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Abstract-A chlorogenic acid : chlorogenate caffeoyl transferase, which catalyses the conversion of chlorogenic acid to 
isochlorogenic acid, has been purified 3600-fold from sweet potato root and characterized. The purified enzyme yielded 
one band on polyacrylamide gel electrophoresis both under non-denaturing and denaturing conditions. The enzyme 
was shown to consist of a single polypeptide of molecular weight 25 000 by gel filtration chromatography and SDS-gel 
electrophoresis. pl of the enzyme was 4.6. The optimum pH of the enzyme reaction was 5.0 (50% at pH 3.7 and 6.8). The 
enzyme did not have any cofactor requirements. The enzyme showed a strict substrate specificity toward chlorogenic 
acid, for which the K, value was 0.87 mM. The enzyme activity changed in a manner indicating its involvement in the 
conversion of chlorogenic into isochlorogenic acid during incubation of sliced sweet potato root tissues. 

INTRODUCTION RESULTS 

Chlorogenic acid (3-O-caffeoylquinic acid) and isochloro- 
genie acid (3,5di-O-caffeoylquinic acid) are ubiquitous 
polyphenols in the plant kingdom [14]. When sweet 
potato root tissue is infected or wounded, the synthesis of 
chlorogenic acid and iscchlorogenic acid is increased 
[>7]. Using wounded sweet potato roots, we have 
studied the biosynthetic pathway of these phenolic com- 
pounds [S-13]. Our earlier tracer experiment indicated 
that chlorogenic acid is rapidly metabolized into iso- 
chlorogenic acid in sweet potato root [8]. Furthermore, 
since the specific radioactivities of chlorogenic acid and 
isochlorogenic acid were almost the same in sweet potato 
root discs supplied with t+[G-3H]quinic acid [lo], the 
conversion of chlorogenic acid into isochlorogenic acid 
may occur in a one step reaction in uioo. 

Purification of chlorogenic acid:chlorogenate cafeoyl 
transferase 

Sweet potato slices which had been incubated at 25” for 
2 days to induce the enzyme were used as the source of the 
enzyme. An acetone powder of the slices was prepared 
which removed polyphenols which could interfere with 
the enzyme assay. The enzyme was extracted from the 
powder and purified 3600-fold according to the scheme 
shown in Table 1: ammonium sulphate fractionation, 
followed by column chromatography on Sephadex G-25, 
DEAE-Toyopearl, DEAE-Sephacel, hydroxyapatite, 
Superose 12 and polyacrylamide gel electrophoresis. 

In a preceding paper [12], we detected the enzyme in 
sweet potato root which produced isochlorogenic acid 
from chlorogenic acid by the reaction shown in Fig. 1. In 
the enzyme reaction, chlorogenic acid acted both as acyl 
donor and acceptor molecule. The present paper deals 
with purification and characterization of this enzyme, 
chlorogenic acid:chlorogenate caffeoyl transferase. 
Furthermore, we present evidence for the involvement of 
the enzyme in isochlorogenic acid biosynthesis in sweet 
potato root. 

Properties of the enzyme 

The purified enzyme was quite stable and could be 
stored in ice for 1 month without appreciable loss of 
activity. The enzyme did not require the addition of any 
cofactor for activity. 

The purified enzyme preparation showed one band on 
polyacrylamide gel electrophoresis under non-denaturing 
conditions, to which the enzyme activity was confined 
(data not shown). It showed also one band (ca 25000) on 
SDS-polyacrylamide gel electrophoresis. The molecular 
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Fig. 1. Enzymatic reaction catalysed by chlorogenic acid:chlorogenate caffeoyl transferase 
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Table 1. Summary of the purification of chlorogcnic acid:chlorogenate cafTeoyl transferasc from swat 
potato roots 

Purification 
step 

Total 
protein 

(me) 

Total 

activity 
(units) 

Specific 
mzyme 
activity 

(units/me) 
PUfiliClltiOll 

(fold) 
Yield 
(%) 

crude extract 
Ammonium sulphate 
Scphadcx G-25 
DEAE-Toyopcarl 
DEAE-Sephaccl 
Hydroxyapatite 
Supcrosc 12 
Polyacrylamidc gel 

clectrophorcsis 

2380 615 0.26 1 100 
725 270 0.37 1.4 44 
470 170 0.36 1.4 28 
200 240 1.20 4.6 29 

12 115 9.58 37 19 
2.9 50 17 66 8 
0.38 29 76 290 5 

0.015 14 930 2 

The cnxyme was extracted from 1423 g ofsweet potato root slices which had bcco incubntcd for 2 days and 
assayed using the standard method described in the Experimental. 

weight of the enzyme was estimated to he 25000 by gel 
filtration chromatography on Superose 12. Thus, the 
enzyme seems to be composed of a single polypeptide of 
M, 25 WO. The p1 of the enzyme was determined to be 4.6 
by gel electrofocusing (data not shown). The enzyme 
showed an optimum reaction rate at pH 5.0, (50% at 
pH 3.7 and 6.8, data not shown). 

