilafidudiulsenovluniuradueslany Umbiticaria pustulata
¥
o L] = o . .
wonnniou lay endo-1,2-B-glucanase (E.C.3.2.1.71) §U1508DYUTIUNUTY 1,2-B-glucosidic
4 o ar q’: { o ' 1 '
Fuiluiuszvosemsaeauidasg lunquausanguauag endo-1,4-B-glucanase (E.C.3.2.1.4) 33688
VTUNUTE 1,4-B-glucosidic 11 cellulose

o ¢ ) Y,
2.1.2 ﬂ'liﬂ"l!W]:;"UEN!ﬂ‘l—lll“liNﬂgﬂ]luﬁﬂﬂﬂ]ﬁﬂﬂﬂu

Ce

¥ o ' ar
HNLLANAINNU

¥

Y §
yiuaylaang

a o 1 o as
1uﬂ’l'§1ﬂ'lﬂ'luﬂlﬂ%ﬂull“ﬁl]ﬂ@ﬂ’lluﬁﬂu’ﬂi]3ﬁﬂ'ﬂﬂi]'HW'lSﬂ‘]JfT'li 3

e B

Be

o= I d - o o ]
Tdauriiaveusn tal TaenisTnsgdanys unizveusu Lyl Rlaea1sa

@
v
@
u’/’ 3 = 4=; d' 1 e 3 ar q' J o ar oo 1 d'.
mmuwmwmﬂumqaLmanmanuﬂaﬂwuﬁsﬂxtmnmanu"lﬂ Aot lumaan 1

] 1 Ed T 3 P

FaHan InaasanIneu lod B-1,3-glucanase vzdommnizasAsdui Tuana
4 ] ol ot . 4 ' - .
Wournonud WU T B-1,3-glucosidic 9 laun laminarin, bakers’ yeast glucan, bakers’ yeast cell

. - . . o ar o o 2 [}
wall, periodate oxidized laminarin, pachyman (8% oat glucan uazHanf A 1421nN15oevna
» ¥ t
o lmfvzuandraiu laurilavesmsdesdu v msdduinduaiuiSuvzgnon lyibou’sl
o 4 o 2 . ' o
11114 laminarihexose  H31 oligosaccharide viMTuieu lesiezooodn 1l 1Ay laminaritriose,
14
. - . . o o 1 as 1] o
laminaribiose, glucose WAY gentiobiose AMAMLUAMINEITAIAMTURgUALNTBmTsadvD
i o £ a o ddy ' '3 -

indsuaa (baker’'s  yeast) °1NN’ﬁGlﬂmWI‘Vlulﬂ‘Mﬂfﬂ‘itJ’Elt’Jﬁﬁ‘lﬂﬁlﬂﬂlﬂu"lmuﬂgﬂuuﬁﬂﬂ

Hd
laminaritriose, glucose LAY laminaribiose UM ve luiAn gentiobiose Yuau {(Rombouts HAZAME,

1976)




{ o 1 u’: o I o g/
M3 1 anud iz TAsf v uou land B-1,3-glucanase HWan 1490 B. circulans WL-12

(Rombouts Liazauz, 1976)

Substrate Main linkage type Hydrolysis
Laminarin p-1.3 +
Laminaritriose p-1,3 +
Laminaribiose B-1,3 -
Glucan (8. cerevisiae) B-1,3:B-1,6 +
Cell walls (8. cerevisiae) B-1.3:B-1,6 +
Periodate oxidized laminarin B-1,3 +
Pachyman B-1,3 +
Oat glucan B-1,4:B-1,3 +
Cellulose dextrins B-1,4 -
Pseudonigeran a-13 -
Dextran o-1,6 1
Amylose o-14 -
Yeast mannan o-1,6 : ®-1,3 : o-1,2 (mannose) -
Phosphomannan (H. holstii) o-1,3 : a-1,2 (mannose) -
Sucrose X a
Methyl-f-D-glucoside - -
Phenyl-3-D-glucoside - -
p- Nitrophenyl-[3-D-glucoside - -
p- Nitrophenyl-0-D-glucoside 3 -
p- Nitrophenylphosphate - -
Azocoll - -

