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ABSTRACT 

A1elro.\}'/0!1 ;,agu Roub is one the sago palrn that produce sago in its trunk 
This sago palm may exist in nom1si foml where it has trunk and the abnormal fOlm which it 
has stlulted growth of tIunk. The existence of these fealures can be closely rela:ed to tbe 
improper management of sago pl;:mtation, deficiency of some of the nutrients and the protein 
composition between these two types of sago plant. Study was perfoID1ed at proteomic level 
by extracting and comparing the proteins in leaf p3r~ bei\Veen trunking and non-trunking sago 
pJant h\/O different protein extraCllon methods which are acetone precipitation and 
pbenol extraction. Among those two procedures phenol extraction was sbown to be 
the best extractIOn method protein. The results were further chafactenzed by using one 
dmlcnslOnal gel electrophoresis which were sodaul1 dodecyl sulphate polyacrylamide gel 
electropijoresis (SDS PAGE) followed by quantification th.rough Bradford assay. These results 
lead to coudusion that there was some protein bands visualized on gel but both tnmking and 
non-tmnking sago palm protein does not have any differences at protein level. 

'<ago pa/m. lrunking. non-!rtmkmg. protein e:rlrtlction 

ABSTRAK 

Alcfrox)dol1 sago Rn/tb iJlerli}wkan ,.,o/ah V}t/i "'pl.:!!·;is pokok sogu yane: hiasanJ'O diproses 
dalam J)engha.:,-i/uJ;' kan/, ,1agll .'V'Llng lerkumpu/ di do/am bo{ang po.kok illi. Pokok sagll it1i 
hulen wu/ur/ /Jf~mlU ada da/am ben/Ilk ..vang hif15Cl didopaii iatili pokok ,)'tlgp yrmg memr"nYfu' 
bll'/an" dun JiigU boleh da/ufYi pcr/I{m/m/wn }Ymg ferbunlill faitu tiduk mcmpun.vaz 
brHang PembenlukJam saga yong berlainan ini dikailkatl dengan 
heberapo <L\pek ,;.-eperfi pengurllsrm J'cmg liJak tera/ul" vepanjtmg prost's" penonaman pOK/Jh" 
,,({gil, keklfrang(ln nutricn yang diper/ukun don juga mempunyoi homposisi prOlein yang 
hr.:r/aiml!1 anlt/ru duo jcnis puko/( 5ugll. ini. ~)~at/l kojlQrI le/ah dija/ankon dari segi pr(J/comik 
dcngan rnengekslrak dun mcmbandingkcm protein yang /erdapal do/um bahogiOl1 duun eli 
d!ltura jmkok sagu yang berholUJ1g don tidal< herhalang Jcngon mcnggufwkan dlW k:aedu/i 
J!(mg ber/anu.m iaiiu pemendo/{atl (l.\'(!ton dan pengeks(r'ukan limo!. An/cIlY! dUG kaec/ah yang 
Ie/all dilu/rmkal1. pcng21c;;lrakr:ttt lelah /;asi/ yang du/am /.:acdah 
pcngek31rakan profein. Pl"OlellJ .yang dilerliskan rlengu!1 meJH!~"" 'Hukon gel 
e!c/uF(~ji:)rc'5nS .'latu dimenSI aWl! SDS PAGE diikuli dengan dfkuanf(f;kusdwr; melalui kaec/ah 
BF[utfurd Kepulu f';ONJ1YO, heherapajalur prolein fe/ah kelil1<.1!an padtl g('/ {Clap] la/lir !ers£lmi 
tidok mempunyui scboJ'ong perIJezoofJ yallg kelara {tn/ora prolein pokok S(fgu yang hl!r/}a/ang 
dcngan yang liduk mcmpllnyai batang. 

Kaw l:unCl: poknk saga, herba!ong tidak herbatang, pengekstrakan protein 
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roduction 

/idetro.r:yIOl1sagu is the true sago palm which can be tllll11d at swamp 8rea in southeastern Asia. 

