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N-Mcthyl-N-(5-carboxypentyl)-1-deoxynojirimycin, a new affinity ligand
for the purification of trimming glucosidase |
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The papser dessribes the synthess of a tew type of aflinty reun contanimg & methyl NS carbosypentyhd deoxynojirimyain as the hgind attached

to AL Sepharose 41, wlich ullows the pusifivanon of trunming glucosichise 1 from a detergent extract of pig hver crude micfusomes in one step

and with high yield 1he structure of the ainsty higand was desigined on the baus of the absery ition that ¥ N dialhy lated detivatives of | deosynop

nmyan do strangly inlibit tiimnnng glucosidase 1, but not nonspedihe anla glicosidases inclucing glucosidase 1T The speailic binding of gluso

sidase [ elininates the need of additional puntication steps with their associated losses which were requited with the previously synthesized
Y-S0 warbosypenty ) AH Sepharose 413 resin in order to ichieve i homogenous enzy e preparation

Fenmmang glucosidase 1 Pig ser, Attty punification, | Deosypopranyuin derivative

1 INTRODUCTION

The complen sequence of A-linhed oligosacchande
processing 1y mittated by the action of trimnung gluco-
sidase T which removes the distal ael,2-hinked glucose
residue from the protem-bound Gle*-Man’- GleNAG?
precursor [1]. The enzyme has recently been purtfied in
our laboratory trom calt liver, pig hiver and yeast and its
molecular and ensymatic properties  characterized
[2-4] The puntication procedure included affimty
chromatography on N-5-(caitboxypentyl)-1-deosyno-
nrimycan-AH-Sephatose 4B as the key step, togethel
with 1on exchange chromatography or polyethylene
glycol precipitation. The modest enzyme recovery re-
sulting fiom the application of the latter techniques, led
us to develop a new type of affinity 1¢sin containing V-
methyl-N-(5-carboxypentyl)-1-deoaynojirimycin as the
hgand. It will be shown that this affinity resin binds
glucosidase 1 activity specifically, thus allowing the
1isolation of an almost homogenous enzyme preparation
from a detergent eatract of pig liver crude microsomes
in only one step.

2. MATERIALS AND METHODS

21 Maierals
[UDP-"Clglucose ispec act 240 Ci/mol) was obtamed from the
Radiochemical Centre (Amersham), Lubrol PX and p nutrophenyl-a-
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glucoside from Sipma (Laufhirehen), adipie avd methylester and
methyl wdide trom [ luka (Neu Ulm) and AH Sepharose 4B from
Pharmaua (Fremug) 1 Deosynoprimye o wasa generous gift from
De 1) Schindt (Baser AG, Wuppertal)
22 Svethesis of achipie acid movomethyl ester senaldehde
Adipic aod methyl ester was converted to the daad chlornide with
SOC 1 following standard procedures 12 g (67 mniol) of the distilled
aud chlonde dervative were dissolved 1 150 ml of swlene and re-
duced under refluy to the senmaldehyde with hydrogen gas in the
presemee of 2 5 g of palladium/eharcoal Completion of the reacthion
was controlled by measuning the amount of hiberated HCI The
watalyst was separated by filtrauon and the reaction minture neutratiz
ed by the addition of NaHCO i water After separation, the orgdnie
phase was dried with MgS04 and the xylene removed by evaporation
Distiltatnion under 1educed pressure of the remaiming material gase
83 g (58 mmol) ot adipic acud methyl ester senmaldenyde

