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ABSTRACT

Proteases from Balanites aegyptiaca fruits pulp are glycosylated. This
work was carried out to identify their glycanslinked. Proteases extract was
prepared by soaking B. aegyptiaca fruitsin 50 mM, sodium citrate buffer
pH 3 and purified using high cation exchange chromatography. The
glycocarbohydrates linked to proteases was detected using both lectins,
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and gas chromatography coupled with flame ionization detector. The re-
sultsindicate that the detection of glycocarbohydrates by gas chromatog-
raphy is better after acetone precipitation. Gas chromatography detection
reveal arabinose, rhamnose, xylose, galactose, mannose, glucose and glu-
curonic acid. Mannose and fucose was detected by labeled lectins.
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INTRODUCTION

Themajority of plant preparations havethe capa-
bility to clot milk, whichisdueto the presence of milk-
clotting proteases™l. Thestability of milk-clotting en-
zymesisafundamenta parameter indairy technology.
Many milk-clotting enzymesfrom plant are glycopro-
teins, which possesssevera glycosylationsites?. Dairy
farmersof sub-saharian areause Balanitesaegyptiaca
fruitsextract to thicken raw milk used asingredient to
makespecia mush. Thisextract could contain proteases
which hydrolyse casein kappaand clot milk used for

mush preparation.

B. aegyptiacaistropicd plant which demandsand
interest isgrowing by theday. It isawoody tree grow-
ing in Northern Cameroon and isdistributed in other
arid and semi-arid areas. It isused for various needs
such asfood, fodder, medicines, charcoa and pesti-
cidesaccording tothe part of tree used. Thefruitsof
thisplant, so-called “desert date” are the part which is
mostly used. Desert dateis described to berather long
inshape, narrow drupein size, 2.5-7 cminlength and
154 cmindiameter (Figurel). Unripefruitsaregreen,
turning yellow and glabrousonceripe. The pulpishit-
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ter-sweet and consumed as sweets¥. Theseedis 1.5-
3cmlong; light brown, fibrousand extremey hard. The
amondisrichin saturated fatty acids, that fat matter is
used ascookingail. It also contains steroids (saponins,
sapogenins, diosgenins) used asraw materid for drug®.

Theinterest of glycocarbohydrates|inked to pro-
teasesisimportant to know both itsstructure and ac-
tivity. Theglycocarbohydratesmoietiesarethe parts of
thefunctiona architecture of enzyme, and arerespon-
sible for its thermal stability™. Our previous work
showed that B. aegyptiaca fruits proteasesarelinked
to sugar moieties using gas chromatography coupled to
mass gpectrometry-el ectro-ioni zation™.

The present study reported the detection of
glycocarbohydrates linked to proteases from B.
aegyptiaca pulp using labeled lectinsanaysisand gas
chromatography flameionization detection.

\“/T— Pulp covering seed

Whole fruit —» <4—Coat

Figurel: Desert date (B. aegyptiaca fruits).

MATERIALSAND METHODS

Materials

B. aegyptiaca fruitswere collected from Pitog, in
theNorth Region of Cameroon, during dry season. The
coat onceremoved and flesh was used aspulp for the
preparation of crude extract. Standard proteins for
SDS-PAGE werefrom Fermentas (Life sciences, Eu-
ropean Union). Digoxigeninlabeedlectins(GNA, DSA
and PNA) werefrom Roche (Roche DiagnosticsGmbH,
68298 Mannheim Germany), biotinylated lectins
(WGA, ConA andAAA) werefrom Vector laborato-
ries(Inc, Burlingame USA). Hydrogen peroxidewas
from Sigma(Saint Louis, MO, USA). Unless other-
wise stated all chemicalsused inthiswork are of re-
agent grade. All aqueous solutionswere prepared us-
ing ultrapurewater.

Extract preparation

Theextract was prepared by macerating of 1809
of B. aegyptiaca fruitsin 500 mL of 50 mM, sodium
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citratebuffer pH 3 overnight at 4°C. The mixture was
then filtered through afolded standard filter paper to
remove most of thesolid residues. It was centrifuged at
4°C for 30 min at 10,000 g to eliminate the insoluble
materias. The supernatant was concentrated approxi-
mately threetimesthrough a 10,000 Dacut off mem-
brane (Millipore). The concentrated sol ution wasthen
didfiltered aganst 50mM, pH 4.5 acetate sodium buffer;
treated for 10 min with 10% (w/v) of activated char-
coal and kept on ice for 30 min, and centrifuged at
10,000 gfor 60 minat 4 °C. The resulting supernatant
was crude extract.

