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Abstract 

Melroxy/ol1 .sagll IS recognised as an important crop in this 21 " century. Abnonnalities of this 
crop growth contribute to the existence of a non-tmnking Melroxy/on sagu. This ex istence 
gives cu riosit y rise in the differences of genetic makeup JO bot h tmnking and non-tmnking 
Melroxy/on sagll. Thus, the o bjective of this st udy is to identilY protein involved in both 
trunking and non-trunking sago palm by lI s ing different precip itation method screening on 
SDS-PAGE gel e lectrophoresis. Mod ified Trichloraocetic ac id (TeA) in aceto ne precipitation 
method and Ethanol precipitation method were used for the prec ipitation fo llowed by the 
SDS-PAGE e lectrophoresis analysis for protein separation compariso n. The identified protein 
gained fi'om SDS-PAGE was compared for protein separat ion differences. As the result , 
Ethanol precipitation shows better protein yie ld quantificationa lly but TCA in acetone 
precipitation give better Image range in the protein ana lys is by SDS-PAGE gel 
electrophores is. This shows that TCA m acetone as a better precipitation method for 
MClroxylon SOgzl extraction. 

Keywords : I'delny/on sagll. tmnkmg, non-trunking. protein extraction, method comparison 

Abstrak 

Melroxv/on sagll diiktim! sehagai [anaman yang pen ling pada abad ke-21 disebabkan oleh 
kepenlingon tal1al11on lerseblll. Pertumbllhan lanuman i.ni secant obn0I711ol rnenywnbung 

kepada keH·ujlfdon Melroxvlol7 sagll tiada-bofang. Kel-vlfjlfd(Jn ini menimbulkan rasa ingin 

tah/( dalum perhezlIan genelik dalam ked/((J-dua i\1elroxvlon sag/( berbatang dan liada-batang 

Oleh illl, objekti( kqjiu/1 ini odoloh IIntuk mengena! pasti prorein yang lerlibat dalam kedl(o­

dllo Metroxvlon sagll berbutong dan tiada-boLon g dengon menggllna/can Iwedah mendak.:an 

.yung berhe2(J me/a/IIi ,saringon SDS-PAGE gel elektroforesis. Ku.edoh mendakan ([sId 

Irik/()ro{/s~lik (TCA)da/al71 "selon dan kaedah pel71endakol1 elano/ yang di,,('ah slIa; lelah 
diglllwkan lin/ilk pemendakan pl"olein yang diilwli dengun analisls SDS-PA GE gel 

elektr~(oresis IInlllk perbandingan pemisahon protein. Protein yang dikeno/ posh yang 

dipero/eh daripada SDS-PA CE le/ah (hbanding/wn dari segi perbezaan pemisahan protein. 
Hasilnya, kaed()h pemendu/wl1 £Iano/ menllnjukkan hasil yang /ebih bail< da/am hasi/ 
kllllnl{/i/ws; \1"0/011 bagaiman(lplll1 kaedah pemendakan TCA melt'beri j ll/al imej y ang /ebih 

balk dll/um (lnalisis protein menggunakan SDS-PACE gel eleklr%resis. /ni menllnjllkkufl 

"a"alm TCA do/am asel(ll7 sebagoi kaedah mendakan yang lebih baik IInluk pengekslrakan 
!vlelruxv/on Sagll. 

Kata kun ci: A1ell"oxy/vn sagu, herhutal1g, tiada-balang, pemendakan protein, perbandingan 

kacc/ah 



Introducti on 

MelroxY/OI1 sagll or co mmonly known as sago pa lm is cultivated for it rich starch trunk 

(A ve, 1977) . This sago starch can be produced into variety of production. Thus, the trunk o f 

the sago pahn is the most precio us part. Unfol1unately, the stunted growth sago palm affected 

the starch cultivatio n as the stunted growth parts are generally occurred in th e trunk of the 

palIn. This atypical growth o f sago becomes the main foc us for many researchers that are 

interested in the differences of physical and bio logica l growth of the sago. Roughly, these 

dil1erences may be va ried because o f the presences or absences o f so me proteins or may be in 

the genetic materiaL Thus, the identification of protein invo lved in bo th trunkUlg and non­

trunking may verify this statement. 