The substrate specificity of the enzyme was examined in 
terms of two types of activity; one was a&transferring 
activity between homologous compounds and the other 
was acyl-transferring activity between heterologous com- 
pounds (Table 2). A single substrate compound was 
included in the assay mixture to determine the former 
activity, while two substrate compounds (acyl donor and 
acceptor compounds) were included in the assay mixture 
to determine the latter activity. The enzyme showed a 
strict substrate specificity; it catalysed only the transfer of 
a caffeoyl moiety between two molecules of chlorogenic 
acid to producc isochlorogenic acid. The K, value of the 
enzyme for chlorogenic acid was determined to be 
0.87 mM by a Lineweaver-Burk plot (data not shown). 
The enzyme showed no affinity for hydroxycinnamoyl D 
glucoses, t-cinnamoylquinic acid or pcoumaroylquinic 
acid. The enzyme was also incapable of catalysing trans- 
esterification between heterologous compounds; it neither 
transferred the caffeoyl moiety of chlorogenic acid to any 
heterologous compounds tested nor showed the activity 
of 1,2diacyl-sn-glycerol:sterol acyl transferase. 

77me course of change in enzyme actfofty and contents oj 
chlorogenic acid and isochlorogenic acid in sweet potato 
root discs during incubation 

The change in enzyme activity was monitored as well as 
the change in the amount of chlorogenic and isochloro- 
genie acid in sweet potato root discs during incubation 
(Fig. 2). The enzyme activity changed in a way suggesting 
that the enzyme is involved in the synthesis of iso- 
chlorogenic acid from chlorogenic acid in sweet potato 
roots. 

DISCUSSION 

Sweet potato roots contain the enzyme, hydroxycin- 
namoyl Dglucose:quinate hydroxycinnamoyl trans- 

Table 2. Substrate specificity of chlorogcnic acid : chlorogcnate 
caeoyl transferaEc 

Activity 
(nmol/min/mg 

substrate protein) 

3.O-Caffeoylquinic acid (chlorogenic acid) 2.8 
gCoumaroylquinic acid* 0 
t-Cinnamoylquinic acid* 0 
Caffcoyl ~ghBXsc* 0 
p-Coumaroyl D&bcosc* 0 
Kinnamoyl ~glucosc* 0 
Shikimic acid? 0 
~Malic acidt 0 
meso-Tartaric acid? 0 
myo_Inositolt 0 
Glyccrolt 0 
D-Glucoset 0 
Diacylglycerol (acyl donor), cholesterol 

(=ptor)S 0 

Assays were carried out by the method deacribcd in the 
Experimental. The final concentrations of all substrates marked 
by l or t were 5.0 mM. 

*Assayed in the assay mixture containing a single substrate. 
tAssayed in the assay mixture containing chlorogcnic acid 

(5 mM) as acyl donor. All assay mixtures after incubation 
contained isochlorogcnic acid, 3,5di-Ocaffcoylquinic acid, pro- 
duced by the acyl-transfer between chlorogcnic acid molecular 
themselves. 

$Assayed by the method in ref. [23]. The iinal concentrations 
of diacylglyccrol, phosphatidylcholinc and [‘I-u-‘H]cholcsterol 
were 0.05, 0.04 and 5 mM. respectively. 

ferase, which produces chlorogenic acid by transesterifi- 
cation between caffeoyl ~glucose and wuinic acid [ 133. 
Chlorogenic acid is then converted into isochlorogenic 
acid, in which two cafkoyl moieties are conjugated with 
one ~quinic acid moiety through ester bonds. Therefore, 
we anticipated that the second caffeoyl moiety in the 
isochlorogenic acid molecule might be introduced by a 
similar transesterification reaction with another ca!Teoyl 
~glucose. However, this was not the case. The second 



sensitive enough to detect trace amounts of reaction 
products from other substrates. 

We have not examined the celhdar ~t~bution of 
chlorogenic acid and isochlorogenic acid in sweet potato 
roots. However, it is widely accepted that the secondary 
metabolites such as these are local&d within the cell 
vacuole [ 16,173. Therefore, it seems reasonable to assume 
that chlorogenic acid:chlorogenate caffeoyl transferase is 
locaiized within the vacuole or tonopiast of sweet potato 
root cells. In support of this hypothesis, the optimum pH 
of the enzyme reaction was 5.0 and it is reported that the 
pH inside the vacuole is acidic and that vacuohu catabolic 

lncubetkn lhm blay) activity is greatest at an acidic pH [18, 191. 