»
o

] f=} 1 o o o o o n’:‘
aoun 1ann ANy LI lad B-1,3-glucanase Wudalinnuduwizfuasasdudnnaiy
PR ¥ Y] P ™ o~ = ¥ 1 -0 ™ o -
wila Feensdsdurialniildiinstaywdrifianuisuwiedwou el B-1,3-glucanase Ao
& o . - a ¥ & .
botryosphacran aailu exopolysaccharide ¥UA B-1,3-1,6-D-glucan wan 1danide Botryosphaesria
) »

rhodina W% Trichoderma harzianum Rifai 11§ botryosphaeran Anan 1890 T harzianum ﬁu‘i]&gﬂ

wilaitos ldanN7nEa 18010 B. rhodina 1BNYTBY (Giese LazAmE, 2005)




] o ~ q’; ] o T 3 4
navndluen lsingauaeiia B-1,4-glucanase Wunudngilanuiumzdoasdadudi

1 o o u’: ¥ A o LI = o Py
uanaanueu 1) B-1,3-glucanase Tasrsasdaufiunldlunisimsigimanuduwizues

el & 7] & 11:—1' LTI ' .o ~
mu"icnuwnmﬁﬁmmuum umsmmuﬂag"luﬂf}nmm cellulosic A9M1519% 2

3 o o { 1 n’; ] .
M31e0 2 N15%131uv0UeU 191] endo-B-1,4-D-glucanase I AlRDA 1@ AU UAGY cellulosic

(Kim, 1995)
Substrate Enzyme activity (U mght protein)

Hydroxvethylcellulose 68.2
CMC (DS = 0.65, DP = 500) 70.5
Filter paper (Whatman no.1) 3.2
Avicel SF 6.9
MN300 6.7
Xylan 92.7
Insoluble cello-oligosaccharide (DP = 20) 3.2
Cellohexaose (DP = 6) 12.2
Cellopentacse (DP = 5) 36.2
Cellotetraose (DP = 4) 40.2
Cellotriose (DP = 3) <0.001 (NID)
Cellobiose (DP =2) <0.001 (ND)
Salicin <0.001 (ND)
pNPC 0.17
MeUmb(Glc), 0.12
pNPX (ND)
pNPG (ND)

91 IAnY oM 133 endo-B-1,4-D-glucanase [ fndnldoimise B, circulans W19z
ﬁ’li1u1ﬁ}atﬁﬂﬁ1miﬂﬂﬂﬁ’ﬁ’lEJﬁ1§€ﬂﬁﬂ1ﬂuﬂ1u@m§mﬁm%ﬁgIﬁﬁ (carboxymethyl cellulose,
CMC), NTLABNTDI (Whatman No. 1), Avicel, MN300, xylan 182 Insoluble cello-oligosaccharide
Tasn1sviraruveaeuland endo-B-1,4-D-glucanase I 93191 g8000 1060 lvuay (xylan) Y038
5194 (birch) 81031 laauf 1491412187 (oat) (Kim, 1995) HoAnIng 145 M AnmInL I

L4 A = 3 & . o -
vauau lringauuafingn 189100 4. brasiliensis Taonan1snaautanIfan1s19i 3

PRESSSUN PP -



a

1 o o n’: 9 ¢ = &l 8/
M3 anusumzdumsdsduveuonulad f-1,3-glucanase u3gnifinga ldsin

»
o ar wo =)
A. brasiliensis Taovpsnagounumsanulszion B-glucan ¥agw¥ua (Shuo Lo

AMY, 2006)
Relative activity of 3-1,3-
Substrate Main linkage
glucanase (%)
Laminarin B-1.3 100 + 0.3
ABPSG B-1,3 and B-1,6 245+ 1.7
Qat glucan p-1,3and B-1.4 15+1.5
Barley glucan -1,3 and B-1,4 g+1,1
Lichenan B-1,3 and §-1,4 0+0.0
Pustulan B-1,3 and B-1,6 4+1.3
Chitosan B-14 0
Carboxymethylcellutose 3-1.4 0
Amylose o-1.4 0
p-Nitrophenyl-[3-D- 0
glucapyranoside

