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Abstract-Initial and long-term loss of dehydrogenase activity in crude extracts of herbaceous. and, especially. 
ofwoody tissue occur partially because of the inhibitory influence of phenolics. In addition, oxidation of phenols 
by phenolase results in subsequent enzyme oxidation. Preparation of crude extracts with insoluble PVP, in com- 
parison with anion exchange resins or celluloses, best decreases phenolic concentrations and least decreases 
dehydrogenase activity in crude extracts. However, removal of phenolics during tissue homogenation does not 
maximize dehydrogenase activity. Therefore, other methods must be used to stabilize dehydrogenase activity. 
Sodium ethylenediaminetetracetic acid or sodium azide promoted activity of both purified mushroom and crude 
plant phenolases. Quinone reduction with diethyldithiocarbamate (DIECA) or mercaptoethanol eliminated 
apparent phenolase activity. but DIECA inhibited dehydrogenase activity. Elevated concentrations of EtSH 
diminished initial decay of dchydrogenase activity. Combined use of EtSH and insoluble PVP further stabilized 
6-phosphogluconate, glucose 6-phosphate. and malate dehydrogenase. but not glyceraldehyde 3-phosphate 
dehydrogenase. 

INTRODUCTION 

Difficulties abound in the stabilization of enzymes 

in crude plant extracts, especially in the little-stud- 
ied extracts of woody tissue. Previous research 
suggests that phenols and tannins are the major 
enzyme denaturants in plant extracts, although 
pH, osmotic strength and enzyme solubility must 
also be considered [1,2]. Tannins denature 
enzymes by cross linking with them through hy- 
drogen, ionic, or covalent bonds [3]. Phenols 
denature proteins directly, through hydrogen 
bonds, or by covalent bonding after their enzyma- 
tic oxidation to quinones via the action of pheno- 
lase [4-63. Quinones, besides denaturing enzymes 
directly, may condense in a series of nonenzymatic 
reactions to form brown polymerized polyphenols, 
after which the brown polymers coprecipitate with 
enzymes. Brown polymer formation, observed as 
browning of an extract, usually results in complete 
loss of enzyme activity. Phenolase may also di- 
rectly denature enzymes, itself included, by oxidiz- 
ing tyrosine residues [6]. 

Various stabilization techniques to overcome 
rapid loss of enzyme activity are used but none has 
proved generally effective. All techniques are based 
on removal of phenolics, removal of phenols or 
copper to prevent phenolase activity, or chemical 
reduction of quinones, but little is known about 
the amount of phenolics or phenolase in crude 
extracts, the efficiency with which various agents 
remove phenolics from such extracts, or the many 
possible side effects that removal of phenolics may 
have on enzyme activities [1,4,5,7]. Some highly 
effective reducing agents, such as dithiothreitol 
(DTT) and EtSH have not been tested. Finally, the 
effects of copper chelating agents on crude plant 
phenolase have not been thoroughly examined. 
Most attempts have been confined to stabilization 
of enzymes during tissue homogenization or 
shortly thereafter. Few investigators have mea- 
sured the subsequent rate of decay. Moreover, the 
causes of activity losses in specific experiments 
have usually been deduced rather than demon- 
strated. 
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Our expcricncc has shown that enzyme acti- In spite of the incomplctc reInoval of phenolics. 

vity decals more rapidly in woodq than in non- we ascertained the elTect of PVP on initial and 

wood! plant extracts which is enough to preclude long-term deca) of cnrqmc activity. The test 

or confound subscqucnt analysis. WC thcrcforc employed (malate dehydrogenase (MD). phos- 

invcstigntcd two types of cnzymc activity loss phogluconatc dch~,dt~ogenasc (6-PGD). pluco~e O- 

that occur in woody plant extracts. First. the loss phosphate dehydrogenase (G-6-PD) and gl~~ceral- 

that occurs during homogenization and ccntrifu- dchydc Sphosphatc dehqdrogcnasc (G-3-PD) 

gation \vas examined: this was tcrmcd 3nitial extracted from red pine. \j,hitc spruce. aspen. sugn~ 

decay” because it occurs before an initial enzyme maple. barberry. black w:Ilnut, barIcy. tomato. 

activit), determination. The magnitude of this spinach. and sweet potato. PVP generally 

decay cannot bc accurately mcasurcd. but it Inay enhanced (5fold or more) initial cn;l~~m activities 

be cstimatcd for a given treatment relative to the and sometimes losscncd rati‘s ofdeca~. c~cn for tis- 

initial activity of a suitable control. Second. the sues such as sweet potato tuber that contain low 

readily quantified “long-term decay” that occurs total phcnolics. but its effect ~viis pronounced in 

later was examined. The present paper thus des- the wood\ species. In species other than sweet 

tribes effects on initial and long-term dehydro- potato. PVP treatment invariably decrcascd initial 

genasc activity of treatments that either sequester G-3-PD acti\.it!, (Fig. 1 J. 
phcnolics or metals, or block completely or pnr- 
tially the reaction sequence leading to brown 
polymer formation. r 