Cation exchangechromatogr aphy

Thepurification of crude extract was carried out
by high cation exchange chromatography Sulfopropyle
(SP) fast flow column onaFPLC system (Pharmacia
Uppsala, Sveden). The columnwas quilibrated and
washed with 50 mM acetate sodium buffer, pH 4.5,
and bound material eluted (0.5 mL min?) at 280 nm
withalinear gradient of sodium chloride (0.15-1M) in
thesamebuffer. Eluted fractions (2 mL each) werecol -
lected. Fractions containing purified extract kept at -
20°C until analysis.

Milk clotting activity

Thesubstratewas prepared by dissolving skimmed
milk powderin 100 mL of 10mM CaCl,toafina con-
centration of 12% (w/v). The substrate (1 mL) was
pre-incubated for 5minat 37°C and 0.1 mL of extract
wasadded. The milk-clotting unit (MCU) was defined
astheamount of protein that coagul ates reconstituted
milk during40 minat 37°C. The calculationis MCU =
2400* V/t* v, whereV equals the volume of milk
(mL), vthevolumeof extract (mL) and t the clotting
timein seconds.

Proteolytic activity

Extract wasincubated for respectively 1, 3,4, 5, 8
and 10 hoursat 40°C. The activity of the extracts was
assayed on azocasein following the method described
by Sarath™ with dight modification. Aliquots(0.15mL)
of crudeand purified extractswere added to 0.25 mL
of a2% (w/v) solution of azocasainin different buffers.
Each mixturewasthen incubated at 37°C for 60 min.
Thehydrolysiswas stopped by adding 1.2 mL of 10%
trichloracetic acid. After 15 min standing at room
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temperatureto ensurecompl ete preci pitation of remain-
ing azocasain, the sampleswere centrifuged at 8,000 g
for 5min. 1.2 mL of the supernatant were mixed with
1.4 mL of 1M NaOH and the absorbance was mea-
sured immediately at 440 nm.

SDS-PAGE and lectin blot analysis

Proteinswerefirst electrophoretically separated
using 12.5% SDS-PAGE according to Laemmlit®.,
SDS-PAGE of enzyme sampleswas performedin a
Miniprotean |l cell (Bio-Rad). Samplesweretreatedin
denaturing buffer with SDSand -mercaptoethanol and
boiled for 5 min before SDS-PAGE. Electrophoresis
wasrunat 100V until thebromophenol bluedyemarker
disappeared from the separating gel . For Western blot-
ting analysis, protein samples (100-300 ug) separated
for SDS-PA GE wereé ectrobl otted onto nitrocel lulose
membrane (Hybond-C Extra, Nitrocellulose, Sup-
ported, 0.45 p, 30 cm X 3 m, Roll Amersham Bio-
sciences) and PVDF (Hybond™ P GE Healthcare
Amersham, membrane optimized for protein
transfert Roll 0,300 mx 3 mremoval rating: 0,45 p)
sheetsin methanol/Tris-Glycine (15/85) buffer, at 250
mA for 3hinaMini Trans-Blot (Bio-Rad) asdescribed
by Burnette®. Transfer efficiency was checked using
Ponceau red gaining.

Detection of glycans with digoxigenin labeled
lectins

Membranes (nitrocdllulose) weresaturated in TBS
(10 mM Tris, 150 mM NaCl, pH 7.5) for 1 hour and
washed 3timesfor 10 min. Then theblotswereincu-
bated 1 hour with thedigoxygenin(DIG) labeledlectins
(1 pgmL*of GNA andDSA, 10 ug.mL* of PNA) for
DIG Glycan Differentiation Kit (Roche) dilutedin TBS,
1 mM MgCl,, 1mM MnCl,, 1mM CaCl., pH 7.5. To
control thelectin gpedificity, experimentswereperformed
smultaneoudly with aspecific competitor for each lec-
tin (0.2 M a-D methylmannopyrannoside for GNA, 0.2
M D-Galactose for PNA and 0.2 M N-Acetyl -D-
glucosaminefor DSA). The positive control was per-
formed by using carboxypeptidase Y for GNA and
asialofetuin for PNA and DSA. Theblotswerethen
washed treetimesfor 10minin TBS, saturated inthe
blocking reagent at 0.1% in TBSfor 1 hour and incu-
bated for 1 hour in the presence of anti-digoxygenin
akaline phosphatase (dilutedin TBS buffer). Blotswere