Fig. 2. Tii course of change in enzyme activity and contents of 
chlorogenic acid and isochiorogenic acid in sweet potato root EXPERIMENTAL 

discs during incubation. The experimental conditions arc given in 
the Experimental. 

bates. Swat potato (Iponwea imraras Lam. cv Norin 1) 
roots were harvested in Gctobor and stored at 13” until used. The 
following materials were obtained from commer&d sources: 
Sephadex G-25, DEAE-Sephl and pre-packed column of 

ester bond in isochlorogenic acid was formed by a Superose 12 (HR 10/30) (Pharma&k DEAE-Toyopearl 650 M 
different mechanism with a different enzyme; the caffeoyl (TSK-gel, polyvinyl alcohol gel, Toyosodak hydroxyapatite 
moiety of chlorogenic acid was from caffeoyl ~-glucose, (Wakok chromato~phy paper (Whatman 3 MM); Ampholinc 
while the second caffeoyl moiety of isochlorogenic acid (LKB, pH 4-6); Centricon 10 (Amiconk protein calibration kit 
was from another chlorogenic acid molecule. The two (Bochringcr Mannheim, size 2k electrophoresis calibration kit 
enzymes responsible for the respective reactions, hydro- (Pharmacia); protein assay kit (Bio-Rad), [7-a-‘H]cholesterol 
xycinnamoyl bglucose:quinate hydroxycinnamoyl trans- (Amersham, 5.7 Ci/mmol). 
ferase and chlorogenic acid:chlorogenate caffeoyl trans- Preparation of substrates. f-Cinnamoyl eucuse was ex- 
ferase, were two different enzyme proteins. The p1 of the tmcted from leaves of Spirea thunbergii Sieb. by the method of 
former enzyme was 8.5 [ 133, while that of the latter was Tanabeand Kita [20] and identified by NMR. I-0-p-Coumaroyl 
4.4. wglucose and I-O~ffeoyl r#tcose were chemically syn- 

Analogous enzyme reactions have been reported in thesixed and identified by NMR as reported previously (11.133. 
other secondary plant metabolism. Thus, Gross found an I-0-t-Cinnamoylquinic acid and 1-0-p-coumaroylquinic acid 
enzyme in oak leaves which forms digalloylglucose, were enzymatically synthesizd from I-0-t-cinnamoyl c+cose 
utilizing /?-glucogallin both as acyl donor and acceptor 
molecule [14]. Dahlbender and Strack also reported a 

and I-O-p-coumaroyl ~glucose, respectively, using hydroxycin- 
namoyl ~glucose: quinate hydroxycinnamoyl transferase pre- 

similar enzyme in the cotyledons of Rff~~u~~s sat&us pared from swat potato roots. Other substrates were obtained 
seedlings grown in the dark [ 151. This enzyme catalyses from commercial sources. 
the transfer of the sinapoyl moiety of 1-0-sinapoyl D 
glucose to the C-2 hydroxy group of the glucose moiety of 

Enzyme assay. A reaction mixture consisting of 3.0~01 

another molecule of I-0-sinapoyl D-glucose to form 1,2- 
chlorogenic acid, 0.1 pmol MgCI,, 20 pmol acetate @H 5.0) and 
the enzyme solo in a final vol. of 550 pl was incubated at 30” for 30 

di-O-sinapoyl bglucose.. Both enzymes are involved in the 
transfer of the acyl group between two molecules of the 

min. The reaction was terminated by adding 3 ml EtOH and 2 ml 

glucose ester of an aromatic carboxylic acid. On the other 
Me,C02. The mixture was left at room temp. for 45 min and 
centrifuged at 2 x 10’ g for 5 min. Tfre supernalant was c5acd 

hand, the enzyme isolated from sweet potato roots in the 
present paper did not show any activity toward glucose 

and applied to PC. Ihe papers were developed with 5 % HOAc. A 

esters of hydroxycinnamic acids such as tcinnamoyl D 
UV-fluorescent band a( R, 0.23 (ihlorogenic acid) was cut out 
and eluted with a mixture of EtOH and Hz0 (1: I)). Absorbance 

glucose, pcoumaroyl Dglucose and caffeoyl D-glucose of the eluate at 324 nm was measured to calculate the amount of 
(Table 2). iscchlorogenic acid produced using molar absorption coefficient 

