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Production of Tannin by Tissue Culture of Woody Plants
and Tannin Biosynthesis*!

Shoko TANIGUCHI*2, Tsutomu HATANO*2 and Kazufumi YAZAKI*3

This review deals with production of condensed tannins and four types of hydrolysable tannins by plants tissue
cultures, especially of woody plants. Tannins are plant polyphenols which are widely distributed in the plant
kingdom. Medicinal plants that contain high amounts of tannins have been used in traditional medicine, and
various pharmacological activities of tannins, such as anti-virus and anti-tumor effects, have been newly discovered.
The effective production of such bioactive tannins in plant cell cultures has been required for further studies of their
biological activities or for development of new natural medicines. Several cell and tissue cultures which are capable
of producing a large amount of condensed and hydrolysable tannins have been established from tannin-producing
plants. Galloylglucoses were common constituents in those undifferentiated cell cultures induced from plants
producing hydrolysable tannins. Ellagitannin production was accompanied by tissue differentiation of these cell
cultures, substantiating that galloylglucoses were precursors of ellagitannins. Tannin production was controlled by
culture conditions, especially the concentration and the ratio of nitrogen sources in the culture media as well as light
irradiation.

Keywords :  proanthocyanidin, hydrolysable tannin, tissue culture, biosynthesis.
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VERLBICHEDRHYIE, EHSEE LB, 1k,
IHERR EICHWONTE 2 i, ¥ v=roft
FhEE O, Bt LTy =
HHFOBE 4 7o AR BEVE IS A WFZE AT REE 22 ),
Tl % D invitro, in vivo TOEYRBRIZBT 55616
PSSP ENTE 2, ZNHITIE, BERIEN
f, 7AIIVE BB X OREFETRO BBk
PIHITE, PEREMEHRESA 7 0T — 5 — il
YEH, $T human immunodeficiency virus (HIV) &,
B EMEBEE SR EBBIT O N5, ThdD
ABIEE OV IOV TIE, HICy v = Vs
DI B~ O HCFFIEI IO b DT %L,
B VDS VANAARY Yy —E LTCOERR
I IR AL 2 AR RBUCE S L Cwb L ¥
AONB, ZoX A DEREEERT S
EDLIEFEFIHEHEINTWAE Y V=V Th L,
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CNETHRRTEY v = VBT, b ER L,
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THaHHTF FIE, VTR O RT3, K3
W) F TR ZDOFENRD HNT W5, ficdH sy
YV EERERDPIMAKIH I NN =0T,
flavan-3-ol FHAS C-C & L2 AREHEH T 5,

9 75 (+)-catechin (2), (—)-epicatechin (3) B
L O FOBEEALEY (7 % V) BT E L,
WK HALD—D2 D CARL & b ) —2 DOREEIENL D C8
fd B WIiZ COMAC-CHEBTO R oI+ I
—HBVIER)T—=TH5", TNFTIZ, AW
L BHEET Y v = AT A, 19704005
SHIZELEFTHEZ DD, BRI K W RHALEY
DI OV THHE IR TV LY, Zh s ol
AL TH B flavan-3-ol FiX, 75K /4 Fo 1
HThh, o7 IR 4 PR FE-~o
VERRREE D C; B (ABR) &, phenylalanine (4)
% #&H L C shikimic acid (5) %* 5 &K S 7z Co-Cy
HAL (B, CIR) Loffidic X - T chalcone —
flavanone — dihydroflavonol D NEIZ G X h 5!V,
9 7 b B dihydroflavonol 7* 5 M & TCIZ X 1) 2R, 3S,
4S - leucoanthocyanidin 235 % & 1L flavan -3- ol 254
Bt Bo ZOMEMY v = VIEERDORMDBBED
SO % filfi 3~ % % 5% dihydroflavonol reductase (DFR)
DEEFIZOVTIL, ZLOMY»rbru—= 7
WAT b LT w %, F 723K 4E, 2R, 3S,4S-
leucoanthocyanidin 2> & ®2R, 3S - flavan -3- ol i
[(+) -catechin (2) &2 &] ~o It % filt #4 3 %
leucoanthocyanidin reductase (LAR) 2%~ * £t &
Desmodium uncinatum & ) B#E S, 5 AW
FEEMOZEICLY, 207 3/ BEFIZOW
THWEENLY, FZOIEY—ThHbH(-)-
epicatechin (3) 9 7 H2R, 3R - flavan -3- ol 122V T
1Z2R, 38, 4S - leucoanthocyanidin 7* % anthocyanidin
% #% C anthocyanidin reductase (ANR), BANYULS
WX DAERT A LD, YuaAf XF XF Arabidopsis
thaliana (775 FF) OERKIZL B ICL -
TREN, BRHEAOAGHRIZ OV TR ST
2%, Lal, ®RYA)E=Y 3 VOBRIZOW
T, quinone methide (¥ 72132 DEfliEK) 5% D
ks L CHEZEINTWDAY, KRB Z A% <
FoTwaY,

