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An improVed coomassie Brilliant Blue(cBB R一250)

staining to proteins in gels
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Abstract An iInproved CBB staiⅡi“g with higher sensitivity t11a11 tllat(Jf m·

typical CBB staining was reported．The main ilnpIovcmcIlt w础u8i“g a矗xillg shI)¨f

25％tricllloroacetlc aci(1(TCA)bcforc CBB 8taininz．For IIlost protcins stu【11似1．LI⋯

sensitivity of the i“1proved CBB staining was ab01lt twicc as lligh a8 tlIat of tllc tyI)hLl

IImtlIod．F町basic aⅡd low Inolecular weight proteins sll出as rIhosonlal pro伯iIls．“lf、

sensitivity of七his improved staIning method was ahout 3．5 28 tiIIlc8‘llat of tllc tvl小，。Ll

nle￡ho(1 It was speculated that the impr“ved proccdllre wolll(1 be sIlital)lc tor cx“(f

qllallfitatiw analysis of protcills fractionatcd by SDS-PAGB，especi ally±0r basi(㈨(1
10w rnolccuIar weight proteins．On the o地er hand，this ncw nlodmc(1 I上lcthod IIliglll

bc also applled to Inultidisciplinary studies，such as biological researches an(i n1Icl{tnl
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1 INTRoDUCTIoN

The tTiphenyhnethane organic dye，CBB R-250，currently the most coInⅡlonIy used

pTotein stain，was iI吐roduced by Groth and was used by M出zel and Meverin in polv—

acrylamjde gel electrophoresis later．【1一刮The sensitivity of CBB stajning was ab 01lt】00

times kss than that 0f silver staillinE，and so far improvements in CBB staining pr()fe

dures were 1ess than those in siher st越n血g procedures．The mDst emcient stainiIl焉Tecipe

of cBB stain血g is o．25％(Ⅳ功cBB R一250 in 45％(Ⅳn rnethanol and 10％(乃7”
acetic acid． Since the dve was血troduced to bioscience researches．several alternaLive

procedures have been developed．Chr眦】bacll reported that the CBB R-250 diss01ved m

12 5％TCA could be directly used in口rotein st缸ninE．【4J This procedure could visualize

protein baIlds more rapidly with a stained background of gels，wllich prevented detectiuIl

of smaⅡer bands iⅡmlediately after stainjn臣．ILemoval of the back鼬ound and i11teIlsi一

矗cation of pTotein bands could be obtained by storing the gel in 10％TCA for seveI i、l
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hollrs．CBB G．250，a dimethyl substitute of the R一250 dye，could also be used because

of its increased insolubility in TCA solution 15·6】The conoidal suspension of dve in T(jA

solution could cause selectiVe binding of dye to proteins and f曲TIling dye—pToteiIl conl一

plexes，whereas the dye would not penetrate irLto the gel matTix and avoid backgr。LLn(1

staining．A procedure using formaldehyde to矗x gels before carrying out CBB stalⅢ119

was also introduced and thjs procedure was suitable for staining 10w mDleclllar weight

proteiIls and polypepetides that could not be satisfhctorily矗xed by rnixtures of acctir

acid and methan01．1 7，驯In summary，the sensitivity of most alternative procedures colllfl

not preponderate over that of the typical CBB R一250 stainjng

IIl t his work，a new CBB staining procedure was devekped． Compared wjth thP

typical CBB stai血ng the sensitivity of the new method was at least two times tllat fnl

most proteins and could be Irmch hjgher f出basic and Iow molecuIar、veight protelns

It was speculated that this new method would be suitable fbr more exact quantiLativc

analysis of proteins separated by polyacrylaIllide ge】s

2 MATERIALS AND METHoDS

2．1 Materials

cBB R．250，2．1N—MorphoUnel ethane—sulfbnic acid，bis．7Itis and uTea were fr0111

Amersco．Acrvl射伍de was from SiEma．N，N'-Methvlenebisacrylamide waS from F1llka

Acetic acid．methan01．acetone．tricholoacetic acjd and FuchsjⅡBasjc were h。|11emade

Tlle six marker proteins used in the experiments were from Shanghai Li—Zhu—Dong—Feng

Biotech． Th8y were rabbit phosphorylase b(97，ooo)，bovine serum albumin(66，200)，

rabbit actin(43，000)，bovme carbonic anhydrase(31，000)，trypsin irLhibitor(20，000)a11(]

hen egg whjte lysozyme(14，400)．The two-dirr崦nsional gel electrophoresis叩paratus was

made in tlle experimental workshop acc。rding to Madjar wjth a Ettle alteration H The

