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Naringinase from Aspergillus niger shows c~-L~rhamnosidase and fi-D- 
glucosidase activity. The ratio of these enzymatic activities varies, depending on 
the protein concentration as well as the pH. The rhamnosidase activity is nearly 
independent of the pH in the range from 3 to 7, whereas glucosidase shows a 
distinct optimum which varies between pH4 and pH6 depending on its 
pretreatment. By gel filtration the enzyme complex can be separated into various 
oligomers, which are multiples of the smallest active subunit with a molecular 
weight of 95 000. The oligomers show either both enzymatic activities or mere 
rhamnosidase action. Protein fractions with glucosidase activity only could not be 
isolated. However in fractions with rhamnosidase activity only, the glucosidase 
activity could be restored by immobilisation. Glucosidase activity is related to the 
concentration of protein in solution, disappearing in very diluted solutions, where 
rhamnosidase is still active. 
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Charakterisierung von Naringinase aus Aspergillus niger 

Naringinase aus Aspergillus niger zeigt ~-L~Rhamnosidase- und fi-D~ 
Glucosidaseaktivit/it. Das Verh/iltnis von Rhamnosidase- und Glucosidase- 
aktivit/it im Enzymkomplex kann sich vedindern und h~ingt v o n d e r  Protein- 
konzentration und dem pH ab. Die Rhamnosidaseaktivit/it des Enzymkomplexes 
zwischen pH3 und pH7 ist nahezu konstant, w/ihrend die Glucosidase ein 
deutliches Optimum besitzt, das allerdings je nach Vorbehandlung zwischen pH4 
und pH6 schwanken kann. Dutch Gelfiltration kann der Enzymkomplex in 
verschiedene Oligomere aufgetrennt werden. Alle Fraktionen sind Vielfache der 
kleinsten aktiven Einheit (M = 95 000) und besitzen entweder beide 
Enzymaktivit~iten oder nut Rhamnosidaseaktivit~it. Aktive Glueosidase allein 
konnte nicht isoliert werden. Durch Immobilisierung kann jedoch in Protein- 
fraktionen mit reiner Rhamnosidaseaktivit/it wieder totale Naringinaseaktivitg, t 
induziert werden. Die Glukosidaseaktivit/it ist abh~ingig yon der Protein- 
konzentration und verschwindet in sehr verdiinnten LSsungen, w/ihrend die 
Rhamnosidase unter diesen Bedingungen aktiv bleibt. 

* Dedicated to Professor Dr. Karl SchlOgl at the occasion of his 60 th 
anniversary. 
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Introduction 

Naringinase from Aspergillus niger is an enzyme complex consisting of 
an e-L~rhamnosidase (EC 3.2.1.40) and a f-D-glucosidase (EC 3.2.1.21) 
capable of hydrolyzing various glycosides like naringin, poncirin and 
neohesperidin to their aglycons 1. Only few data characterizing the enzyme 
complex are available: The glucosidase can be inactivated by treatment at 
60 °C andpH6.4  to 6.8 for 30 rain 1. The overall naringinase activity can be 
partly inhibited by fructose, glucose and sucrose, whereas rhamnose 
partly inhibits the rhamnosidase and glucose, galactose, maltose and 
mannose the glucosidase activity. Other monosaccharides showed no 
inhibitory effects 2'3. Dunlap et al. 4 were able to separate a fungal 
naringinase preparation into individual glucosidase and rhamnosidase 
fractions by paper electrophoresis. 

Naringinase was so far mainly used in the industry for debittering of 
citrus juices. Besides this technical application it can be used to remove 
rhamnose and glucose from various glycosides to obtain the aglycons. 
Therefore i t  seemed of interest to us to get more information on the 
molecular properties of the enzyme complex. 

Experimental 

Materials 

The enzymes naringinase from Aspergillus niger*, alcohol dehydrogenase, 
ovalbumin and serumalbumin were from Sigma, St. Louis, cytochrome c, 
lysozyme, malate dehydrogenase, lactate dehydrogenase, catalase, fructose- 
bisphosphate aldolase (muscle), pyruvate kinase and phosphorylase a from 
Boehringer, Mannheim. 

