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S-Aden o syl-l-methi o nine (Ado Met)1-depen dent meth yl trans-

fer ases are essen tial for mod i fy ing a vari ety of bio log i cal mol e-

cules, includ ing myr iad small mol e cule metab o lites, car bo hy drates, 

nucleic acids, and pro teins [1–3]. A num ber of Ado Met-depen dent 

meth yl trans fer ases in bac te ria, ani mals, and plants are involved 

par tic u larly in metab o liz ing var i ous phen o lics and poly phen o lics 

[3–6]. Enzy matic meth yl a tion essen tially deter mines the spe cific 

phys i o log i cal func tions of the resul tant mol e cules and changes their 

lipo phil ic ity [5]. A typ i cal exam ple of a phe no lic O-meth yl trans fer-

ase (OMT) in plants is caff eate/5-hy droxy fer u late 3/5-O-meth yl-

trans fer ase (COMT); this enzyme was dem on strated to meth yl ate 

a range of mono meric phen o lics with prop a noid tails con fer ring 

dif fer ent func tion al ities, that is, car box yl ate, alde hyde, and alco hol 

moi e ties [7–9]. Whereas COMT meth yl ates caf feic acid and 5-hy-

drox yf er u lic acid in vitro, it pre dom i nates p-cin na mal de hyde and 

cin namyl alco hol methy la tions in planta for mono lig nol bio syn-

the sis [10,11]. More over, in work ing on dif fer ent lig nin mono meric 

pre cur sors, the enzyme exhib its exclu sively  reg i ose lec tiv i ty for 

meta (3 or 5)-hydroxyl meth yl a tion [12]. Besides COMT, a few other 

OMTs were char ac ter ized with spe cific activ ity for the trans meth-

yl a tion of dif fer ent al lyl phen ol ic com pounds, includ ing iso eu ge-

nol, euge nol, and chav i col (i.e., those chem i cals impart ing aroma 

or fla vor to the plants) [13,14]. The char ac ter ized (iso)euge nol and 

chav i col 4-O-meth yl trans fer ases from the wild flower Clarkia brew

eri (fairy fans) [13] and from sweet basil (Lam i a ceae fam ily) [14] 

exhibit dis tinct sub strate pref er ences and reg io spec i fic i ty for the 

4-hydroxyl meth yl a tion of phe nyl prop enes.

Plant phe no lic OMTs recently were clas si fied into the type I 

meth yl trans fer ase fam ily based on pro tein struc ture–func tion 

stud ies [3]. The enzymes in this fam ily com monly encom pass 

sym met ric homo di mers com posed of two larger sub unit sizes 

(38–43 kDa); their enzy matic activ ity does not require diva lent 

cat ions. The enzymes within this fam ily act on a vari ety of sub-

strates, pri mar ily phen o lics and poly phen o lics; indeed, the range 

of the pos si ble sub strates for type I enzymes may be much larger 

because many of the fam ily mem bers have been iden ti fied only 

from sequence sim i lar ity.

The func tional char ac ter iza tion of phe no lic OMTs rou tinely 

relies on radio ac tive assays that mea sure the incor po ra tion of 
14C- or 3H-labeled methyl groups from Ado Met into the par tic-

u lar phe no lic sub strates or requires the use of ana lytic instru-

ments such as high-per for mance liquid chro ma tog ra phy (HPLC) 

and liquid chro ma tog ra phy–mass spec trom e try (LC–MS) [15,16]. 

Although the radio met ric assay is highly sen si tive, it is rel a tively 

labo ri ous and, thus, not suit able for high-through put appli ca-

tions; fur ther more, the radio ac tive wastes gen er ated from the 

assay are envi ron men tally haz ard ous. On the other hand,  HPLC- 
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S-Aden o syl-l-methi o nine (Ado Met)-depen dent O-meth yl trans fer ases (OMTs) cat a lyze the trans meth yl a-

tion of a vari ety of phen o lics in bac te ria, plants, and humans. To rap idly char ac ter ize phe no lic OMT activ-

i ties, we adapted Gibbs’ reagent, the dye orig i nally used for detect ing phe nols, to develop a con ve nient 

assay method for mea sur ing the cat a lytic prop er ties of enzy matic trans meth yl a tion of phen o lics. We 

dem on strated that Gibbs’ reagent reacted with phen o lics yield ing dis tinct absorp tive char ac ters that we 

used to fur ther develop the assay to mon i tor the reac tiv i ties of phe no lic OMTs. To val i date the method, 

we iden ti fied two caff eate/5-hy droxy fer u late 3/5-O-meth yl trans fer ases (COM Ts) from the black cot ton-

wood, Pop u lus tricho car pa. Together with a few other plant type I OMTs, we dem on strated that our Gibbs’ 