BIOCHEMISTRY (mm—

washed 3timesin TBS buffer for 10 min and labeled
glycoproteinswerereveded by NBT/BCIP staining.

Detection of glycanswith biotinylated lectins

After electrobl otted onto PV DF membranesand
checking efficiency transfer by Ponceau red staining,
the sheetswereincubated overnight at room tempera-
turein blocking sol ution and then washed 3 timeswith
Tween TBS(TTBS) 20 at 0.1% for 30 min. Theblots
wereincubated 1 hour withthebiotinylated lectins (Vec-
tor Laboratories, Inc Burlingame). Lectinsusefor this
stepwas5 pg.mL* for ConA and WGA, 2 ug.mL* for
AAA. Smultaneoudy specific competitor for eachlec-
tin(0.1M fucoseforAAA, 0.2 M aD-methylmannoside
for ConA and 0.2 M N-Acetyl -D- glucosamine for
WGA) wereused to performed experiments. Thenthe
blotswereincubated 3timesfor 10minin TTBSand 1
hour with horseradish peroxidaseavidin D. After wash-
ing 10 minin TBS, peroxidaseactivity wasvisuaized
with 3,3’-diaminobenzidine in the presence of 0.1%
H,0O,. CarboxypeptidaseY and asid ofetuin were used
respectively ascontrol for ConA and WGA. Control
for AAA wasnot found.

Gaschromatography analysis

Thediquotsof 100 pg protein of crude and purified
extract weremethanol ysed with 0.5 mL methanolicHCI
0.5M for 16hat 80°C. After evaporation under a stream
of nitrogen, therd eased methyl glycos desweredissolved
in 200 uL anhydrous acétonitrile and peracylated by add-
ing 25 pL heptafluorobutyric anhydride, the reaction be-
ing conducted at 150°C for 30 min. After evaporation
under astream of nitrogen, the perheptafluorobutyryl-1-
O-methylglycos desweredissolvedin anhydrousaceto-
nitrile and then analyzed by gas chromatography ona
Trace GC UltraThermo Electron Flamelonization De-
tection instrument, equipped with 230 m x 0.25 mm
Alltech Econo-Cap EC-1/M Scapillary columnand 0.25
um film phases. The samples were analyzed using a lin-
ear gradient of 1.2°C.min* from 100to 140°C, followed
by agradient of 4°C.min* until 240°C19,

RESULTSAND DISCUSSION

Proteases activities
Such as other milk-clotting proteases, clotting ac-
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tivity wasaffected by B. aegyptiaca pul p extractscon-
centration*¥, Milk-clotting time decreased with con-
centration of extract; meanwhilemilk-clotting activity
increased in the same conditions (Figure 2). Milk-clot-
tingtimedecreasad until 0.05 mg/mL concentration, and
theform of curve became asymptotic. However, clot-
ting activity of B. aegyptiaca extract had the opposite
behavior. Therewasan intersection point at 0.02 mg/
mL between curvesof milk-dotting timeand milk-clot-
ting activity. Thisintersection point may imply that this
concentration could be used for milk coagulationin
cheese-making.
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Figure2: Variation of milk-clotting activity and milk-clot-
ting time of B. aegyptiaca pulp extract. A volumeof 0.1 mL of
extract wasadded to substrate (1 mL) at 37°C. One milk-
clotting unit (M CU) wasdefined astheamount of protein that
coagulates1 ml of reconstituted skimmed milk powder at
37°C in 40 min.
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Figure3: Variation of proteolytic activity of B. aegyptiaca
pulp extract. Extract wasincubated for respectively 1, 3,4, 5,
8and 10 hour sat 40°C. The activity was assayed on azocasein
2% at 37°C for 60 min.
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Theproteolytic activity of B. aegyptiaca pul p ex-
tract washighly increased withincubation time (Figure
3). Thevariation of proteolytic activity indicated that
extract of B. aegyptiaca was very active during the
first 4 hoursof incubation at 40°C. After this duration,
the activity of B. aegyptiaca protease remained con-
stant. Theresultsindicated that extract contains pro-
teaseswhich having proteol ytic activity and high stabil-
ity. Theseproteases, asother milk-clottingenzymessuch
cynarases*?, dubiumin®™ may possess glycosylated
part; which should beinteresting toidentify by lectins
and gas chromatography.

