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Suitable Extraction Buffer for Producing Isozyme Patterns

of Some Plicated-leaf Terrestrial Orchids.
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Abstract: A study was carried out to produce isozyme patterns from 10 plicated-leaf terrestrial orchid
species in 6 genera by polyacrylamide gel electrophoresis (PAGE) using 0.5 g young leaf, 1.5 ml extraction
buffer in 4 different extraction buffers developed by Gottlieb, Apavatjrut et al., Obera-Okeyo et al. and
Sharma & Jones. When 10% separating gel was used and the four enzymes were tested, i.e. Esterase (EST),
Glutamate oxaloacetate transaminase (GOT), Leucine amino peptidase (LAP) and Shikimate

dehydrogenase (SKD), it showed that Apavatjrut et al. solution yielded the best isozyme bands.
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persica L. (Agarwal et al., 2001) ﬁmn@ Curcuma
(Apavatjrut et al., 1999) LL@W q@awn (Vyas et al,
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CERGEADRT (Calanthe  cardioglossa  Schltr.),
anauwlng (Calanthe  rosea  (Lindl)  Benth.),
F9UIARUNT (Calanthe  vestita Lindl), 128484

(Eulophia macrobulbon (Parish. & Rchb. f.) Hook. f.),
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dﬁuﬁqmg (Eulophia spectabilis (Dennst.) Suresh.),
dIU39UN (Geodorum  recurvum (Roxb.)), oang
(Liparis sutepensis Rolfe ex Downie)), Léjm‘wsi”n
(Phaius tankervilleae (Banks ex I' Heritier) Blume),
WMABINANT (Spathoglottis affinis de Vriese) hay 1114
AN (Spathoglottis eburnea Gagnep.) (8L, 2544)
1inaz 5 5 InetlgnlulsaEennaneuas 50 % uazen
Pndua 2 A5 REUTELTNENaR AT N AN
WHaTFIaENTiT A Yngnain1ed Gotliieb (1981)
1sznaumae 0.1 M Tris-buffer pH 8, 1.0% w/v PVP-
40, 0.1% [_)) - ME, 1 mM EDTA, 0.5 mM KCI a8z 0.1
M MgCly. 6H50, vnenafned Apavatjrut et al.
(1999) Usznavusag 0.1 M Tris-buffer pH 8, 0.5% w/v
PVP-10, 10 mM B - ME, 1 mM EDTA Llag 2 mM DTT
WAZLAN pvpp  MIADLSUARNRLNS enafnues
Obera-Okeyo et al. (1997) sznaufae 0.05 M Tris-
buffer pH 8, 10% w/v PVP-40, 14 mM B—I\/IE, 20%
glycerol  La¥ 0.5% f
Sharma & Jones (1999) dsznaumas Phosphate
buffer pH 6.9, 20 mg/ | PVP-40 uaz DTT 1 mg/ml el
Mimafinlndaansarludiaaaianinalnida

Triton —x  WAY WIENANAU8Y

(polyacrylamide gel eIeCtrophoreS|s L‘L@‘?;I‘LILV]EI‘]_I
ANANT R @WH’JHLL@”?‘]JLLUULLOU@V]LH mm’mmm
afmuAazIin LW@L@@nmmwmmmumm Tmein
dounaslugeuiiludslinduninanugzenn fuuda
vl g win 05 ndu i lsauiurinenadia
il 15 faaans udaualuingeiifiudaanniy
dldvgusissnelfgnunfi 4 esrgaidea
A2MNEL 14,000 TAL/ANT WK 40 WT wend@Tazans
ladnuuulalu Eppendorf tube aunm 1.5 HadART
FulTgnugfl 20 asenaaidea weserilineaay
WFeufauinenasaewlnl imaassiildaany
induang Stacking gel 4.5% (ﬁqﬂrﬁu, 0.5 M Tris-HCI
pH 6.8, acrylamide 30% APS 1.5%, TEMED) uag
Separating gel 10% (u’m@u 3 M Tris-HCI pH 8.8
acrylamide30%, APS 1.5%, TEMED)
fianeulny 4 wim A Esterase (EST), Glutamate
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oxaloacetate transaminase (GOT), Leucine amino AAMNAATN A1) TUNNAINITAARUAFNANS

peptidase (LAP) uay Shikimate dehydrogenase (R uazaANANTT0LOUANINATY
(SKD) NM3nmaeeni 5 41 7 4z 1 fiusianin (wiazsii