This IvJelroxylol1 species is " mednun to tall palm trce s:and around 9 and 33m which is 30­

!OS It in height (ll,lcClatchey at aL Iv!. sagll has long, flattened and thin leaves with 

to muhlple spines grow lo em in length ct aL, 2(06), Particularly, the 

leaves can gro\v longer as it higher on the stem, The lea,es are wlfolded which 

visible in the crown when it starts developing (Flach, 1997), Sago is a slow growth plant to 

mature nnd it is a hap3xanthic palm because each stem can only flowering once throughout of 

lifelime(Jamet ct at, 201 J )The kaves will senesec after frUlting and it dies completely 

grown in flooded environment that tolerate salinity and acidity of the wet 

soi!(:VlcClarehey et ai, 2006),Th\1s, the pneumatophores, the roots are present for this 

pbUL 

In Sara'>;lak, sago pa1m (1: n:ral 9.r\;O treated as dietar;l starch sourcE's among communities, The 

starch can be obtained from the pith trunk and the leaves were let! for thatch. Thts sago 

starch Can be used tor several purposes such as an ingredIent lJl white bread production which 

t~sually usee. arnong conlJt1unities m [ndon.;;:siR, the produc~ioo of high-fructose syrup and 

many other products (Flach, 1997), Besides, 11001' material also can be made the bark of the 

sago palm or llsed 2S a fuel other than using starch as the mnin purpose on pla;lting sago palm 

(Flach, 1997)[t 0;50 can he used for the production of ammal and the productton of 

ethanol as a source of et aL, 2006). 

T:lis specles of sago p81m also could either in the fOl1ll oftruoking or non-trunking sago 

palm. The abnormalJ(Y of sago palm which either it has trunks or not is depend on the prop~r 

management of'p!anlatlon. Its growt:l may be dislurbed by the lack of nutrients or the presence 
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o f some stress factors which affect into stunted growth o f trunks or failure to fom, 

boles(Ed ward A. S , 2009). T he stunted growth o f sago palm will contribute to low produc tion 

of starch content as It was accumulated mostl y In th e tnlllk. Some of tb e proteins might be up 

or down regulated whic b results to non-trunkJOg fea tures. This non-trunking feature has been 

a ttracted by otber researchers by stud ying it into proteomics level beca use most o f o tb er pafts 

o f sago palm including the gene and starch have already been studi ed. Thus, a further researcb 

needs to be approached to overcome these three main objectives whi ch are to : 

o 	 extract proteins from the leafof trunking and non-trunking sago palm. 

o 	 compare pro tein results on quantifi catio n o f Bradford assay and visuali za tion on gel for 

bo th trunking a nd non-uunking sago palm. 

o 	 compare tbe proteins based on different methods used between tb e trunking and 1\0 1\­

tIUllking sago palm. 
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2. Literature rev icw 

2.t. Sago Palm (Metroxylol7 sag") 

Melroxylon sagll is the sc ientific name o f sago palm which can be found in South east Asia 

co unlnes such as Malaysia, Indonesia, Philippines and Papua New Guinea . Metroxylon 

species stand on salinIty, prolonged flooding , acidic and wet so il (McClatchey et a\., 2006). It 

also is the only sago pa lm species which are hapaxanthi c (one-flowering) and soboliferous 

(suckering) plant (Flach, 1997). Sago palm contains plenty o f starch that stored in its trunks 

which act as one of th e food so urces among the communities in Sou theast Asia . Some sago 

plant has a stunted growth o f trunks for 10-14 years th at affect o n low starch cont ents 

(Hussam, 2012). This is know n as non-trunkin g sago palm. Research on trunking and non­

trllllking sago palm has been carried out previously by Edward (2009) about th e differential 

expression of gene pro filmg but not yet have been done more about sago palm proteins. 

2.2. Phenol extraction 

Phenol ex tract ion method is one of the commo n proced ures in ex tractin~ :lUt the pro tein s from 

leaves samples. There are many ot her procedw'e in volve in pro tein extraction such as 

trichloroacetic acid (TCA) precipitation, acetone prec ipitation , precipitation with TCA in 

acetone and ammoniulll sulfate precipitation eLi et aI. , 2012) . 1.11 thIS experiment, pheno l 

extraction was used to tes t on the leaves of tnlllking sago palm. After the protein was 

successfully extracted from phenol extrac tion method, the sample was extracted by using 

acetone precipitation procedw'e as to make sure which method was the best used to extract 

proteins from leaves sample. 
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2 .. '- Bradford assay 

Bradford assay are used to quantify the protein sample as to make sure all the protein 

co ncentration are the same so that it can be vi suali zed on the ge l. Bradford assay procedure 

was done based on Clare (2008) procedure. The protein co ncentrati on between trunking and 

non-tr1.1nking sago palm were compared whetber it gi ves the same results as have been 

visualized with the same protein concentration on SOS gel. 

