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Abstract

The extracellular polysaccharide production from suspension culture of Aloe vera L. was analyzed, and the optimi-
zation for suspension cultivation was investigated. From specific polysaccharide assay of glucomannan, FT-IR and
'H NMR spectrum, the extracellular polysacchride from suspension culture was found to be similar to B-1,4-gluco-
mannan originated from Aloe vera fresh leaf. The polysaccharide existed in an acetylated form and its molecular
weight by gel permeation chromatography was estimated to be 490 kD (Mn = 440 kD; polydispersity = 1.115). From
medium optimization by simplex-cemtroid design using MINITAB®, the callus growth on the 2,4-D of 11.82 uM,
kinetin of 13.84 uM and a-naphthalene acetic acid of 4.34 uM was turned out to be significantly superior than the
growth on the other culture media combinations. Under this optimal culture media, other conditions such as the sus-
pension culture's temperature, pH and the growth terms were determined. These results showed that the callus growth
was optimum at 25°C, pH 5.5 and in 2 weeks. The maximum levels of growth and extracellular polysaccharide pro-
duction of callus by optimal conditions were about 20.4 and 2.5 g/L, respectively, showing the profile of extracellular
polysaccharide production was closely related to the callus growth.
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&, calluse 24-D 30 uM(E=  NAA(a-naphthalene
acetic acid) 30 uM), kinetin 5uM 2 sucrose 3%E 37}
3k MS 71E wl A (pH 5.5) 40mLE 53+ 100 mLe]
Zetazo] HEska, 25°C2] Aol A 100 rppme 2 X
SFAA 2 F7F wFRE S A A vl gete] ARE-EFA

220]| callus®| SIEHH2E

el d=2o09] callus YO ZHE F=3 callus

2 TR g3 F, o] callus Ml HHujA =

AAgE 2,4-D 30 tM(BE= NAA 30 uM), kinetin 5 pM 2
sucrose 3%S H7Fs MS 712 wl A (pH 5.5) 40 mLE
SHFE 100mLe] Zep2=Fo] HFshar, 25°C FaolA
100 pm &= ZI8SPHA] 2 =7 uj et o] o, callus®]
g Ao aE‘rHH & Al EZ2] AZZH(dry cell weight)2
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el wiA 24 o] HA 3= 2,4-D, kinetin 2 NAA
o] 399102 EFE A digt 6-5(0, 1/6, 1/3, 112,
2/3, 18] 107} A2zl ©]§ simplex-centroid design®]
EFE AW (Scheffe, 1963)0.2 A THTable 1). =,
100 mL Za}2=0) A7) 24 ] vA] 2L 40 mLE 3t
HER) 5%, G20l 25°C, 100 rpm Z A 2 F=7F )
FatEA Wl H callus A7 B A XS] thdAlg
S WEAE HA £ FAEidTh o] o, EEA
del AREA 9 HHSE= MINITABY 15 software
(Minitab Inc.)E ©]-&3}3iT.

N

Callus &= A2 =A|

Aloe callus®] FE2 th3 o] &4 ¢ oferg)
FE3ITE &, calluse] AZET AlE 20 g2 cold water
2 60% ethanol &< 200 mLo| A ZHzZb 2 A 7+5<F 2 3]
Hhe FEeith FE 95 10,000 pmellA 1027 4R
2] (Super 25K, Hanil Science Co., Ltd., Incheon, Korea)a}

Table 1. Level and composition of 2,4-D, kinetin and NAA.

