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Abstract-Among a variety of callus cultures derived from shoots of oak seedlings, a few strains were found to contain 
gallotannins. As determined by HPLC on silica gel. the spectrum of these substances ranged from tri- IO 
nonagalloylglucosc, with a ckar preference for tctra- to hcxagalloylatcd derivatives. Closer analyses based on co- 
chromatography with authentic refcrcnccs, by means of reversed-phase HPLC. indicated the occurrence of mmor 
amounts of 1.2.6 and l.3.~trigalloylglucosc. Two of the major peaks were tentatively identified as l.2,3,6- 
tctragalloylglucosc (plus traces of the 1.2.4,Gsomer) and 1,2,3,4.6-pentagaUoylglucose. A significant additional peak 
detected in one culture was ascribed to l&digalloylglucosc. In addition, cnzymcs catalysing the synthesis of /?- 
glucogallin, the first intermediate in the biogenesis of gallotannins, could be isolated from the cultures. 
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INTRODUCTIOS 

In the course of recent studies on the enzymology of 
galiotannin biosynthesis we were frequently confronted 
with serious probkms resulting from the seasonal un- 
availability or unsuitability of the plant material, i.e. 
young oak (Qucrcur r&w) leaves (c$ [I]). This prompted 
us to establish callus cultures of this species as a potential 
alternative enzyme source. Apart from this prirtical 
approach we became aware that, to our knowledge. 
almost no data on gallotannins from tissue cultures have 
been published. a fact which is in clear contrast to the 
many investigations dealing with intact plants (cJ. 
e.g. [2-S]). Here, we report that callus cultures from oak 
do have the potential of synthesizing various gallotannins 
and that, in spite of the high concentrations of phcnolic 
compounds within thesecells. enzymes reported to date to 
be involved in the biosynthesis of tannins [I, 6.73 can be 
isolated from such tissues. 

RESULTS AND DISCLSSIOS 

The morphological appmrana of the oak tissue cul- 
tures grown either on LS or 4x-medium was very httero- 
genous. On both media. it ranged from bright, transparent 
calli to dark-brown and occasionally almost black cul- 
tures. This increase in colouration was paralkkd by 
drastically reduced growth-rates. A representative variety 
of these ditTerent calli was sckctcd for analyses on the 
eventual formation of gallotannins. The scraning exper- 
iments were done by normal-phase HPLC on silica gel. A 
particular advantage of this method was the fact that it 
was unnazessary to possess the whok spectrum of isomers 
required as reference compounds bacau.u the different 
galloylglucosc derivatives clute sequentially in groups 

l To whom corraporxicncz should be addressed. 

according to their dcgm of galloylatton. Moreover. we 
observed that plots of the degra of galloylation vs the 
logarithm of the retention time resulted in a straight line 
which enabled us to predict the nature of unknown peaks. 

By this method, we detected a few cultures that 
actually contained gallotannins, as determined by co- 
chromatography and application of the above hemi-log 
plot procedure. The spectrum of these substances showed 
some variation with respect IO the individual extracts. In 
general, it ranged from tri- to nonagalloylglucosc. with a 
ckar preference for tetra- to hexagalloylatcd derivatives. 
A representative exampk is depicted in Fig. I. We further 
observed that gallotannins were produad exclusively in 
those calli which had ban grown on IS medium. Among 
these, only dark-brown cultures of low meristematic 
activttks obviously containing high concentrations of 
phcnolks had gallotannins; it should be noted, however, 
that many cultures of Identical appearance were devoid of 
such substances. 

In further experiments the gallotannin containing ex- 
tracts were analyscd in more detail by means of reverscd- 
phase HPLC. a method allowing the separation of 
galloylglucose isomers with the same degra of galloy- 
lation. For a typical exampk see Fig. 2. By co- 
chromatography with the authentic references available 
to us, we have tentatively identified two minor peaks as /I- 
1.2,6- and /?-1.3.~trigalloylglucose. Two of the major 
peaks ckarly cochromatographcd with /?-1,2,3.6- 
tetragalloylglucosc and /3- 1.2.3.4.~pentagalloylglucosc; in 
one case, a significant peak was ascnbcd to 1,6digalloyl- 
glucose. It should be noted that we could detect only 
trims of /7-lR4.6-tctragalloylglu [c& compound (c) 
in Fig. 23 in all cultures. This substance has ban proposed 
as a bioaynthctk intermediate, together with the I.2,3.6- 
isomer [S]. 

