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The efrect of microbial pectin esterases (Aspergilllls joetidlls) and higher plants (tomatoes, alfalfa) 
on high-es te rified pectin was investigated. Pectin derivatives of esterification degree E 42 - 66% 
we re prepared by a partial deesterification catalyzed by the above-mentioned enzymes. The distri
bution patter n of free a nd esterified carboxyl groups in the linea r pectin macromolecule was de
termined on the basis of activity coeffic ients of counterions YCa' + as found in solutions of the pro
per calcium pectinates. The activity coeffi.cients YCa' + were compared with the corresponding 
)'c,, ' + values determined in pectins partially deeste rified with alkali, with a random distributi o n 
pattern of free carboxyl groups. The plant pec tin esterases under investigation lead to a block-wise 
a rrangement of the free carboxyl groups in the pectin molecule, whereas A .joeTie/lls pectin esterase 
cleaves randomly the ester groups in the same mode as do the alkali hydroxides. Significant diffe
rences were observed with the final products of e nzyme deesterification of pectin even in the selecti
vity of Ca 2 + -+ 2 K + cation exchange, as documented by the change of electrostatic free enthalpy 
of exchange of these cations. The different mec hanism of action of plant and A.joetidlls pectin 
esterases was thus unambiguously proved by a physico-chemical method . 

The deesterification of pectin catalyzed by pectin esterases (E.c. 3.1.1.11) of oran
ges 1 - 4 and tomatoes5 .6 affords a block-wise arrangement of free (deesterified) car
boxyl groups in the linear pectin macromolecule. Deesterification of pectin by alkali 
and acids proceeds, on the other hand randomly with a statistical distribution pattern 
of free and esterified carboxyl groups. This conclusion has been deduced from a diffe
rent actIOn of pectin esterase upon pectinates obtained by a partial deesterification 
with acids, alkali or pectin esterases, further upon the kinetics of alkaline deesterifica
tion , chromatography of products on DEAE-cellulose, dissociation of pectinic acids, 
as well as upon differences in the bond stlength of calcium to carboxyl groups of 
these substances. It was presumed that the mode of deesterification of pectin with 
pectin esterases of higher plants (oranges, tomatoes) can be analogously valid with 
certain probability also for pectin esterases produced by microorganisms6

,7 . 

As Ishii and coworkers8 have recently shown, preparations of a low-esterified 
pectin behaving as homogeneous substances when chromatographed on DEAE
-cellulose can be obtained by pectin esterase produced by Aspergillus japonicu s; 
these form considerably strong gels in a 20% saccharose solution with an addition 
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of calcium ion s, in contrast to heterogeneous preparations obta ined by the action of 
plant pectin esterases. These authors assume that A. j£lpol1irlls pectin esterasc causes 
a random deavage of esterified carboxyl grollp~ ~imilarl y , as alkali and acids. Balon 
and coworkers9 obtained prepa rati ons homoge neou s upon chroma tography o n 
DEAE-cellulose by pect in esterase ofA. lIig er. as well; therefore, the same mechanism 
of action , the multi-chain attack of the enzyme. was suggested as in S. The action 
ofendo-D-galacturonanase 0 11 preparations orpectin partially dccsterified with sodium 
hydroxide, pectin esterase ofolanges and pectin esterasc of A. niger was invcst igated 
by Dongowsk l and Bock l O who concluded fr ol11 thc diO'e rent activity of endo-D-ga
lacturonanase of A. niger on these preparations that thc modc of action of pectin 
esterase of A. nig er is close to the mcchanism of acti on of a lkali , i.e. it aITords prepa
rations with more or less statistica l di stributi on o f frcc ca rboxyl gloups in the pectin 
molecule. 

As has been shown in one of ou r prcceding paper" , the mechani sm of action of 
pectin esterases can be characterizcd substantially bcttcr than by procedures hitherto 
applied by means oft he act ivit ies of ca Icium countel ion s bound to free carboxyl grou ps 
of pectin partia lly deesterilied by the enzyme (pectin esterase of t oma t oes). This paper 
deals with the mode of action of pectin esterase of A. joelidu s and pectin estcrascs 
of tomatoes and alfalfa 0 11 the high-ester ified pectin emp loying thi s method. 

