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Abstract-Bovine serum alhumin has beei civalently labeled with Remazol 
brilliant blue R lo provide a substrate lora comnenient spect rophotoiietric 
assay Ibrprotein precipitants. The bhle protein is especially useful fir mea
suring protein precipitation h regeLtablc taltfiils bhcCase ilsabsorption max
imum is at a wavIcltnglh wshere plant pignients exhibit inimum absorption. 
BtluevBSA has been used Io determine, I,colipt ion experiments, litrel
ative aflinity if vriritouis proteins lr lannins. A procedure lIr purifying Coin
densed tannin roim cominiercially availa le (luclracho exftract is described. 

Key Words--lannin assay, protein precipitation, Norghuti tannin, quebracho 
tatl ill. Coilndensed talll s 

INTROI)UCTION 

The biological effects ol the complex polyphenols known a; tannins are consid
ered to be the result of their binding and precipitating proteins (McManus et 
al., 1981). Assays of protein binding and precipitation are therefore of consid
erable importance in characterizing tannins. 

Unfortunately, the assays presently available for measuring protein binding/ 
precipitation a e not satisf'actory inall respects. The use of hemoglobin as a 
spectrophotometric markcr for protein precipitation (Bate-Smith, 1973; Schultz 
et at., 1981) is absolutely dependent on fI'reshly prepared hemoglobin (I. Bald
win, personal communication); commercial (lyophilized) preparations are un
satisfactory. Pigments such as anthocyanidins, often present in plant extracts 
containing tannins, absorb at similar wavelengths as hemoglobin, interfering 
with the precipitation assay and causing high blank values. The hemoglobin 
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precipitation assy has given unsatisfactory results on high-tannin sorghtim 
(Bullard et al., 1981). 

Martin and Mart in( 1983) devised an indirect assay using the Bradford pro
tein test (Bradfoird, 1976) to ieasure unprecipitated protein. This technique is 
versatile with respect to assay Conditions and Itias recently bee n adapted to the 
analysis of multiple samples (Wilson. 1984). It is inherentl 5 :ess accurate be
cause it does not measure the precipitated protein directly. Moreover, controls 
to eliminate the effect oflinterfering rnateriidls are laborious. 

There have heen Several aetitllps to estitte tannin c-oncentration ly its 
inhibition OtfvariOtlS elnViZne1s I)avis and I-Osene,,, 1979: Becker and Martin, 
1982), but the coltrClation between tannin concentration and derLge f inhibition 
is unsatisf'actoryv I)aiher. 1975: Gupta and Ilaslalit.1980: larp et al.. 1981: 
Bullard et al. 1081)t. Ihis ma, he due to retention of, variable activity in ell
zyme-tannin complexes (.Armstring 1983: Butler elal.. 1984). 

Illthis labhorat\ we Ita., dircctl, llclred protein binding altlprecili
tation hy utili/ine standar-d prteins, labeled ,h adiisotoes illotdlr to kack titli\ 
ilitatc their dtecL''tiol (I la'Crllln all lt080,1: A .luith et al.. 1983). Thisd Butler. 
rtethld is sensritive ;and rCliahl, tpll t of' radiobut it depends te availahilit\ 
isotope equipment, and pleparatho tio labeled protein t ha,be difliclilt. 

We report here a direct spectroptnltmetric assay v,Iich tobviates il1st tf 
the difliCnlties rITentionCd abOve. The assay utili/es a standard soluble protein. 
bovile serunl albnn (lISA). covalenty labl ed %%ith a Ilue dye. The assay can 
he adapted to meas retment of' Inaerials which do not precipitate proteins hut 
which COmpIete with precipitants fir bindinLu them. 

NIII ttS ANI) MA\IItRIALS 

All chelmicals were reagtimt grade and used withomt further purificatiot.
Bovine serurti albluirin I Iractio V. flatty cid free), chicken egg ovalblunin, and 
fettlin were purchased In'rtl SigIMi ('heiical ('trp. (St. louis, Missouri). Calf 
skin gelatin was from Eastman ()rganics Rochester, York). Rat sutuaxl ;,,+,, 

illary gland g!ycuprotein ( I,,-SNIX (IMelaislto arid CarlsOn. 1983) was gen
erously prosided b )r. Ilile Mehanst. Relnazol brilliant blte R was pur
chased frorn Aldrich Ch..tical Co. (Milwaukee, Wisconsin). Cyanidin was 
purchased f'im 1K& K Lahorattries Inc. ( Plainview, New York). Cntdensed
tannin Guipta and 11ashann. 198)) was purified Inrm ,orthumn bicohlo Mench, 
I)eKalb Blk 64. as described by I-atIerritan and Butler (1981b). Crude (IluCelrachtO 
condensed tannin Routx. 1957) v.as obtained 'ont Trask ('hen. Corp. (Mar
ietta, Getrgia). 