For the reco rd s, mos t research invol ving MelrCIxy /on sagu are all about the starch 

capac ity Most of the research are focused on starch debranching, sugar developing fro m 

sta rch, sago hampas and even the transplant of sago before the tnmking penods. This shows 

less infomlation about the gcnetlc material of Melroxy /on sug" . Fortunately, there IS a stud y 

focused o n the salt mechanism that resulted on the e ffect o f sa lt stress on the sago growth 

abilit y (Ehara et aI. , 2013 ). This research progressIvely he lps rn the study of the stwlted 

growth sago palm. Impress ively, the very utmo st research o f the sago palm is the bio ethano l 

production from sago hampas (Awg-Adenr et aL, 2012). This discovery helps much in green 

campa ign as the discovery are one o f the new renewable energ y. 

In thi s s tud y, one o f the foc uses is in ex tracting the pro tein fro m the lea ves. Proteins 

are mo re preferab le in tltis id entificatio n stud y because prote in establish particular bio logical 

acti vity. From this protein extractio n and puriftcat io n, valua ble things could be recogni zed. 

Apart from that, proteins are the key co mponent that detennines gene expression and mRNA 

translations machinery (Ehle et a I. , 1989). This helps in the leads o f the differences between 
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lrunking and nOn -lIUJlking sago palm. From this step, th e study can be furth er anal ysed by 

id ent ifying the specific protein structure and even metabolism pathway that ca uses the 

d ifferences in the growth metabolism. However, befo re the stud y can further be cont inued, the 

basic step of protein extraction plays the crucial role in the pro tem prepara tio n. As we kno w, 

plants cell wa ll thickness range from 5 - 80 nm because plants cell needs to pro tect their cell 

from dryness and infections (Cosgrove, 2005) . This thickness became one of the boundaries in 

pro tein extraction. Thus, the right protein extraction method sho uld be used in overco ming this 

obstacle. 

The second focus is Ul protein prec ipita te fOffilation . This formation occurs In a 

chronicle process . T his process consist o f (1) mixing phase for prec ip itant and protein 

colli sio n, (2) nuclea tion phase to r protein aggregation genera tion and lastly (3) aging phase 

where protein pm1icles stabilize to withstand fluid shearing (Zellner e t ai., 2005) . The [lIst 

phase involved o nly the introduction o f precip ita nt to the prot ein so lutio n for the present of 

collis ion between bo th particles. Th is co llisio n continues to nucleat ion phase where prot ein 

masses are generated through flo cc ulation . This phase lake more time since it has s lower rate. 

W hde the fi na l phase involve breakup o f the pal1icle to reach stable state wh ere the protein 

part icle can resist the high fluid shear force. The pro tein prec ipitatio n fo rmation fo llowed by 

salting o ut for protein-pro tein interact ion . This step causes the pro tein to aggregate, precip itate 

and normalize the pro tein. 

In o rd er to study protein, the protein must be separated to recognize the broad range o f 

the pro tein according to the ir sizes. This help in the initial step o f the protein study. 

Appropriate pro tein detec tio n method is hig hly essential because the protein stud y approach 

measures the quantitative changes in the express ion levels in the bio logical samp les. For th e 

ba SIC instrument, SDS-PAG E electropho res is IS used. This technique is used because the 
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Literature Review 

.tletroxylon _wgu 

Metroxylol7 sago or commonly kno wn as sago palm, o riginated from Javanese, sago 

mea ns palm pith that con ta ins starch. Melroxy lol7 S({!5'{ be longs to Arecales Nakai order in 

Palmoc J ossieo famil y in Calomoideae Griffith subfamil y in Melro).ylil7ae Blume sub-tribe in 

Metroxy lol7 ROII"oeli genus (Heywood, 1993). The generic name for Metroxylol7 is a Greek 

that mcans the pith of the tree wood (Orwa et aI., 2009) . Different to the other MetroxylOI7 

species, Melroxylol1 sago has 18 scales rows on the fi:uit s and maSSive robust size 0 f the 

inflouresent branches (McCla tchey et aI. , 2006). Briefl y, Metro,\ylon sagu is a true sago palm 

witho ut leaf shea ths that have a trunk in the s ize of 30-60 em diameters and a height of 6-16 

m. Sago palm is a pumate-Ieaved tree and a lso hapaxa nthic (Orwa et aI. , 2009). There is fo ur 

growing stage fo r Metroxylo l7 S{{6~1; ro sette s tage, bo le format ion slage, inflorescence stage, 

and fruit ripening stage (Flach, 1997). After 4-6 years, the seedling of MelrQ.'ylol7 sag" grows 

into the rosette stage where the leaves and trunks are formed (J ong , 1995). In bole forn1ation 

stage, the trunk grows to the length of 6-14 m and reac h an op timum crown leaves of 24 