To our knowkdgc. only one earlier report CXISIS on the 
occurrcmze of gallotannins in cell cultures. Haslam and 
coworkers (3.51 reported that oak calli contained small 
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Fig. 1. Normal-phase HPLC on wlica gel of an extract from oak 

callus liuuc grown on LS mahum. For detaib see Expcrimcn~al 
(3b(8): Tn-. teIrr-. pmta-. hcxa-, hepta- and ocIagalloylgluae. 

quantities of pcntagalloylglucosc. together with gakacid 
and pyrogallol. In extension of this ohscrvation, our 
results show that such cultures have the potential to 

Q 
a 

I 

a 

b 

RotwMm tlma (mln) 

Fig. 2. Reversed-phase HPLC on RP- 18 of an extract from oak 
callus. Gradient: &5 min (0% aatonitrik), s50 mio (t&30% 
acztonitrik). 50 60mm (30 100Yeacetoruttik) [2. SJ. For further 
details see Experimental (a) 1.6Digalloylgh~%~.. (b) l.Z3,6- 
1c1raplbylglucose, (c) 1.L4.6-1cIragall0ylg1ucosc (SlKnlk!cr). 

(d) 12.3.4.6penlaplloylglu. 

synthcsizc and aaumulatc a much wider spectrum of 
gallotannins. 

In this context, it is of interest that assays with all-fra 
extracts from thcsecallusculturcs rcvcakd the presence of 
two enzymes which had originally ban isolated from 
intact oak leaves, and which have han proposed to be 
related to gallotannin biosynthesis. These were a fi- 
glucogaltin forming, UDP-glucose-dependent glucosyl- 
transfcrasc [ 1.61. and an acyltransfcrasc catalysing a 
rapid exchange reaction between /I-glucogallin and free 
gIucosc 173. It was particularly surprising that these 
enzymes were active in cirro in spite of the presence of 
enormous amounts of pknolks which occasionally re- 
sulted in almost blackcoloured all-free extracts. It is 
conceivabk that this fact rcflbcts a high dcgra of adap- 
tation of these enzymes to their phcnolic substrates. and 
perhaps also to their cellular compartment. 

EXPERIMENTAL. 

C&w culrwes were obtained from shoot segmcn~s of I- IO 
3-mooth-okl Q. robur scallmgs grown io the greenhouse. The 
plant srems were surface-stcnhzed (ST, NaDCl, >I0 min). 
rinsed with stcrik waler, cuI ioto segments of co 0.5 cm kngth 
apQlkd IO agar plates wirh LS medium (Lmsmekr and 
Sk- [a]) or 4x-medium 191. and kept at 25’ In the dark. 
Developing calli were Iransfcrrai IO fresh media for fun& 
cul1urc. 

Exrrocrum oj ro~inr was done aocordmg IO ref. [IO]. Bncfly. 
fresh callus (>lO g) was homogenized in McOH (3 ml!g fr. wt) 
under icecooling. After filtration, the lqnd wax partitioned 
three times with petrol (6&8O”). The &OH-phase wax con- 
cenvrred in cacuo at 30’. dilural with H*O. and extr~tcd eight 
times with EtOAc. After evapomtmn of the organic phase at 30”. 
the solid residue was taken up III EIOH ad analyscd. 

HPLC analyses were car&d out with a Merck-Hi-hi 
apparaIus equip@ with a low-pressure-mixing gndKnt syslem. 
Normal-phuc HPLC was performal whh silica gel columns 
(Merck LiChrosorb Si 60 CGC glass car~idges. parlick size 5 m 
18ox3mm i.d.) using Ihc solvent n- 
hcxaneMcOH-THF-formic acid (63:27:9: I; by vol.) plux 
320 mg oxalic sod per loo0 ml (from ref. [ 1 I]. as moditicd by 
Gross[7j). Reversed-phase HPLC was carried out on 
LiChrosorb RP-I8 columns (Merck CGC glars cartrdgcs. 
partrk stze 5 m I80 x 3 mm 1.d.) mth Ihc aczIomInk-H,PD, 
gradtent g,ven by Haslam and coworkers [2.5]. Flow ratcx were 
I ml:mm IhroughouI. 

Rejermce compounds. Auhmtr sxmpks of the vanous gal- 
loylglucosc esters mcnlioncd above were generous gifts of 
Dr. G.-l. Nonaka (Fukuoka) and Prof. E. Haslam (Sheffield), 
rcspaztivcly. 

Enzyme sfdies. Callw lirsucs (IS- 20 g fr. twt) were homogen- 
ized and partially purifkd by ammonium sulphatc fractlonntion 
as described previously [6]. With these cell-free extracts. Ihc 
enzymatic formarion of p-glua@lin from UDP-gluane and 
plhte was determined ax gi~n In rcfs [ 1.61; the dbyl exchange 
rerc(ioo betwan B_glucOgallio and glucore was InmSurtd Bc- 
cording to ref. [ 71. 

,i~lvwnv&$~~-We are indebted IO Misx U. Scmkr for 
Icchnical assiswoc. to Professor E. tilam (SbetTAd) md 
Dr. G.-l. Nonaka (Fukuoka) for generous gAs of reference 
sube~anax, and IO the DcuIschc ForachungsgemcimchsfI for 
financial support. 
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