Ir'ption (libaheh'd BSA. The protein-labeling procedure \was :tdapted 
from Rinderkneclit et al. (1968). 'lo 2 g of BSA dissol vd in 40 rttl of I(
(w/v) NaI-CO1, pH 8.2, was added '50 mg of' Renazol brilliant blue R. and 
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the solution was stirred for 30 min at room teniperature. The solution was di
alyzed against 0.2 M acetate, pH 4.8 (solution A), at 4'C overnight to replace 
the reaction bul'er with a buffer more suitable for protein-binding assays. Protein 
concentration was determined by tie method of Lowry et al. (1951). When the 
labeled protein had been diluted to about I Ing/mI., the dye did not intel'ere 
with the Lowry assay. 

Protinl Prctipitaium. 'lo 4.0 fill of' blue BSA (2.0 ing/inl ) ill solution A 
was added 1.0 ml of' methanul containing 0. 1-0.7 Ing of tannin [either puified 
tannin or a crude methanol or acidic methanol extract of plant tissue (Asquith 
et al., 1983)1. Five minutes alter vigorous mixing at root temperature, tile 
tubes were centrifuged (bench top centrifu6ge). The supernatant layer was re
moved with a Pasteur pipet and discarded. PrecipitatCs were dissolved in 3.5 ml 
of I(/ (w/v) sodiumli dodecyl sulfaite-5 v/v)riethanolamine--2),V (v/v) iso
propanol (solution 13). and the ab+sorbance at 59( nm was measured spectropho
tome t rically. Complete precipitatiot gave A,,, values of ibolt 0.9)). For blanks, 
methanol was substituted Ibr the s:anple. Blank values ale zero for prop)erly 
prepared protein: no precipitate form'l.s. Sorghun grlhain samples were extracted 
initially with hexane to remove lipids that otherwise precipitate out ol tile meth
anol extract in tite aq blec us assay. The asay wa s standardized with tPuiliIed 
sorghuml tannin. Assays of lannins f'oll other SoLr'Ces '.1'otld be standardized 
with purified tannin front that Source. 

(!ompeition IA \. ('ondilions \k¢re adapied I'rom IHlagernan and lButler 
(1981 ). Varying amounts of' competitor were mixed with I nig of' blue BSA to 
give a total volume of' 1.6 fl of' sotlutiomt A. T thiS mixture was added 0.4 fl 
of' methanol Containing ellough lannin to precipitate 70 -80'14 of' tie blue protein 
as determined in the absence of competitor. After \'otlexing and centrifuiging as 
described above. tle suLp7:natant layer were removed. The pellet was dissolved 
in 3.5 ill of solution B,and the ahsorbaince was measured at 590 nul in' cool
paring tile tannin-binding capacities of* several proteins, it is useful to determine 
the concentration of' comlpetitor which inhibits the precipitation of' labeled BSA 
in the standard assay by 50M) . Rehllive aflinity is delined as the weight of' the 
blue BSA present divided by the weight o' conpetlitor whclih prevents 50(,7 of 
the labeled BSA from precipitating. 

P'u11rtioI 0/'QuhraWhO'i,,nnin. ('rude quebracho tannin (20 g) was dis
solved in I liter of' 0.001 M acetic acid and extracted Iour times with equal 
voltimes )f ethyl acetate. Residual ethyl acetate was reinoved by rotary evapo
ration and the aqlucous tannin solution tlixcd with a thick aqLuCOUS slurry (I fil 
of resin/mng of tannin) ol' Sephadex 1I-1-20 (Pharmacia). After stirring fbr 2 min, 
the slurry was transferred to a sintered glass funnel and washed successively 
with water and ethanol. Tlannin was eluted with acetone-water (50: 50, v/v). 
Acetone was removed 'rotm the tani6in solution under reduced pressure, and the 
material was lyophilized. 
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Lyophilized tannin was funiher purified by applying 50 nig ofltannin, in 10
 
[ill 15-cm column ot Sephadex 11-20 equilibraled with water.
of water, to a 2 x 

The loaded C11t1111n Wils wa shed with loiur cl umin vluteis eachiof w.at er, 5""
 
acetone (v/v), and 30, ac oni([\'v/. Tainin was cill,ed with 60 acetiome
 
(v/v) and Iophilized aler tihe acet lilcwAs remI11oved by iotary evaporation.
 