Ima譬eMaster 2D system 3．叽version，GDS8000 system and GELⅥrORK 3．01 versio”

were from Gene Conlpany Lil血ted．Bu矗brs and apparatus used fbr rib080maI extractinfl

were aU RNase free Solutions for the preparation of b11frers and polyacrylamide Eels ha(1

to be prepared with doubk distiⅡed water．The stainin臣s01utions for both the tvpical

and the jmproved CBB st出njng were prepared矗eshly．25％TCA solutjons weTe di】Ilted

fTom 100％TCA storing solution before use The concentration of TCA storing sohItioll

was 100％ They were stored in brown bottles aIld kept in refrigerat∞to avoid dire“

irradia“on of sunlight，and should be used up within two weeks

2．2 one—dimensional SDS polyacrylamide gel electrophoresis

One—dimensional SDS gel electrophoresis was carried out iIl Vertical SDS polyacry一

1aInjd8 gels(10 cm×8 cm×o．14 cm)withl．5 cmlong 4％stacl【iIlg gel ontop of6 5 cTIllollg

12 5％s印ara“on gel．E1ect‘ophoresis was carried out toward anode at 60 V jn stocknlg
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gel and 120 V in separation gel till the tracking dye touches tlle bottom of glass plate

six maTker proteins were dissoIVed in sarrlPIe buff≈r(o 04mol／L bis-r_I：lris—acetic aci(1，p1

6 o；6 m。l／L urea；1％SDs)，heated at 950c for 3 rnin and subjected to electrophoresis

After electrophdresis，gels were stained with di珏brent st aining procedures

2．3 Two—dimensional electrophoresis of rat liver ribosolnal proteins

RatⅡver ribosonle was is01ated accoTdinE to Ogata．IlUJ Proteins from 80 S“bosoIlles

are extracted by the ace“c acid procedure already descrjbed，and dialy2ed 89ajm，t 1 M

acetic acid overni曲t姐d 1yopllilized．【1
1 J 2一D electTophoresis of ribosomd proteiTl was

performed accordjng to theⅡlethod of Madjar with a littIe“teration．(12，1剐Brieny，ibI

矗rst—dimensional electrophoresis，100 nlm high 1一D separation gel was prepared in gIas8

tubes of 120InIn height and 2Ⅱlm inside diameter E1ectrophoresis was carried out aI

20。C toward￡he cathode at 150 V(constant vo】tage)for 6 5—7h．After electrophofesls，

the矗rst—dimensional gel was taken out and equnibrated with dialyzing buffer(0 o哇M

bis—Tris-acetic acidl pH 6．0；6mol／L urea，1％w／y sDs)at 20。c for about 15面11 FoI

secolld—dimensional ekctrophoresis，2．5 cm long 4％stacl【血g gel were prepared on t。p of

1 0 cm high separation gel The丘rst dilnensional gels were put horizontally on t。p of¨le

second-dimensional ge】s．Electrophoresjs w鄱carfjed out at 20。C#oward the棚10de usjng

3 w／per gel fbr 6—7 h．After electrophoresis，proteins were stained with di舵rent staining

proceduTes respectively．

2．4 The typicaI CBB staining and the impraved CBB staining procedurPs

The improVed CBB stai伍ng wa8 performed as f011。ws．After eIectrophores试gels

were疗xed with 25％TCA s01ution for 0．5h with gentle shaking，washed wlth 45％

methan01 and 10％acetic acid for about 1 miIl and then stained over如ght at r00m teTIl_

peratufe wjth the solution contai血ng 45％methan。l，10％acetjc acid，and 0．25％CBB

(矗ltrated)．Dest ailling was started with 45％methanol and 10％acetic acid without(1ye，

and completed with 30％methan01 and 10％acetic acid Gels weTe usuallv destaine(1

oveTnight to acconlplish satisfactory destailling． After washed with 40％ethan01 for

20面n，gels were dried aIld allalyzed．The typical CBB st ailling procedure was si柚1a，

to that of the jmpr。Ved method，exc8pt that th8 Precedjng 25％TCA矗xatjon step was

devoid．

2．5 Quantitati、re and statistic analysis of protein coIlteHts in gels

The quantitatiVe analysis of six marker protein bands in gels，either stained with

the typical oT the irnproved CBB staining procedures，was accoⅡlphshed with GDS 8000

system and softwaTe of GELWORK 3．01 version、The relative color depth for each baTld

was calculated by computeT and displayed as the volume of each b柚d of each pr。teh