2.1.3 umasivuewlysingauus

¢ F1 4 Asa =Y ] & a o = N
ou lringauuramsony 1A Tud i anatesiiam vinWe daiuasgdunid

€

2.1.3.1 Wiy
Ls - = 8 a A st o
ey lninganuadiunuimifsatestumsiafisudieasemsdiseaniely
@ 4 A Y a A P = e a &
wanvesiruazieRrgnynswInmMadhawveutons lin Wseslinsnldounlaufiaiune
'3 = o A s o ¥ o 4:’ '
luwad Invszkameu lydngauudesnuune 19 astiuaumannmudihmisve udene lse
as [} i =y o [
fogrisiasondmeu lasingauua’ld 1 19U (Benhamou, 1992), Wmse)adw (Sanchez-
Ballesta LazAmy, 2006)
2.1.32 &3
o oOl] v o as s, 9/ « [}
dndlulinszgndundavariac: Mdnou lasingauwualunisdosaaie

M301M13 dainaunsondaoulmingaiuald U mollusks (Shallenberger UBZAMEY, 1974)



Jd
2.1.3.3 qaunsd
= a o ' = v od
paunsonasaadiweu ladnganue lddvatorila 14un a3t (fungi)
=4 Fd = & ’ o 9 o e T o A
daaunzLuafGY dawudunasiszaituen lmingauualussezilimsuiaradnioszozuan
[ g o :qyn:s. 1 al 9} ar A 9/ o 'd o
nie lasou latytaiddmunoidesdunnndoudoasevisdrsoansluaadveautiag
4 { ~ o L
wesannsandaoulaingauua’ld w5 Penicillium janthineltum (Rapp WozaAME, 1981)
Trichoderma longibrachiatum (Tangarone UREAME, 1989) DS Acremonium sp. (Jayus URTAME,
dy Y a a o a o =y ' d ) [l N
2002) wen BT A G AL Y Tanausandmen laingauua | 19U Agaricus
brasiliensis (Shu Uazdmy, 2006)
~ o o q o oda Y & o = L4
sadiugdunigonsiianishawsondaeuledngaiua’ld Tay
o tes ot T c’: o’: ar T
mu%ungmmﬁﬁﬂﬁmﬁmﬂlﬁmwmaaﬂmuuﬁm exoglucanase LI0¥ endoglucanase HIDUUDI
P = o 1
daadennsondmoulaningnuue'l® 19U Saccharomyces cerevisiae (Santos UazAUE, 1979) HAL
Schizosaccharomyces japonicas var. versatilis (Kopecka oz, 1995)
¥
1 g a =S s [ & A & a
uadimiunmswamon laingauualussdugaamnssuduinioudins
= g s A = o ool o, =y [ o' =
nannnFouuniGoiilesnilugdunidifinsTy@u Tauazutaarad 1dsm32 n1suenien
o o o o 9 1 o = = ¢ 9 ]
anzasoonnou laniaiuisoni 9 tazuuaiBursiamuisanamoulaiuddde
7w o q d ¢ A o 3
DONUINWUDNIFRD DALY extracellular enzyme W lRaruwsainunoneu lanhiworiw 1y
3 e = o Y L] o L] . . B
10 wuafiGenamnsowdaey Imingauua l8loguarvstiamgy Escherichia coli (Beshay 1z
= ) g 0’4‘ Y y
AL, 2003), Bacillus subrilis (Leelasuphakul tiagAme, 2006) 1UuAU uonvInieniaossiah
’ 4 n‘/’ e AT [N | a & do 3 o o A =S 4
nanuudniuddidenunfiGodnsianisnidtomiundne TS esvsanisndaou o
» ¥ w 1
ngauualuduIuLINAD Bacillus circulans (Aono WazANY, 1992) iesnindowiinilsznay
(3 o ¥ L] ¥ 1 < = a o o qyw
wu lsingauuaikda ldeanuntousnmaatiivazanrem st uiiuInGadual uoniniids
= o EY Y b 4
ansonamou laingauua 1a udSageday
Bacillus circulans
i‘] 4’(’ A A 1 'id_l T = kY '
WhuveuuaiGunilgUiuiluvien Banunivesnourfszain 0.5-0.7
] T 1Y o= =Y A q; 9 9/
Tulnswss anuorveaudazviou 2-5 Tulasns Soudadunsuuln viawitiamasui 14 Taold
b
uwannaa wuadSvriailiduwinooudinmualsinuuniiS (obligate acrobic bacteria)
. Y o o- a1 g o
B.  circulans G!ENﬂTjﬁWJfJ']‘H‘]ﬂ‘LIﬂ”liL‘ﬂ'itllum‘l_limm’l‘mﬂdﬂﬁlwm
Wsuaudndieeuanduilu (Proom uazany, 1955) 19U NH,PO,, K,HPO,, FeCl, 11ag CaCl, 1137
¥ »
Mz auAUNSIOSYYBuF B, circulans WUDIMITNUTIU (basal medium) 1&un Nutrient agar
] » [
; ] o a ] - o
(NA) uag Nutrient broth (NB) dauanzimldiesiyfotuigungd 37 sssaaifos Su
o of 4 ' ] P=3 (Y]
a1 18 21 1ue TasldanuiEsouveaniotuti 125 seuaouf (Heck gy, 2005) Anyus