EXPERIMENTAL 

Enzymes IIsed: Pect in esterase of microbial ol'igin was prepared from the comme rci a lly avai lab le 
preparation Pektofoetidin of A. joel ie/lis (USSR) by precipitation wit h ammonium su lfate, separa 
tion on Sephadex G -7 5 and G-50 co lumns a nd chromatograp hy on DEA E-Scphadex A-50 
(reL II ) . The accompanying endo-D-ga lac turon3nasc was separated from pectin esterase by chro
matography on a SE-Sephadex C-50 column. Pectin esterase thus obtained co rresponded to 
a 150-fold purified product having 0 ' 36 mol S - I kg - 1 specific activ it y and pH opt imulll at 4'6. 

Pectin esterase of tomato (Lycopersic lIlII esclliel/IUIII , va r. 1111111111/0) was obtained afte r ex trac
tion and fractional sa lting-out with amillonium sulfate. by chromatography on DEAE-Sephadex 
A-50, Sephadex G-75 and CM-Sephadex C-50 (reLI2

). The final product was one of the five 
multi forms of pectin esterase of mean relative molecular mass CM,) 27 500, specific activity 6· 3 mol . 
. S - I kg - 1 and pH optimum 7·5 - S·S. 

Pectin esterase of alfalfa (Medicago sal ira , var. N ilranka) was isol a ted from leaves and stems 
after homogenization, extraction with a 0·4M-Na CI solution a t pH 7'5, sa lting-out with ammonium 
sulfate, di a lys is , chromatography on DEAE-Sephadex A-50 a nd Sephadex G-75. After desalting 
on Sephadex G-25 and freeze-drying the product had specific activity 0·6 mol s - I kg - I and pH 

optimum 7· 5 - 8·5 at a 0'02M-NaCI concentration (ref.
D

). 

Preparation of Samples of Pectin Partially Deesterified by Pect in Esterase 

The highly esterified citrus pectin (Genu Pectin, Medium Ra pid Set , K"ben havns Pektinfabrikl 
Denmark) was first purified by washing wi th an acidified 60% ethanol (5 ml of concentrated He, 
in 100 ml of 60% ethanol), neutral eth anol 60% and 96%, respectively and methanol. Pectin was 
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esterified with a mcthanolic IM-H zS04 at 3°C for 3 weeks; the preparation was then washed 
with 60% and 96% ethanol, ether, and dried under diminished pressure and temperature not ex
ceeding 60°C. The high-esterified pectin had the esterification degree of carbo xyl groups with 
methanol E = 94'7% and conta ined 88'2% of polyuronide (a high-esterified D-ga lacturonan) , 
and OA4% sulfate ash; the limit viscosity number [1J1 = 147 ml g - I, 

The high-e,terified pectin was partially deesterified by pectin esterases using autotitrator TTT II 
(Radiometer Copenhagen, Denmark) at pH 4,6 (pectin esterase A, foe/idus) or pH 7,5 (pectin 
esterases of tomato and alfalfa) by a continuous titration with 0, I M-NaOH at 25 ' C. The I % pectin 
solution (250 ml) was treated with the enzyme (I ml) of total activity 0,75 . 10 - 3 mol s - I (pectin 
esterase A . foe/idus), 1,1 . 10 - 3 mol s - I (pectin esterase of tomato) and 1,2. 10 - 3 mol s - I 

(pectin esterase of alfalfa), The enzyme was deactivated by a 10-min heating on a steam bath after 
reaching the required degree of esterincation. Pectin was then precipita ted after cooling with an 
acidined ethanol (the final conccntration 0'33M-HCI in 60% ethanol), The chloride ions were 
removed from the coagulate by washing with a 60% ethanol, 96% ethanol and ether. The product 
obtained in this way (H + form) was dried and characterized by the esterification degree (El and 
limit viscosity number [Ill. 

Analytical Methods 

The content of free carboxyl groups of pectin was determined alkali metrically by a potentiometric 
titration with a 0'05M-KOH (carbonate free) , the overall content of carboxyl groups by a method 
of precipitation of insoluble copper pectates 14.15. The amount of copper bound to pectin carboxyl 
groups was determined chelatometrically by titration with Complexon IV (O'OIM-solution), the 
point of equivalence being estimated by a spectrophotometric indication employing an interference 
filter IF 600 nm (Zeiss, Jena). The chloride content was determined argentometrically with O'OIM
-AgN03 using silver electrode. The limit viscosity number [IJ] was measured in potassium pectinate 
solutions (pH,...., 7) employing the Ubbelohde viscometer, in 0'15M-NaCI - 0'005M-sodium oxalate 
at 25 ·0 ± 0·1 DC. The mean molecular mass Nr, was calculated from the [Ill values according t6' 
Owens and coworkers 16 . 