2-Aminodiphenyl, acrylamide, tetramethyl ethylene diamine (TEMED), 
Dowex 1 × 4 were from Serva, Heidelberg; naringin, naringenin, Coomassie 
Brilliant Blue, Dextrane Blue, Dowex 50 x 1-100, controlled pore glass (100-200 
mesh, mean pore diameter 253A) from Sigma, bis-acrylamide from EGA, 
Steinheim-Albuch, Sephadex G 200 from Pharmacia, Uppsala, ammonium per- 
oxodisulfate, sodium dodecylsulfate, silver nitrate, Schiff's reagent, aniline 
phthalate, TLC plates silica gel 60F254 with concentrating zone, TLC cellulose 
plates, organic solvents and all buffer substances from Merck, Darmstadt. 

Employed buffer solutions: pH3~4:0.2 M acetate buffer; pH 5~: 0.15 M 
phosphate buffer. 

Methods 
1. Purification of naringinase preparations." Commercially available narin- 

ginase lyophylisate (100rag) was suspended in 30ml water, kept under gentle 
stirring at 4 ° C and the undissolved components removed by centrifugation. The 
soluble fraction was lyophilized again and stored for further use. 

* The enzyme was kept in stock until 1983 and replaced since 1984 by 
naringinase from penicillium species. 
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The soluble protein of that lyophilisate turned out to be electrophoretically 
almost pure enzyme (at least 98~ pure), since only traces of other protein could be 
found by silver staining. The concentration of the impurities was below the 
sensitivity of our quantitative protein test (Fig. 1) 5 . 

Fig. 1. Polyacrylamide gel electrophoresis of naringinase: A purified enzyme, 
B commercially available enzyme 

2. Assay of  naringinase as well as of  its components rhamnosidase and 
glucosidasefor activity was carried out following a method of Habelt and Pittner 6. 

Batches of 2rag naringinase in 6ml buffer solution pH3, 4, 5, 6, and 7 
containing 3.4 #-moles naringin were incubated at 37 °C for 30 rain. Now aliquots 
of the incubation mixture were subjected to the spectrophotometric test. This 
assay allows to determine the amount of naringin, prunin and naringenin present 
in the incubation mixture by combining two spectrophotometric procedures: (a) 
Treatment with strong alkali to determine the amount of naringenin (at 310 nm) as 
well as the sum of naringin and prunin (at 375 nm). (b) Assay of the liberated 
aldohexoses with o~amino diphenyl. From the data thus obtained the amount of 
the remaining substrate as well as of the product at any given time and thus the 
enzymatic activities of the rhamnosidase and the glucosidase can be calculated. 
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3. Chromatographic detection of naringin, prunin andnaringenin was carried out 
in order to have a qualitative control for the reaction, to check the purity of the 
compounds as well as to isolate prunin from incubation mixtures. 

Aliquots (3 ml) of the incubation mixtures were extracted 3 times with 4 ml 
ethylacetate. The combined organic fractions containing the flavanone com- 
pounds were evaporated to dryness, redissolved in 100/A ethylacetate and used for 
chromatographic separation on thinlayer KGF254 plates (Merck). The plates 
were developed in acetone--chloroform--water (80 : 20 : 4.8). The detection of the 
spots was carried out either under UV at 254 nm or by spraying with vanilline--- 
HzSO 4 according to Le Rosen et al. 7 and Tyihak et al. 8, or by insertion into a 12 
chamber. Rf  (naringin) = 0.17; Rf  (prunin) = 0.33; Rf  (naringenin) = 0.64. 

The separated compounds were eluted and assayed spectrophotometrically 
after treatment with 3 ml aqueous 4 M NaOH for 20 rain. The absorbance was 
measured at 375 nm in the case of naringin or prunin fractions and at 310 nm with 
naringin fractions eluted from the thin layer plates. 

4. Thin layer chromatography of  the liberated sugars: The remaining aqueous 
solutions of procedure 2 were deionized with Dowex 1 × 4 and Dowex 50 x 1-100 
ion exchange resins. The deionized solutions containing the liberatec~ sugars were 
evaporated to dryness and redissolved in 100 #1 water. Aliquots (10-30 #1) of the 
various batches were developed by thin layer chromatography on cellulose plates 
(Merck) with acetone--water (85:15). The chromatograms were treated with 
anilinephthalate 9. 