Figure 1 Ten terrestrial orchid species used in this study: (a) Calanthe cardioglossa Schiltr., (b) Calanthe
rosea (Lindl.) Benth., c) Calanthe vestita Lindl., (d) Eulophia macrobulbon (Parish. & Rchb. f.)
Hook. f., () Eulophia spectabilis (Dennst.) Suresh., (f) Geodorum recurvum (Roxb.), (g) Liparis
sutepensis Rolfe ex Downie, (h) Phaius tankervilleae (Banks ex I Heritier) Blume,

(i) Spathoglottis affinis de Vriese, (j) Spathoglottis eburnea Gagnep.
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HANITNARDY & Jones (1999) tiaRa1Iun9din uwaglifauoud
AN ALOLA waz AuANdATaaunud luus
nsulFeuifisuinanadaewlsifand aznIsad e annisdiantewlad 4 suy Aa EST, LAP,
guuuulelelmiannndeeldAu 10 ia laeldthen  GOT uaz SKD Wnamsmaaesisuaasly s
anm 4 4n7 A8 1) Gottlieb (1981) 2) Apavatjrut et al. 19410 way ﬂ’TW‘17‘lI 2
(1999) 3) Obera-Okeyo et al. (1997) waz 4) Sharma

Table 1 Enzyme banding of EST, GOT, LAP and SKD from Calanthe cardioglossa Schlir.

Enzyme Extraction buffer Plant No.  No. of band (s) Rf Remarks
Gottlieb 1-5 6 0.07, 0.16, 0.28, 0.45, 0.54, 0.62 Sharp
EST Apavatjrut et al. 1-5 6 0.07, 0.16, 0.28, 0.45, 0.54, 0.62 Sharp
Obera-Okeyo et al. 1-5 6 0.07, 0.16, 0.28, 0.45, 0.54, 0.62 Sharp
Sharma & Jones 1-5 6 0.07, 0.16, 0.28, 0.45, 0.54, 0.62 Sharp
Gottlieb 1-5 3 0.17, 0.32, 0.40 Sharp
GoT Apavatjrut et al. 1-5 3 0.17,0.32, 0.40 Sharp
Obera-Okeyo et al. 1-5 3 0.17,0.32, 0.40 Sharp
Sharma & Jones 1-5 3 0.17, 0.32, 0.40 Sharp
Gottlieb 1-5 1 0.21 Not sharp
LAP Apavatjrut et al. 1-5 1 0.21 Sharp
Obera-Okeyo et al. 1-5 1 0.21 Not sharp
Sharma & Jones 1-5 1 0.21 Not sharp
Gottlieb 1-5 2 0.33, 0.42 Not sharp
Apavatjrut et al. 1-5 2 0.33, 0.42 Sharp
SKD Obera-Okeyo et al. 1-5 2 0.33, 042 Not sharp
Sharma & Jones 1-5 2 0.33, 042 Not sharp
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Table 2 Enzyme banding of EST, GOT, LAP and SKD from Calanthe rosea (Lindl.) Benth.

