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- f s I ABSTRACT“'f” .. \
Pompe s d%sease 1s a 1ysosoma1 storage disease in wh\ch glycogen
.? 1s accumu]ated in secondary ]ysosomes due to the deficiency of the /,\;
lysos?mat enzyme u—l 4-glucosidase, _ ‘
. T“e treatment of Pompe’s disease has been attempted by earller )
. workers with puriH}ed &-1-4- g]uc051dase from A, n_gg_ and human
p]acenta These attempts were uhfruitfu1 due,to the unstab]e nature‘of
the | pure enzyme and the. lack of targeting In Pompe s d1sease, enzyme
. rep]acement therapy w111 be effectlve on]y if. the enzyme is de11vered
to those lysosomes of ce11s and tlssues that arevaffected vizm, the
hepatocytes and muscle cells of the cardiac and resptratory tlssues ‘
Some *ecent 1nvest1gat10ns have shown that the stability and targetlng
problems can be overcomé at least part]y, by Cross- 1?hk1ng enzymes to
*. albumin, a natural carrier, and insulin to confer targetrng eff1c1ency
'However these conJugates have not been characterlzed in terms of the
‘parameters af?ect1ng their, in v1vo act1v1ty, an 1mportaﬁt step-in - /f
-evaluating their therapeutic potent1a1 . . »
; ( In thgs prOJect‘/e‘glucos1dase a1bum1n and a- g]uc051dase albumin-
- insulin conJugates were prepared wzth“enzymes'from three dif}erent
Asources under different pH cond1t1ons and the. su1tab1k\~y of these
lconJugates or\EEEYme\therapy was assessed by measur1ng their (1) pH
opt1m&m, (15) aff1n1ty for substrates, andl (i11) thermal stab111ty
. The results have shown that, in genera], Cross- 11nk1ng leads to a
broader pH opt1ma, 1ncrea$ed affinity for the substrates and better '
thermal stabtltty over ‘the native form of the enzyme erast~u -
glucosidase- a]bumln conJugates are not active towards'g]ycogen wh1ch

5 "y

is a 11m1tat1on for their use in treatment of Pompe S dlsease where the
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accumulated substrate is egcogen Among the a;g]ucosidase albumin

conjugates of A. niger prepared at pH 6.8 and 4.5, the one prepared at
pH 6.8 is a better po]ymer for rephﬁcement therapy‘because of its five
fold increase in affinity for g1yc%gen a- glucosidase albumin- 1nsu11n

po1ymer also prepared at pH 6 8 ,tains the h1gh affinity but the

§ .

human p]acenta enzyme also seems to give betten*";

W1th_a]bum1n at pH 6.8. However, the conjugaté W1th% nlgg_ enzyme
~has a 10 fold higher affinity for g]ycpgen%compared with the human
enayme and a pH optimum c]oser to 1ysosoma1‘pH

The albumin conJugate of a-glucosidase from A. niger prepared at

pH 6.8, thus,,!!ems to be the best choice for enzyme replacement

¥
o

therapy in Pompe’s d1sease
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1. INTRODUCTION '

r.1l ENZYME DEFICIENCY DISEASES 7

4 ) ' '
In 1902 Sir Archlbald Garrod began his stud1es 1n a1captonur1a

'Wthh were to cu1m1nate in his monograph on "Inborn errors of

metabollsm" Garrod, 1909) He was able to c]a551fy a who]e new set of
oug

d1seases thr is hypothes1s -Qf b10chem1ca] 1ndav1dua11ty and human

, T~
‘ chem1cag QGUEtiC° He also predrcted the ex1stence of “Enzyme
‘Def1c1ency D1seases"‘by accurate]y descr1b1ng a number of genetic
metabo]1c dlseases a1b1n1sm a]captonur1a, cystwnur1a and pentosur1a

) A]l co d1t1ons while not Tife threatenlng, represent alternate sources

-of mettbo]ism From h1s observat1ons.on»these diseases he deve]oped
the concept that cerfa1n d1sease4 *of lifelong duration arlse because an
rfenzyme govern1ng a 51ngle metab011c step *p reduced in activity or