2.4. SOS 1'.\GE 

~vJium dodeeyl sulfate of po lyac ly larnide gel e lectrophoresis (SOS PAGE) are th e anal ys is 

which can be used to anal yze protein samples otber than 2-0 gel electrophoresis. Many bands 

will res ults at the end of electro phoresis when using SOS PAGE in ana lyz in g th e prote ins. For 

2-0 gel electrophoresis, several blots of pro teins might be appearing 011 the 20 gel. This 

experim ent was conducted usi ng SOS PAGE since there are lac ked of ,orne equipment to 

proceed with 2-D gel e lectrophores is. 

2.5. Proteomics of Sago Palm 

Proteomics o f sago palm was the study of rn olccular level of protein in bo th trunki ng and nOI1­

trunking sago palm. Since many of previous research fo cused on genes and starcb of sago 

palm. a new study on proteins between trunking and non-trunking sago palm was done to 

difterentiate at proteomic level. In a stud y done by Hussain et a t. (2012). several pro te ins 

which show differences in protei n ex press ion ha ve heen Identi fied on the 20 gel blots. 10 

prvteins ha ve been successfull y spo tted on the gel blots by lIsing two different protein 

ex trac tion methods. Thus. in th is experiment , o ther prote1l1s were compared by uS1I1g 

anothertwo different methods fro m prev ious research and visuali zed with SOS PAGE. 

5 
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3. I\1l1t erials and methods 

3. 1. Plant materials 

The mature leaves were co llected as samples from culti vated [runking and non-trunking sago 

palms in Mukah, Sarawa k. The samples were kept coo l on ice immedimely after co ll ection 

process to maintain the freshn ess when work in the laboratory . The leaves samp les were cut 

into small pieces and dry crushed into powder in a mortar o f food grinder by liquid nitrogen. 

3.2. Acetone precipitation 

U. 35 g of the leaf powder was resuspended in I.2 ml o f ice-cold Tri s-HCI buffer (pH 8) 

containing 500 mM guanidine-HC I, 100 111M sucrose, 500 mM ascorbic acid and 50 mM 

po lyv inylpyrro lidone. The cell debri s was removed a fter centri fugation at 13200 rpm at 4°C 

for 15 min . The supematant a t the upper layer was transferred into new microcentrifuge lube 

and it was centrifuged agai n in 13200 rpm a t 4°C to r 60 min . Two volume of ice-cold aceto ne 

was added to precipilnte the prote ins for ovemi ght at -20°e. Aft er centrifugation a t 13200 rpm 

at 4"C for 10 min, the pe ll et left was washed twice with acetone and centrifugerl ;)ga in. Then , 

ace tone was discard ed and th e pe llets were dried at room temperature. The pellets th en were 

so lubJli zed with 0.05 M of Tlis-HC I buffer and stored at 4"C for funher use. 

3.3. Phenol extraction 

0.35g o f leaf powder was resuspend ed in ex tract ion buffer which co ntaining j :IO mM Tris (pH 

= 8.0), 50 mMEDTA, 700 mM sucrose, 100 mM KC I and2-merca ptoethanol (0.07 %). The 

samples were vo rreXed and incubated with shaking for 10 min on ice. Then, It was added wi th 

equal vo llUne of tris-buffered phenol a t pH 8 and it was incubated on shaker for 10 min at 

room temperatlJre. After centri fugation at 13200 rpm in 4°C for 10 min . the upper pheno lic 

phase was trans ferred and back ex tracted with} m} ex traction buffer. It was incubated again 
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on shaker for 3 min , vortexed and undergoes centlifugation fo r 20 min . The phenolic phase 

that trans felTed into another tube were mixed with four vo lumes of prec ipitation buffer (100 

mM ammonium acetate in ice-cold methanol) by inversion and Incubate for overnight at ­

20"<::' After centlifugation for 15 mm, the pellets will be washed with Ice-cold precipitation 

buffer and then with ice-cold acetone. Ali the sampl es were centlifuged again for 5 min and 

peliets were dried at room temperatme. The peliets then were solubi lized with 0.05 M ofTris-

HCI buffer and s tored at 4°C for fwther use. 