Enzyme Extraction buffer Plant No.  No. of band (s) Rf Remarks
Gottlieb 1-5 5 0.07, 0.16, 0.38, 0.46, 0.49 Sharp
EST Apavatjrut et al. 1-5 5 0.07, 0.16, 0.38, 0.46, 0.49 Sharp
Obera-Okeyo et al. 1-5 3 0.07, 0.16, 0.38 Sharp
Sharma & Jones 1-5 3 0.07, 0.16, 0.38 Sharp
Gottlieb 1-5 3 0.17, 0.32, 0.40 Sharp
GoT Apavatjrut et al. 1-5 3 0.17, 0.32, 0.40 Sharp
Obera-Okeyo et al. 1-5 2 0.32, 0.40 Not sharp
Sharma & Jones 1-5 2 0.32, 0.40 Not sharp
Gottlieb 1-5 1 0.23 Sharp
LAP Apavatjrut et al. 1-5 1 0.23 Sharp
Obera-Okeyo et al. 1-5 1 0.23 Sharp
Sharma & Jones 1-5 1 0.23 Not sharp
Gottlieb 1-5 2 0.31, 0.39 Not sharp
SKD Apavatjrut et al. 1-5 2 0.31, 0.39 Sharp
Obera-Okeyo et al. 1-5 2 0.31, 0.39 Sharp
Sharma & Jones 1-5 2 0.31, 0.39 Not sharp
Table 3 Enzyme banding of EST, GOT, LAP and SKD from Calanthe vestita Lindl.
Enzyme Extraction buffer Plant No. No. of band (s)“ Rf Remarks
Gottlieb 1-5 7 0.20, 0.41, 0.47, 0.52, 0.55, 0.57, 0.65 Sharp
EST Apavatjrut et al. 1-5 7 0.20, 0.41, 0.47, 0.52, 0.55, 0.57, 0.65 Sharp
Obera-Okeyo et al. 1-5 7 0.20, 0.41, 0.47, 0.52, 0.55, 0.57, 0.65  Not sharp
Sharma & Jones 1-5 7 0.20, 0.41, 0.47, 0.52, 0.55, 0.57, 0.65 Sharp
Gottlieb 1-5 3 0.12, 0.33,0.35 Sharp
GoT Apavatjrut et al. 1-5 3 0.12, 0.33, 0.35 Sharp
Obera-Okeyo et al. 1-5 3 0.12, 0.33, 0.35 Not sharp
Sharma & Jones 1-5 3 0.12,0.33, 0.35 Sharp
Gottlieb 1-5 1 0.18 Sharp
LAP Apavatjrut et al. 1-5 1 0.18 Sharp
Obera-Okeyo et al. 1-5 1 0.18 Not sharp
Sharma & Jones 1-5 1 0.18 Not sharp
Gottlieb 1-5 3 0.45, 0.48, 0.54 Sharp
SKD Apavatjrut et al. 1-5 3 0.45, 0.48, 0.54 Sharp
Obera-Okeyo et al. 1-5 3 0.45, 0.48, 0.54 Not sharp
Sharma & Jones 1-5 3 0.45, 0.48, 0.54 Not sharp

" g Figure 2 (a) tsznau
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Table 4 Enzyme banding of EST, GOT, LAP and SKD from Eulophia macrobulbon (Par. & Rchb. f.) Hook. f.

Enzyme Extraction buffer Plant No. No. of band (s) Rf Remarks
Gottlieb 1-5 4 0.32, 0.35, 0.60, 0.63 Sharp
EST Apavatjrut et al. 1-5 4 0.32, 0.35, 0.60, 0.63 Sharp
Obera-Okeyo et al. 1-5 4 0.32, 0.35, 0.60, 0.63 Sharp
Sharma & Jones 1-5 4 0.32, 0.35, 0.60, 0.63 Sharp
Gottlieb 1-5 1 0.31 Sharp
GoT Apavatjrut et al. 1-5 1 0.31 Sharp
Obera-Okeyo et al. 1-5 1 0.31 Not sharp
Sharma & Jones 1-5 1 0.31 Not sharp
Gottlieb 1-5 3 0.31,0.45, 0.50 Not sharp
LAP Apavatjrut et al. 1-5 3 0.31, 0.45, 0.50 Sharp
Obera-Okeyo et al. 1-5 3 0.31, 0.45, 0.50 Not sharp
Sharma & Jones 1-5 3 0.31, 0.45, 0.50 Not sharp
Gottlieb 1-5 3 0.22, 0.38, 0.41 Not sharp
SKD Apavatjrut et al. 1-5 3 0.31, 0.45, 0.50 Sharp
Obera-Okeyo et al. 1-5 3 0.31, 0.45, 0.50 Not sharp
Sharma & Jones 1-5 3 0.31, 0.45, 0.50 Not sharp

Table 5 Enzyme banding of EST, GOT, LAP and SKD from Eulophia spectabilis (Dennst.) Suresh.