G3PD 

12 

KESI I.I’S :\\;u DIS~‘C:SSIO\ 

Extracts of wood) tissue turn brown within 2 or 
3 hr of preparation even vuhen kept ice cold. 
Homogcnatcs of some tissues (e.g. Strlir ,J/rl~~ili.s 
stems) brown during preparation. Such browning. 
and probably at least part of the concomitant loss 
of cnzymc activity. result from the oxidation of 
phenols by phcnolase. Three lines of cvidencc sup- 
port this conclusion. First. browning occurs via an 
enzymatic reaction; boiled extracts do not brown. 
Second. the rate of browning increases with oxy- 
genation and decreases in oxygen-poor extracts in 
comparison with untreated controls. Phenolase 
rcqtlircs molecular oxygen in the oxidation of 
phenols to o-diphcnols and of the latter to O- 
quinones 161. Third, thr: woody plant tissue con- 
tained both substrate and enzyinc. 

Substrate removal is effective only if all or nearly 
all phenols can be removed and if substrate remo- 
val does not itself diminish the activity of other 
enzymes. Insoluble PVP [4] removed phenol and 
tannic acid in a concentration-depcndcnt manner 
from unbuffered aq. soln. PVP treatment almost 
completely removed tannic acid [S]. but only par- 
tially removed phenol and the phcnolics (estimated 
as phenol) from buftt-red tissue homogenates. 

PVP treatment did not yield dehydrogenase 
activity from sugar maple and black walnut: the 
PVP-treated extracts hmvned mm rapidly than 
did untreated controls. The Inore rapid browning 
was due to an increase of phenolase activity. poss- 
ibly due to the rcmowl of phcnolics that inhibit 



phenolase. but not of oxidizable phenols. Acti- We tested the effects of DIECA on dehydro- 
vation of phenolase by PVP apparently does not genase activity because DIECA proved at least 
lower initial activities or hasten the decay of 10x as effective as EtSH in eliminating apparent 
dehydrogenases if extracts contain low initial quinone formation. DIECA at 100 mM inhibited 
levels of substrate phenols or the PVP adsorbs G-3-PD and G-6-PD activity. At I mM DIECA 
appreciable substrate phenol. Thus, a combination G-3-PD activity was somewhat decreased and G- 
of factors determines whether or not PVP treat- 6-PD activity increased. In addition, 1 mM 
ment will increase initial enzyme activity and DIECA decreased the rate of decay of both 
retard activity decay. In addition, PVP may sensi- enzyme activities over a 4-hr period. At 01 mM 
tize some enzymes, such as G-3-PD, to the action DIECA, mushroom phenolase was completely in- 
of phenolase by inducing conformational changes hibited but 0.1 mM DIECA neither increased in- 
that expose tyrosine residues, which phenolase itial activity nor lessened rates of decay over 24 hr 
could then oxidize. for either G-3-PD or G-6-PD in comparison with 

PVP is not an ideal agent for removing phenol; no treatment or 100 mM EtSH. 
nor have we found an agent that both removes 
phenols and does not decrease initial enzyme acti- 
vity. Anion exchange resins such as AG l-X8 
remove phenols from solution, but they also 
remove enzymes with low isoelectric points 121. 
Anion exchange celluloses remove phenols less 
effectively from solution, but they do remove 
enzymes such as G-3-PD. 

Eflects of chelating and reducing agents 

Several chemicals have been reported to “inhi- 
bit” phenolase activity [S--14]. These compounds 
competitively inhibit the enzyme with respect to 
substrate oxygen (cyanide) or phenol (benzoic 
acid), complex copper (DIECA, cyanide, sodium 
azide, EDTA, CO) or decrease the apparent rate of 
quinone formation either by complexing with 
quinone (DIECA) or by reducing the quinone 
(sulfhydryl-containing reagents). Of these, copper 
chelation and quinone reduction have been most 

used with plant extracts. 
We tested the effects of DIECA, sodium azide, 

EDTA, and EtSH because of the varied 
mechanisms by which these chemicals prevent mM lnhlbltor 

brown polymer formation. Both DIECA (1 mM) 
and EtSH (10 mM) eliminated apparent quinone Fig. 2. Influence of EDTA. NaN,, EtSH and DIECA on the 

formation by phenolase. Sodium azide stimulated 
activity of mushroom phenolase. 