Rf  (rhamnose) = 0.7, Rf  (glucose) = 0.26. 

5. Immobilisation of naringinase on silane coated glass beads: Controlled pore 
glass beads (1 g) were coated with 3-aminopropyl triethoxy silane according to 
Weetall ~° and activated with an excess of 10~o aqueous glutaraldehyde solution 
for 4h at room temperature following a procedure described in 1~. For  
immobilisation of the enzyme protein the carefully washed glass beads were 
incubated on a shaker over night at room temperature with the respective amount 
of protein provided for immobilisation, dissolved in the various coupling buffers. 
The buffers as well as the ratio of the amount of glass beads and enzyme varied 
with the working conditions employed. Therefore further details are given in the 
chapter results. All immobilized enzyme preparations could be stored for months 
at 0 °C or room temperature without changing their properties. 

6. Determination of protein content: The quantitative determination of 
immobilized protein was carried out on an amino acid analyzer or according to 
Jacobs 5 after acid hydrolysis with 6 M HC1 in a sealed tube for 22 h at 110 °C. In 
the same manner the protein content of native protein solutions was measured. 
For  qualitative tests after elution from Sephadex columns spectrophotometric 
measurement at 280 nm was employed. 

7. Estimation of molecular weights was done by gel chromatography on 
Sephadex G 20012, using cytochrome c, lysozyme, malate dehydrogenase, lactate 
dehydrogenase, alcohol dehydrogenase, ovalbumin, catalase and Dextran Blue as 
markers. 

8. Polyacrylarnide gel electrophoresis was carried out on gel plates containing 
7.5~o acrylamide prepared by a slightly modified procedure according to 
Maurer 13. The dissociation of the naringinase proteins was achieved by treatment 
with sodium dodecyl sulfate 14,15. 
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The molecular weights of the enzyme subunits were determined with the help 
of the following standard marker proteins: cytochrome c, lysozyme, lactate 
dehydrogenase, fructose bisphosphate aldolase (muscle), ovalbumin, pyruvate 
kinase, catalase, serum albumin and phosphorylase a. For staining of the bands 
Coomassie Brilliant Blue R and silver staining according to Wray et al. 16 was used. 

9. Estimation of enzyme activity on polyacrylamide gels: The gel was cut into 
cross sections of 1 cm width. The various cross sections were ground into small 
particles and suspended in 4ml 1M acetate buffer pH4. The incubation was 
started by addition of 1 ml aqueous naringin solution (0.5 mg naringin/ml) and 
incubated over night at 37 °C on a shaker. The products formed were assayed as 
described above 6. Because of the long incubation time we took the results thus 
obtained to be only semiquantitative. 

Resul t s  

L Mechanism of the Naringinase Action 

The reports in the literature on the total action of the enzyme complex 
from various sources differ considerably concerning the sequence of the 
reaction steps for the cleavage of the sugar part 174°. Besides the steps 
shown in Scheme 1, a degradation of  naringin to naringenin and the 
disaccharide rutinose followed by the cleavage of  the sugar to rhamnose 
and glucose might be possible. To prove this with our type of naringinase 
chromatographic determinations of the reaction products and 
intermediates--including the sugars--  were carried out as described in the 
methods section. 

Only rhamnose and glucose could be found between p H 3  and 6, at 
p H 7  only rhamnose was detected, but rutinose never appeared. These 
results of the sugar chromatography are in accordance with the 
quantitative data we obtained from flavanone chromatograms and the 
spectrophotometric assay 6, which only gives exact results, when no 
rutinose is formed (Table 1). 

Table 1. Ratio of naringin, prunin and naringenin formed by the action of naringinase 
depending on pH estimated by (I) : Spectrophotometric assay according to 9; (II) : 

Chromatography followed by spectrophotometric measurement 

pH naringin 

I II 

Mole fractions of 

prunin naringenin 

I II I II 

3 0.25 0.27 
4 0 0 
5 0 0 
6 0.04 0.05 
7 0 0 

0.30 0.34 0.40 0.39 
0.36 0.34 0.64 0.68 
0 0 1.00 1.00 
0.17 0.17 0.79 0.78 
1.00 1.00 0 0 
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Under our working conditions the action of naringinase follows 
Scheme 1 and is in accordance with the findings of  Shigetaka Okada et 
al. i7 but does not support the data of  other authors 18. We will come back 
to this problem in more detail in the discussion. 

