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Abtraet-The relative affinities ofcondensed tannins pm&d from sorghum, pinto bean, qucbracho and wattle for six 
dissimilar proteins have been determined by a competitive binding assay. The results indicate that tannin/protein 
interactions may be specific for different tannins as well as for different proteins. The highly specific interactions suggest 
that the differences in alEnity are functionally sign&ant. 

INTRODUCTION 

Tannin/protein interactions are potentially i&ortant in 
such diverse phenomena as plant resistance to herbivores 
[ 11, herbivore nutrition [2] and fruit or seed maturation 
[3]. The precise role of tannins in plants, and their 
mechanism of action in animals, is uncertain. An import- 
ant clue to the function of condensed tannins was 
provided by the demonstration that sorghum tannin is 
highly sekctive in its binding to proteins [4]. In t&o 
binding speciiicity implies that tannins interact with 
specilic subsets of proteins or other macromokcuks 
within their particular microenvironments Tannin- 
binding salivary proteins [S] share some biochemical 
characteristics with tannin-associated protein from sor- 
ghum grain [a]. Proteins with high afiiaity for tannin tend 
to have open, loose conformations, high molecular 
weights, and high contents of proline and other hydro- 
phobic amino acids [7]. 

Comparison of the interaction of several tannins with a 
singk standard protein showed that the capacity of 
procyanidins to precipitate hemoglobin is a function of 
polymer chain kngth [g], whereas conformational 
mobility seems to be the determining factor in the binding 
of hydrolysable tannins to bovine serum albumin (BSA) 
193. There have, however, been no extensive comparisons 
of the binding a&i&s of different tannins for sekcted 
proteins. We report here the relative afEnitks of a set of six 
dissimilar proteins for condensed tannins puri!kd from 
four different sources. The results show that 
tannin/protein interactions are tannin-spazifk as well as 
protein-specific. 

RCMJLTS AND DISCUSSION 

Tabk I lists the biochemical characteristics of tannins 
purilkd from Sorghum &o/or Moench, #%aseoh~ 
uulgaris (Pinto bean), Shin+& lorentzii (quebracho) and 
Acoch mcanuil (wattk). Sorghum and pinto bean tannins 

l PrwentaddraKRoeter&OunbklkvemgeDivirion. 
Wintm Hill Technical Ceotcr, 62SO Center Hill Road, 
Ciiti, OH 45224. U.S.A. 

are procyanidins [ 10, 1 I] whereas quebracho and wattle 
tannins are primarily profisetinidins [12]. The tannins 
differ up to five-fold in their chemical assay values, but 
differ only two-fold in their relative chain lengths. Wattle 
and quebracho tannins have longer relative chain lengths 
but lower protein precipitation activities than sorghum 
taonin, whereas pinto bean tannin is shorter and 
precipitates kss BSA than sorghum tannin (Table 1). This 
indicates that tannin chain length may not be the only 
criterion associated with protein precipitation. 

Differences in the solubilitks of the tannin/protein 
complexes may be due to differences in tannin secondary- 
tertiary structure. The preferred conformation of pro- 
antbocyanidins are compromises between solvent exclu- 
sion and steric interactions [ 131. Procyanidins are thought 
to assume fairly rigid, helical conformations [14] while 
profisetinidins may assume more globular, flexible con- 
formations [IS]. Binding of ligands to proteins is known 
to change the conformation of the protein, and tannins 
may also undergo conformational changes upon binding 
to proteins, with resulting diminished solubility. 

Application of competitive binding techniques to 
tannin-protein interactions kd to the demonstration that 
sorghum tannin d iscriminates between ‘high afiinity’ and 
‘low affinity’ proteins 143. This approach has been 
extended to survey the binding affinity of four condensed 
tannins for selected proteins (Table 2). The relative 
affinity values (see Experimental) of the tannins for the 
proteins are in good agreement with those reported by 
Hagerman and Butkr [4]. Quebracho, wattle and pinto 
bean tannins exhibit the same ability as sorghum tannin to 
selaztively bind gelatin in the presence of excess BSA_ 
They also have littk measureabk a5nity for ovalbumin. 
Further, all the tannins have high aflinity for fetuin and 
GP-66 sm, a mouse salivary proline-rich protein [ 16j, and 
very low af6nity for soybean trypsin inhibitor or dextrans 
However, quebracho tannin has a much higher affinity for 
GP-66sm than do any of the other tannins, and only 
pinto bean tannin has a measurable allinity for soybean 
trypsin inhibitor. 