3 ... . Protein quantification 

The protem samp les were quantified by using Bradfo rd assay. Bradfo rd reagent was prepared 

with the mi xture o f 0.025 g Coomass ie Brilliant Blue G -250, 100% methanol and 85% 

phosphoric ac id . The reagent then was diluted into one time Bradford reagent by adding 250 

1111 ofdistillecl water and flnaliy it was filtered and the reagent were ready to use. 

A calIbration ~urve was crea ted using I mg/rnl ofBSA standard with series ofdd ution ofO, 4, 

8, 12, 16, 20fll in each tube. The reading was taken usi ng spectrophotometer at 595 nm of 

absorbance . All the absorbance va lues of protem samples were recorded as shown in results. 

3.5. SDS PAGE 

I 
I SOS PAGE ana lysis was conduc ted because lacks of the equipments for 2 -D gel 

electrophores is. Sa mple buffer (SOS reducing buffer) was prepared as ingredients shown 

below which was s tored at room temperature. 

I 
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3.8 Ill i 

05 M Tri,-HCI. pH 6.X I .0 Illi 

Cjlycerol O. fil l 

10% (w/v) SDS 1.6ml 

2- mercaploethanol 0.4 Ill i 

1% (w/v) hro mophenol hlue 0.4 ml 

8.0 1111 

i 0% of separating gel was prepa red referring the ingredients as be low: 

Oe:onizcd Wale I' 3.35 Illi 

15 M Tris- HCI< pH 8.8 2.5 ml 

10% (w/v) SDS Siock (store at roollliemperalure) LOO 1,1 

Accybmide/Bis (30% stock) 4 ml 

10"'-;1<I Il1 !l1oniuJl1 per,ull:uc (fT.:~h dail y) 50 111 

lEMED 5 pi 

TOTA L MONOMER+ 1(1 m~ 

All th e ingredients were mi xed in a small beaker and the Biorad Protean II system was 

assemble using 0.7 nUll spacers. The separating gel so lution was swirled gently but thoroughl y 

and was then pipetLed carefully into the gap between tbe glass plates . The top oflhe separating 

gel was tilled with water until overflow to make the gel be hOlizontal. The separating gel was 

allowed to polymerize for 30 min . 

After 30 min, the water on top of the separating gel was discarded. Stacking gel so lution was 

prepared as below: 
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Deioni zed ~' (Hel' 3.05 ml 

0.5 M Tns-HCI. pH 1>. 8 1.25 ml 

10% lw/v) SOS 50 1111 

AcrylamideiBl s (30~;1 ;o. {ock) 0.1>65 IllI 

10'; 0) ..lIll1110nl lllll persu!rate (fresh dall y) 25 ~ I 

lLMED 5." 1 

TOT A L STOCK MONOME R 5 !TI l 

T he stacking gel solution was pi petted unli l overflow. The well- fonning comb was inserted 

WIlhout trapping a ir lmder the leeth . The gel was wa ited for 30 mm to polymeri ze. A fter 30 

min , the comb was taken out. The well s were rin sed with I x Tris -glyc ine gel buffer (0. 125 M 

Iri zma , 0.125 M glycine, 10% SOS , 100 ml wa ter) to remove any un-po lymeri sed gel. 

Thc protein sa mples were adjus ted to a co ncentration of 3 !lg and a vo lwne of 10 .u I usi ng 

pro tein c. trac tion buffer (+OTT/+BB). It was von cxed bnefl y and heated at 95"C for 4 min . 

T he pro te in samplcs were prepared with no dilution and 2x dilullon before loading into the 

well s. The upper chamber was fill ed with I x tris -gl yci ne buller. The entire sample was loaded 

into well carefull y usi ng a 10 fil pipetle. 10 fil o f Benc hm ark Prestai ned Ladder was loaded in 

one lane. The lower chamber was fill ed "gain with Ix Iri s-gl yci ne buffer. T he electrop horesis 

was nUl at 120 V fo r 45 min . 