23 Swmthesis of N (5-carbasypentvl 1-deosy nojirimyein

100 mg of | deosynojinmyun (0 6 mmol) were dissolved in 3 0 ml
methanol/water (1 1, v/v) and reductively N-alhylated with
hydrogen gas at 15 bar under weahkly acidic conditions 1n the presence
ot 880 mg adipic aud methyl ester senualdehyde and palladium
hydroside on charcoal as catalyst After 24 h at room temperature,
the catalyst was separated by filtration and excess aldehyde extracted
from the reaction mixture with petroleum ether The CP dNM methyl
ester was then hydrolysed with 0 1 N NaOH, followed by acidifica-
tuon of the reaction mature For purification the N
(S-carboxypentyl)-dNM derivative was bound to Dowex 50 (M~
form), eluted with aqueous ammomna and crystallised from ethanol
(yield 110 mg, 66%) The isolated product was homogenous on TLC
using CHCly/MeOH/NH; (5 § 1, v/v) assolvent NMR data show-
ed that the expected structure had been obtained, m p 185—-187°C

24 N-Mothylanon of N (5-carboxypentyl)-1-deoxynojrimycin

100 mg N-(3-carboxypentyl)-dNM were dissolved m 05 ml
saturated NaHCOsy/water and 3 ml of methanol Atter the addition
of 05 ml of methyl 10dide the reaction mixture was stirred at room
temperature for 12 h The solvent was removed by evaporation and
the residue taken up 1n methanol/water (1 1,+v/v) The N-methylated
derivative was isolated by binding to and elution from Dowex S0 (H”
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g hver vrude s rotsaes woty Prepatod avin (4] Detaihy Tor the
aiithens and punfe atan of PPOJGR" M GRIM A afe grean i
(%) The wbivity of glavo wda o U oand 1 war determined weth
("OIGR Y M GloN A and 2 mtropsum ] crggluconide as substrates
{2} One umit o gluvosndase s d Nined as the amount of engvmge
releasig 120 (MO Jghuvase nun ey, 1 the radiolabeled ohigosaccharude
under  standard assay condiions (0 4%a Tubrol PN i StnM
phosphate buffer, pH 6 ) One Nph oo glucondase lucoudase 1D
umit correypands to the amount of cnane whach hvdrolvses 1 amol
of Nph o glugoside mun fotubiion studies were peefommed asain (2
Couphng of the affiaty higand to AH Sepharose 41 and the affimis
punfivation followed the proacedures deseribed previously in (2] Pros
1 was deternmined by the Towry prscdore {6) SDS PAGE was
done according to 1 aemmly {7}

3 RESULIS AND DISCUSSION

L Design and syntheses of Nemethy [-N-(S-carboyy-
pentyl)-l-deoxynojirimyom

Previous stuchies demonstrated that 1-deoxynopiimy-
cin (INNM) 1s a powerful inhibitor for a variety of ar- and
A-glucosidases including trimnung glucosidase 1 and 11
[8.9]. Recently we noticed that the mlubitory effect of
JNM changed dramaucally and i the opposite direc-
tion for the two ensymes when the ring nitrogen way
alkylated, Thus glucosidase [ was significantly more in-
hibited by the M-methyl derwvative of dNM than by
dNM 1tselt, whereas the inhibition of glucosidase Il
(nitrophenyl-a-glucosidase) was, 1n contrast, impairec
several-fold by this moditication This 15 shown for the
two enzymes from pig liver in Table [. A strnkingly
similal inhibition pattern was observed for glucosidase
I and II from calf liver and yeast, suggesting that the
data may be generally transferable to trimming gluco-
sidases from other cells and tissues (2,4]

The different effects on glucosidase | and 11 formed
the rationale for the design of an affinity higand, the

Table 1

Infubition  of glucosidase I and p mitrophenyl-a-glucosidase
(glucosidase 1) activity by various 1 deoxynojinmycin denvatives

Inhibitor K. (M)
Glucosidase | p-Nirophenyl-a-
glucosidase
{Glucosidase 1)
1-Deoxynonrimycin (dNM) 210 8
N-Methyl-dNM 01 15
N, N-Dimethyl dNM 05° <5%% mhibition at 1 mM
N-(5-CarboxypentyD)-dNM
(CP-dNM) 05 45
N-Methy-CP-dNNM 14 <56 inhibition at | mM

? Data taken trom (3]