Enzyme Extraction buffer Plant No. No. of band (s) Y Rf Remarks
Gottlieb 1-5 3 0.18, 0.7, 0.73 Not sharp

EST Apavatjrut et al. 1-5 6 0.18, 0.45, 0.62, 0.67, 0.7, 0.73 Sharp
Obera-Okeyo et al. 1-5 6 0.18, 0.45, 0.62, 0.67, 0.7, 0.73  Not sharp
Sharma & Jones 1-5 3 0.18, 0.7, 0.73 Not sharp
Gottlieb 1-5 3 0.07, 0.33, 0.38 Not sharp

GOT Apavatjrut et al. 1-5 3 0.07, 0.33, 0.38 Sharp
Obera-Okeyo et al. 1-5 3 0.07, 0.33, 0.38 Not sharp
Sharma & Jones 1-5 3 0.07, 0.33, 0.38 Not sharp
Gottlieb 1-5 1 0.35 Not sharp

LAP Apavatjrut et al. 1-5 1 0.35 Sharp
Obera-Okeyo et al. 1-5 1 0.35 Not sharp
Sharma & Jones 1-5 1 0.35 Not sharp

Gottlieb 1-5 3 0.23, 0.38, 0.41 Sharp

SKD Apavatjrut et al. 1-5 3 0.23, 0.38, 0.41 Sharp
Obera-Okeyo et al. 1-5 3 0.23, 0.38, 0.41 Not sharp
Sharma & Jones 1-5 3 0.23, 0.38, 0.41 Not sharp

" g Figure 2 (b) tsznau
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Table 6 Enzyme banding of EST, GOT, LAP and SKD from Geodorum recurvum (Roxb.).

Enzyme Extraction buffer Plant No. No. of band (s)“ Rf Remarks
Gottlieb 1-5 3 0.21, 0.48, 0.52 Sharp
EST Apavatjrut et al. 1-5 3 0.21, 0.48, 0.52 Sharp
Obera-Okeyo et al. 1-5 3 0.21, 0.48, 0.52 Sharp
Sharma & Jones 1-5 3 0.21, 0.48, 0.52 Sharp
Gottlieb 1-5 3 0.10, 0.34, 025 Sharp
GoT Apavatjrut et al. 1-5 3 0.10, 0.34, 025 Sharp
Obera-Okeyo et al. 1-5 3 0.10, 0.34, 025 Sharp
Sharma & Jones 1-5 3 0.10, 0.34, 025 Sharp
Gottlieb 1-5 2 0.27, 0.34 Sharp
LAP Apavatjrut et al. 1-5 2 0.27, 0.34 Sharp
Obera-Okeyo et al. 1-5 2 0.27,0.34 Not sharp
Sharma & Jones 1-5 2 0.27, 0.34 Not sharp
Gottlieb 1-5 1 0.33 Sharp
SKD Apavatjrut et al. 1-5 1 0.33 Sharp
Obera-Okeyo et al. 1-5 1 0.33 Not sharp
Sharma & Jones 1-5 1 0.33 Sharp

" 9 Figure 2 (c) Usznau

Table 7 Enzyme banding of EST, GOT, LAP and SKD from Liparis sutepensis Rolfe ex Downie.