(Flach, 1997). Formatio n of inflorescence stage (after 4-14 yea rs o f tr unk formation) is the 

stage where the slOre starch is used (Jong, 1995). When matw'e (where the starc h fills the 

trunk to the crown), the primary axis divide the seco ndary and tertiary axes (Karim et a I. , 

2008). Accord ing 10 Flach (1977) , the fruiting occw- at the tertiary axes . This development last 

for aboul 2 year s. Co mpare to the olher Melroxylol7, Melrmylon sag" reproduced by 

vegetative sucker and oft en by stolon (McClatchey et aI., 2006) . 
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Trllnking and IVon-Trunkillg J~/elroxylOIl sagll 

A norma l grow th sago palm is a palm with starch full trunk when reach the maturity 

s tage that is also kno wn as InU1king Melroxylon sag ll (sago pa lm). While, an abnormal growth 

sago palm is a palm that have stunted growth and development that is also known as no n­

trunking lvlelroxylon sagll (sago palm). This trunk formation are influenced by the peat depth 

(Fa ng et a I. , 2005 ). A s ha ll o w peat a rea is the best co nd itio n fo r trunkin g sago palm. W hereas, 

the no n-trunking sago pa lm are usuall y found in Ihe deep so il a rea. Trunking sago pa lm needs 

exira moist soi l 10 fulfi l the nutrient content and to have a bette r compactness. Bu t, a less 

humidified soil causes s lwlted growth of the sago pa lm that eventually deprived Ihe capabil it y 

to develop bole par t (Fo ng et 01., 200S). This poor nutrient growth medium causes Ihe slo w 

growt h in palm with prematw'e branch desiccation, slim crowns, mjnor tnmks and very lit tle 

s tarch yield . 

Protein from th e leaves 

Protein located fi'o m the leaves o rthe plants is easier 10 extracted compare to the trunk 

and Ihe root pmt. Marsoni el al. (200S) stated that Ib e leaves palt is the easiest part to grind 

and this part give higher extraction yie ld compare to the roo ts. While, compare the leaves and 

the trunk part, protein extrac tion from the leaves ,s ea sie r to extract comp"re 10 the trunk 

beca use o f the h'gh level o f sta rch in the tnmk. Fo r Melroxy/on sagll in both trunk ing a nd no n­

trunking sago palm, the express io n of protein may be diffe r. T hus, the proteomic analys is is 

done to identify the differences . As stated by Hussain el al. (2012), several level of protein ha s 

been detected and success fu ll y differentiated liom both trunking and non-trunking by using 2 

dI fferent method and analyse by using 2D-gel electro pho res Is. The protein extracted fro m the 

lea ve can also be firs t de tected using SD S-PAGE e lec tro pho resis before proceeding to 2D -ge l 

e lectrophoresis. 
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Protein extraction and precipitatif)1l 

Briefly, there are several techniques for protein extraction. Many di fferent techniques 

bave been developed beca use every protein is different. Different techniques had been used to 

ac ilieve the best possIble yield and pmity from di ffe rent type of spec ies of an organism, 

di ffe rent sample types and even different target mo lec ule. The basic method o f ex trac tio n is by 

us ing mo rtar and pest le. W ith tile assist from liquid nitrogen, tilis extrac tio n became eas ier. 

Liqu id ni tro gen acts as 5'eeze med ium to ease tile ce ll disruption. The liquid ni trogen also can 

be replaced with det ergent -based lysis buffer. Tlli s cell disruption step act as th e fu's t step in 

o rga nelle isolation, cell frac tIO nat ion, protein iso lation and pmifica tion (More et aI. , 1994). 