The K, values were determined using either punfied pig liver
glucosidase { or pig liver crude microsomes (p-nitrophenyl-a-
glucosidases) as the enzyme source
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stk biie of which is shownan hig, 1A [2), Punifivalion
ol pig hiver gluvosidase Ton a colummn containing the un
mobhilized NV (5-carboxypenty ) dNM detivatinve yielded
o lighly enviched, though sull heterogenous ensyine
prepaation wath Nph-a-plucosidase (glucosidase T e
tvity as the man contanunant {3}, Siee the sepatation
ol these contammants by conventional technigues (¢ g,
ion exchange Jhromatography, polsethylene glyeol
preapitation) turned our to aftedt severely the hinal
vield o glucostdase T, we searched tor a new dNM
dernative which would allow a gicater disetitination
between gluvosidase T and Npheg-glucosidase (gluco-
sidase ) acuivities at the stage ot atfuuty binding. The
sttucture ot o compound having these properties is
shown in g, 18, The A-methyl-AN-(5«caiboxypenty -
detnvative was constructed on the basts of the obsery a-
tion that MA-cimethyt-dNAM taded o inhibie gluco-
stehase T but retained, i contrast, its lagh capabiulity for
mhbiting  glucosidase I (Table ) The quaternary
Lhigand was synthesized by N-methylation of N-(5-car-
bosypentyD-ANN (Fig. LAY which atsell was obtiined
by 1eduetive Naalhvlation of dNM with adipic acid
seimialdehyde (see section 2), The hgand was attached
covalently to AH-Sepharose 413 following the protocol
desceribed previously for the synthests of CP-dNM-AH-
Sepharose 4B {2] The concentration of the immobilized
hgand was estimated to be 2~3 zmol/ml of swollen gel
by «n indirect method using [M*Clbutynic acid [2,3].

32 Purtfication of pig hiver glucosidase I on N-
(5-carborxypentyl) and N-methyl-N-(5-carbory-
pentyl)-dNM-AH-Sepharose

We have tested the efficiency and specificity of both
the CP-dNM- and N-mmethyl-CP-dNM-AH-Sepharose
resins by purifying, 1n a parallel experniment,
glucosidase [ from a high sali/high detergent extract ot
pig liver crude microsomes The work-up procedure
followed the protocol described previously in [3]. In
order to reduce/prevent unspecific and/or 1onic bin-
ding, 1t was essential to extract the crude microsomes

with 0.05% Lubrol PX in 20 mM phosphate, pH 6 5,

before the final enzyme solubilization and to perform

the subsequent operations (binding and clution) in the
presence of high concentrations of salt and detergent

(1% Lubrol PX, 200 mM phosphate, pH 6.5;

solubilization buffer) In general, more than 90% of

glucosidase 1 and between 30% and 50% of Nph-a-
glucosidase activity present in the high salt/high
detergent extract bound to the CP-dNM-AH-Sepharose
4B resin, from which about 30% of both activities could
be eluted with 50 mM dNM. A similar binding and elu-
tion of glucosidase 1 was observed for N-methyl-CP-
dNM-AH-Sepharose, whereas 1n this case the Nph-a-
glucosidase activity was recovered almost quantitatively
in the supernatant. Under standard assay conditions

(5 mM Nph-a-glucoside; 1 h ncubation at 37°C)

nonspecific a-glucosidase activities were not detectable
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i the atfinity cluate, mdicating that the new affinity
resin is highly speaific tor glucosidase I This specificity
v also pettected by the puritication factar which was
tound to be hger than 320 1ald (based on the activity
1 ctude nucrosoamies) with the V-methyl-CP-dINM at-
tiuty 1esim, whereus 1t was about 200-fold on usmy
N-5-CP-AF-Sepharose 4B,