3 1]
71 19v09%0 B. circulans #3317 1 uaz2



=

] v
o ' IS
gﬂﬁ 1 anbwe rJI[ 119U9¥0 B. circulans
N hitpasaw?® . uni-bayretithyde

v ¥
ﬁ‘l]‘ﬁ 2 xiﬂ'ﬁﬂ!&’»'ﬂﬂii‘?ﬂ B. eirculans

“

M higpedwivusivebsierssohline=dictiohary.org

2

2.1.4 Podyniiuaaenisiinuveuaul vingamia
g ¢
2.1.4.1 Wavoganyiion e B ao 1l aingn e
@ ] o 3 o
VINMEH Y A 33E 0 vy esepi ] i ngaturwu dueu Tanfngaue
° W Wt A P 9l a1 = & y
AN ladngungiinouiegl fovssuia4003annisoaiu 11 (Tangarone LazAME,
1989 ; Aono LazAME, 1992 ; Leelasuphakul (iazaniy, 2006) lnsgunainmungaulunisiiau

W

2 ' a A o dean W = 4 \ v P a a 9 o i
ﬂuﬂgﬂu‘nuﬂﬂaﬂicﬁﬂﬂauﬂﬁU“{lcﬁfluﬂjﬁﬂﬁﬂ HINUINDU l"ﬁ”ﬂgﬂ“uﬂﬂwaﬂ"lﬂﬂ-]ﬂl'”ﬂ Agancus

-

» ¥
brasiliensis YUHuUQINMINz auaon13 1191151 45 paruwaidua (Shu LaznmL, 2006) LA
¥ g s a v A we o ' o | s P
dutluou laninda ldnndos uauifuo e ladezunnareoinma iy ou lwingauuai
3 ]

WO 1A9INIT 031 Trichoderma  longibrachicrum  92Tgunginmanzaudon1ininufe 55

= o o - e ] 4? . q’: '
peruraion duthueou lmingauuaiinaaninuuaiGolaomwizonnde B. circulans 11 Wi

W Idangumgiineudnsgefolszunm 50-70 saraIFod (Rombouts AZAME, 1976 : Aono

L] u
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' o i a ¥ 1 o e 1
uazauz, 1992) dawou lsinganuaiinda lAvinde Bacillus subtitis wWuTgamalfinuzauas
¥
o LY ] Ve
nmshauveusu lasdiuszlinuiiy 40 eresaBud (Leclasuphakul 1azANE, 2005)
o r 1 o o
2142  wavesanuiunsamenenmshauvaseslaingniumua
o« . Pt A = o N L= r
ou laningruurszdinu1ddnluanziitlunsagounsensseu lay
1 3 1 1 o n‘a’/‘ ' ' ' ]
annuilunsasisfimmnzaudenisyhauveou ladfudonIngjogluyae 4.0-8.0 (Tangarone
4 o o L4 A <3
WAZAIE, 1989 ; Aono wazAwz, 1992) Fadnuazmsiinuvevsu lydngauuanmanuily