After do ne with electrophoresIs, the glass pla tes was remo ved out from Ihe Biorad Pro tean 11 

system and Immersed in Ihc running wa ter 10 la ke ou t th e gel from the glass plates . Tlus step 

was handled carefully because the gel can easil y break. The stacking gel a t the 101' was 

removed out from separaling ge l. Then, the gel le ft was immersed with Coomassle Blue R-250 

in another container for staining the gel. The gel was left for overnighl at room temperature. 
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Th~ gd that Idt fo r overnigh t was w~sh ed with n.mning wa ter to remove th e blue dye. It was 

ha nd led w ith carefully and it was immersed in destaining solution two tim es for 30 and 10 min 

for clea r view of protein band. The gel then was placed on the white tile so that th e protein 

band can be visualized clearly. 

I 

I 
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4. Resu lts 

In this study, two differe nt protein ex tractio n methods were evaluated between the leaves 

sa mple o f tll.ulkin g and non-trurlking sago pa lm . The absorbance va lue reco rd ed by mass 

spec tro metry was fitted into the equation of linear regression from standard ca li brati on curve 

to obta in protein concentrat ion. The pro lew sampl es were visualized on SDS gel enab les the 

comparison of protein bands in each sample . 

4. 1. Acetone precipitation 

0.7 

y = 0.028x + 0.049 
0.6 

R' = 0.96.,6",-~ 

~ 0.5 
;;; 
~ 

> 
ru 0.4 

• 
u 
c 

.c 0.3 , 
5 
.c 
~ 

0 .2 « 

0.1 

0 

0 5 10 15 20 25 

1 mg/ml BSA 

Figure 1: Standard c.l li i)rAt ion curve for acetone precipltallon 

Figw·e I above shows the standard cali bration curve on acelOne precipiration method. Based 

on the equation of prote in s tandard ca libration cwrve above, the protein concentra tion for 

tnulk ing sago pa lm was 0.06 ~g/ml. For non-tnmk ing sago pa lm, the protein co ncentratIOn 

was 0.077 ~g/ml as shown in table I below. 
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TJbl\! I : ColT1pari ~o n of prolein Ylt~ltl from Jiffercrll sJrnpies follo\\ ing different mel hods 

Samples Protein concentration (11 £ ml) 
Acetone Phenol 

Trunking 0.060 2.750 

Non -trunking 0.077 4.4 32 

4.2. Phenol extraction 

Figure 2 be low shows the standard calibration curve on pheno l extraction method. Based on 

the equati on of protein standard ca libration ctrrVe abov e, the pro tein concentration for tnmking 

sago palm was 2.75 ,ug/m l whereas for non-trunking sago palm , the pro tein concentration was 

4.432 ~lg/ ml as in tab le 1. 
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I- igure 2: Sianda rd ca libratIOn curve for phenol ex tr,.\Ctlon 
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4.3. SOS PAGE 

L 2 3 4 5 6 7 8 

-

Figure 3: Protein profile on 12% SOS PAGE by r1n:no l ex traction and ace tone prec ipitation. L is the prOiein 
marke r u:-;ed as a ladder. Lane 1 and 3 afe protein s~ mples from trunking sago palm by phenol eX \fClc tt on. Lane 5 
and 7 ilre non-lrunking sample rrom the same method. Lane 2 and 4 are Irunkill il sample from acelone 
precipitation whereas lane 6 and 8 afe non-lfullki ng sa mples. 

Figure 3 above shows a resul ts o f protei n samples which visuali zed on 12% SDS PAG E by 

phenol ex traction and acetone precipitation . L was protein ladd er used as prestained protein 

marker in the range of 7- 175 kDa. A ll of the pro tein samples were loaded in the same 

concentration o f protein . 
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L 2 3 4 

--
6 7 s 

Figure 4: Protein profile on 12% SOS PAG E by TeA precipitation and ethanol prec ipitation. L I S the prote in 
marker used as <I ladder. L<l ne 1 and 2 are protelll sa rnpl ts fro rn tnmking -;ago palm by TCA In acclone 
preclpll.uion. Lane 3 and 4 are no n.lru n ~jng sample from the sa me method. Lant; 5 and 6 Cl re tn.Ulklng sample 
rrom ethanol precipita tion whereas lane 7 <lnd 8 are non-trunkln g samples. 