reagent-med i ated col or i met ric assay could reli ably deter mine the func tions and kinetic param e ters of 

phe no lic OMTs. Because Gibbs’ reagent react ing with dif fer ent regio se lec tively mod i fied phen o lics dis-

plays dif fer ent col or i met ric prop er ties, the assay method can be used to mon i tor both sub strate spec i fic-

ity and the reg i ose lec tiv i ty of phe no lic OMTs.
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 1 Abbre vi a tions used: Ado Met, S-aden o syl-l-methi o nine; OMT, O- meth yl trans fer-

ase; COMT, caff eate/5-hy droxy fer u late 3/5-O-meth yl trans fer ase; HPLC, high- per for-

mance liquid chro ma tog ra phy; LC–MS, liquid chro ma tog ra phy–mass  spec trom e try; 

SAH, S-aden o syl-l-homo cys te ine; IEMT, (iso)euge nol 4-O-meth yl trans fer ase; cDNA, 

com ple men tary DNA; IPTG, iso pro pyl-b-d-1-thio ga lac to py ra no side; BSA, bovine 

serum albu min; PCR, poly mer ase chain reac tion; TCA, tri car box ylic acid; DTT, dithi-

o thre i tol; UV, ultra vi o let; ESI, elec tro spray ion i za tion; RT–PCR, reverse tran scrip-

tion poly mer ase chain reac tion; SbOMT, Sor ghum bicolor O-meth yl trans fer ase. 
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or LC–MS-based chro mato graphic detec tions require expen sive 

instru men ta tion that not all lab o ra to ries can eas ily access. To 

over come these tech ni cal bar ri ers, spec tro scopic-based meth yl-

trans fer ase assays were devel oped and were essen tially based on 

detect ing the enzy mat i cally decom posed chem i cal spe cies of the 

by-prod uct S-aden o syl-l-homo cys te ine (SAH) of trans meth yl a-

tion [17–19]. Because the assay pro ce dures nec es sar ily employ 

cou pling enzy matic reac tions, their sen si tiv ity and con ve nience 

is some what com pro mised.

Genom ics and func tional genom ics stud ies have led to the 

anno ta tion of a large num ber of meth yl trans fer ase genes from dif-

fer ent plant spe cies in which the encoded enzymes are poten tially 

respon si ble for mod i fy ing a vari ety of phen o lics and poly phen o-

lics. How ever, for many of them, the pre cise bio chem i cal func tions 

need val i da tion. More over, struc ture–func tion stud ies on phe no lic/

poly phe no lic OMTs [12,20,21] sup port the rational design of novel 

func tional OMTs. There fore, both the genome-wide func tional 

char ac ter iza tion of the puta tive OMTs and the high-through put 

func tional screen ing of the lab o ra tory-evolved OMT vari ants would 

ben e fit from a more con ve nient, cost-effec tive assay.

Gibbs’ reagent (2,6-dichloro-p-benzo qui none-4- chlo roi mine) has 

long been used for detect ing phe nol and its deriv a tives [22]. The reac-

tion yields 2,6-dichlo ro in do phe nol, the com pound respon si ble for 

the devel op ment of a bright blue color [23,24]. The dye com plex is 

formed by an oxi da tive cou pling reac tion, gen er at ing a p-quin oid spe-

cies that requires a free parahydroxyl from the phenyl ring for ini ti-

at ing a de hy drog e na tive reac tion (Fig. 1). The o ret i cally, sub sti tu tion 

of the hydroxyl groups at dif fer ent posi tions of the phe no lic ring may 

change the chem i cal prop er ties of the phe no lic com pounds, thereby 

affect ing dehy dro ge na tion and the for ma tion of the dye com plex. In 

par tic u lar, mod i fy ing (e.g., by meth yl a tion) the para-hydroxyl moi-

ety may abol ish the rad i cal ini ti a tion and, thus, the for ma tion of the 

dye com plex. By mon i tor ing the changes in absor bance of the dye 

com plex, we may be able to directly cor re late and deter mine OMT 

 activ i ties.

Here we describe the devel op ment of a sim ple col or i met ric assay 

method for deter min ing phe no lic OMT activ ity based on Gibbs’ 

reagent. To val i date the method, we iden ti fied two new COMT 

homo logs from Pop u lus tricho car pa, a tree grown as a potential bio-

en er gy crop for pro duc ing bio fu els. Using pop lar COM Ts together 

with (iso)euge nol 4-O-meth yl trans fer ase (IEMT) from C. brew eri, 

we explored the appli ca tions of the Gibbs’ reagent-based col or i-

met ric method for the rapid deter mi na tion of the enzyme’s sub-

strate spec i fic ity, reg i ose lec tiv i ty, and cat a lytic kinet ics.