1 - 3 1 Qs = o« ada o = [
ﬂ'iﬂme‘nmmxamz?juagﬂu‘mmmmu"lmuﬂgmmmmzqaumﬂﬁumﬂ‘i’f'lumiwaﬂ oy

o i oa ] ' o i a =]
u'lsdngaunainda ldeinmitas wu euladngauuaindnnn 4. brasiiensis  1:iA1

]
= =

= v e
AU UNTARIININUIZANAD 4.5 (Shu gazAuy, 2006) hazu lsianaa ldan
o 1 = ] o ol o
T. longibrachiawm S wNMDUATAAAMMITENAoMsIuveson it lndifveiudio 4.8
() or S = J el 1 o ] =
(Tangarone MayAME, 1989) uadnsueu lydinda laodonunfiF owunainnudunsaaien
] or L] Ls 4 o ]
mazaNozuANAAY 1w o laningmuuaInidie B. circlans vziianuilunsamamutz ey
1 @ [ 'S ¥ ] a =y
177D 6.5 (Aono Unzane, 1992) dauou lxingauuasinidio B. subitis wuinew Tyl 14a
o o 1 ()
frmnuiunsaaianiny 7.5 (Leelasuphakul ez fiais, 2006)
< ) <
2.1.43 HavesveIMaImITUBUNinemInanou lasingn e
' s o o o '
uwrasasuounthu ¥ lunsAnymsdnuveaeu ledngauua
9 o ] n’j 9 F=3 1 - [N ] = [} - ] as []
Hiduunasvesasiau  degratwsiaduiulavunazyiintzeg lugdiuanaaiu
] ' o -

monosaccharide, disaccharide L0% polysaccharide AN INLNuKE IR veuRmuzanin

o

= B = 1 o y A & '
mswdaouladioulwingauumivainiuumdsasusufioglugilues disaccharide ¥41dun

P ]

v
tiwna luanageianee wu uealaa ylase uan Ina wazuwuue Taowindhntsuiaen ol

L

=

¥ = g ey [ ey . o
MNFOYEUNI IS maInuunRiZ 0 WY Escherichia coli a3 wiauan laaifluumasmiveunin
- A = & Y =, =, [ g = o - Yt .:g 1
figa ilosnniinash Itnswsydn TavesamduozfSinaouou Iminnaa ldnagauuinah

¥ : a A o 1 4
ms ihaaeiadu Wuuvdn1iusy (Beshay Lazamy, 2003)

w a <
2144  wavesmsnszuzmsiiuisiiiaemsrauveaen]an
o ¢ & o &
Tumsinuveusu laingauumiuzgnnsezquuazgndnds ldanes
=Y 1 1 < - o L
wiunzTanz lessuvsria vinmsAnuinyiiasiaunsadudanmsiiauveuon lad
v »
nganua ldAfiqafe HeCl, uaz He' Tavaistszaeu HeCl, szdfufimsiinmveuelsd
~ ] ¥ + [~ [ d”u = = = P
agAuuadniegluglvedieoon He' @nmloy wenunilfalicsaiiuos leooudnvatsyiian
¥
Qo o o a ] ] +
aunsadudsnisiinuveaeuleingauueld dre199u Fe”, Cu™ (Shu uazamz, 2006),
MnCl,, KMnQO, 110 N-Bromosucinimide (Tangarone AR, 1989) llﬁigﬂﬁﬁﬁmﬁuﬁﬂﬂﬂﬂuuw
] v 14
danaunsansedumsiauveseu el lfimugsinld wu ca’, Zn™ waz K (Shu nazaws,