MR RIC BT, R 72/ — VEDHIEEO
WEZRERFIESRZTEESN, RV 72/ —-VES
BICETRY, FRCBARD SO h v AGFEIT IS
WETH D EEINTW5H, Fukuda 5131 F a3
Ginkgo biloba (£ F a2 7 FL) ANV AIZBWT(+)-
gallocatechin (6) & (+)-catechin (2) BLX U 7ua 7
YV VENEEONNBERTHENT S Z L,
gallocatechin (6) D EFE DG EHLICHA L T 5
SLEWMELLY, TmaMy =i, wko
WY MRIL W FCAHFET LT ehs, FEBLID
WACOMRE BB IC BT O AEE IR TV &



20064 3 11 MM RIC L B8 v = R 69
R OH OH
c As
o OH OH OH OH
OH OH
e
CoAS. OH O OH O OH
Chalcone Flavanone oH
2: R=H OH
R R 6: R=OH
w on ¢F3H C[OH OH
HO. O
O OH Ho. o - HO. O R? \Q/\J R!
o o < DFR
O R OH WOH OH ore
NNon OH OH oo 1 2
OH - . 1: R'=0OH, R*=G 9: R' R2.R3=H
_ ) 2R,35,45-L Dihy 3:R',R%=H 15: R' R2=H, R%=G
Quinone methide 12: R'=H, R%=G "R1ZH R? RO=
LAR - RER, R 16: R'=H, R R3=G
\ LDOX \ R! OH 17: R',R2 R3=G
R R OH OH

H
C[OH OH C(o
+ HO O
HO\(;LO)J“\ 2 HO. Oy O 2 m R?
. ANR >
- O OH
OH ———-—— 4 oH o

OH

2R,3R-Flavan-3ol 2R,3S-Flavan-3ol

Anthocyanidin
R', R%=H or OH

Anthocyanin

Fig. 1.  Biosynthetic pathway to flavan-3-ols.

CHS; chalcone synthase, CHI ; chalcone isomerase,
DFR ; dihydroflavanol reductase, F3H ; flavanone 3
B -hydroxylase, LAR ; leucoanthocyanidin
reductase, LDOX ; leucocyanidin dioxygenase (also
called ANS ; anothocyanin synthase), ANR ;
anthocyanidin reductase (also called BAN ;
BANYULS).
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Lzl 2 DibEY % B L TREEZIRET 5 2 &
PHRELRIGENL e 20720, BOJIRICHEDE
FOHHEEMEL TV LIORDLAE LD S,

FHH S5O~ ANYazakilx, 7 2/ ¥ #H o
Cinnamomum cassia 71 v A2 X % (=) -epicatechin
(3), fi&A % v = 2 #AK procyanidin B2 (7),
procyanidin B4 (8) 8 X UF 3 1K procyanidin C1 (9)
DEFEY, BLUOBEALMMDTHLET FFY VY
Hypericum erectum (+ FFV Vv I8) v a— M2k
% procyanidin B2 (7), procyanidin C1 (9),
cinnamtannin A2 (10) D24 pE 2 #{ii5 L 727, N5 R
DA 7Y YT O 1K Crataegus monogyna O 7
VAT B v T b (—) -epicatechin (3) B & T
procyanidin B2 (7) 2 &t 70 > 7 =3 ¥ OEFEDH
HwENTVWBEY, —F, V2 I Vaccinium pahalae
IR 6 mIRZEEL TWA I L IC TNV
YAz u— AWMERIC X % ESI-MS 7051 O 5
KD ERENTNEY,

INHOMER Y Y= iTmara A4 vk iz
Maal % > = 1%, 71 % Diospyros kaki (%1% ) ¥F})
DIEMPNZF A F 7 Rheum spp. (% 7k, %7 ¥
¥ Saxifraga stolonifera (2% 7 ¥ 5F)?Y £727 K
Vitis spp. (7 K8 Ofi TR RE LR EIWCHET S