' mlss1ng a]together “Garrod’s work was a]most ignored by genet1c1sts

.

for -a generat1on
- The concept mentloned above atta1ned c]ear def1n1t1on in the "one
gene- one enzyme" prrnc1p]e stated by Bead]e (1945) and. has been we]]
o

expressed by Tatum (1959) as fo]]ows .

a.. tA]I blochem1ca1 processes are under genic contro]

b. "These b1ochem1ca1 processe?ijre resolvab]e into series of -

4

‘ 1nd1v1dua1 stepwise neactlons _
c. _Eacn.B1ochecha1 reactlon is under the u]trmate contro] of a
v d1fferent s1ng]e geﬁe . ; 5“4 |



‘ L) ,
d, Mutatlon .of a. s1ng]e gene resu]ts only in an a1teration in the = |

| ab111ty of the cely to carry out a s1ng]e primary chemical " >,
afreact1on, The functional un1t‘of DNA which contro]s‘thenstrn;yﬁre
" ofa Singlenpolypeptide eha{n is fnequentfy ca}]ed'a c%stron~end
- the one QEne-oné enzyme princinle‘hastbeen hedefined.to thé/ine
cist;on-one po]ypeptide concept ¥ A proposed nedification of the
fourth 1tem of Tatum’s statement (Stanbury et-al, 1983{ is:
\ é: 'Mutat1on of 2 structura] gene causes a change in pr)éery structure
of a spec1f1c protein and may also affects the quantlty of a ”.
‘11m1ted numbe: of other proteIns ,,Mut5t1on of a control gene
‘alters the extent of functlon of 6ne or more Structural genes and
»therefore alters {he amonnt of one or more . prote1ns w1%hout i
~ changing their structure Mutat1ons of other types of genes mey
have a var1ety of cenp]ex ‘effects, d1ff1cu1t to c]ass1fy at
present. . ‘ Ty |
. . /o .
> fhe term mglecular disease wes“'htroduced by Pauling et at, (1949)
in their original paper on the ebnghia1 electropharetic behavior of
sick]e—ce]]‘haemog]obin to desbrjhe a disease in’ which a structural
alteration in a macromolecule had led to a spec1f1c funct1ona1 change
which was resnéps1b1e for the dlsease state. - - | ' “
f ' The conseguences of a genet1c a]terat1on 1n qua11ty or quantity of

a protgin will depend on the ro]eﬂporma11y served by that proteln-
(Stanbury et al 1983). The potential consequences. are:

<

Fa11ure'of fbrmation df’aﬁspecific product. In von Gierke d1sease'
a\f:)absence of glucose 6- phosphatase act1v1ty 1eads to hypoglycemia on

fastxng i"»_,mf_'} S



b. Agcumulation of precursgrﬁ_of the .blocked react1on If the'
‘ acc;;ulated metabp]1tes are soluble their concentrat1on in body

;f]UIdS will be ra1sed and the1r excretion in urine 1ncreased ﬂIf

the accumulated metabo]ltes are poorly so]ub]e they may be stored.

The thesauroses gr Storage dnseases fall 1arge1y 1n this category.

Among these are disorders. of 11p1d storage mucopolysaccharidoses .

and. glycogen depos1t1on diseases. , L
c. -QvergrodUction diseases. Attributable to éxcess activity of a
regulatory enzyme. Examp]et:'zj phosphoribosy]pyrophosphate_

synthetase averactivity as§o§iated.with purtne ovgrproduction and

gout.

d. Transport disease ForMAXampITacyst1nur1a, 1m1nog]ycenur1as and

b}

renal g]ycosur1a In thesef,lsorders a spec1f1c membranej

transport prote1n is thOUght to be def1c1ent

\

e. Receptor disorders. Spec1a11zed receptors exist od“ce]]
.membranes, in- cytop]asm and ln nuc]e1, for blnd1ng of many S

b1olog1ca11y act1ve molecu]es pr1or_to the. exh1b1t1on of their Aﬁ]‘

regu]atory funct1ons For examp]e type 2 hyper11poprote1nem1a.

has been shown to be, assocrated with spg’gf1c def1c1ency of the

—
LDL receptors on the cell membrane

ra L]