Fo llowed by the cell d iSlUption for protein is pro tein prec ipita tio n. Th is step is to 

conce ntrate or to remove interferences be fo re doing electropboresis o r even pro tein 

determination. This is the princ iple step in proteomics (J iang et aI., 2004). 

Quantification method 

Q ua ntification method or known as protein assay method are di vided into copper­

based prote in assay a nd dye- based pro tein assay. Co pper- based protein assay in vo lve protein­

copper chelatlOn in copper red uction and dye-based protein assay involve the binding of co lor 

chang e bounded dye (Bradford , 1976; Seevaratnarn et a I. , 2009). Example lor copper-based 

protein assay are; Peptides and the Bimet Reac tion, Bic inchoninic Acid (BCA) protein assays 

and Low ry protein assays. While, dye-based protein assay are Coomass ie Dye (Bradfo rd ) 

protein assays and Pierce 660 nm protein assay. Each assay has its ow n benefits and 

limi tat ion. Thus, selectmg appropria te metilod is crucia l to a specific sample and for precise 

es timation results. 
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Gel .,willing 

Protems extracted are separated using electrophores is. This pro tein bands cao be 

visua lized by us ing different staining method s for detection. This staining technique improved 

in tenn 0 f sensitivity over decad es . Staining method is listed as Coomassie Dye staining, 

Silver staining, Zinc staining, Fluorescent Dye staining and Functional Group-Specific 

staming. Each of this staining method has it s own particular advantages and disad vantages. 

BU[ , the co mmon of all of this staining method are the incubatio n steps. All of the s taining 

method must have this fOUI bas ic step; (I) water-wash step that roles as the remover of 

electro phores is buffers from the gel matrix , (2) an ac id- or alcohol-wash step for gel fi xing 

that wtll lin1it the diffusio n of protein bands, (3) stainmg step to a l10w the dye or chemical 

substance to di ffuse into the gel and bind wit h the proteins and (4) de-staining step to remove 

excess dye ii'om the background gel matrix (Hayworth, 2009). 
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Materials and Methods 

Sample preparation 

The leaves sample of Melroxylol1 sag l1 was readily prepared. Bo th the trunking and 

non-trlUlking lea ves are orig inated from Oalat, Sarawak. T hese leaves are stored at -20'C to 

maintain their fi'cshness. Bo th of these leaves were c ut into small er pieces with removed 

midriff Using cold mortar and pest le with added liquid nitrogen, these leaves were grind into 

fine tissues powder. 

Tric/t/oraocetic acid (TeA) ill acetone precipitation 

T hiS was a modifi ed publish TCA protoco l (Camso et aI., 2009) Tissue powder (0. 5 g) 

was disso lved Jl1 I ml of ice -co ld extraction buffer (0. 175 M Tris-HCI; pH 8.8, 0. 173 M SOS, 

15')10 glycerol, 0.07% 2-mercaptoethano l). The ce ll debris was removed by cen trifuging at 

13.600 rpm at 4 C ror 15 111111 The supernatant \\'as transrerred into a new tube Fow- times 

vo lu me of ice-co ld prec ipitation buffer (acetone co nt ai ning 10% Trichlo roacetic acid and 

il.07° 0 2-mercaptoethanol) was added. The mixtures were stored at -20 C ovel11ight The 

pellets \\ ere o btained bv' cen tflrugation at 13.600 rpm at <I C for 20 mill. Then washed with 

20 '). aceto ne with 0.07% 2-merca pto ethanol followed bv centrifugation at 13,600 rpm at 4 C 

for 5 min . T he supernatanl were d iscarded and the pellets were a ir dried. 
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Eth anol precipitation 

This was modified Ethano l protoco l (Le bendiker , 2002). Tissue powder (0.5 g) was 

disso lved ill I ml 0 f ice-cold extrac tion buffer (0 .175 M Tn s-HCI; pH 8.8 ,0. 173 M SDS, 15% 

glyc ero l, 0.07% 2-mercaptoethano l). The cell debri s was removed by centrifug ing at 13 ,600 

rpm at 4 C for 15 min. The supernatant was transferred mto a ne\\ tube. Four times volume o f 

ice-co ld 99.98% etha no l with 0.07% 2-mercaptoethano l was added for pro tein prec ipitatio n. 