S c h e m e  1. Degradation of naringin to naringenin by the action of naringinase 

A_nQringin ~ , - O H  

rha mnose - g lute s e-Ol~ y 0 "x("';'-~ "t 
i ii / rhQmnosidase 

OH 0 

H O ~  H 

+ glucose 
OH 0 

prunin ~ '~TOH 

glucose --0 0 0 

+1*'*r h o, rnn ose 

OH 0 

nQringenin 

H. Determination of the pH Optimum 

The naringinase action was tested at various pH following the 
spectrophotometric assay described above 6. The results are given in Fig. 2. 

{.70 

Z 

¢J 
t 3  

• , , , , 

3 4 5 6 7 pH 

Fig. 2. Average specific activities of rhamnosidase and glucosidase obtained from 
the data in Table 1. D - - D  : rhamnosidase; O - - O  : glucosidase 
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The data show that in the active holoenzyme complex the rhamnosidase 
activity is rather independent on the pH within the range of 3 to 7. The 
glucosidase activity has a distinct maximum at p H  5. The p H  dependence 
of glucosidase was the same when prunin was used as a substrate instead of 
naringin. 

Ill. Behaviour of Naringinase Dependent on the Protein Concentration in 
the Incubation Mixture 

a. Native Enzyme: Varying amounts of native naringinase (0.01 
0.1 mg enzyme) dissolved in 3 ml acetate buffer pH 5 or phosphate buffer 
pH7, respectively, were incubated with 1.7 if-moles naringin for 30 min at 
37°C. The reaction mixture was assayed for naringin, prunin and 
naringenin content (Fig. 3). For comparison the specific activities are 

7,01 o) 

0,5 

Id . ./7. 
OP5 O,7 

mg protein/ml solution 
0,O5 0,7 

mg protein/m/solution 

Fig. 3. Amounts of naringin, prunin and naringenin present in the assay mixture 
after an incubation time of 30min depending on the protein concentration. 
a incubation at pH5; b incubation at pH7. D--[~ : naringin; O--O : prunin; 

O--O : naringenin 

given in Fig. 4 (a, b). In the range of the p H  optimum (pH 5) the specific 
activity of the total naringinase activity decreases with decreasing protein 
concentration. The most diluted fraction showed only rhamnosidase 
activity. With increasing protein concentration more naringenin was 
formed and less intermediate prunin could be found, indicating that the 
glucosidase activity increases, whereas the rhamnosidase activity gradu- 
ally declines. 

b. Naringinase Immobilized on Glutaraldehyde Activated Glass Beads." 
Various concentrations of naringinase (0.06, 0.12, 0.25, and 0.5 rag/20 ml 
phosphate buffer pH7) were immobilized on glutaraldehyde activated 
amino glass beads (300 rag) as described in the methods section. 
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These small amounts of  protein were chosen to study the enzyme 
complex under very diluted conditions, where steric hindrances of  the 
immobilisate may be excluded 11. Aliquots of  the immobilisates thus 
obtained (20 mg) were assayed for activity with naringin. The content of  
immobilized protein was determined according to Jacobs s. The results are 
given in Table 2 and Fig. 4 c. 

Only the immobilisate with the highest amount  of  protein shows total 
naringinase activity, in all other preparations only rhamnosidase activity 
could be found. 

Table 2. Action of immobilizes naringinase dependent on the amount of protein 
bound 

Amount of protein bound Mole fractions of a 

used for [mg/g naringin prunin naringenin 
coupling wet beads] 

[mg] 

0.5 1.11 0.41 0.33 0.26 
0.25 0.51 0.53 0.47 0 
0.12 0.31 0.74 0.26 0 
0.06 0.16 0.77 0.23 0 

After 30 min of incubation time. 

qJ 

CZ 

(3 
~ 5c 

_.. . . . . . . . - - ---- . - --D 

o . . . .  o D 5  . . . .  a7 
mg proteinlml solutlbn 

50 
b) cJ 

• " " 0 , 0 5  " 0 , 7 0  . . . . .  0 , 5  . . . .  7,0 

Fig. 4. Changes in specific activity of rhamnosidase and glucosidase dependent on 
the protein concentration, a native enzyme incubated at pH 5; b native enzyme 
incubated at pH 7; c immobilized enzyme assayed at pH 5. D--[B : rhamnosidase; 