PuritiCd qlUCbL:raI.lo colltainCd as deterlanllin 1.3 ', conianinating protein 

mined ),K.ieldalil ,le of soriihuini tannin coilanalysis: colparalb pr'pariitions 

tained similar alountls o1 protein IIlagcrinan and tller, 1978). 0(n Ii(liilost
 
of the A,,, absorhinc material ciuCd at retention tlnes characteristic of hill
i1ol cila r-we ig l lroCeVanidin polyml IutlIian and Btlec'r. unltiblisltCd data).
'r1ll 

l)icestion of the tanllin by I1('ln-hillilol (Gupall and Ilaslan., 9Ith and anal 
sis by TLC usiig silica iplates and toluenie acid-acetoneAiialab eCl n--toriiic 
(60: 30: 10)1 (Arimstronl, 1983i uave canidin ald another 'oi)Ould with char
acteristics consistent with that of tisclinidin IRoux. 1957 . Sore hum tannin yields 
only cyanidin when digcested (Struiiiaycr and Malin, 1975). The average chain 
length (Butler et al., 1982) of' the purified quebracho tannin was about 707 of 
the chain length deterlined Irfpulriied sor'ghuml tannin. 

Characteri.Lsicsof I/n, l6A. Blue lBSA, prepared as described, can be 
stored for several ionths at 6C', at concentratiotis ip to 50 mg/mIl, with no 
loss offprecipitating activity. It is solublC in solution B.and the color formed is 
stable indltinitely'. Blic BSA dissolved in solutiotin ii has an A,.,\ at 590 nin and 
a second peak al 620 iin (Iigure I i. Whliit subjected to S) gel elect rolphoresi s 
(I.aeineli, 1970), the labeled proth:in yielded a sillglc niajor hlue hand with an 
?, slightly greater than that ot unlaheled BSA. ()nly a trace of'unlabeled 13SA 
was delectable by silver slainiing of these gels (MlioRad, 1982). 

After Iyophilization, blue lISA is less soluble. icreasing the p-I of the 
labeling rcaction increases the aiiount (If dye bound ([l.iytner and Finnemore, 
1973), butihe ileMore hcavil dyed proteiin is less soluble. In hoth cases. addition 
of niethaiol without talnin iCsuilt.sp)rcC'il)liailn of ble' ISA. The conditionsill 

described here . I ig if dvc to 13 iimtof lBSA. represent a satisfiactory coinlpro
misc between colr imten.sit\ and siubihiy prolilics similar to those of tileh 
native protein. Although batch1 to hatch vdiatilin wais small . each halch shliltlld 
he restandardized with purleid tannin (see below). 

the 

lp itroein precipitatcd is propim)n ollal io lt'e IFigure 2).
 

l)ir''i;P'r'eciuiljoim ,.v.u\. Wihell c' ,Sbluc B,,A is l Cl it.le lllilllll 
ao11tllll of added tinLli 

with siorghum lalilnin ahout twice muclh bhllBSA as docs theprecipiaiing as 

sllltanlitiitl of qucradi latiailul. Il\tracls fromii oak leaves were also assayed 
satistiacthrily usiing the procedure (data nol shuoiwn) i. The assav is s.ensiti .'e t the 
ntature l tilhe Both of the purified tanlnins tcsted precipitate nti'1sail)le sol'Cnl. 
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Fig. I.Spectrum of blue BSA dissolVed insolution B (0.6 fig/nil).
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Fig. 2. Prcipitation of blue BSA by sorghum or quebracho tnnin under tie standard 

assay conditions OLutljilLd in Methods anod Materials. Values presented are average of 
duplicates. 
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protein when th solvent contains 2(l(' (v/v) .llcoholl I)',:than ill1Weth-water: 

anol gives more precipitation than ethanol. A similar effect was obsered with
2 5 1--Ihiele~ld I3SA (Il1 nermanand Butl
 +er. ltJ)Xi). ('alderon et al.(198) ioted 
that ethanol increased the amotlt Ofj geltiln rcipiitCd 1w' ilUt_,riChl itin.l,
 
possibly by decreasing the stolubi lity lf,
the tannin/protelln cople
 

]lnccaiiie the ionic strength decreases the amtount of blue BSA precipitated
 
(atla not shown). l3losm. pll 4 IIIdahoe 1l1 5 vCr little blue lISA prc'ilpitaes.
 
in accordance \ ith the observatins ot' I I.neu au and Butler( 978) onil
unlabeled 
l3SA.
 