2006)
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< d
2.1.5 Uszloviivenoulosingnuue
o 3 ) o'q o 1
euleingamaldgminndssgnaldlugnamnssunagsilamu gaaimnssy
= = o iy [ as «
mswamiied Tnonmsidueulsdngauuaasliifesiolunisadavedn (ma)  wazlu
o a d [} 4 o =
gadnnssumsnaasmsdaildinisiueutaingauuauidszygnaldlaomsiauashily
o dled o ] w o d‘, ' a o
omsvsdastnsmanidlauaz 1n iesnndatdszanil iausandaeu lmingnuuaeonun
[} ar 1 o o o off = Ea) ¥ 4 1
dosminradvosirhiinguauiiuesdsznenld Saduiludeaduou ledeiiatadhilimednly
t W { o 4 o o ¢
msteastaRfiiuosdidsznounanluemsdnd (McCarthy Lazamz, 2005)
& @ o Y 4 A = 3 w ¢
wonviniliou leingauuagninnldlumsdszyndiiefnur Inseaiandusaa
-] ° a L3 o
uasInsaa 19909 B-glucan v0uMias1 wayIdiudnys lnswasamiuraduostas (Manners

b L]

= c‘: b < a o d? = o
nazame, 1973) dnviadagmirnldlumsfnui Inseadsmiusanuoudedan 5. pombe (Kopecka

@

lagame, 1995)

L]

wonnnideldi ey laingauuauidszynd 14 luntsini on 15 Tawared
(Sietsma LIHZAME, 1968) I.Lﬁﬂ‘]’:ﬁuﬂ'l'i@'li’mﬁﬂu taxonomic uaxmmanwuwmammmi
i ar o« n‘: (] o o’;’ = ¥ ]
NUIRUB AR (Lachance LALANE, 1979) 32UMAT0GUITINI5 YU0FDIIND 15 TuNY (Mitchell,
¥ L] ar o ¥ '
1963) ivannmansodoumiaraduauidesine lsn 18
=) =;. d' v 9 End ‘
2.1.6 nudsefineavesiumsnamenlaingnuue
o = k4 Af = o =Y a_'lv ' = n’:
oy lsinganuamuonda lanindegiunidvaiuria laoiysuaaz siiaiuee
a o T = A n’; 8 = o [l o d’l‘ o
wanow lsingaiuasyidndusuiddaniaz lumsrdaeu laddunndrafu s naunso
= a * =3
wanoulwdngauua |8 90 T longibrachianm  vzudmowlanl endo-1,3-B-D-glucanase 138
. = 5 i 3 o
laminarinase JAUNAN11D1M15M A basal medium Nsznoudionglaa 2 wWesisuauazinde lu
[ 5 r
mandnuldfandnunin 2 fas Tasldaniazaiag dafifie aaugugungiin 28 ssrmamdon
o ] ' - o H a a
gasuswo9luniy 200 sovdenI# uazimsidsadeiluszeziiat 4 Ju (Tangarone LAZAME,
qyu/ = .; P | = o 9 ] . . ; F-9 ;
1989) HanINTdados wiaduRa s andaioulainganue |8 15U P. janthinellum o¥iindl
- e N J = = ar o .
vzrdnoulyl 1,4-B-glucanase %30 Avicelase Fa1UNIIHANABINNMTHAENTIIFNU (inducer)
¥ b 4 v
§1790 Avicel 2 lRsnazshnsiBoadolue1m19Mar basal medium Niguuail 30 s usATHIA
v e o ] ar Y
waginsugifinmiaseu 100 seudau I tuma1 2 Ju (Rapp  wazAmy, 1981) 1¥051
N o A = & e e a8 o = - o
Acremonium sp. SahuidesidnmoRuinilsn 18l wdnudimsniaouladngauualag
o o 4 = ¥ - -
w19 lun15NAR0IRD Acremonium sp. IMI 383068 iWeutinfiannsandaou lmllR 2 wiia
Ao p-1,3- glucanase wag p-1,6- glucanase nsnameu lales e mnsmaudwiliuhgungl
28 pernaBon Bonuatouviinnudisey 180 soudewd iunan 4 Su Gayus uazaniz,