The data indicate that mos& if not all, condensed tannins 
can distinguish between ‘high affinity’ and low affinity’ 
proteins. All four tannins have the same rank order of 
aridity for the proteins (i.e. gelatin > BSA > ovalbumin). 
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Table I. CbeaGul characterkation of puritkd tannins 

Proantho- Protein pptn 
&UliUin* cyanidint . activity4 

Tannin AllO /me &0fmg z ale BSA) 

Sorghum 3.05 2.75 4.2 82 
Pinto hcan 3.19 213 29 39 
Queb=ho Q75 0.88 5.1 22 
Wattle 1.13 1.60 5.9 25 

l loo * of tannin assayed a3 dcsQibed in ref. [20]. 
t loo /Jg of tannin asMycd as dacribul in ref. [ 193. 
~Cakulatcd as described in ref. [Zl]. 
QAmount (re) of [“Cl-BSA precipitated by 40 /rs of puriiiai mnnins when 

added 10 loo/Q of [‘%I-BSA under the conditions dcsaibed in ExpclimcntaL 

Tabk 2 Relative affinities of proteins for condensed tannins* 

Tannin 

PrOtCill sorghum qu&racho pinto bean wattle 

GP&sm 4.5 12 3.3 3.4 
Gelatin 5.0 5.0 4.0 3.0 
FCtUilI 5.5 7.3 - 20 
BSA 1.0 1.0 1.0 1.0 
Ovalbumin 0.07 0.05 0.10 0.125 
Soybean trypGn inhibitor ndt nd 0.25 - 
Dcxtran nd nd od nd 

*Relative al&&y values were a&dated as described in the text. 
t Binding of the oomphor lo tannin was not rktectabk by .&is assay. 

AU bad high aflXtics for gelatin or GP-66sm and low 
affinitia for ovalbumin or royban trypain inhibitor. This 
‘implies that the tannins interact with proteina by rimilar 
mechniunr 

However, there are siguificant di&ences in the affinity 
of the tannins for two of the proteins Qucbracho tannin 
has a much higher affinity for GP-66 am than do the other 
tannins. Likewise, pinto bean tannin has higher an.inity 
than the other tannins for soybean trypain inhibitor. This 
suggests that although condensed tannins arc somewhat 
similar, each seems to be uniquely suited to bind tightly to 
a limited number of proteins. The unique af6nity of GP- 
66sm for qucbracho U is linked to the 
oligosacchkde moieties of the native protein. The 
deglycosylated protein has the same affinity for sorghum 
and qucbrecho tannins 1173. The relatively small size of 
pinto bean tannin may allow it to interact strongly with 
the rigid, j%arrcl structure [18] of soybean trypsin 
inhibitor. 

The results presented here strongly suggest that tannins 
are rather spccilk even in their interactions with proteins 
which have high affinity for tannins. Because this 
specificity is likely to be a reflection of physiologic4 
function, interactions of tannins and proteins must be 
evaluated individually. Tannins are not merely universal 
protein binding agents. 

EXPERIMENTAL 

Tannin assays. Purilkd tannim were dkolvcd in McOH 
(1 mg/mi) and assayed using the direct prourthocyanidin [ 193 
aXXllbC~aC&Crdd[2O]Urr~TbeirdUill 
kllgthWCrCC&llhd aa outlined [Zl]. Protein pncipitation 
valucswcrederm&dbyadding4Olcgofpuritkdtanninto 
100 1(8 of C’q-BSA in 100 /d of 0.2 M acetate @H 4.8). 

TunG pur#karkn~ Sorghum ami pinto ban tannina [6] and 
qucblxho and wattk tMniIls [22] were purifkd aa deaaii 

c0mpeltfoe b&n&g assays. The method of Hagaman and 
Butkr [S] was mod&d as followsz incras+ amounls of 
0xnpeGtor were mixed with a SeritJ of 100 re aampks of [“Cl- 
BSA in a total VOL of 640 4 of 0.2 M acetate (pH 4.8). To these 
were added 1604 of MeOH containing 20+~ of tannin 
(enough 10 pp175 ye of the lab&d protein in tbe abeence of any 
competitor). After vortcxing and centrifuging (1000 Q, 5 min), the 
supcmaIMts wcn? carcfuny’ removed and tlx pclkts dissolved in 
2 x 100 /d vols of 1% (w/v) sodiumdodccyl suiphate and countai 
in 4.0 ml of scinUuion cocktail Relative al&&y is dcdnal as the 
amount of lab&d standard protein in the assay divided by the 
amount of competitor needed 10 inhibit the precipitation of the 
standard protein by 50 ye [ 221. Aa much as posaibk. each tannin 
was assayed against all the competitors on the aamc day. Each act 
of astuys was normal&d (0 100% precipitation by including a 
blank which had no competitor. 
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Prepwotion ofmouse salivary pdindch ptrfn This protein, 
GP-66sq was obtained as outlined [ 163. 

Ac&nanvl&wnre&pportcd in put by USAID/INTSORMIL 
and USAID/PSTC. Journal of Papa Number 10521 from tbe 
Agricultural Experiment Station, Purdue Univcraity. 
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