-The‘tomplexity ofhenzyme deficienay diseases may not be in the
Substrate or product accumu]atlon that causes a problem but in the
'1mp11cat1ons that it can have in ‘the general metabo]1sm Such is the
:sase of pheny]ketonur1a In classic pheny]ketonurla the act1v1ty of
,phenyla]an1ne hydroxylase is almost: tota]ly def1c1ent Phenylalan1ne T A

hydroxy]ase hydroxy]ates pheny]alan1ne to tyros1ne whwch 1s ut1112ed'1n.
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the synthesis of’metanin, epinephrine‘and'thyroxtne' This
hydroxy]atuon is 11m1ted to the k1dneys, 11ver and pancreas in mamma]s . e
C]ass1c pheny]ketdnuraa is inherited as an autosoma] recess1ve trait -
and is w1de]y d1str1buted among caucasian ethn1c groups and orientals.
It is rare.in b]acks Pheny]alanine accumu]at1on in bleod and ur1ne ’

"and,reduced tyrosine formation are divrect consequences of the 1mpa1red
L hydroxy]at1pn . In untreated phenylketonur1a p]asma concentrat1ons of
upheny]a]anlne become suff1c1ent1y high to activate alternate" pathways
of metabo11sm and 1ead to formation of pheny]pyruvate, pheny]acetate,

phenylactate and other der1vat1ves that are rapidly cleared by the

kldney and excreted in urine. P]asma concentrat1ons of several other

~

am1noac1ds are moderate]y reduced, prdbab]y secondary t6 1nh1bition of
gastro1ntest1na1 absorptlon or 1mpa1rment of renal tubular reabsorpt1onv ;
by the excess pheny]a]antne in body fluids. The severe bra1n damage

' oq.erqu in untreated phenkaetonur1a appears to be re]ated to several N
.consequences of pheny]a]anlne accumu]at1on\ depr1vah1on of other '

: am1noac1ds requ1red for protein synthesis, 1mpa1red po]yr1bosome

| formatlon on stab111zat10n Reduced mye11n synthesis and inadequate
formatjon of norep1nephr1ne and seroton1n Phenylalanine, is a

competitive inhibitor of tyros1nase a key enzyme in the pathway of

me]an1n synthesis. This block pJus reduced avai]abi]ity of the melanin y

i precu:;or, tyrosine, ‘accounts for the hypop1gmentat1on of halr and skin
(Petersdorf et al, 1983). . |

‘ In 1ysosoma] storage diseaSes ‘the acfumu1ation ot metabolites

: 8ccurs~in the lysosomes. The name 1ysosomes (Myt:iz bod1es) was g1ven

by de Duve and to-workers in 1955 to a group of cytop]asm1c part1c1es

that conta1n hydrolyt1c enzymes In a fresh]y prepared 11ver



! | e s

. homogenate these enzymes are separated from the surround1ng medium by a .
- membrane of’ 11boprote1n nature that restr1cts their aqsess1b111ty to

externa] substrates (Hers, 1965). Some QO enzymes are now known to be
‘ contﬁﬁned'jn/]ysosomesf They'are all hydrolytic enzymes tnc1oding
| proteases, nuc]eases; glycosid;ses, 1ipases, phospho]1pases,
" phosphatases and sultatases And all are acid hydro]ases, opt1mally

\act1ve near the pH of 5 (A]berts et g_, 1983) - Lysosomes have
o1vers1ty of sha;\es and sizes-and are found in all eucariotic cells. i

\
The‘heterogene1ty Q:tii;;jomal morpho]ogy contrast with the.relative

uniform u]trastructu e all other cel]u]ar organelles This
d1ver51ty reflects the w1de array of dif&erent digestive functxons
' med1ated by acid hydro]ases,.lncludang,the d1gest1on and turnoVer of
»ﬁntra and extra- ce]]ular constituents, programmed ce]l death in" |
embryogenes1s, d1gest1on of phagocytosed micro- organlsmsoaﬁd ce]]
snutr1tlon tcholesterol ass1m11at1on from endocytosed serum 11poprote1n)