Sp。ts of rjbosomal proteins were scanned and analyzed by lmageMaster 2D sys￡enl 3 0l
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version．The color depth of each spot was displayed as the volume of each spot fbr ea cll

protein．T。ensure the conditions of analysis coⅡlp缸able，the dried gels were nleasured

under the same scaIlILing conditions on the s锄e day．AU experirrlents were repeated州

least four times and quantita“Ve data were sta“cally analyzed with t—test and constructed

with SigmaPlot 4 0

3 RESUI用S AND DISCUSSIoN

One of the important aims of Eel 6x．

ation after electrophoresis was to rapidly

precipitate the sep盯ated protein8 in gel

mat“x and convert the diffhsibk sDecies

into insolub王e precipitates． Mixtures of

methanoI． ace“c acid and water、Ⅳere

widely used as nxatiVe reagents in the typi—

cal CBB stailling．We had performed rrIost

of the published alternative CBB staininz

Drocedures and fbund that sensitivities of

these procedures were poorer thaIl or at

best sirIlilar to that 0f the typical CBB

staining． An exception was that the low

mokcul缸weiEht proteins could be stained

better by the procedure usmg formaldehyde

as矗xative than bv the tvpical CBB st ain．

ing(data not shown)．TcA was a prefer—

able靠xative that was usuaI工v fbund to be

most emcient at the concentration of 20％一

25％slllfosalicyuc acid(10％一20％)0r mix— Fig．1 Thc six 111arke。l小)tt-i儿s staim·f【1，v

tures of TCA and sulfonsahcyUc acids(10％ thc improwd cBB staini”g alld tllI、#yl】l

吲y of each)were reconⅡrlended soⅡle— cal cBB staining proccdurc Thc six II叭rkt-I

times，but it was found that their矗xation proteills：1 rabbit ph08pho。yIasc 1)(07，⋯¨¨

efkcts were simiIar to that of using TCA 2． hovine serum albu工11in(66，2㈣)，3． I_nhl

alone．【14J SivaramaIl had studied the mech— bit actin(43，0001，4 hoville(：arl)olli{．ulllv—

anism of TCA induced protein precipita— drase(31、000)，5．trypsin illhibitt”(2n IJ【JIJ)

tion and found that the mechanism of。aPid 6．hcn。gg white 1ysozyme(14．4【㈣Tll{、l(M(1一

矗xation of proteins by TCA had close rela— i“g arnount8(pg)of each I)rutch(rL)2¨．(1')

tionship with its protein—precipitation abil· 1．5，(c)1．(1，(d)0，8，(c)0．4． Pan‘，1 A：¨⋯

ity and the TCA induced protein precipita— improved CBB 8taining；Pmlcl B：¨lP fyl，i(ml

tion was speci6c．The presence of three CBB staining
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cMor。grollps(on the alpha．carbon atom)in the ace“c acid m01ecule was important f0』

the protein-precipitating action．On the other hand，th8 proteiIl—precipitati“g action nf

TCA was independent of the nature of proteins aIld was not pH—dependent【1剐
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Fig．2 T1lc lillcar relationship between the v01umes of protcin hands(vcrtic越axc8)and“lr I)r(，⋯II

loadillg alIlounts(horizontal a)【es)for the improvcd cBB stailling and tlje typical cBB stalllinB

Panel A：rabbit pllosphoryl聃e b，Panel B：bovine serum albllmin．Pmlcl C：rabbit“(。tiIh Prmf、l

D：bovine carbonic anhydrase，Panel E：trypsin inhib扎or，PaIlcl F：hen egg whitc lys02ylll【·

．_．thc typical CBB staining，o—o the improved CBB staining
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Fig．3 80 S rat 1ivcr rib080mal proLcins s8p跗ated by 2一D electroImoresis an(Istainc(1 witll t}i竹【州Ill

CBB s嘶ni“g procedurcs The loading amount of eacll rib080nlal ploteln wa8叩IⅢJxll儿．骱ly

l pg／I)er plotnin Panel A：the ilnprovcd cBB st面ni“g，PaIlel B：the typical cBB s La|1lill冀