Enzyme Extraction buffer Plant No. No. of band (s) v Rf Remarks
Gottlieb 1-5 3 0.07, 0.32, 0.62 Sharp
EST Apavatjrut et al. 1-5 3 0.07, 0.32, 0.62 Sharp
Obera-Okeyo et al. 1-5 3 0.07, 0.32, 0.62 Sharp
Sharma & Jones 1-5 3 0.07, 0.32, 0.62 Sharp
Gottlieb 1-5 2 0.22, 0.32 Sharp
GoT Apavatjrut et al. 1-5 2 0.22, 0.32 Sharp
Obera-Okeyo et al. 1-5 2 0.22, 0.32 Not sharp
Sharma & Jones 1-5 2 0.22, 0.32 Sharp
Gottlieb 1-5 1 0.45 Not sharp
LAP Apavatjrut et al. 1-5 1 0.45 Sharp
Obera-Okeyo et al. 1-5 1 0.45 Not sharp
Sharma & Jones 1-5 1 0.45 Not sharp
Gottlieb 1-5 4 0.22, 0.35, 0.38, 0.42 Sharp
SKD Apavatjrut et al. 1-5 4 0.22, 0.35, 0.38, 0.42 Sharp
Obera-Okeyo et al. 1-5 1 0.22 Not sharp
Sharma & Jones 1-5 1 0.22 Not sharp

" g Figure 2 (d) Uszneu
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Table 8 Enzyme banding of EST, GOT, LAP and SKD from Phaius tankervilleae (Banks ex I' Heritier) Blume.

Enzyme Extraction buffer Plant No. No. of band (s)” Rf Remarks
Gottlieb 1 4 0.10, 0.13, 0.31, 0.42 Sharp
Gottlieb 2 4 0.13, 0.29, 0.31, 0.42 Sharp
Gottlieb 3 3 013, 0.31, 0.42 Sharp
Gottlieb 4 6 0.06, 0.13, 0.29, 0.31, 0.35, 0.42 Sharp
Gottlieb 5 6 0.06, 0.13, 0.29, 0.31, 0.35, 0.42 Sharp
Apavatjrut et al. 1 4 0.10, 0.13, 0.31, 0.42 Sharp
Apavatjrut et al. 2 4 0.13, 0.29, 0.31, 0.42 Sharp
Apavatjrut et al. 3 3 013, 0.31, 042 Sharp
Apavatjrut et al. 4 6 0.06, 0.13, 0.29, 0.31, 0.35, 0.42 Sharp
EST Apavatjrut et al. 5 6 0.06, 0.13, 0.29, 0.31, 0.35, 0.42 Sharp
Obera-Okeyo et al. 1 4 0.10, 0.13, 0.31, 0.42 Sharp
Obera-Okeyo et al. 2 4 0.13, 0.29, 0.31, 0.42 Sharp
Obera-Okeyo et al. 3 3 013, 0.31, 042 Sharp
Obera-Okeyo et al. 4 6 0.06, 0.13, 0.29, 0.31, 0.35, 0.42 Sharp
Obera-Okeyo et al. 5 6 0.06, 0.13, 0.29, 0.31, 0.35, 0.42 Sharp
Sharma & Jones 1 4 0.10, 0.13, 0.31, 0.42 Sharp
Sharma & Jones 2 4 0.13, 0.29, 0.31, 0.42 Sharp
Sharma & Jones 3 3 013, 0.31, 042 Sharp
Sharma & Jones 4 6 0.06, 0.13, 0.29, 0.31, 0.35, 0.42 Sharp
Sharma & Jones 5 6 0.06, 0.13, 0.29, 0.31, 0.35, 0.42 Sharp
Gottlieb 1-5 3 0.10, 0.12, 0.28 Sharp
Apavatjrut et al. 1-5 3 0.10, 0.12, 0.28 Sharp
et Obera-Okeyo et al. 1-5 3 0.10, 0.12, 0.28 Sharp
Sharma & Jones 1-5 3 0.10, 0.12, 0.28 Sharp
Gottlieb 1-5 1 0.23 Sharp
AP Apavatjrut et al. 1-5 1 0.23 Sharp
Obera-Okeyo et al. 1-5 1 0.23 Not sharp
Sharma & Jones 1-5 1 0.23 Not sharp
Gottlieb 1-5 2 0.24, 0.31 Sharp
Apavatjrut et al. 1-5 2 0.24, 0.31 Sharp
SKb Obera-Okeyo et al. 1-5 2 0.24, 0.31 Not sharp
Sharma & Jones 1-5 2 0.24, 0.31 Sharp

" g Figure 2 (¢) Usznay
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Table 9 Enzyme banding of EST, GOT, LAP and SKD from Spathoglottis affinis de Vriese.