Wheir acidic iliamilhloll is used isan e\tiractint ftir anlilins (\squiilh et ill.,
 
183), ; jew hl-tannin stl,huis, )icld L hd ropllltobic poitC0 ein, ol wt0lM,(100
 

on SI>-lI\( il(l .aiieli. i170. vNIh coprcipitates with blue lISA inl the assay
 
to 2i\c icloul\ 
 lit bic %kiliA, upito 0.4. The hai imatcrial interferes
 
%with mlia+,killg ivlrc'llrit ;itlSe lOSiac'curtilc spCctiihttrllliciric inil land 2iVC 

live test linirs h\ blue Bs.\. PIrccipitates t~iied froiii C\nli preciilillioll 


tC'stCd
traicts Of these lilies icatIili~c ior poltcin pecipitable phenols I lia,,errliiln 
1nd BuIlCr, 1978). 

C.)upetiii'(, Iliv /indilt, .S\v. A tecbiiitlUC lltbat c 

tibod, bindline iissasabei rlili/Cd bh\Il iialll :in1d 


si )iiri s llttiiili is ill
rI, BIutler r1981 ) to ilea.

sure the relative allillit\ of %ltti iottpirt i iid 'tlle'r 
 licinds Itrtanninll. A
 
staitdard labeled poltin i, liii ed 5 ili Cutitugli taniii ii to pecipitatle 7(0 80'; tif'
 

Rclative alliiilint , uinilaleled
the labeled prlcin. ire esllished b anaiin, 
competitoi r wkith the labeled pittcirl blc taillinnin is added. Iess libtelcd priotein 
is precipitated illi plccipitated in absencethe presice of ettipeitu tbllai i hle 
ofl cti ,petittor.Thee fllect of tleCtip ,titt-r is i lunctioll Oj it', Ctiiice trilil, its 
illinity ItrW ti.ii. is cpillaick1 i I\ bhinding1 tanin. lie coLiilp.,t2itor ee'cdntl 
l)rciitaitC the tieiiniil. billtiilk bind i(aiid thus I)lilil it frotll precipitating the 
lIiheld prttein. 

1Using this assa\, the set of priltinS tested e r e 1.td to ValN' 1w aS 11uch
 
ts three orders if iniliiludc ili their relative ajlitilics , tile
the tannin (Figtire 3). 
Results are preseinted ts semriltg [)lott in tiIr toectuiiat rllleC thle Wide 
olfclilipeiitor coircentrati ..lie rclative ajimnitics of,s t lhuiriltannin Ithrgel
atiln. feuin, :a.id nulaheled BSA WCr alirtrsl idenlicil t0 tIre rlaltiliVe tllitic of' 
qui.rlcht tafnninlilr these pritlcinsilible I ).('tmpared tintIle basis oj amoniunt 
oftctmpetitor required tto inhibit 50'; othlie precipitation dile to tilin.ii,letuir 
is 1(0 times illore elective thtn unila.beled lISA itbinding tillnin.aid geli.lain is 
aboLut three litls,, imre eflective than ICtuil. tInlike Olher pitileiris. (P',,-SMX 
dilcr.s in tS atlinity rte twi tWlililrnns. Solble ptlylvinylpyrrlidonC (PV P ), i 
nonprotein synthlitic ltlilic r used ltr bindling ainininls in )lant exiiacts (Gray.
1978). bond tannin in tlhis issiy with an allinil y similar tr thiltof gelitin (dtall 
lilt shown). 

Both i rc t precip itatition and Coinnmpetitive minding assays have been done 

IAI
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Fig. 3. (ompetition assays betweell hitie BSA and standard proteins for sorghuin tani ini. 
"ie assays were performed as described in Nicliods aml Nalrials, using 0.2 mg of 
purified tannin dissolved in 0.5 ml of meihanol . Values presented are average of dupli
cat es. 

with lannic acid, with result s similar to those obtained tor the condensed tan
nins. 

DISCUSSION 

'e chose Remazol brilliant blue R ais a convenient spectrophotometric la
bel for a protein to be precipitated by tannins. It reacts irreversibly with BSA 

TAltI I I . AI.I.NtI 1 ()IRII.A iiV,. Y P ITINS I()R TANNINS 

Relative alflmity 

Sorghum Quebracho 
Protein lannil' lanilrt 

Ovalhutinl (I.05 (.(X)3
OSA 0.17 t. 17 
Fetuin 1.8 1.8 
Getatin 4.5 5.8 
GI',,-SMX 1.7 12. 