(A’Iberts et al, 1983). N L,

In 1963, Hers d1scovered the g]f%ogen deposits of type II g]ycogen

storage ﬁ1sease were not found free in the cytoplasm as in. .other d

g]ycogenoses, but rather ‘were 1oca11zed within. 1ysosomes He defined a'
» 1ysosoma1 def1c1ency d1sease as one in_which: 1) a s1ng]e 1ysosoma1
enzyme is def1c1ent, and. 2) abnormh] depos1ts of substrates 11e w1th1n
‘membrane bounded vesicles. . |
"Hers (1965) made a nUmber of predlct1ons about Inborn. Lysosoma]
D1seases _ .‘ |
3.« As a genera] morpho]oglcal symptom, one shou]d find abnorma]

cellular 1nc1us1ons conS1st1ng in 1arge vatuoles der1ved from the

1ysosoma] s#”tem and therefore, poss1b1y‘show1ng a positive



b.

C.

. :._the4t1me to

" cell, and alsg by thelr 11fespan Short 11ved ce]]s, such as the

An important characteristic of inborn lysosomal diseases is their .

aprogressiviiy.v Patiegts wigz-such diseases‘may appear essentially
v

* -

) ‘ | 6
react1on for ac1d phosphatase TindY by a single membrane, and o
f11]ed with undlgested materia] or residues; the usual forms of |
lysosomes would have d1sappeared but 1ntermed/ary figures between N
them and the vacuo]es might be encountered |

The accumulated mater1a1 could be'chem1ca11y homogeneous and

present the same appearance in all affected cells; but th1s ‘need

not necessar11y be s0, since a swng]e hydrolase may be 1nvo]ved in:

the d1gest10n of numerous substances. If the materia] stored in’

the lysosomes does not appear in b]ood, autophagy is main]y

respons1b1e;for its uptake when the material occurs,in the.

. extracellular env1ronment endocytos1s may also become involved

Like other genetic defects, 1nborn 1ysosoma] d1seases are expected
to extend to a]] the cell types 1n‘¥h1ch theem1ssing enzyme 1s 2

tont¥o11ed by the same,gene However, ° tﬁe man1festat10ns of the -

.............
""""""
..... ————

h N
.'

ccumulate detectab]e amounts of the|mater1a].

r

normal at irth°'they will elop the symptoms of the dlsease ‘
progress1 ely, at‘a rate which erends on the nature and abundance
of the stored materlal.and on its preférential site of .

accumul t1on Type 11 g]ycogenosis, which is usua]ly fatal in



|

’ .
., . . - ‘ . . ’
"

1ess than one year, may not.be typ1ca1 1n this respect, and other f
’d1seases involving the slow, accumu]at1on of a rare mater1a1 ‘may
;requ1re years totmanifest themse]ves clinically. | ¢
e. .The correlatlon between the basic lysosomal a]terat1ons and the
c11n1ca1 man1festat1ons of the d1sease may be dlffwcult to

establlsh ‘Mechan1ca] 1nterference w1th the norma] functionlng of

//r\\the cel] d1srupt1on of the 1ysosoma] membrane or funct1ona1

def1c1ency of the lysosomes are p0551b1e events Whereas many* )
d1fferent cell types may exhibit signs of 1ysosome en]argement T ’
eventua]]y ref]ected in gross’%natom1ca1 changes, such as ‘ '
hepatomega]y or sp]enomegaly, the functwona] symptoms are expected -
.to be specific of- the 51te where the condition first ceases to be
'to]erated. The expansion possib111t1es ofaeach tjssue may be a
p01nt of importance to tggs respect, -

There ex1sts a theoretical bas1s for enzyme replacehent therapy .

~ for d1seases of this type. ~ . o A\'

:.