T he mixture were incubated overnigh t at -20 'C The pellets " 'ere obtal11ed bv centrifugation at 

I),GOO rpm at 4 C for 20 min , Then the pellets were ,,·ashed With <)9 98% ethanol fo llowed by 

centflfugation at \3 ,600 rpm at 4 C for 5 mm. The supernatant \\ ere di scarded and the pellets 

were air dried . 

Protein quantification 

Pro tein concentration was quantified by using two techniques ; Brad ford protein assay 

ancl BCA protein assay (Bradford, 1976) . Both methods used BSA as a standard with six 

diffe rent dilutions and quantified by us ing UV spec trophoto meter (UVminl-1240), 

1 ml of Bradford reagent (Coo massie Brilliant Blue 0 -250, methanol, pho sphoric acid) 

was added to the sample and incubated for 5 111in , The mixture was measured at the 

absorbance o f 595 lilll. 

I mJ of BCA reagent (Reagent A; Bicinc ho ninic ac id , Sod ium Carbo nat e, Sod ium 

Tartrate, Sodium Bicarbonate in NaO H and Reagent B; Copper (II) Sulphate penta -hydrate) 

II as added to the sample and IDcubated at GO C for 15 min The mi.'dure was meas ured at the 

abso rbanc e of 562 11m. 
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Protein sepm-ati()1t and stailling 

SDS-PAGE electrophoresIs wes performed according to Laemmli (1970). The 

seperating ge l was prepared in 12% of polyacrylamide co ntent and stacking gel with 5% of 

polyacrylamide comcnt. The protein ledder used was in the range of 7 - 175 kDa. Each gel 

stack was stained using two different staining method; Coomassie Briliant Blue R-250 staining 

and Si lver sta ining (Kawasaki et a!. , 1990; Wray et aL , 198 1). 

For Coomass ie Bri liant Blue R-250 stainmg, the ge l was soaked w ith sta ming solutio n 

(Coomass ie R-250, lVkthano l, Acetic acid) ovemight. The gel was then de-sta ined with de­

staining sO lu tion (Methanol, AcetIc acid) twice for 30 min and 10 min respectively. 

For Silver staining, the gel was fixed with fixing so lution (Methano l, Formeldehyde, 

Sodium Thiosu lfate) ovemight. The gel wes then sensitized with sens it izing solution (Sodium 

Thiosulfate) to increase the stain sensitivity and contrast followed by sta ining with 0.1 % Silver 

Nitrate so lut IOn. T he band was then visua lized a ft er soaking in the developing so lu tion 

(Sodium Carbo nate, Sod ium T hiosulfate, Fonnaldehyde) for several o f seconds. 
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Results 

[n this study, two different protein extraction methods were valued for this protein 

study 0 f Metroxyiull sagu. The main lllghlight was set on each extraction method, the gel 

background, and protein band visualize ill term of smearing and separation (Table I, Table 2). 

For precipitation using TCA in acetoCle prccipitat:on method, an average protein yield for 

JH. sagll of 0.613 ;lgiml and non-tnmking iv[ sagil 01'0.624 pg!ml were "brained from 

",au.""u protein assay. WhEreas, precipltation using Ethanol precipitation nlelhod., an average 

trunkmg M. sag" 0 f 1213 pg/ml and non-tmnklllg M . .l1lg11 1.225 

were ohltaurcd also Bradford protein assay. These protem comparisons showed 

that Ethanol precipitation method gave greatest yield for the rnmking and \10rHrunJong M 

sagu among the two precipitation method !Ising Bradford protein assay. While in BC;\ protein 

ass"y, precipila110n !Ising TeA in acetone precipitation method gave an average protein yield 

fi.)r trunking /vl, sag/( of 3,062 ~ig/rnl and non-lfimking i.I sagu of flg/ml were obtained. 

Whereas, precipitation llSUlg Ethanol precipitation method, an average protein yreld for 

mmking :\1. .Iagu of 6.911 flgimJ and non-trunking AI. sag" of 6.923 fig ml were obtained. 

These prOlein comparisons also sho\.ved that Ethanol precipitation method gave greatest 

Yl(;ld tor the tnJnking and non-trunking A1. sagu among the tV':0 

BCA protein assay. 
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'. able l ' Compari son of (\\10 precipitation method with C'oomassle Bri ll ianl Blue R-2S0 stain ing. referring. to 

Fi gure I A . Protem ) ield u~i ny B(ad ford protein assay. 