"0.2 Ing of sorghunt tannin was LIsed. 
1 ).3 tug of quebracho lannin was used. 

A/
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under inild conditions without apparent denaturation. Its Inilmun aho owpiln 
is at longer wavelengths than the antliocyanidills and iother plant pignmentsilloen 
associated with lannins hus nlinimizing their interference with the assay. Ill
troduction o" lth hydropholic d ye reduces tile solIhilitv if the lISA and mlmakes 
it precipitate nore readily than uinla -beledlISA. 

This assay should he appl cahle to detrninaion oftannin in a wide varity 
of platits. It ilust he noted, however, that direct precipitation assays, including 
Bate-Sinith', henianalysis 11973i and this assay with blue lISA, decect all pro
tein precipitlants. Ioriation of a precipitate should not be interpreted as indica
tive of the presence ofltannin unless corroboraled 1y assaysImIr protein-precip
itable phenols (lagernian and ulerr. 1978i. It is, possiible hal blue BSA will be 
uLsel'i l in isn Iil'O the' lrecipitaitls il aldition to tatuins.C prOteii 


Cotlpelitioll i iIlcalsue the coneetraltion ol
assays do not tallnill orlly otlhe
proteiti precipitant. They ineCasUle tile ICliVC aillil l'\ofvaious llliC'ial . uu
ally protlcs. Iir the preeipitin agent li this case a taninili . Materials which 
bind tannin wilhoul prccipitialioll are meaisured b\ this assi. The relative ailftiily 
of' irolteis tItr larrriils viariCs widel;as i)rcviOtisly roted tI ilieClriali arid Butler. 
1981 . 

of fur 

Mchaltlto el al., 


The alilir (it a protein tannin i nlay indicate Itictioral significaice 
19S31. The hieh relativC aliniit, Ir tariir\i of sailliviry pro

ine-rich proteins such as ( N thcir ra:pid itnductioni in tespoise tolidO,,-SM 
ditar' tannini, IMehalhL et al .. 19831. st ,ic,,sts hall these salivary talnin
binding proteins constitutei a Cheniical defense SStCril which binds, atd iaclti
vales dictar tanninls inlrrncditlcl\ on enitering tihe di-estki'e tract (Mehatnsho ct 
al., 1983). Ilarnisters do respond to tannin in this illaner arid arelot dictair\ 
relatively vullncrab lc to tire cts'Cl o1 irieCstCd tarnils (INlChirslio cCal., 1985). 

I'oSsibl b culse of its, Ili, hcr i ill o ifllrl.izalioni.LW cc sori.Illnui lannin 
prccipit[ales ahoul twicasc irii-'h bhlc IBSA as art equal %cighl of quebracho 
lanniln. Pouter and Woodruff (1184 reportcd that procainidin chain lergthfi was 
thC dClCrIihiu_ claia:cCtristi ill lannin atl rilrricn. 

"lilliilswith dill rer lilt-iucllal inn! tapaciliCs (FitlleuC 2) caninOt be 
direcly coillipard il conipcilion 'si\s al he saliiC tannin Coltncenttrlations. We 
are preparing tannriins labeled \%ithi 'I fir usc ill cornlllion i lssa\s in order to 
ciltlipare relative affinities of sorhliIiquet-biacho, arid other taritiris finr lstaidird 
proteins. Use of dirctl assays 1i rlu iil!in proteiin-precipitaling capacity, and 
conpetition assays for rieasuring relative aflility. indeperndent ol' precipiition. 
should iicrease oulr utdfrstilline Of the specificity and tiichalliiilof' tannit 
binding by prolci,. 

l'l'dk,#ll I~I.'ll #lo Wel\ ,Illallk (ilild Silli hll his ,, Q ctimin ol I/ mllamll :ililIh n l . 

,,Nl}, t Iil Cii . )i. 
I)Cl ilMicililI)r tihcK itdatil Ailalsls,. niipoll d inpall h) gilll tRF-41111 f ils i orinil ISAII). 

Ttis is Journal Palmi No. 10187 homi [lie Piudit ll iiii 

Ior tirl sIli I.Iilt h .CclleiiliIcchiiiiciI [sisla. 'l.cLtiid Lcc ill Ihl ( icililisiry 

Agriciliirc t xpcriiiiL.,i Salioii. 
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