11: R'=H, R%=G
13: R",R?%=G

Fig.2.  Structures of condensed tannin and related
compounds which were isolated from cultured cells
and tissues.
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Haf MbEhifwaisy v = oLEfle LTT
N7 V. vinifera §:3 51 v A2 X % procyanidin B2-3" -
O-gallate (11) & T O HE K H AL TH 5(-) -
epicatechin -3- O - gallate (12) DAEFEDFHE S TWw
620,21)0

T2, BEARMHYM THLHLF ) L FIZOWT, KA
WERAE Y 2 — ML 7 7 MR E A V1L
JE DA (—) - epicatechin (3) DFF AR E £ L T
52k, BIUOBMUIEFCEGELRSICA A
ILEIFEL DI 2#ROTWEH, REFEY 2— |
13, —iEoF A b E iz (—) - epicatechin (3) D
MiaMke AL TBY, (—)-epicatechin-3-0-
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512 X A 2 #1K procyanidin B5-3, 3" - di - O - gallate
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C1-3,3",3" -tri-O-gallate (17)] & 5121% 4 =K
cinnamtannin A2-3, 3", 3", 3" - tetra - O - gallate (18)
ERERY A—-MIDHEEL, £ ¥ 7 MELDH
HEL7ALAEW L DI E GO FOREEZHS 2L
720 BN SO D LX) hEs ANy v =
v (18 : MW=1762) OHEEFIIHD TTH B,

3. MADEESZCOEE

3.1 KD EHESZ = ORER

—7, MRS = 13, BREERICLY,
M (FEIZDp-glucose) F2dZLli7va—L &R
Tz )= WANK BRI HEENL 5 v = VB
Thbo SHITIMKGWESY =213, K) 72/
—VFEA L LT gallicacid (19) OAzxFiora sy »
=¥ (gallotannin), M ® 2 f#® gallic acid (19)
DAL A L 0 B L 72 hexahydroxydiphenoyl
(HHDP) %4 L, WK% L T ellagic acid % 4
LAx5TY% =" (ellagitannin) (2 I 5,
Z DM, HHDP »* & S ICBIL L 72k 2 H ¥ 5
dehydrohexahydroxydiphenoyl (DHHDP) 3 % #5557
vt Noxs Y% = (dehydroellagitannin), Mz
SIRES V= ORERG D LALERY) T 2 ) — U
FEELTC-MMALZIZH Lz C-IiEfR LT vy
v = ¥ (C- glucosidic ellagitannin) 7 &2 %, F 77,
ARG Y >~ = v & 7 F VNS L7 L2
WEEROBA Y v = (complex tannin) X, 47T
NOERY 7z /) —=NVhHh 7 x— (caffeoyl #) T
HbLh Ty =" (caffetannin) R VEF =
v (labiataetannin) 7 & MK HEES v =D 1
il amin L) 2IbaWEETH DY, ks ~
=V, A OF T H BRI RS L
THAEL, TORMOIIH IRy O T &AL
HWICEENTE D, EBLORED NV — Mo T,
ZFOHAEDRD SN T WD, b BRGNS
YoV ERAET DN, ELORKICE - Tl
L72bDTHrEEZLNDY,
3.2 MKPEMES =2 DEERK

ARG 5 = v OAEEKIZDO W TIEAMFETL &
Y VITHARKIFEN 2 M35 <, KRGS v =
v OWEHEALTH % gallic acid (19) DAEKIZD W
Tl phenylalanine (4) %> % caffeic acid (20) & %\ i
trihydroxycinnamic acid (21) Z#H L THEAEK S
% # % X°, dehydroshikimic acid (22) & % \» &
protocatechuic acid (23) 233 HIZHIL SN THEL S
REME 72 &R ZE X T X 725 L 4F dehydroshikimic
acid (22) % 5 gallic acid (19) ~® NADP &A1) 72 5
& % fil g B EEHE DS A N ) F B} Betula pubescens O

COOH

OH OH
19 20: R=H
21 R=OH

Fig.3.  Biosynthetic pathway of gallic acid from shikimic
acid.