O - - O  : glucosidase 
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IV. Gel Chromatography on Sephadex and Gel Electrophoresis under 
Various Conditions 

1. Gel Chromatography on Sephadex Columns 

a. Estimation of Molecular Weights." To estimate the molecular weight 
of the naringinase complex or fractions of it, gel filtration on Sephadex 
G 200 (column size 2 × 80 cm) was carried out at pH 5, 7, and 9 according 
to the procedure described in the methods section. Fractions of 3 ml were 
collected and aliquots assayed for protein content and enzymatic activ- 
ities. The protein fractions eluted from the columns were tested for activity 
as usual with naringin, but prunin was also used as a substrate to detect 
fractions with glucosidase activity only. Only fractions with total narin- 
ginase activity or with rhamnosidase activity only could be found. No 
isolated glucosidase activity was detected under our test conditions. 

The smallest enzyme protein obtained by these experiments which 
showed total naringinase activity had a molecular weight of 95 000. All 
other active enzyme fractions obtained were multiples of this molecular 
weight: 190 000 (2 × ), 285 000 (3 × ), and 380 000 (4 × ), all showing total 
naringinase activity. 

It should be mentioned that glycoproteins containing more than 5~o of 
carbohydrate might behave as larger proteins than their equal molecular 
weights would indicate. But the deviations seem to be generally within a 
definite range, so that even without a precise correction factor the method 
can still be usefully applied 21-23. 

b. Induction of Total Naringase Activity with the Help of 
Immobilisation." All protein fractions obtained from the gel chroma- 
tography on Sephadex columns with rhamnosidase activity only were 
separatedly immobilized to controlled pore glass as described in the 
methods section. To obtain measurable results the various fractions of 
immobilisate were combined, resulting in 200mg wet immobilisate 
containing 0.15 mg bound protein. Because of the low protein concen- 
tration the assay for activity was only possible qualitatively with the help 
of thinlayer chromatography on TLC plates Silicagel 60F254 with 
concentrating zone. Not only prunin, but also naringenin could be 
detected in the incubation mixture, showing that the total naringinase 
activity could be reactivated by the immobilisation step. 

c. Sodiumdodecylsulfate Gel Electrophoresis : The naringinase fractions 
with molecular weights of 95 000, 190 000, 285 000, and 380 000 were each 
subjected to SDS gel electrophoresis 19. All naringinase fractions tested 
showed only one protein band with a molecular weight of 95 000 __+ 8 000, 
which seems to be the smallest active subunit (Fig. 5). 
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Fig. 5. SDS gel electrophoresis of naringinase fractions of different molecular 
weights. I cytochrome c; 2 catalase; 3 bovine serum albumin; 4 alcohol 
dehydrogenase; 5 e~amylase; 6 naringinase (fraction M = 95 000); 7 naringinase 
(fraction M = 190000); 8 naringinase (fraction M =  285000); 9 naringinase 

(fraction M = 380 000); 10 cytochrome c 

"2. Gel Electrophoresis on 7.5O/o Polyacrylamide Gel Plates 

The naringinase fraction from Sephadex G-200 with a molecular 
weight of 380 000 was subjected to gel electrophoresis under varying pH 
conditions (pH 5, pH 8.3, and pH 10). In addition to that electrophoresis at 
pHS.3 in presence of 2% glucose or 2% rhamnose respectively, was 
carried out. From each plate a small longitudina ! section (1 cm width) was 
qualitatively assayed for protein bands with silver staining 16. The 
remaining gel was assayed for enzymatic activity at the pH optimum with 
naringin and prunin as substrates as lined out in the methods section. The 
data are given in Table 3. 
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Table 3. Gel electrophoresis of naringinase on 7.5% polyacrylamide gel plates 