© 1.2 TREATMENTS
More than a hundred years ago Purdon (1871)- demonstrated the use |
of proteolytic enixge pepstn during a number of surgical prooedures“for
contro1]ing and c]ean1ng abscesges, varicose ulcers and u1cerat1ng
cancers to inh1b1t bacter1a1 growth and other contam1nat1on
By 1960, while enzymes were nét yet 1n any 1mportant wjdespread
'c11n1ca] use, their potent1a] was being 1nvest1gated for the treatment
of a w1de range of enzyme def1c1ency d1seases, as ant1neop1a51c agents

and as a ‘means of. contro111ng enzymat1c act1vat1on of flbran]iS1S 1n

- the treatment and/or control of tromboembo]1c vascu]ar d1sease

i
e

(Poznansky, 1983). - L o : : . ‘
The problems assoc1ated with enzyme. therapy (Poznansky, 1983I are!
a. Introduct1on of exogenous proteins into the c1rculat1on often *
‘ results in their rapid degradation by proteo]ys1s This may: __
necess1tate repeated administration of the enzyme. | |
b.{ The .degree_of purification of the nzyme has to be ) j
bconstdered, ‘The purification of JWufficient quantities, of
enzyme for enzyme rep]aoement t erapy is a serious
. = . N ~ v

11m1tat10n

N

-,The highly immunogenic nature of most enzyme preparations

o

o f ' - . .
: current]y-avai]ablb as tberapeutic agents. Typical enzymes .

~ avdilable in suff1c1ent quant1t1es have .been der1ved from
. -~ .

“bacter1a] or fuhgal sources and resu]ted qn moderate to
severe hypersen51%ﬂv1ty reactions. Lm0

d.. The site of sybétrate accumuTation and hence the ‘route ¢f

'-}adminiﬁkratjoe of enzymes is another drawback to the common )
‘ o . ' ; . | . . .
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‘use of enzyme therapy.; The enzyme must be administered in

) such a way that it has access to the accumulated substrate.

' 4

)
{\

L4

In Pompe s disease, where glycogen accumulates and rema1ns in

f?:;

secondary lysospmes, enzyme rep]acement w111’be effect1ve %nly if the ¢

.

enzyme 1s de]ivered to those lysosomes of ce]]s and t1ssues that are
affected. In this case, hepatocytes and muscle qel]s of the cardiac
and respiratory f\yssues hmst be the\tahget,ce]]s. 'In.Tay-Sachs
disease, where the central nervous system is the more affected tissue

( o
by- substrate accumulation the drug must cross the b]ood brain.barrier.-

“Macromolecular,: drug carrier systems have been developed in an

-~

attempt to altér the ti%sue localization of drugs, spch that the effects
of drugs at desgred sitesuof_actioniahe'enhanqed‘re]ative to effects at

- sites at which drug eftects are unwanted. Macromolecu]ar drug carriersv
have also been applied to. the problems of de11very and bloava11ab1]1ty
in enzyme rep]acement therapy In this case, the carrier may have an

important action in reducing the antigenitity of a heterologous- enzyme
. .. J' - . ( .. .

‘as well as improving delivery of the enzyme to its desired site of

action. A variety of carrier systems have been used in both animal and

\

clinical experiments keg antibodies, albumin, 11poprote1ns, dextrans

and synthet1c macromolecules such as po]yethy]ene glycols and
—

polylysines) (Poznansky and Cle]and,,1980). According to these \

authors, there are certain characteristics which a drug carrier must
possess:

a. The carrier-agent conjugate must retain the agent’s activity

unless the‘complex can be degraded at the site of desired

-

action with the release of the agent in its active form.,



]
b. . The carrier must be without iq rinsic toxicity.

C. The carrieér must be non- immuno'en1c, non-antigenic and should

not adverse]y alter the antwgeh,c1ty of hhe composnd for *

carriage

d. The carrier must be b1odegrad«y
e. The carrier must retain 1
following conjugati ﬁ

The fclﬂowing objectives may be achieved using drug or enzyme

carrier systems (Poznansky and Cleland, 1980):

" a. .Stabj]iiation of sthe drug or enzyme iéljts active form,
thereby retarding normal biodegradation._ .

b.  Improved localization of agent at sites ef desired action.

c. 2 Increased circulation Ha]f time. This %s of part?cu]ar

.Vlmportance for agents whose action 1nvo]ves\\etox1fy1ng or

reducing substrate levels in the plasma. Delayed plasma

~- clearance may also improve bioavailability of.agents having
an extravascu]ar actlon . e

d. Alteration of drug or enzyme solubllrty For example, a

Tipophilic drug or enzyme for parental administration could

be made water soluble by 11nkage with a more hydroph111c

\}rr1er B ’ )