Simplex-centroid design with three axial points (A =1/3)

Design Coded value Experimental value (LM)
point  x, X, X, 24-D Kinetin NAA
1 1 0 0 30 0 0
2 0 1 0 0 30 0
3 0 0 1 0 0 30
4 172 1/2 0 15 15 0
5 0 1/2 1/2 0 15 15
6 172 0 1/2 15 0 15
7 2/3 1/6 1/6 20 5 5
8 1/6 2/3 1/6 5 20 5
9 1/6 1/6 2/3 5 5 20
10 1/3 1/3 173 10 10 10
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polysaccharide)S A&t T 0 2 HE 3l t)

rlo |

% (o

EA}% BEX = GPC system(Breeze, Waters, USA)S A&
slod Y3l th Columne Waters ultrahydrogel linear3-
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€+ 0.02N NaNO,(Merck Ltd. Korea, Seoul, Korea)E
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Co.St Louis, MO, USA)2| 715 A% XFES AL&3lo]
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USA) 71715 Ak&-ste] A3t
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'H NMR
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Fig. 1. Glucomannan contents of the suspension cultured products
from Aloe vera callus.
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Congo reddll 2J3] Eo]&4 o2 v]AMA e B2 (Ebarandu et
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Fig. 2. 600 MHz '"H NMR spectrum of extracellular polysaccharide
from suspension culture of Aloe vera callus.
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Fig. 3. FT-IR spectrum of exopolysaccharide from suspension
culture of Aloe vera callus.
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Fig. 4. Gel permeation chromatogram of exo-polysaccharide
from suspension culture of Aloe vera callus.
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Aloe callus ZA|E9] thge] maZnfea1H L 2 /4= o8
H&= Fo] SAEAY. =, retention time(RT)=25.400 2
33.533 minol|A1¢] 82} J(peak 1 2 1) RT=38.783
9 43.733 min®] AEAF G (peak I E IV)oIATE o=
Back(2008)°] B3 &2 A(UF Hf4)2] GPC &¥E
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d2o Aol b fAES & AT
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kD(Mn =440 kD; polydispersity = 1.115), peak IIo|A&=
Mw =47.1 kD(Mn = 46.0 kD; polydispersity = 1.02)7} ]
ok wbA | A B G (peak T 2 peak V)M E 2zt
Mw 2597(Mn = 2459) 2 Mw = 456(Mn =423)°] AoH 1L,
o] THEAMS 1,002 E 1.077°19T}. ©]& Baek(2008)
o] Aloe vera A(UF B #8)} Ao FAFIH Y 3L
B2} o] EapFo] tha :%I (Mn =348 kD, Mw =432
kD, polydipersity = 1.24), &2} X %= Baek(2008)°]
1373} 830-838 D(polydispersity = 1.01)1.TF Z=gkth. b
aloe callus EHH] AN ] HEQ] t}FL Aloe vera A Y
Az} FA g EAdo] M2 H=g 20" Adstit
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stRow, 1 A= Fig. 59 Zth.

ASZ2AA7F 7T A 288 B2 (control)2F 7+ A=
Aol g 107 E38 Aol wWE callus A2 7 A
el wEl vl FEUA 25 T Fho] 7.20-18.69 g/L
2 A 249 Zolo| wet callus A5 & 2olE BN
o} A2 AgzdA e ©= 22 (2,4-D, kinetin 2 NAA)
Bohe £33 2](2,4-Dikinetin, kinetin/NAA, 2,4-D/NAA)O]
Al e ARES UERISITE B, A o] s EA}e]
¥ B3] (2,4-Dikinetin/ NAA)OIA &) A AEL 24-D/
kinetint} NAA/kinetin 2] 7Rt} thad EQtou} & o)

Table 2. Analysis of variance for callus growth.
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Fig. 5. Callus growth and extracellular polysaccharide produc-
tion during suspension cultivation of Aloe vera callus with

different medium compositions.

UControl means the experiment under MS medium including 3%
sucrose.

YFor symbols of each number, refer to Table 1.