70 kDa

38 kDa

28 kDa

Crude extract

Carboxy-
peptidase Y

Purified extract

Figure 4a : Immunodetection with ConA on PVDF
(polyvinylidenedifluoride) membrane. Thepositivereaction
of B. aegyptiaca proteaseswith ConA indicatesthepresence
of oligomannosidic glycan type.

I dentification of glycanswith lectins

(a) Reaction with ConA

Theimmunodetectionusing ConA (Concanavain
A) agglutinin on PV DF membraneisshownin Fgure
4a ConA agglutininisaplant which bindsto high man-
nose-type and hybrid-typewith high affinity; while N-
glycans complex-type are weakly bound to thislec-
tin™, The positive reaction of B. aegyptiaca extract
with ConA indicated the presence of oligomannosidic
glycan type. The 38 kDaband wasmarked and indi-
cated the presence of mannose; whereasthe 70 and 28
kDabands had moreor less positivereaction for the
purified sample(TABLE 1).
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TABLE 1: Immunodetection of glycansfrom crudeand purified proteasesusinglectins.

Sample GNA! ConA?  AAA® WGA* PNA?® DSA®
Crude extract + (70 kDa) +++ +++ - - -
B g 28 kDa - + + - - -
£ S 38kDa - ++ ++ - - -
T D
o 70 kDa - + + - - -

Carbox tidase Y NF Asiaofetuin
Contral YPep
++ ++ + + +
Specificity  Terminal Mannose Mannose Fucose Termina Glc-NAc Termina Gaactose Galp(1-4)Glc-NAc

(+++): Total detection (without electrophoretic band specificity); (++): Good detection; (+): Average detection; (+): Poor detection;
(-): No detection; NF: No Found; *GNA: Galanthus nivalis agglutinin, positive reaction with GNA indicates mannose, terminally
linked; 2ConA: Concanavalin A agglutinin, positive reaction with ConA indicates oligomannosidic type glycan; SAAA: Aleuria
Auriantia agglutinin, positive reaction with AAA indicates fucose linked; “WGA: Wheat Germ Agglutinin, positive reaction with
WGA indicates N-acétylglucosamine terminally linked; SPNA: Peanut agglutinin, positive reaction with PNA indicates galactose
terminally linked; ®DSA: Datura stramonium agglutinin, positive reaction with DSA indicates disaccharide Gal-p(1-4)GlcNAc.

70 kDa

Carboxy- Crude
peptidase Y extract
Figure4b : Immunodetection with GNA on nitrocellulose
membrane. Reaction with GNA identifieshigh mannose N-
glycan chains or O-glycosidically linked mannoses in B.
aegyptiaca proteases.

Thetotd reaction of thecrudeextract isjustified by
the abundance or the presence of glycoproteins and
polysaccharidesbadly solvedin SDS-PAGE duringthe
migration. The negative reaction with o D-
methylmannos de (resultsnot shown) confirmedthepres-
enceof mannoseinboth crudeand purified B. aegyptiaca
extracts. Moreover, agivenlectinissometimesableto
recognize various oligosaccharidic sequences. For ex-
ample, ConA exhibitsagrongaffinity for oligomannosidic
type, biantennary N-acetyllactosaminetypeaswell as
for some hybrid-type glycanswhich has been success-
fully used toidentify N-glycoprotensfrom many biologi-
ca complex sampleg™4®,