The enzymes involved in secondary metabolism gener- (37 200 M - ’ cm - ‘). MgCl, was included in the reaction mixture 
ally show broad substrate specificity. Indeed, UDPG:t- for efficient precipitation of proteins and inorganic salts upon the 
cinnamate glucosyl transferase and hydroxy- addition of EtOH and Me,CO, after enzyme reaction. One unit 
cinnamoyl : quinate hydroxycinnamoyl transferase of activity was defined as the amount of enzyme which produced 
which are involved in chlorogcnic acid biosynthesis in 1 nmol isochlorogenic acid/min under the assay conditions. 
sweet potato roots showed a rather broad substrate When the crude enzyme preparation contaminated with 
specificity [ 11, 131. Therefore, the strict substrate speci- polyphenoloxidase was assayed, a reaction mixture was in- 
ficity of chlorogenic acid:chlorogenate caffeoyi trans- cubated under N, gas to inhibit the oxidation of substrate and 
ferase seems to be a unique characteristic. We could not product. 
detect any enzyme reaction product with any of the Protein determinurion. Protein was determined by the method 
substrates tested except chlorogenic acid using the assay of Bradford [tl]. Bovine serum albumin was used as standard. 
method described in the Experimental. It should be Purijiccrtion of& enzyme. All operations were carried out at 4”. 
mentioned, however, that non-radioactive compounds Sweet potato slices (5 mm thick) which had been incubated at 25” 
were used as substrates in these assays except in the case of for 2 days to induce the enzyme were used as the enzyme source. 
1,2-diacyl-sn-glyceroi:sterol acyl transferase activity. The Acetone powder was prepared from these slices and the powder 
assay method was sensitive enough to detect the enzyme wasextracted with K-Pi buffer, pH 7.0 (buffer A). Theextract was 
reaction product of chlorogenic acid, but might not be fractionated with (NH,),SO, and the ppt bclwecn 40% and 70% 

Chlorogenic acid :chlorogarPte caffeoyl transfcrasc 1579 
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satn was colkcted by centrifugation at 3.2 x 10’8 for 20 min. The 
ppt was dissolved in 25 mM K-Pi buffer, pH 7.5 (buffer B) and 
applied to a Sepbadex G-25 column. The void vol. fraction from 
the column was colkcted and applied to a column of DEAE- 
Toyopearl which wax washed with buffer B and buffer B 
containing ISO mM NaCl and then cluted with a linear gradient 
of NaCl between 150 and 4OOmM in buffer B. The active 
fractions which eluted at 2t&270 mM NaCl were pooled and 
precipitated with 70 % (NH.@O, satn. The ppt was dissolved in 
buffer Band desalted with Sepbadex G-25. The desalted solo was 
applied to a DEAESepbacel column which was washed with 
buffer B and buffer B containing 0.2 M NaCl, then cluted with a 
linear gradient of NaCl between 0.2 and 0.4 M. The active 
fractions cluted at 280-380 mM NaCl were pooled and pre- 
cipitated at 85% (NH&SO, satn. The ppt was dissolved in 
pH 6.8, 10 mM K-Pi buffer (buffer C), then desalted using 
Sephadcx G-25. The desalted soln was applied to a column of 
hydroxyapatite. The fractions with the enzyme activity were 
collected and condensed with Centricon 10. The condensed soln 
was applied to a Superose 12 pre-equilibrated with 5OmM 
phosphate buffer, pH 7.0 (buffer D) and eluted with the same 
buffer. The active fraction was collected and condensed with 
Centricon 10. The condensed sample was subjected to poly- 
acrylamide gel ekctrophoresis under the conditions described 
below. A strip was cut from the edge of the slab after elec- 
trophoresis. The strip was stained with Coomassie Brilliant Blue 
(CBB) dye to localixe protein. Five bands appeared on the stained 
gel. Each protein band was ekctro-eluted from the remaining 
unstained gel and assayed for enzyme activity. The enxyme 
activity was detected only with the 4th band from the top of gel. 
The active enzyme soln was condensed with Centricon 10 and was 
used for polyacrylamide gel electrophoresis under both denatur- 
ing (SDS) and non-denaturing conditions. 

Polyacrykamide gel electrophoresis. The enzyme preparation 
was separated in a 1 mm thick slab consisting of 4 y0 stacking gel 
and 10% running gel which contained 125 mM Tris-HCI buffer, 
pH 6.8 and 300 mM Tris-HCI buffer, pH 8.8, respectively. The 
gel was stained with CBB to detect the protein bands. To localize 
the enzyme protein the bands on the unstained gel were 
clectrccluted and assayed for enzyme activity. 