TCA TCA Ethano l Ethano l 
Trunkino 

c Non-trunk ing Trunking Non-trunkin 2 
" 

Protein yield 0633 0.624 1.213 1.225 
Smearing None None None Low smear 

Separation Good Good Poor Ponr 

Table 2: Compari son of \wo prec ipitaLi on method with Sil ve r sta inin g referring to Figure 10. Protein yield llsing 

Brnclford protem assay. 

TCA TCA Ethano l Ethano l 
Trw1king Non-trunking Trunking Non-trtmking 

Protein yield 0.633 0.62-1 1213 1.225 
Smearing Low smeal Low snlear Big smear Big smear 
Separation Good Good Poor Poor 

SDS-PAGE protein profiles with two different staining methods were used to compare 

both of the precipitation method. Using standard Coo rna ssie Brilliant Blue R-250 sta in in g 

method, precipita tion us ing TCA in acetone precipitation method produced better resolution o f 

pro tein se paration, lower smearing and clearer baCkground (Figure 1A, 2A , 2B, 2C). While 

precipitation us ing Ethano l precipitatio n method also gives pro tein separation but poo rer U1 

reso lution a nd it a lso gives average to no smearing (Figure IA2A, 2B. 2C). Meanwhil e 

stainIJ1g using Silver s taining method showed that both methods produced average protein 

separatton. The prec ipitation using TCA in acetone precipitation method produced wliform 

protein separation co mpare to the Ethanol precipitation me thod (Figure IB), jn term of 

smeanng, TCA in aceto ne precipitation method gives lesser smea r compare to Ethano l 

precipitation method , From these results, precipitatio n with TCA in acetone prec ipitat ion 

method shows the most effic ie nt protein prec ipItation method compare to Ethano l 

precipitation for M sagll pro teU1 extraction III the application o f pro teo mic studies. 
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r NT NT<' T NT 

Figure JA : SDS·PAGE nUl on 12 % l!« S of prote in samples extracted usmg dilTeren t melllOds. Equ,d ~moun l of 
pro tem ( 10 ~g) \\-as loaded 111 each 1<101;; Protein s were visualtzed with Cooma s:; le BnJll,:IOt Blue R·250 staming. 
(T: Trunking; Td: TnUlking with two lime dilution; NT: Non-Trwlking; NTJ: Non-Trunklllg with two time 
dilution. ) 

175 

80 

58 

46 

30 
25 

T NT NT' 

'-------------.....,..-----------~-----------v------------~ 
Trichloroacetic acid precipitatiol/ Ethanol preci,';tnliQI1 

Figure 18: SOS·PAGE run on 12 ii" gel l\ of protein smnpi C"s el(lrac ted using di fferent Il'lclh0d~. EquJI amount of 
prote m ( lU ~g) \HIS loaded 11 1 e~)(:h lane F1t)\!..'in,\ \\1:re n sunh l.l,xi wi th Sil\'Cf "'l.il i nil\~ 

(T: Trunking; T<.I : Tnmktng wi th IWO time dJiullon: ~' f; Non-Trunktng. '\IT". "Jon-Trunking wi th two time 
di luti on.) 
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II 

T T' NT NT' T T' NT NT ) 

'------------...,...-----------~-----------....,.------------~ 
TnchforO(1celU: acid preCipuMiol1 E/h al1ol preciplI(l/lOlI 

Figur-e 2A: SDS~PAGE run on 12 % gels of prOlein samples extracted u:- ing different me th od::>. [qual 3mount of 
protein ( I ( J J.lg) v .. ns landed in e.:1ch lane Proteins were v lsual1 zcJ \\llh COOIlla:-;,sIL' Bnlllant Blue R-2S0 Slalll ing. 
(T: Trunking; T~ : Trunking wi th two lime dilu\lon; NT : Non-TrWlking: NTd; Non-Trunking with two lime 
dil ul 1otl. ) 