or did not greatly change apparent quinone forma- 
tion, while EDTA markedly stimulated apparent 
quinone formation (Fig. 2). Because the copper- A similar test indicated that EtSH increased in- 
complexing reagents we tested did not inhibit itial enzyme activity, sometimes spectacularly (G- 
phenolase, the effect of DIECA on quinone forma- 3-PD), and lessened the rate of enzyme decay over 
tion was probably indirect, by complexing with or a 4-hr period. Maximum initial dehydrogenase 
reducing quinone, rather than through direct inhi- activity was obtained with 100 mM EtSH or 10 
bition of the enzyme by removing copper mM DTT, and in no instance have these concen- 
L5,11,12]. trations inhibited dehydrogenase activity (Fig. 3). 
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Removal of phenolics by PVP and control of 
phenolasc activity with EtSH afforded a potential 
means to diminish both initial and long-term 
decay of dehydrogenase activity. In practice. ;1 pro- 
nounced initial and long-term (72-hr) stabiliAng 
efrect was noted for MD and 6-PGD obtained 
from aspen. black walnut. barberry, red pine. sugar 
maple, white spruce. spinach, tomato. barley, and 
sweet potato. The combined treatment usually also 
markedly increased initial G-6-PD activity, but 
either did not lessen or even increased rates of 
long-term activity decay. The use of PVP with 
EtSH always increased the rate of dccaq of G-3- 
PD activity. 

IOC 
G-3-PO 
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iO0 mM EtSH 
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Fig. 3. lnllucnce of EtSH and DTT in the extraction buffer on 
the activity ofglyceraldehqde dehydrogenase (G-3-PD) in aspen 

extracts. 

E~p~~i/rrcrrrtr/ r/c*kgn. Expcrimcnts ~crc replicated 3 x 01 
more. D:~ta in ligures rcprc<cnt means of typical experiments. 
Standard crrorr did not cxcced the height of symbols used to 
&pict mcan~. Tibsuc was collected from randomly selected 
plnnt>. and no atimatc \zas made of possible variation \\ithin 
or bstwccn pl;lnts. 

I:r~:j-r~r ctruct~or~ crud U.UUI. I-ull details of cnqme cxtrac- 
tion and assay wcrc reported elsewhere L2. IS. 161. In summary. 
50 mg of Ijophililcd tissue. prrviouslq passed through the 3% 
mesh screen of a Wile) mill. wcrc homopeniycd in 2 ml of IO0 

mM Trls HC‘I. pH 7.5. containing 100 mM sucrose and OI”,, 
(w v) fatty aad-ft-cc bo\,inc albumin (with additions noted in the 
text). The pH of buffel-s wa:, adJu<tcd after EtSH or DTT was 
added. Homogenates were diluted \\cith I ml ofextraction buffer 

that was used to rinse the homogenizer. Supernatants were 
further diluted with extraction bulTer. as necessq, to decrease 
reaction rates. Extracts were prepared and always maintained 
at about 5 G-3-PD and MD. and G-6-PD and 6-PGD activity 

WI, dctcrmmed b) reductton of NAD and NADP. respectively. 
Phcnolasc was determined bq measuring tyosine oxidation to 
o-quinone and its condensation products in oxygenated huffer. 

Esfi,rxrrion of plmo/~c~. Phcnollcs rverc estimated b> the 
method of Folin and t‘localtcu [ 171. Extracts were treated 

overnight at 5 with an ccl. LOI. (1 ml) of YY,, (w\) trichloroace- 
tic acid and centrifugal to rcmo\e prccipltatcd protein before 
analqsls. Blanks were smlilarlq prepared h> treating extraction 
buffer alone with trichloroacctic acid. Ahsorbanccs were con- 
verted to gz phenol per ml by using a linear regression obtaineu 

with solutions of phenol. This method IS an approximate one, 
since although phenol itself obeys Beer’s Iam. other plant 
phenols do not. 

Esrimution of tu/~r~im. A bluish color results when 2 ml of a 
freshly prcparcd I00 mM aq. soln of ferrous ammonium sulfate 
are added to a mixture of I ml of aqueous tannin solution and 

1 ml of OI”,, (6~) bovine albumin. Absorbance was measured 
at 550 nm I5 min after adding the iron salt. Tannin solution 
alone. in the pl-rsence of ferrous ammonium sulfate. did not give 
a color reaction. nor did simple phenols react with or without 
hovine albumin present. Data were quantified b) use of a curvi- 
linear plot of absorbance against concentration of tannic acid. 

McL~.~~~I~~II~ of the rrppwcut ph~~~~ol~rv~~ trctirirj, dcc~w~w 
cn~rs~rl /JJ, L’fSH. A solution of phenolasc was prepared in glass- 
distilled water with (soln A) and Mithout (soln B) 100 mM 
EtSH. Soln Band a portion ofsoln A \+crc ljophilired. brought 
to the original volume with glass-dtstilled water. and assayed 
for phenolase activity. The remuindcr of soln h was monitored 
for phenolnse activity in a recording spectrophotomctel- for 
scvcral hours until apparent cn,jmc ;tctl\;tt> \+as ratot-ed 
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