In thi8 paper，it was reported that the sensitivity of CBB staining was enhanccfj

by矗xing proteins rapidly with 25％TCA bef曲e caTrying out CBB stalning． 11：was

found that under the same loading am。lmtsl the six marker protehl bands staincd hy

the improved CBB staining were clearer than those stajned by the typical CBB stainl】19

(F唔，1)，It collld be deduced that，dj圩曲ent froIn the inlpr。ved cBB staj血ng，part o JI

proteiIls in gels耐ght be lost during staining and destainiIlg pr。cess of the typic“CB】{

stainjng The preceding TCA矗xation in the irrlproved CBB stairLing might be able t(1

retain most of proteills in gels with肌t distuTbing tlle subsequent staining pr。ceflul e5

The quant“ative and statistic analy8is indicated that the diff色rence in st缸ni工lg sensltlvity

between two staining procedures was signi丘cant For the six m盯ke‘proteins snl(Iie(1，

sensitivity of the iⅡU)ro岬ed CBB staining was about twice as high as that of the typjcal

cBB stajning(F咭．4D)．1t was als。found that the improVed cBB st ainillg compliP(1

with the 1ine田ity between stainjng depth of band color(represented as V01unle of pr。tclll

bands)and the 10ading锄ounts ofprotein samples，in山cating that the improVed stailling

procedⅢe conformed to the stainng property of cBB dye(F培2) FIlTthern】ore，R)I

strong basic protejns such as Tjbosomal prot eins sePaTated by 2一D e】ectrophores】s，t】】e

impToved CBB staining had a higher sensitivity than the typical CBB staining Sorne

basic law molecul酊weight ribosomal proteins，such as S28 and S29，could not be clearly

visuahzed by the typical CBB staining，while these proteins under the sanle loa(¨Ilg

amounts c。uld be clearly stailled by the iⅡlproved cBB st ainjng(Fig．3)．F0r basic hlgll

and mid小e moleculaT weight ribosomd proteins，such as L3，L4，S4，L22，L31 and S20

sensitivjties of the improved CBB stajnjng were about twice as h培h as tllose of t11P

typical cBB st缸njng(Fig．4A，B)蛋br basic low m01eculaT weight ribosomal protem s，

sensitiVity of the improved cBB stajning was about 3 5—28 times higher【s27(7 tinles)，
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s28(28 times)，s29(23 tilnes)]￡han that of the typ记al cBB staining(Fig．4c)．Thercby．
a conclusion can be reached that the i工I】proved CBB stajning wouId be much suitable n1

staining of bask low m。lecular proteins in p01yacrylarnide geIs

L3 L4 s4 L5 S5

00de name州nbOsOmⅢDroIeIns

A

o州o n8me of rIbOsomaI DrOteIns

C

锄
S9 910 L14 s15 L牡820 L31

Code name Ot rIbOsom目l Drot日ln8

B

● b t 口 ● f

Code n^me Of sh marker口rOteIn0

I“甲rov酣CBB staining procedure

Dpical CBB staining procedure

D

l、ig．4 C(JIllpari80Il uf seIl8itivnies of the il“provc【i CBB stalIllng and thc typical CBB*L。ulllll世

for six mark07 pr()teins and rihosom柚proteill8． PaIlcl A：ba8ic Iligh IIl01ecular wcigllt ril)()s01ll。【l

1)roteins(more cllan 30 KDa)，Panel B：basic IIliddlc molecular wei曲t ribos()mal plohills f 1¨

3【】KDal，PaIlcl C：basic low Hlolecular weight ribosoInal proteins(1ess than 1【)KDn)，P；LIlf-l T)：

six IIlarke‘I)roteills(14．4 KDa一97 KDa)． (a)rabhi‘ph08pho’ylase h(b)bovillc scHIIn a¨1llllllIl

(cj mb})it ac血】，fd)b。viIJ。carbonic anhydr船e．(c)tryps洒jll】m)1tor，(f)hcn cgg w“k 1y川ByⅢl

In thjs paper，a new improVed CBB st如njng procedure with Mgher sensitivity f01'

stainjng of proteins in SDS poIyacrylarllide gels was reported． Due to t11e r8pid aJl(i

emcient厅xation of protein8 in gels by TCA，the improVed CBB staining nlight be sujtabk
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for more exact quantitatiVe analysis ofproteins证p01yacrylamide gels，especially for basic

low Irl01ecular wei曲t Proteins． On the other hands，this modmed procedure nⅡght lje

app“ed to mllltidisciplin缸y studies，such as biological researches in combiTlation wnll

nucleaT sciences．
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