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Abstract-The relative affinities ufeondensed tannins purilied from sorghum, pinto bean, quebracho and wattle for six 
dissimilar protins have been determined by a competitive binding assay. The results indicate that tannin/protein 
interactions may be specific for different tanains as well as for different proteins. The highly specific interactions suggest 
that the differences in affinity are functionally significant. 

INTRODUCTION 
Tannin/protein interactions are potentially important in 
such diverse phenomena as plant resistance to herbivores 
[1], 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 selective in its binding to proteins [4]. In vitro 
binding specificity implies that tannins interact with 
specific subsets of proteins or other macromolecules 
within their particular microenvironments. Tannin-
binding salivary proteins [5] share some biochemical 
characteristics with tannin-associated protein from sor-
ghum grain [6]. Proteins with high affinity 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 
single standard protein showed that the capacity of 
procyanidins to precipitate hemoglobin is a function of 
polymer chain length [8], whereas conformational 
mobility seems tobe the determining factor in the binding
of hydrolysable tannins to bovine serum albumin (BSA) 
[9]. There have, however, been no extensive comparisons 
of the binding affinities of different tannins for selected 
protqins. We report here the relative affinities of a set ofsix 
dissimilar proteins for condensed tannins purified from 
four different sources. The results show that 
tannin/protein interactions are tanrin-specific as well as 
protein-specific, 

RESULI AND DISCUSSION 

Table 1lIsts the biochemical characteristics of tan 'ins 
purified from Sorghum bicolor Moench, Phas ,olus 
vulgarls (pinto bean), Shinopsis lorentril (quebracho) and 
Acacla mearnail (wattle). Sorghum and pinto bean tannins 

*Prmsnt address: Procter & Gamble Beverage Division, 
Winton Hill Technical Center, 6250 Center Hill Road, 
Cincinnati, OH 45224, U.S.A. 

are procyanidins [10, 11] 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 
tannin, whereas pinto bean tannin is shorter and 
precipitates less 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 solubilities of the tannin/protein 
complexes may Lt due to differences in tannin secondary
tertiary structure. The preferred conformation of pro
anthocyanidins are compromises between solvent cx,lu
sion and steric interactions [ 13]. Procyanidins are thought 
to assume fairly rigid, helical conformations [14] while 
profisetinidins may assume more globular, flexible con
formations [15]. 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 led to the demonstration that 
sorghum tannin discriminates between 'high affinity' and 

'low affinity' proteins [4]. This approach has been 
extended to survey the binding affinity of four condensed 
tannins for selectcd 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 Butler [4]. Quebracho, wattle and pinto 
bean tannins exhibit the same ability as sorghum tannin to 
selectively bind gelatin in the presence of excess BSA. 
They also have little measurcable affinity for ovalbumin. 
Further, all the tannins have high affinity for fetuin and 

GP-66 sm, a mouse salivary proline-rich protein [16], and 
very low affinity for soybean trypsin inhibitor or dextranB, 
However, quebracho tannin has a much higher affinity for 
OP-66 sm than do any of the other tannins, and only 
pinto bean tannin has a measurable affinity for soybean 
trypsin inhibitor. 

The data indicate that most, if not all, condensed tannins 
can di3tinguish between 'high affinity' and 'low affinity' 
proteins. All four tannins have the same rank order of 
affinity for the proteins (i.e. gelatin > BSA > ovalbumin). 
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Table 1. Chemical characterization of purified tannins 

Proantho- Protein pptn 
Vanillin* cyanidint Chain activity§ 

Tannin A520/mg As5 o/mg length (ug BSA) 

Sorghum 3.05 2.75 4.2 82 
Pinto bean 3.79 2.13 2.9 39 
Quebracho 0.75 0.88 5.1 22 
Wattle 1.13 1.60 5.9 25 

*t00pg of tannin assayed as described in ref. [20]. 
1 100 pg of tannin assayed as described in ref. [19]. 
:Calculated as described in ref. [21].
§Amount (Pg)of [ 14 C]-BSA precipitated by .,0 /, of purified tannins when 

added to 100 pg of ['C]-BSA tinder the conditions described in Experimental. 

Table 2. Relative affinities of proteins for condensed tannins* 

Tannin 

Protein sorghum quebracho pinto bean wattle 

GP-66sm 4.5 12 3.3 3.4 
Gelatin 5.0 5.0 4.0 3.0 
Fetuin 5.5 7.5 - 2.0 
BSA 1.0 1.0 1.0 1.0 
Ovalbumin 0.07 0.05 0.10 0.125 
Soybean trypsin inhibitor ndt nd 0.25 -
Dextran ii! ndnd nd 

"Relative affinity valtes were calculated as described in the text. 
t Binding of the competitor to tannin was not detectable by this assay. 

All had high affinities for gelatin or GP-66sm and low EXPERIMENTAL
 
affinities for ovalbumin or soybean trypsin inhibitor. This


"implies that the tannins interact with proteins by similar Tannin assays. Purified tannins were dissolved In MeOH 
mechanisms. (I mg/ml) and as3ayed using the direct proanthocyanidin [19]

However, there are significant differences in the affinity and the vanillin-glaclal acetic acid [20] assays. Their chain
of the tannini for two of the proteins. Qucbracho tannin lengths were calculated as outlined [21]. Protein precipitation
has a much higher affinity for GP-66 sm than do the other values were determined by adding 40 pg of purified tannin to 
tannins. Likewise, pinto bean tannin has higher aw-aity 100p g of [1'C]-BSA in 100 pl of 0.2 M acetate (PH 4.8).
than the other tannins for soybean trypsin inbil'Aor. This Tannin purification. Sorghum and pinto bean tannins [6] and 
suggests that although condensed tannin- are somewhat quebracho and wattle tannins [22) were purified as described.
similar, cach seems to be uniquely suitej to bind tightly to Competitive binding assays. The method of Hagerman and
a limited number of proteins. The unique affinity of OP- Butter [4) was modified as follows: increasing amounts of66mm for quebracho tannin Is linked to the competitor were mixod with a series of 100 pg samples of[[ 4 C].
oilgoucoharide moieties of the native protein, The BSA in a total vol. of 640 idof 0.2 Macetate (pH 48). To theso 
deglycosylated protein has thesame affinity for sorghum were added 160 .1 of MeOH containing 20-40 pg of tannin
and quebracho tannins [17]. Te relatively small size of (enough to ppt 75 %of the labelled protein in the absence ofany
pinto bean tannin may allow it to interact strongly with competitor), After vortexing and mrntrifuging (1000U, 5min), the
the rigid, fi-barrel structure [18] of sz.ybean trypsin supernatants were carefully removed and the pellets dissolved In 
inhibitor. 2 x 100 pl vols of I%(w/v) sodiumdodecyl sulphate and counted 

The results presented here strongly suggest that tannins in4.0 ml ofscintillation cocktail. Relative affinity isdefined a the 
mre rather specific even in their interactions with proteins amount of labelled standard protein in the usay divided by the 
which have high affinity for tannins, Because this amount ofcompetitor needed to inhibit the precipitation of the
specificity Is likely to be a reflection of physiological standard protein by 50% (22]. As much u possible, each tannin 
finction, interactions of tann!ns and proteins must be was assayed against all tho competitors on the same dry.Each set
evaluted individually. Tannins arc not merely universal of arsays was normalized to 100, precipitation by Including a 
protein binding agents, blank which had no competitor. 
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Preparationofmouse salivary pioline.rich protein.This protein, 
GP-66sm, was obtained as outlined [16]. 
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