Determination of Calcium Ion Activities in Calcium Pectinate Solutions 

Solutions of pectinic acids (4 - 5 mmol (COO H) 1- 1) were centrifuged at 20 000 g for 20 min and 
neutralized (pH,....., 7'2) by potentiometric titration with a saturated calcium hydroxide solution 
(0'02IM-Ca(OH) 2)' The calcium ion activities were determined in calcium pectinate solutions 
(3'00 mmol (COOCao ,5) 1- I) by a metallochromie indicator (tetramethylmurexide) method as 
already described 17, 18 at room temperature. Tabullated values of the single-ion activity coeffi
cients YCa 2 + calculated by the Debye and HUckel theory of strong electrolytes 19 ,zo were employed 
for determination of GCa ' + activities in calibration CaCl z solutions. 

Determination of Electrostatic Free Enthalpy of Ca 2 + -;. 2 K + Cation Exchange in thc Studied 
Pectin Samples 

A solution of pectinic acid (3 '00 mmol (COOH) I-I) was titrated potentiometrically with potas
sium and calcium hydroxides at 25·0 ± O·Ol oC. The functional relationship pH = f(DN), where 
DN is the neutralization degree of pectinic acid with hydroxide, was expressed. The electrostatic 
free enthalpy of exchange of these cations t1(GcI /N)~a value refers to one mol of free carboxyl 
group, 
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The measurement was carried out by a compensa tio n spec tro photometer Uvispec (Hilg..:r). 
a Research pH-meter PH M 64 (Radi o meter) , glass e lectrode G202 B ( Radiometer). redistille d 
water (carbonate free) , and ana lytical grade chemicals. 

RESULTS AND DISCUSSION 

Chara cteris tic of Partial/y EIl:yme-deestenjictf Pee/ill S(/mples 

Samples of pectin partially deesterified by pectin eSlerases were obt a ined fr o m the 

starting citrus pectin of a high esterification degree E 94'7 ~;' and the polyuronide 

content 88,2%. The sam ples were deesterified to an esterifica tion degree E 40 - 65% 
i.e. to the region well enabling the study of the mechanism o f aC li on by the technique 

chosen . It was of importance to get macromolecules of pectin wi thout a greater degra

dation due to the action of endo-o-ga lacturonanase which can be present 111 the 

enzyme preparatIOns as a contamlllanl. Therefore , we delcn11lned the limit viscosity 

number ['1J of the partially deesterifled pectin sa mples as a characteri stic of the rela

tive molecular ma ss of pectin. The esterifl ca ti on degree of pectin samples was con sta nt 

throughout the experiments, this being an evidence for a total inactiva ti on of enzymes 

after a partial deesterification of the pectin samples tested. 

Calculation of the mean relative molecular ma ss of pectin (M,) o n the basis of 

the limit viscosity number ['1] has so rar not been unambiguously cleared. Thererore, 

the lVi, values listed in Table 1 were obtained by the most conventiona lly used Owens 

and coworkers equation 16. The comparison of [IIJ or M, values of the starting sample 

of pectin with those of partially deesterified ones shows that no vir tual change of the 

relative molecular mass took place by the action of a lfalfa pectin esterase; the scat 

tering of values is in the experimental error range. Application of the remaining two 

pectin esterases was associated with the relative mo lecular mass decrease by 9 to 29%. 

The method of estimation of pectin esterase action pattern is based upon inter

pretation of activity coefficients }'Ca2. determined in sol ution s of the corresponding 

calcium pectinates. Samples of pectin ror G Ca 2 . measurements mu st have a sufficiently 

high relative molecular mass, whe n YCaH is no more the function of the macromole

cule chain length but the runction of it s linear charge dens ity on ly. Our preced ing pa

per22 showed that this condition is fulfilled in the range or ['1] va lues corresponding 

to systems investigated (Table I). (The activity coefficient YCa H in calcium polyuronate 

solutions is independent on the relative molecular mass at a po lymerization degree 

DP greater than 30, ref. 23
•
24

). Small changes in molecular mass of the investigated 

pectin samples do not influence, from this point of view, the determina ti on of acti

vities G
Ca

2+ in solutions of the corresponding calcium pectinates. Samples or pectin 

prepared in the H+ form did not contain any accompanying low-molecular electro

lytes. 
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794 Kahn, Markovic, Machova : 