Figure 4 above shows results from ano ther study done by my laboratory mate, Nurhazlilla 

Binti Hamdan. This resu ll s was used 10 com pare wilh Figure 3 result s by comparing between 

the resolution of protein visualized based on several different method used. From Ihis results 

al so tbe protein bands prese nt can be compared between tmllking and non -Irunking sago palm 

protein . 
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5. Discussion 

In thi s study, the protein samples based on two di fferent methods have been success fully 

obtamed. The results on protein concentration as have been shown prev iously indicated that 

to r phenol extraction method; tmnking sago palm has less amount of protem concentration 

compared to non-tnlllking sago palm which was 2.75 >L giml and 4.432 >Lgiml. These res ults 

were the average value taken from triplicate sa mples . From thi s observa tion , non-trunk lllg 

sago palm has more amount of protein than tmIlking sago palm qu antitatively measured using 

111<1:-, spectrophotometer. In acetone precipitation method , the protein concentration for 

tmnking sago palm was 0.06 >Lg/ml. It has the same results as phenol extraction method 

because the protem concentration tor tflmking was lesser than th e protein concentration for 

non-tflmking sago palm which was 0.077 >Lg1ml. These show that non-trunlong sago palm has 

some ex tra protein from trunking sago palm. 

When compared with pheno l ex traction and acetone precipita tion methods, tile value of 

protein concentration shows a higher value in ph enol extraction method rather than acetone 

precipitation method. A sta ti stica l analysis has been conducted to compare two factors which 

were between sampl es and methods . The null hypothe~is stated that there is no significant 

differences between these two fa ctors. The alternative hypothe~is suppOJ1ed when there is a 

significant differences between these factors. The statis tica l analysis results shows that there is 

no siglllfLcant differences between trunking and non-trunking sago palm whereas between 

acetone and phenol method, there is a s ignificant differences . 

Figure 3 shows the results which were vLsualized on 10% SDS gel. When comparing the 

protein band between lane I and lane 2, lane I gave higher resolution on gel compared to lane 

2 since lane I was th e protein sample on phenol extraction method and lane 2 was the protein 
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sampl e from acetone method. Tluough th is observation, clearly the two different method used 

co n be di stinguished based on the presen t of pro teins band on one dimensiona l gel. In phenol 

extraction, by compaflng the prote in of trunkin g and non-trunking sago pa lm which were lane 

I and lane 5, approximately both have the same ba nd. Bolh o f th e protein bands were vis ible 

o n gel but hardly to recognize whether some of protein bands can be distinguished from one to 

another. All lane 2, 4, 7 and 8 which resembl ed acetone precipitation resulls in low reso lution 

of prote in hands o n SOS gel. This might be the ca use of usi ng guanidine-Hel instead o f 

cysteine-HC I in extraction buffer fo r acetone precipitation. Cysteine-HeI ma y give beller 

res ults than guanidine-HCl as it flmct ions in re fol ding the protein so th at mOre protein present 

on SOS gel (Raman et aI. , 1996). 

For non-tnmking protein, lane 5 and lane 7 supposed ha ve the same reso lutIon of protein 

bands on the gel but the res ults show a slightl y different. Thi s could be rdated on several 

en ors on handl ing the protei n sampl es such as pipetting en'or be fo re loaded the samples into 

the wells. O ther possibil ities also might be res ulted which was due to several loss of protein 

sample during washing the protem precipitate. Bes ides, th ere were high possibi lities that 

wrong sample was taken such as th e pro tein sampl e between pheno l ex trac tion and acetone 

precipitation was swapped since the res ults shown in figure 3 was not more or less has the 

S,lllle results as acetone precipitation in lane 6 and lene 8. 

Another results of trwlking and non-trwlk ing sago palm which also have been done by my 

labora tory mate, Nurhazlina Binti Hamdan which using another two different method s: TeA 

preCIpita tion and ethano l precipitation. As shown in figure 4, TCA prec ipitation method gave 

better resolution than ethanol prec ipi tation. A ll o f the pro tein co ncentration for both methods 
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