Mig. 2 summanses the tesults of an SDS-PAGEF
analysss of atypical puutication on either affimty tesm
As can be seen, chromatography on N-methyl-CP-
ANM-AH-Sepharose yielded a single major protem
banc at 88 KD, representing glucosidase I (lane 8) The
affiity cluate from CP-dNM-AH-Sepharose 4B con-

e o kDa

w» 205

- - 116
» 97

® 68

% 45

- 29

Lane 1 2 3 4 5 6

g 2 SDS-PAGE of a typical punification of pig hver glucosidase |
on  CP-dNM- and ANe-methyl-CP-dNM AH-.Sepharose 4B
Glucosidase [ (and p nmitrophenyl-a-glucosidase) activity  was
solubilized from the microsomal membrane with 1% Lubrol PX,
200 mM phosphate, pH 6 5, and equal amounts of the detergent
extract (700 ml) treated batchwise with 2 ml ot the respective affinity
resin (12 hat 4°C) The affinity resins were separated by decantation
and washed exhaustively with the solubihization buffer, followed by
elutton of glucosidase 1 with 10 ml of a solution of 50 mN dNNM in
200 m©M phosphate, pH 75, contaiming 1% Lubrol PXx After
separation of the mlubitor on a Sephadex G-25 column equilibrated
in 0 5% Lubrol PX, S0 mM phosphate, pH 6 §, aliquots of the
affinity eluates were subjected to SDS-PAGE [3,7] Proteins were
stained with Coomassie blue (Lane 1 and 6) Moleculur mass
standards, (lane 2) crude microsomes; (lane 3) detergent extract,
(lanes 4 and 5) aftinity eluate from CP-dNM- and N-methvl-CP-
dNM-AH-Sepharose 4B, respectively

tained, i addinon to the 88 KDa protein, an intense
protein baned at 110 KD (possibly glucosidase 1) and a
fant batd  at T4 RDa (lane 4 We have not
characterized these bands further but it s hkely that
they either canstitute nonspecific Nph-a-glucosidases
{glucosidase 1D and/son catalytically active degradation
products of these ensymes  This view is supported by
the obsesvanion that i pan ticuban the glucosidase I pro-
tein, unlike glucosidase I, appears to be ighly suseepti-
ble to proteolytic dleavage after detergent solubilization
(13,11,12], and unpublished obseivation)

33 Conclstons

The paper deseribes, based on the results of hinetie
measurements with various dNM derivatives, the design
and synthesis of a new affimty matriy with MN-methyl-
N-S-carboxypentyl-dNM as the ligand, the application
of which allows the rapid and efficient purification of
thummung glucosidase I from a detergent exiract of pig
liver crude microsomes The cruaial advantage of the
new N-methyl-CP-AH-Sepharose 4B resin hies 1n its
specificity, namely 1 uts  exclusive binding  of
glucosidase I, thereby making further recovery-
aftecting puritication steps unnecessary We are cur-
rently nvestigatuing whether the procedure s
transferable, with similar etficiency, to the isolation of
glucosidase I from other cells and tissues,

The sigm ficantly lower K, values of the mono- and di-
N-alkylated derivatives of dNM point to some kind of
hydrophobic binding pocket at the active site of
glucosidase 1 (see Table I). Steric factors, on the other
hand, could be responsible for the reduced abihity of V-
methyl-dNM and CP-dNM or the failure of N.N-
dimethyl-dNM and N-methyl-CP-dNM to bind to
glucosidase 11 It could also be, however, that effects on
the catalytic turnover may account for the different
susceptibility of two trimming enzymes, since studies on
the pH dependence of inhibition indicated that the pro-
tonated form of dNM 1s the inhibitory species for
glucosidase I [10], whereas glucosidase Il seems 1o re-
quire the non-protonated form of dNM and N-methyl-
dNM for inhibition (unpublished results).

It should be of interest to see whether our approach
may also be applicable for distinguishing trimming a-
mannosidases using 1-deoxymannojirimycin derivatives
as probes, Purification of these enzymes by affinity
chromatography, as recently shown for trnimming
Man®-mannosidase from calf and pig liver [13,14], and
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in vivo experiments to investigate the functionals
biologis al role of oligosacchande intermediates during
N-glycoprotéin  processing, using  such  detivilives
would provide further useful information,
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