Conditions RJ ~ Mole fractions b of 
during the naringin prunin naringenin 
separation 

pH 5 0.05 0 0 1.00 
0.12 0.80 0.20 0 

pH 8.3 0.04 0 0 1.00 
0.08 0 0.20 0.80 
0.12 0.20 0.40 0.40 

pH 8.3 0.16 0 0.20 0.80 
2% glucose 0.30 0 0 1.00 

0.45 0.70 0.30 0 
0.53 0.80 0.20 0 
0.72 0.90 0.10 0 

pH 8.3 O. 10 0.30 0.23 0.47 
2% rhamnose 0.16 0 0 1.00 

0.28 0.53 0.26 0.21 
0.33 0.92 0.08 0 

pH 10 0.07 0 0.70 0.30 
0.14 0.60 0.40 0 
0.20 0.80 0.20 0 

Migration length of protein/migration length of frontmarker. 
b After 30 rain of incubation time. 

Dependent on the pH of the separation buffer 2 to 3 protein bands 
were found. All of  them showed either total naringinase or only 
rhamnosidase activity. The presence of glucose or rhamnose caused in 
increase in the number of protein bands up to 5. The protein bands which 
migrated only a small distance during the electrophoresis showed the 
highest activity with respect to the formation, of the end product 
naringenin. Faster migrating protein bands were less active or showed 
only rhamnosidase action with decreasing activity. 

Discussion 

Different opinions exist about the action of  the enzyme complex on its 
substrate naringin which is a 4',5,7-trihydroxyflavanone 7-rhamno- 
glucoside: Kiyoshi Kishi 18 reports that naringenin and the disaccharide 
rutinose are formed first by the glucosidase action, followed by the 
decomposition of  the rutinose to glucose and rhamnose with the 
rhamnosidase. On the other hand Smythe and Thomas 2° reports that 
prunin (naringenin 7-glucoside) is formed between pH2.5 and 4.5 by the 

83 Monatshefte fiir Chemie, Vol. 115/ lO 
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action of naringinase. Shigetaka Okada et a1.17 found that naringin is 
decomposed first to prunin and rhamnose followed by the degradation to 
naringenin and glucose. 

The reinvestigation of this problem with the help of our spec- 
trophotometric and chromatographic assay showed only formation of 
prunin, glucose and rhamnose as intermediates, but rutinose never could 
be found. This is in accordance with the findings of Shigetaka Okada et 
al. iv, but does not Support those of Kiyoshi Kishi 18. Of course we cannot 
exclude definitely that small amounts of rutinose are liberated by the 
glucosidase and are degraded immediately after formation. Maybe the 
mechanism of action of naringinase from other sources than Aspergillus 
niger is different. Studies to elucidate this problem are in progress. 

The behaviour of naringinase dependent on the protein concentration 
in the incubation mixture shows that optimum concentrations of the 
enzyme are necessary for optimum overall naringinase activity at the pH 
optimum leading to an optimum ratio of rhamnosidase to glucosidase. It 
could be that the enzyme complex dissociates or associates depending on 
the protein concentration. Below a protein content of 0.05mg/ml 
incubation mixture the enzyme was inactive, showing that a definite 
minimum enzyme concentration is necessary for optimum activity. 
Supported also by our findings described in chapter IV of the .results 
section glucosidase seems to need a defined molecular dimension of the 
oligomer to show optimal activity. 

These results support the assumption that the enzyme complex can 
exist in various active, aggregated forms which vary with respect to the 
ratio of rhamnosidase and glucosidase and behave also differently to 
changes in pH or addition of effectors like glucose and rhamnose. 

The splitting of active protein bands with the help of gel electropho- 
resis shows again that rearrangements of active aggregates occur very 
easily depending on various parameters. Small amounts of glucose and 
rhamnose could be shown to promote further splitting into several active 
fractions. These 2 sugar components are constantly formed during the 
naringinase action and their increasing amount may constantly change the 
enzyme proteins present in the incubation mixture. 

The capability of association or dissociation under various conditions 
is already well known from the literature, especially with glycoproteids 
and glycoenzymes (see for example 24,25). Studies concerning the gly- 
coprotein nature of naringinase are in progress and will be published soon. 

All our results seem to indicate that naringinase from Aspergillus niger 
is one single enzyme protein with two active sites, one for a-L- 
rhamnosides and the other for fi-D-glucosides. The enzyme forms 
oligomers and the ratio of the two activities is dependent on various 
physical influences. 
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