Mode of Action of Pectin Esterases 

The bond strength of calcium ions to carboxyl groups of pectinates is given by the 
linear charge den sity of the macromolecule , i.e . by the mean distance of two neigh
bouring carboxyl groups. This principle can well be used to judge the distribution 
pattern of free carboxyl groups in the pectin molecule. Calcium ions are bound to 
carboxy l groups of pectin of an esterification degree E greater than 40% and a random 
di stribution of free carboxy l groups in the molecule by an intramolecular electrostatic 
bond. In the region, where E is smaller than 40%, an abrupt change of the electro
stati c bond in a stronger intermolecular chelate binding occurs. A chelate binding 
of calci um ions takes analogously place at a block-wise arrangement of uronic acid 
units with free carboxyl groups. This method has already been applied to characterize 
the mode of action of tomato pectin esterase in our previous communication 6

. The 
stability constants (K) of calcium pectinates, prepared from pectin samples partially 
deesterified either with alka li hydroxide or with enzyme investigated were compared . 
(The alkaline deesterification of pectin leads to a random, and at lower esterification 
degrees to a more or less regular distribution pattern of free carboxyl groups in the 
pectin molecule 3 due to electrostatic repulsions of the negatively charged carboxylate 
and hydroxyl groups). Interpretation of results let us conclude that the action of 
tomato pectin esterase results in formation of segments with a block-wise arrangement 
of free carboxyl groups in the pectin molecule. These alternate with segmetns contain
ing fully esterified uronic acid unit s6

. 

Interaction of cations with polyanions can best be considered on the basis of coun
terion activity coefficients. Fig. 1, curve 1 shows the relationship of YCn2+ in calcium 
pectinate so lution s on the esterification degree of pectin E with a random distribu'-

Ow ' ~% 

FIG . 1 

Calcium ion binding to pectin parti ally de
esterified by pectin esterases of plant and 
microbial origin. YCal + activity coefficient 
of calcium ions in calcium pectinate solutions 
of 3'00 mmol (COOCao.s) 1- 1 concentra
tion; E esterification degree of pectin carboxyl 
groups; A region of electrostatic intramole
cular binding of calcium ions, C regio n of 
intermolecular chelate binding, B transient 
region (regions A to C hold for pectin having 
a random distribution pattern of free carbo
xyl groups in the molecule). The mode of 
deesterification: 1 by alkali, 2, 3, 4 by pectin 
esterases of A. joelidus, tomato, and alfalfa, 

100 respectively. 
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tion pa ttern of free carboxy l groups, as already repo rt ed 1 5 (the sa mples of pectin 

were prepared by an a lkaline deesterifica ti o n o f the starting pecti n o f es terifica ti o n 

degree E 95%). Regi o n A charac ter izes the intramolecu la r electrostatic binding of 

Ca2+ ions, region C the firmer int erm olecular chela te binding, and B a t ransient 

region. The activity coefficient )'" ," dec reases with the decreas ing esterifi catio n degree 

of pectin , i. e. with the short er di stance of neighbo uring free ca rboxyl groups and 

reaches anomalously low va lu es of ),,,," = 0·07 - 0·10. 
The mode of act ion of pec tin esterases of va ri o us ori gin is considered acco rding 

to the single-ion activity coefficient s )'e,,' . determined in partia ll y dees tcrili ed pectin 

samples with a n esterification degree E 42 to 66/.',. i .e. in the ra nge o f va lu es corres

ponding to an electrostatic binding of calcium io ns to pec tin with a ra nd om dis tri

bution pattern of free carboxyl groups in the mo lecule. T he )'C"H va lu es (Table I , 

Fig. 1) refer to calcium pectina te so lut ion s contai ning 3·00 ml11 0 l (COOCao .~ ) I - I . 

TABLE I 

Binding of calcium ions to pectin parti a lly deesterified by pectin es terases o f plant and mic robia l 

origin; 3·00 I11mol (COOCao' 5) [ - I 

No 

10 
11 
12 

E 

10 

MGcI /N)~D 
J si te - I 

Starting pectin 

94·7 147 31 000 

Pectin partially deesterified by tomato pec tin esterase 

66 ' 1 121 27 000 0' 183 

64-4 109 25 000 0'207 :i: 0·004 2080 ::1: 90 

57·7 121 27 000 0·171 

51· 2 11 8 26 000 0·129 + 0·00 1 2040 ± 30 

46·0 126 28 000 0· 11 2 ± 0·005 2230 ± 150 

Pectin partially dees te rified by alfa lfa pectin esterase 

65-6 
52·2 
48·2 

147 
144 
159 

31 000 
30 500 
33 000 

Pectin partia lly deeste ri fied by A. 