Mate ri als and meth ods

Chem i cals

The fol low ing chem i cals were pur chased from Sigma (St. Louis, 

MO, USA): phe nol, iso eu ge nol, euge nol, co nife ryl alco hol, si na-

pyl alco hol, p-cou ma ric acid, caf feic acid, feru lic acid, 4- meth-

oxy cin nam ic acid, 4-hydroxy-3-methoxy phenyl ace tic acid, 

3,4- dime thoxy phenyl ace tic acid, 2,6-di chlo ro qui none-4-chlo-

roi mide (Gibbs’ reagent), and Ado Met. Bug Bust er and Brad ford 

were  pur chased from Nova gen (Mad i son, WI, USA) and Bio-Rad 

 (Her cu les, CA, USA), respec tively.

Prep a ra tion of reagent

A solu tion of 0.4% (w/v) Gibbs’ reagent was prepared in eth a nol 

and stored at 4 °C. A stock solu tion of 10 mM Ado Met was made in 

acidic water (pH 3.2). All of the phen o lics were dis solved in meth-

a nol and stored at ¡20 °C.

Iso la tion, expres sion, and puri fi ca tion of COM Ts from P. tricho car pa

We per formed a BLAST search of COMT sequences from P. 

tricho car pa using the gene sequence of Medi cago sa ti va COMT 

(Gen Bank Acces sion No. P28002). Two gene mod els were iden-

ti fied (es tExt_fgenesh4_pm.C_LG_XII0129 and es tExt_fgenesh4_

pg.C_LG_XV0035) and denoted as PtCOMT1 and PtCOMT2. Total 

RNA sam ples were extracted from the stems of P. tricho car pa and 

treated with DNase I (New England Bio labs, Ips wich, MA, USA), and 

1 lg of RNA was used for com ple men tary DNA (cDNA) syn the sis by 

the reverse tran scrip tion reac tion. Sub se quently, full-length cDNAs 

cor re spond ing to both gene mod els were ampli fied by the PCR reac-

tion against 1 ll of reverse tran scrip tion prod uct under the fol low ing 

con di tions: 98 °C for 50 s, fol lowed by 35 cycles of 98 °C for 10 s, 58 °C 

for 30 s, and 72 °C for 60 s, and then a final exten sion at 72 °C for 10 min, 

with the gene-spe cific prim ers for PtCOMT1 (for ward primer 59-CCG 

CGTGGATCCATGGGTTCGACAGGTGAA-39; reverse primer 59-CA AGAA 

AGCTGGGTTTAGTTCTTGCGGAATTCAAT GAC-39) and for Pt COMT2 

(for ward primer 59-CCGCGTGGATCCATGGGTTCAACAGGTGAA ACT C 

AG-39; reverse primer 59-CA AGAAAGCTGGGTTTAGGCCTGCTTGCGGA 

AT-39). The ampli fied cDNAs were sub cloned into a mod i fied pET28a(+) 

expres sion vec tor com pat i ble with Gate way clon ing in which the 

expres sion cas sette was driven by the T7 pro moter, fol lowed by the 

ribo somal bind ing site and sequences encod ing the 9-his ti dine tag 

and the in-frame fusion ccdB gene with attR1 and attR2 recombinant 

sequences at its N and C ter mini, respec tively [25]. The con structs 

then were trans ferred into an Esch e richia coli BL21(DE3) strain. 

The 100-ml E. coli cul tures were induced by 0.5 mM iso pro pyl-b-

d-1-thio ga lac to py ra no side (IPTG) at OD600 » 1.0 and were incu-

bated at 25 °C for 16 h. The cells were har vested and the cell pel lets 

were fro zen at ¡80 °C before use. The cells were resus pended in 

50 mM Tris–HCl (pH 8.0) con tain ing 500 mM NaCl, 10% glyc erol, 1% 

Tween 20, 1% Tri ton X-100, 100 lg/ml lyso zyme, 10 lg/ml DNase, 

20 mM imid az ole, and 1£ pro te ase cock tail inhib i tor (Com plete 

EDTA-free Pro te ase Inhib i tor Cock tail tab lets, Roche Diag nos tics, 

Basel,  Swit zer land). The cells were dis rupted by son i ca tion, and 

the super na tant was col lected by cen tri fu ga tion at 19,500 rpm for 

45 min. The pro tein was puri fied in an Ni+–aga rose affin ity col umn 

as described pre vi ously [26]. The pro tein con tent was deter mined 

Fig. 1. Scheme of the pro posed mech a nism for the reac tion of Gibbs’ reagent with phen o lics. R, sub sti tu tive res i dues.
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