Enzyme Extraction buffer Plant No.  No. of bands Rf Remarks
Gottlieb 1-5 5 0.13, 0.22, 0.44, 0.46, 0.48 Sharp
EST Apavatjrut et al. 1-5 5 0.13, 0.22, 0.44, 0.46, 0.48 Sharp
Obera-Okeyo et al. 1-5 5 0.13, 0.22, 0.44, 0.46, 0.48 Not sharp
Sharma & Jones 1-5 5 0.13, 0.22, 0.44, 0.46, 0.48 Not sharp
Gottlieb 1-5 3 0.08, 0.28, 0.33 Sharp
GoT Apavatjrut et al. 1-5 3 0.08, 0.28, 0.33 Sharp
Obera-Okeyo et al. 1-5 3 0.08, 0.28, 0.33 Not sharp
Sharma & Jones 1-5 3 0.08, 0.28, 0.33 Not sharp
Gottlieb 1-5 2 0.16, 0.19 Not sharp
LAP Apavatjrut et al. 1-5 2 0.16, 0.19 Sharp
Obera-Okeyo et al. 1-5 2 0.16, 0.19 Not sharp
Sharma & Jones 1-5 2 0.16, 0.19 Not sharp
Gottlieb 1-5 3 0.28, 0.31, 0.35 Sharp
SKD Apavatjrut et al. 1-5 3 0.28, 0.31, 0.35 Sharp
Obera-Okeyo et al. 1-5 3 0.28, 0.31, 0.35 Sharp
Sharma & Jones 1-5 3 0.28, 0.31, 0.35 Sharp

Table 10 Enzyme banding of EST, GOT, LAP and SKD from Spathoglottis eburnea Gagnep.

Enzyme Extraction buffer Plant No. No. of bands Rf Remarks
Gottlieb 1-5 3 0.10, 0.48, 0.54 Not sharp
EST Apavatjrut et al. 1-5 3 0.10, 0.48, 0.54 Sharp
Obera-Okeyo et al. 1-5 3 0.10, 0.48, 0.54 Not sharp
Sharma & Jones 1-5 3 0.10, 0.48, 0.54 Not sharp
Gottlieb 1-5 4 0.03, 0.09, 0.15, 0.28 Sharp
GoT Apavatjrut et al. 1-5 4 0.03, 0.09, 0.15, 0.28 Sharp
Obera-Okeyo et al. 1-5 4 0.03, 0.09, 0.15, 0.28 Not sharp
Sharma & Jones 1-5 4 0.03, 0.09, 0.15, 0.28 Not sharp
Gottlieb 1-5 3 0.25, 0.27, 0.31 Not sharp
LAP Apavatjrut et al. 1-5 3 0.25, 0.27, 0.31 Sharp
Obera-Okeyo et al. 1-5 3 0.25, 0.27, 0.31 Sharp
Sharma & Jones 1-5 3 0.25, 0.27, 0.31 Not sharp
Gottlieb 1-5 3 0.25, 0.27, 0.31 Sharp
SKD Apavatjrut et al. 1-5 3 0.25, 0.27, 0.31 Sharp
Obera-Okeyo et al. 1-5 3 0.25, 0.27, 0.31 Not sharp
Sharma & Jones 1-5 3 0.25, 0.27, 0.31 Not sharp
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(a)

(b)

(c)

(d)

(e)

Figure 2 Enzyme banding of EST, GOT, LAP and SKD from (a) Calanthe vestita

Note :

Lindl., (b) Eulophia spectabilis (Dennst.) Suresh., (c) Geodorum recurvum
(Roxb.), (d) Liparis sutepensis Rolfe ex Downie, (e) Phaius tankervilleae
(Banks ex I' Heritier) Blume.

Lanes 1-5 = extraction buffer of Gottlieb (1981), Lanes 6-10 = extraction
buffer of Apavatjrut et al. (1999), Lanes 11-15 = extraction buffer of
Obera-Okeyo et al. (1997), Lanes 16-20 extraction buffer of Sharma &
Jones (1999).
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