Purified extract

(b) Reaction with GNA

Detection of glycan using GNA (Galanthusnivalis
agglutinin) on nitrocellulosemembraneisexhibitedin
Fgure4b. GNA recognizestermina mannose, a.(1-3),
a (1-6) or a (1-2) linked to mannose; thusit issuitable
for identifying “high mannose” N-glycan chains or O-
glycosidicdly linked mannosesin yeast glycoproteing?®,
Lectin GNA reacted positively with the crude extract
(TABLE 1). Theseresults suggested that asmall pro-
portion of mainly polysaccharides group containing the
mannosyl chainsor high molecular N-glycoproteinter-
minally mannoses. However, the purified samplewas
not reacted. The Non-reactivity with sugar candidate
(a-D methylmannopyrannoside) confirmed the presence
of mannosein crude extract. Moreover, the carbox-
ypeptidaseY signal used as pilot was not completely
extinguished by carbohydrate. A lectin with an exclu-
sivespecificity towardsmannose may beisolated from
snow drop (Galanthusnivalis) bulbsby affinity chro-
matography onimmobilized mannosg™. Immobilized
GNA only interacted with oligomannosidic-typeglyco-
peptides contai ning atermina non-reducing Man (a1 -
3) Man sequencewhichwasretarded onthelectincol-
umn. Theinteractionwith thelectin aso dependsonthe
number of these disaccharidic units. However, glyco-
peptides hybrid-type with thisMan (a.1-3) Man se-
guence, together with abisecting GICNAcresiduedo
not interact with theimmohilized lectin®.

(c) ReactionwithAAA

Figure 4c shows Immunodetection using AAA
(Aleuria Aurantia Agglutinin) on PV DF membrane.
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AAA strongly interacted with al N-glycosyl peptides
or related glycans containing afucoseresiduein a-1,6-
linkageto theinnermost GIcNAc residue of the core.
Immobilized AAA weakly reacted with glycans con-
taining afucoseresiduein a-1,3-linkage to one of the
outer GIcNA cresidueof theN-acetyl-lactosamineunits
The presence of both a-1,6-linked and a-1,6-linked
fucoseres duesenhancestheaffinity of thelectinfor the
glycangd®®, The38kDaband gaveahighly positivere-
action (Figure4c), which indicated the presence of a-
L-fucoseonitsproteins (TABLE 1). heimportant re-
activity of the crude extract couldindicate fucosylated
olycoprotein and polysaccharides. Fucose-bindinglectin
can be purified from fruiting bodies of the mushroom
Aleuriaaurantia®®¥, The specificity of theselectins
towards L-fucose containing oligosaccharideswas de-
termined by analysison the behavior of fucosylated oli-
gosaccharidesonimmobilizedlectins. Immobilize2d AAA
represents avery valuable tool for the resolution of
microheterogenity of glycopeptidesand glycansdueto
the presence of different L-fucose substitutes.

Crude extract

Figure4c: Immunodetection withAAA on PVDF membrane.
Reaction with AAA indicates the presence of glycans
containing afucoser esiduein o-1,6-linkage to GleNA ¢ within
B. aegyptiaca proteases.

(d) Reactionusng WGA, PNA and DSA lectins

TABLE 1 showed that therewasno reaction using
WGA (Wheat GermAgglutinin), PNA (Peanut agglu-
tinin) and DSA (Daturastramoniumagglutinin). WGA
showed astronger affinity for N-glycosyl peptidesthan
for the glycansrel eased from these glycopeptides ei-

Purified extract

= Regular Paper

ther by chemical or enzymatic cleavages. Thiscan be
explained by thefact that the attachment of aglycanto
asparagines (glycoasparagine) imposesto thetrisac-
charide core sequence Man(p1-4)GIcNAc(p1-
4)GIcNAC(B1-N)Asn a rigid structure®?! favoring the
recognition of the oligosaccharidic sequenceonthegly-
can by thelectin. PNA lectinshavebeenreviewedina
classification according totheir specificity towards Gal
or GalNAc?2, However, the carbohydrate-binding
specificity of PNA lectin isolated from Arachis
hypogaeal® hasbeen studied ontheimmobilized lectins
of mucin-type glycopeptidesand related oligosaccha
rides of known structures. For PNA, substitutions of
the Gal and/or the GalNAc residue by sialic acid de-
creased theinteraction with thelectins. PNA recog-
nized the coredisaccharide galactose 3 (1-3)N-acetyl-
galactosamine. Thus, it was suitablefor identifying O-
glycosidicdly linked carbohydrate chains (with excep-
tion of yeast glycoproteins). DSA lectin recognizesGal
B (1-4) GIcNAc in complex and hybrid N-glycans, in
O-glycansand GIcNAcin O-glycans?. DSA did not
react with “high mannose” structure like those found in
carboxypeptidase Y. Furthermore, DSA issuitablefor
identifying individual N-acetyl-glucosamineresidues
with O-glycosdiclinksto serineor threoninein certain
proteinsfrom cell nucle or cytoplasm.