2002)
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= = oo Y & A - o L] Cd v} o a o
yaunsddnadanilsiamnsondaou lyingauuea 1dnodad Taslidadnarvyiah
Vo o o = =l o L4 ' o= L4
Tandinnfnydesmswdnou lsingauue 15U S, cerevisize a1MsOHAAOU a3 exo-1,3-B-
. ¥ ]
glucanase  TUNISWAA92 190 IMI5SMAY YED  medium  uazifieslugaiiziudiigungi 28
¥
w o a
ssrariva Taolunisnanesz@nuude S cerevisize 2 muWUY Ao S288C 1oz A158 ud i
o e ay e‘: = dy 2 et 4 ' L4
ou sl inda lds1msons 2 sdafluifnuiguoulian199 $391n015NAasINLINOW ol
| =Y 4 ¥ n’.: -] o ar n’: a f) Y
ngauuaneaalAeInge S cerevisice $288C WuBiaNIUMIAVIITATAUSIMINATUITY
» ¥ ¥
(laminarin) LIAATAITAIAUNINYAYUSU (pustulan) LAED S. cerevisiae A158 WuTUWIZA
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P=2rk 0.17 28.6 6.48 179 38
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(P-W) /2 0.03 3.2 0.24 14 -6
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0.20 30 5.0 120 36 1.48 x10" 0.161 6
0.19 243 8.34 198 58.4 1.87x10"7 | 0.119 8
0.15 37 7.0 210 48 132 x10" 0.118 | N 5
z 0.90 143.4 32.60 926 197.7
P=2k 0.18 28.7 6.52 185 39.5
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0.19 324 6.54 210 55.1 9.50 x10" 0.177 11
0.20 30 5.0 120 36 1.48 x10" 0.161 6
0.19 243 2.34 198 58.4 1.87 x10" 0119 | N 8
z 0.94 138.8 32.14 926 204.8
P=Zn 0.19 27.8 6.43 185 41
w 0.15 37 7.0 210 48 1.32x10" 0118 | w 5
(P-W) 0.04 9.2 -0.57 -25 -7.00
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Cw=P—-(P-W)/2
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0.19 324 6.54 210 55.1 9.50 x10" 0.177 11
0.20 30 5.0 120 36 1.48 xt0" 0.161 6
0.21 23.1 6.14 173 37.4 2.08 x10"7 0124 | N 12
= 0.96 137.6 29.94 901 183.8
P=Z 0.19 275 5.99 180 36.8
w 0.19 24.3 8.34 198 58.4 187 x10" 0.119 | W 8
(P-W) 0 2 -2.35 -18 28
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8-9 0.16 26.7 5.54 205 234 1.645x10"7 | 0.338 B 9
0.20 254 6.72 193 11.9 2.38x10" 0.274 10
0.19 324 6.54 210 55.1 950 x10" 0.177 1
0.20 30 5.0 120 36 1.48 x10"7 0.161 6
0.19 30.7 364 162 15.1 154x10" | 0140 | N 13
z 0.94 1452 27.44 890 161.5
P=2K 0.19 29.0 5.49 178 323
w 0.21 23.1 6.14 173 37.4 2.08 x10" 0124 | W 12
(P-W) -0.02 5.9 -0.65 5 -5
R =P +(P-W) 0.17 35 4.84 183 27.2 48 x10" 0.150 | R 14
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Cw=P-(P-W)/2

Cr=P+{P-W)/2
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0.20 30 50 120 36 1.48 x10" 0.161 6
0.17 35 4.84 183 27.2 48x10" 0.150 | N 14
z 0.92 149.5 28.64 911 173.6
P=Zi 0.18 29.90 5.73 182 347
W 0.19 30.7 3.64 162 15.1 1.54 x10" 0140 | W 13
(P-W) -0.01 -0.8 2.09 20 20
R =P +(P-W) 0.17 29.1 7.82 202 54.3 2.3 x10" 0032 | R 15
r-w)/2
Cw=P-(P-W}/2 | 019 30.3 4.68 172 249 23x107 | 0452 lcw| 15

Cr =P+ (P-W)/2

E=R +{P-W)
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