LY HEESND, S 512V B Rhus typhina T
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57, F4bb, gallicacid (19) & UDP - glucose 7*
5 B - glucogallin (1- O - galloyl - 8 - D - glucose) (24)
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N7 %7 Liquidambar styraciflua (% ¥ %7 %) ¥&EH
WA, A v 57 Ml L ) BILotEA 7L
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% b %, B -glucogallin (24) —1, 6-di- O - galloyl -
B -D - glucose (25) —1,2, 6-tri-O-galloyl- f -D-
glucose (26)—1, 2, 3, 6- tetra - O - galloyl - f - D -
glucose (27)—1, 2, 3, 4, 6- penta - O - galloyl - f - D -
glucose (28) #4EpE L7z (f21h)s 1,2, 3, 4, 6-Penta -
O-galloyl- B -D-glucose (28) 2%, E BT T T F
WHEENMLATOA MEENLBEEIZOWTY, Rhus
typhina 7> S F NEN O B % fill il 3 % 1 3 A3 HUBE
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Fig. 4.  Biosynthetic pathway of galloylglucoses.
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'~ H
BIR Sz - G G
KA TOH IR, FEIDS, 25RO RS o oo JOL
OH

AR EEZONDIS VY V=220 TIE, 1,
2, 3,4, 6-penta - O - galloyl - - D - glucose (28) DER{L
WCEDWELLEAZEN, L Y)EBLOMESL HTTI~D
AN BERAMEIE S TP, EBZ 01,2 3 4,
6- penta - O - galloyl - f - D - glucose (28) %* & DAL
BERE % filt I % laccase-type DR Y 7 =/ — IVt F
VE—EWRENLX ) V5D Tellima grandiflora
DS HEES N, 1,2 3,4, 6-penta-O-galloyl- f -
D - glucose (28) #* 5 tellimagrandin II (30) ~ ) %5 fft
T A EBIRENT, TSI B
tellimagrandin II (30) 2 % F #* 5 JX % cornusiin E
(B1) ~D L% i3 % ¥ 7% 2 WALEE & HY HUEE S
htzsa)so)swo

INFE TR A IZ AT DRGSRy ~ =
YO¥TE AT ONT, KRR IHRIL < 270 H%EE
HHN, ENHAIRTAEBGED S b EIRO S -
it Fuy =y, T3Y¥ =, Fe
Fexs o8 r=) \[ZEHL, RZRERELTE
o GIRITS B IIKGENE S~ = > ORERCEAL
X UBELEY, NSRS NSG ) T
X —DBfR% Fig 6 1R L7z,
3.3 HOZLZCDEE

Huy =DM FETH 5 tannic acid (29) 13,

Fig.5.  Formation of ellagitannins by enzymes isolated

from Tellmina grandifolia leaves.
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%o T, MWHHEEE 212 X % tannic acid (29)
OEEMBEAR/L, ANVTREEROEL 21T
7P, F MR X VT oML D24
dichlorophenoxyacetic acid D @S & O H WV A 255
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Relationship of monomeric and oligomeric hydrolysable tannins.
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L, ¥ ya2 X )@ hinvz2iisnciinsyy
Y UVOAEITROLNT, £ 57 MY TIRIE
EAEEEIN TR 2, 6-tri- O-galloyl- § -
D - glucose (26), 1,2, 3, 6-tetra- O-galloyl- § -D-
glucose (27), 1,2 3,4, 6-penta-O-galloyl- f -D-
glucose (28) BL O TWIZT 7 PG xHT 5
6- O - digalloyl -1, 2, 3- tri - O - galloyl - f - D - glucose
DEFEZRDEY, IFAEOY<XRY Y (C
kousa) DRFEN AN TRMEEM Y v =V L Z D
W HA T & % (+) - catechin (2),(+) - gallocatechin
(6), procyanidin B3 (33) & & & {2 B - glucogallin
(24) DIEFEDIRE SN TWBP® | X 512 Tanaka
513 C capitata DA EREEFERIT B W TR E O
(0.1 uM) % & T Murashige-Skoog X7 #iH1 T3, 2, 3,
6-tetra - O - galloyl - f -D - glucose (27) &1, 2, 3, 4, 6-
penta- O-galloyl- f -D-glucose (28) % & & L CTH:
ETHDIRL, 10uM Ofl% SRl BT
I 7BOFEREEAERET LI 2HELTWY
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Fig. 8.  Structures of oligomeric ellagitannins produced in
cultured tissues of Heterocentron roseum.
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Fig.9.  Structures of oligomeric ellagitannins produced in
cultured tissues of Oenothera spp.
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Fig. 10.  Structures of C-glucosidic ellagitannins produced
in cultured tissues of Quercus spp.
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