Itisobviousthat therewastotd lakeof terminally
N-acetyl-glucosaminetype (specificof WGA), gdac-
tosein (1-3)Gal-NAc, the O-glycan type (specific of
PNA) and galactose in (1-4)Glc-NAc, N-acetyl-
lactosaminetypeof N-glycans(specificof DSA) inbaoth
crudeand purified extract.

Gaschromatography detection

Chromatograms obtai ned by gas chromatography
coupled with flame ionization detection (GC/FID)
showed different profilesfor crude extract beforeand
after acetone protein preci pitation (results not show).
Theintensity of peaksindicated impact of acetone pre-
cipitation; reason beingthat it increaseed carbohydrates
concentration of the sample. It was noticed that after
precipitation, astrong presence of glycoprotein and
polysaccharideswasdetected inthesample. Lysineused
asaninterna standard haspermitted toidentify various
glycocarbohydrates present in purified extract accord-
ing to retention time. Galactosewasin abundance after
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acetone precipitation (Figure5). However, negative
reaction has been observed using PNA lectins. This
result may beexplained by the presence of gdactosein
the purified extract; however, it wasneither N-termi-
nally nor implied in the classically described both for
O-glycans mucins types and N-glycans N-Acetyl-
lactosaminetype. Ontheother hand, GC dsoreveded
the presence of the glucuronic acid, arabinose, rham-
nose, xylose, mannose and glucose. Generally,
glycosylation wasdetected in most of theisolated plant
protease such as cynarases, cucumisin, taraxalisin,
cryptolepain, milin, wrightin and dubiumin®>23, This
study demonstrates that proteases isolated from B.
aegyptiacafruitsextract areglycoprotein. Further work
should be necessary to quantifying the
glycocarbohydratesin the protease extracted from B.

aegyptiaca.
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Figure5: Chromatogram showingdetection of carbohydrates
within B. aegyptiaca proteases. Analysis was performed
using gas chromatogr aphy/flameionization detection after
aceton precipitation. Ara:; Arabinose; Rha: Rhamnose; Xyl:
Xylose Gal: Galactose; Man: Mannosg, Glc: Glucose; GICUA:
GlucuronicAcid.

CONCLUSION

Themaost important findings of thisstudy can be
resumed asfollows.
- Proteases extracted from B. aegyptiaca possess
both clotting and proteolytic activity.

- Regarding detection of glycansby lectins, aposi-
tivereaction hasbeen observed when ConA, GNA
and AAA used; whilst it was negativewith PNA,
WGA and DSA.

- Mannose and fucose are detected using labeled
lecting

- Acetoneprecipitation hasapositive effect on the
detection of glycansusing GC/FID.

- Gaactose, glucuronic acid, arabinose, rhamnose,
xylose, mannose, and glucose are monosaccharides
which weredetected using GC/FID.
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ABBREVIATIONS

AAA: Aleuria Auriantia agglutinin, BCIP: 5-
Bromo-4-chloro-3-Indolyl-Phosphate, ConA: Con-
canavalin A agglutinin Concanavalin A agglutinin,
DSA: Datura stramoniumagglutinin, FID: Hamelon-
ization Detection, FPLC: FHow PressureLiquid Chro-
matography, GC: Gas Chromatography, GNA:
Galanthusnivalisagglutinin, NBT: 4-Nitro bleu Tet-
razolium Chloride, PNA: Peanut agglutinin, PV DF:
polyvinylidenedifluoride, SDS-PAGE: Sodium Dodecyl
Sulfate— Polyacrylamide Gel Electrophoresis, TBS: Tris
Buffer Sdine, TTBS: Tween TrisBuffer Sdine, WGA:
Wheat GermAgglutinin.
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