= 9o

Callus A3} viR7IR 2 A 229 thge] A= 7t
Aol wet v FEUA 2F F9] gho] 141252y
L= wjA] 249 ztolof] wet A28 BT F A}o]
2 Bt} ole, 2 AAxAA Y dEAg voE £%
A a7 22, 2 T callus AZH B3 A3}
& 2o M 29 v AL 543 dEEHE Aoz A
7+ At

¥ B Z Adloe vera callus®] dEu <SS ¢33 24-D/

Source Item Degree of freedom  Sum of square Mean square F-value p-value
Regression Callus growth 5 708.010 141.602 6.69 0.045
Polysaccharide 5 6.77662 1.35532 9.44 0.025
Linear Callus growth 2 23.468 2213 0.10 0.903
Polysaccharide 2 0.16973 0.01997 0.14 0.874
Quadratic Callus growth 3 684.542 228.181 10.78 0.022
Polysaccharide 3 6.60688 2.20229 15.34 0.012
Residual Callus growth 4 84.697 21.174
Error Polysaccharide 4 0.57442 0.14361
Total Callus grovsfth 9 792.707
Polysaccharide 9 7.35104
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Table 3. Estimated regression coefficients for callus growth and extracellular polysaccharide statistical value.

Term Item Coef SE Coef T P VIF
4D Callus growth” 5431 4.438 * * 1.964
’ Polysaccharide” 5.548 0.3655 * * 1.964
Kinetin Callus growth 5150 4.438 * * 1.964
' Polysaccharide 5.281 0.3655 * * 1.964
NAA Callus growth 53.23 4.438 * * 1.964
Polysaccharide 5.444 0.3655 * * 1.964
o Callus growth 86.03 20.454 421 0.014 1.982
*
2AD*Kinetin - caceharide 8.147 1.6844 4.84 0.008 1.982
Callus growth 20.56 20.454 1.01 0.372 1.982
*
2ADTNAA b lysaccharide 2.474 1.6844 1.47 0.216 1.982
L Callus growth 76.29 20.454 3.73 0.020 1.982
*
Kinetin™NAA b 1vsaccharide 7.699 1.6844 457 0.010 1.982

DCallus growth: R-Sq= 89.32%, ?Polysaccharide: R-Sq = 92.19%

kinetin/NAA®] WA 24d& &d7]flste] SAEA 8IS X0 o 2 X9 X0 w9 25248 237 ¥

™, 7 A= Table 28} 2T}, Utk 53] X & X, #9 IAAAT 7ol 7P FobA
Y, ol AR I quadratic modelZ 2] &-E (p-value)©] 2,4-D9} kinetin©] callus A5 71 & &S = AL
0.0222 {r2o]/do] A M, Table 332 72o] 3|H4 A, 2 Uit
AR AT 7He R*=89.32%%F quadratic model®] 2 ¢}l AR YOl A E X, X, B X ol o aHEA
™, o] Bdof| 7]%3k 392 vk} 29t o] A3KTable 2)91M & 4 9= ket o], Yo AR
42 quadratic modelZ 2] &-E (p-value)©] 0.0122 2
Y, =5431X, + 51.50X, + 53.23X, + 86.03X,X, + 20.56X X, o] olgirh E, 5] 712A AzKTable 3), AAAS ghe
+76.29X,X; (R*=0.8932) R=92.19%= quadratic model®] Z g3}l om, o] =do
71%3k 394 thE 3 2ok
EE JIAELS Y(positive)2] T35 YERN O, 3 H
A% e BE X, X, 2 X0 7 lae] Evhncks X, Y| =5.548X, + 5.281X,+ 5.444X, + 8.147X X, + 2.4747X,X,

Growth
2.4D
0.0
! Kineti v
Kinetin NAA inetin ’ %0
NAA
2,4D
Polysaccharide
<5.5
5.5-6.0 Polysaccharide
6.0-6.5
6.5-7.0 7
7.0-7.5
>7.5
Kinetin
1 1
Kinetin NAA

Fig. 6. 2-D and 3-D response surface plot of 2,4-D, kinetin and NAA for growth and exopolysaccharide production of Aloe vera
callus during suspension cultivation.
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+ 7.699X,X, (R*=0.9219)

BE JAAEL callus B HR7IA R WHpositive)©]
A Uehislen, AAF 2 2 X X, % X,©]
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