T NT T' NT NT' 
'------ ­ ---...-­ ---------~---...--

Trichloroacetic. aCI d precipitlltion £llwn,,1 preClr' tallOJI 

Fi gure 28 : SOS- PAGE ru n on 12 % gels of prole in samples eX II~cted u~jng dl ffcrenl Inl'lh(l(l-i. Equ;lI.\moul\t of 
pl\,td n f l O ,Lg ) was hladed In each lal1<.'. Pro(ein~ \\L'r e \'J suaJl1c..1 ,.\ nh Cn(ll1Ja'~lr Bnlhanl 131uc R -~50 ... t;Hrlln ! 

n : lrunking: I J: Trunk lllg ..... ith two tim e di lullon: NT: Non.Trunking: -...: 1..1: N4.m·rnJl1k ing \\ith t\~ O tjrne 
d ll utl\ )I1 .) 
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Figure JA : St,1ndard c ur v~ for Brau ford protei n assay quantifi ca ti on. 
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""'igure 38 : Standard c:u rve fOI Blcinchonmic Acid (BeA) protem ;1S~ly . 

Table ~ . \ Avtri1g(' pro(l.:in qllan l i fi c=ltinll u"ing Bradrord prokin assay. 

TeA Ethanol 
Trw1king 0.633 1.2 13 

Non-trlLnking 0.624 1.1 25 

fable .36: A\ erage protein q u;:m lllicatloll uSlI1g BeA protem as~ y 

TeA Ethano l 
T runkU1g 3.063 6.9 11 

Non-tnmking 2.363 6.923 
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Table -I~ : Anova rc~uhs hetween TCA In acetone and ethanol preCi rll~H ion melhod LJ ~ing, Bradford protein 

SO/OCt of VarimiOl1 SS dl /liS F P- value F crit 

r ype o[Sago palm (a) 704E-06 704E-06 0.0008 0.97R 5.31 R 

Precipitation meth od (b) 1047 1047 11 8.370 4. 5 1 b-06 5.31 R 

Interaction (a x b) 0.00034 0.00034 0039 0.848 5. 31 X 
\Vithin 007 1 8 0.00885 
assay. 

Table 48: Anova resul1 :-; belwee n TeA 10 ace lone and elhanol prec ipilation melhod us ing BeA prOlein assa y. 

SOIlI"( e (d Variation SS elf i\"S F P-value F erit 

rype o[Sago pa lm (a) 0.355 0.355 0.727 04 19 5.3 18 

Prec ip itation method (b) 53 .029 I 53029 108654 6.22E-06 5. 31 8 

Interaction (a x b) 0.380 I 0380 0.780 0 403 5.318 

Within 3904 8 0488 

Table 4C: Ano\.1 resull~ belv,leen quantI ·:(3:1011 method (Bradford protein assay and BeA protein assay) for 
TeA in acetone precIpIt ati on melh ou. 

SOllr( (;' of Varia lion SS dF /v[S F P·, ·aill t! F { rtf 

Quantification method (a) 13 030 13.030 254421 2.39E-07 5.318 
Type of Sago pa lm (b) 03 77 0.377 7.366 0.026 5.3 18 
Interaction (a xb) 0358 I 0358 6.989 0.030 5.3 18 

Wllhi n 04 10 8 0.05 1 

Table 40 : Anova result s between 4urllltdication method (Bradford prote in assay and SCA protem assay) fo r 
Ethanol preCl r)ltut ion method . 

Smfrce of Variation SS df MS F P·1!a/lt t! F u ·/ I 

Quantification meth od ~a) 97 .3XX 97 .3X8 218 5 16 01E-07 5.318 
Type of Sago pall11 (b) 0.000 0.0004 0.001 0.975 5 J1 X 
Interaction (a xb) 1.51 E-09 I 1.51 E-09 3.39E-09 1.000 5.31 R 

\Vithin 3.565 8 0446 
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Figure 4 : SOS· PAGE run on 12 % ge ls of prOle!!) samples extracted using ditferent methods. Equal amount of 
protem ( 10 IJg ) \\as loaded in each la ne. ProteUl s \,Vere \ I SUtd ized \\'1lh Coomassic Brill innl Blue R·250 s taining. 
l.ane I. J. 5 and 7 (counted after the pro tein ladder) was prole in ex tracted usmg Phen ol me-II d . Lane 2, 4,6 a nd 
8 was protein exlr<lCled using acetone method . 

(Conlflbuted by: Zula ikha Binll Po l Ong) 
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