SDS-po/yocrykmide gel electrophoresis. The enzyme was de- 
natured and reduced by boiling for 2 min in the loading buffer 
(5 mM Tris-HCI buffer, pH 6.8; 10 % glycerol; 2 % SDS; 2 % 2- 
mcrcaptoethanok 1 x lo-‘% bromphenol blue). The treated 
samples were separated in a 1 mm thick slab containing 4% 
acrylamide stacking gel and 10% running gel, with a buffer 
system according to Laemmli 1223. The gel was stained with 
CBB. 

pl de! emdnution by gel electrofoasing. The enzyme was 
ekctrofocused on two gels of 5% acrylamide (0.5 x 7.5 cm) 
containing 204 Ampholine (pH 4-6) in 1400 volthours, using 
10mM glutamic acid as anode soln and 10mM 4-(2- 
hydroxyethyl)-1-piperaxineethanesulphonic acid (HEPES) as 
cathode soln. After ekctrofocusing, one gel was cut into O.S-cm 
long discs, each of which was soaked in 0.5 ml H,O at 30” for 5 hr 
on a shaker. The pH values of soaking soln were determined to 
monitor the pH gradient in the geL Another gel was also cut into 
OS-cm long disc+ each of which was soaked in 0.4 ml 0.2 M 
acetate buffer, pH 5.0, in ice for 15 hr on a shaker. The soaking 
soln was taken up and assayed for enzyme activity by the 
standard method. 

Substrate speci&ify ojrk eazjwre. The substrate speciEcity of 
the enxyme was examined in terms of two types of activities; one 
was acyl-transferring activity between homologous compounds 
and the other was a&transferring activity between heterologous 
compounds. A single substrate compound was included in the 

assay mixture to determine the former activity, while two 
substrate compounds were induded in the assay mixture to 
determine the fatter activity. 

The various substrates (5 mM) were incubated in the standard 
assay mixtures and incubated at 30” for 60 mm. In controls, the 
complete reaction mixtures were incubated with the boiled 
enzyme. The reaction was terminated by adding 3 ml EtOH and 
2 ml Me&O,. The mixture was left at room temp. 45 min and 
centrifuged at 2 x lo3 g for 5 min. The supematant was coned 
and applied to TLC plates (AVICEL) which were run two 
dimensionally, in 5 % HOAc and then n-BuOHpyridine-H,O. 
14: 3: 3, (BPW). The developed plates were examined under long 
wave (302 nm) and short wave (260 nm) UV to detect any enxyme 
reaction products. A product was detected only with the reaction 
mixture containing chlorogenic acid. This product (3,5dic- 
at’feoylquinic acid) was scraped off, eluted with a mixture of 
EtOH and Hz0 (1: 1) and quantified as described above. When 
diacylglycerol (donor) and cholesterol (acceptor) were used as 
substrates, the enzyme was assayed by the reported method [23]. 
In a control experiment, spinach leaves were used as an enzyme 
source. which gave an expected amount of cholesterol ester in the 
standard assay system [23]. 

Determiaction of M, by gel jiltration. M, of the enxyme was 
determined by gel filtration on Superose 12. The enzyme and 
cytochrome c (1300), chymotrypsinogen (25 000). chicken al- 
bumin (45OOO),aldolase (14700)and fenitin (54000)ina protein 
calibration kit were eluted using buffer D, as elution buffer. 

Time-course analysis ofchunge in enzyme octiuity cad contents 
of chlorogeaic acid cad isochlorogenic acid in sweet potato root 

discs during incubation. Discs (I 5 x 5 mm, 0.97 g) were prepared 
from sweet potato rootsand incubated at 25” in a moist chamber. 
Twenty discs (19.4 g) were taken daily and homogenized in 30 ml 
chilled MexCOr. The homogenate was tiltered through paper 
and washed with 1OOml chilled Me&Or. The filtrate and 
washings were combined and used for determination of contents 
of chlorogenic and isochlorogenic acids. The dried powder was 
extracted with 30 ml of buffer A containing 0.1% of 2-mercap- 
toethanol. The extract was assayed for enxyme activity by the 
standard method. 

A known vol. of the Me,COz extract was run two- 
dimensionally on TLC (AVICEL) in 5 % HOAc and BPW. The 
UV-fluorescent spots of chlorogenic and isochlorogenic acids 
were scraped off and eluted with a mixture of EtOH and Hz0 
(1: 1). The absorbance of the eluate was read at 326 mn. The 
chlorogenic acid and isochlorogenic acid contents were caku- 
lated using the molar absorption coefficient, 186OtX1 and 
373CNIO M-‘cn~‘, respectively. 
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