61·2 94 22500 

52·0 92 22 000 

42'4 92 22 000 

0 ·166 ± 0'002 
0' 108 ::: 0·00 1 
0083 ± 0·000 

1 860 .:L IS 
2275 ::: 95 
2430 ± 100 

foelidas pectin esterase 

0'395 ± 0·003 1 070 :1: 
0·335 ± 0'018 1265 ± 5 
0·273 ± 0·008 1 250 ± 11 5 
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796 Kahn. Markovic, Machova: 

The activity coefficients YeaH of calcium pectinates, prepared by pectin esterase of 
A. foetidus (Fig. 1, curve 2), are virtually identical with those of pectin samples 
obtained via alkaline deesterification (curve 1). Pectin esterase of A. faeridus causes 
therefore a random splitting of esterified carboxyl groups in the pectin molecule. 
On the other hand, the activity coefficients Yea H determined with pectin samples 
partially deesterified by plan t pect i n esterases (curve 3 pectin esterase of tomato, curve 
4 pectin esterase of alfalfa) are much lower, and, at an esterification degree E ;£ 50%, 
they are very close to Yea H values corresponding to a chelate binding of calcium ions 
to a fully deesterified pectin. The little higher YeaH values of pectin samples partially 
deesteritied by plant pectin esterases to a higher esterification degree E ~ 65% can be 
rationalized by a formation of shorter segments in molecules with a block-wise 
arrangement of free carboxyl groups, where YenH is already the function of the seg
ment length. These anomalously low Yea2+ values repeatedly document, in line with 
the preceding findings, that plant pectin esterases lead to a block-wise arrangement 
of free carboxyl groups in the macromolecule chain. 

The distribution pattern of free carboxyl groups in the pectin molecule markedly 
influences also the selectivity of cation exchange in this natural polyelectrolyte. There
fore, the change of electrostatic free enthalpy fl( Gc IIN)~a of the exchange of ions 
Ca2+ --> 2 K+ (Table I, Fig. 2) was estimated. The selectivity of exchange of these 
cations with pectin samples prepared by a partial deesterification with a plant pectin 
esterase (curve 2 pectin esterase of tomato, curve 3 pectin esterase of alfalfa) is sub
stantially higher (higher fl(GcIIN)~a values) than that of pectin samples obtained by 
a deesterification by pectin esterase of A. faetidus (curve 1). These results also iUQi: 

1 -
~ 

';0 
1::,% 

FIG. 2 

Electrostatic free enthalpy (~(GedN)~a) of 
Ca2 + -;.. 2 K + cation exchange for pectin 
partially deesterified by pectin esterases of 
plant and microbial origin. E esterification 
degree of pectin; pectin esterases: 1 of A. 
/oefidus, 2 of tomato, 3 of alfalfa; ~ means 

70 ~(GedN)~a, J site -1. 
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cate the block-wise, or random distribution paltern of free carboxy l groups during 

the action of plant or A. IoeTie/lis pectin es tera se. 

Considering the elderly papers and O UI co ntnbutio n to the elrect of pectin esterases 

of plant origin (pectin esterase of orangel - -I. tOlllat o, ·6 and alfalfa). or microbia l 

pectin esterases (A. ja{JollicIIS H
, A . llig er'l. IO, A. IueT idu s) one can assume that the 

action of pectin esterases of plant origin wIth a pH optimum > 7 re sult s in a block

-wise arrangeme nt of free carboxyl groups in the pectin m o lecule , whil st pectin ester

ases of Aspergillus species, with the pH op timum in the acid region investigated so 

far, cleave esters more or less randomly. The difl'erent distribution pattern of free 

and esterified carboxyl groups in the pectin molecule influences significantly the 

physicochemical properties of these pec.tin preparation s, e.g. the gel-forming pro

perties of pectin , binding of cations to these substances and selectivity of their cx

change. 

We are qrale{lI/ 10 Messrs M. By.I·lrall alld T. Lipka Jor lire experi/J/('//Ial (J.l's iSI(JI/CC. 
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