, "N
e. Reduction of immunogenicity "#nd antigenicity of enzymes.

k3
i

/// As mentioned earlier, a wide number of carrier systems have been
S
used ‘in vivo and in vitro including liposomes, antibodies, a]bum1n Tow

dens1ty 11poprote1ns fibrinegen, collagen, dextr;}s,'hormone§,

*

10



synthetic biopolimers, etc. and, of these, a]bUpin seems to be the most

promising one. "

w -

The advantages of albumin as a'drug or enzyme carrier system
(Poznansky, 1985) are:-
a. Albumin is a natural and the most’ abundant plasma proteln ’.
b.  Albomin has a re]at1ve1y long circulation t1me with a ‘

« turnover rate in the order of 30 hours. ;

c. Albumin probably functioné normally as a carrier noﬁzcu1e,,

being responsible for the carriage of fatty acids as we]i as

both steroid and polypeptide hormones in the plasma.
d. Albumin is relatively §table, is inexpensive and readi]y

ava1lab1e and it has a multiple of react1ve sites on which to

attach therapeutic agents

In 1974, Palliot et al (1974) descrlbed some in vitro propert1es
of several so]ub1e, cross linked enzyme polymers. " The main advantage-
of such a procedure is that it immobilizes the enzyme in a soluble
forn, and the prepahatﬂnnnmy have eaeier accessibility to/the
substrate while remaining in the circulatijon. They'deAOnstnated the
covalent binding of an excess-albumin with either hog tiver uricase or
E. coli L-aeparaginase using glutaraldehyde as the cros$‘1inkin§ agent
{to produce a Schiff base\1inkage) to form a soluble polymer wtth

N

1ncreased resistance t//heat and proteolytic denaturation over the l
naked or free enzyme. The{method prov1des a great deal of versat111ty |

.in controlling the s1ze of the comb]ex the ratio of enzyme to inert '* .

y

protein and the ab1]3ty to work with frag1]e systems. > :



Poznansky (1977) contlnued the studies on the enzyme uricase to
examine reswstance to heat at 37"C and pH characterwst1cs of the free
and albumin conJugated forms. These st?d1es shghed that con3ugat1on
1ncreases heat §!ab111ty tat 37°C and by alterlng the PH of the buffer
at the‘cross—llnk1ng step, the pH optimum Was altered from a sharp_peak
at- pH 9.5 for the'naked enzyme to a broad peak between pH 8.0 and 9.6
for the immobitized enzyme. ¢

In 1978, Remy and Poihahsky showed that\polyﬁeric complexes of hog
Tiver ur1case and rabbit a]bum1n were non- 1mmunogen1c in rabbits (they
did not elicit an antibody production) and non- an igenic (antibodies

_against hog Tiver uricase d1d not react with the polymer1c structure)
The contro] showed that the uricase, cross-linked with dog albumin,
elicited an antlbody response in rabbits aga1n§( the po]ymer as a whole
and against the dog a]bum1n but not against th hog liver uricase,
whose antigenic deferminants (it is highly immunogenic «in its native

"form) must therefore have been masked. These have been corroborated in
further stddfes with other enzymes: yeast 0-1-4-ag1ucosidase, human
placenta a-1-4-glucosidase, bovine superoxide dismutase and L-

'aSparadinESe (Poznansky, 1984).‘ |

" The mo]ecu}ar weight of the ‘enzyme-albumin polymers is a fuhction

of the cross—]inking agent used (eg. g]utara]dehyde) and the 1ength of

time the con3ugat1on reaction is allowed to proceed. «-glucosidase-

e

albumin polymer has a molecular weight. between 7.5 x 10° and 8.5 «x lgs

’ \
suggesting that the average molecule of polymer contains approximately

12. molecules of albumin per enzyme molecule) (Poznansky and BhardWaj,

/
[N

.1980) .



The retention of enzyme activity following conjugation for yeast
a-glucosidase was 70% of thevoriginé1 activity and for placenta-a -
glucosidase®was 80 to 85% (Pozhansky and Singh, 1982). Poznansky
, (1979) used uricase-a]bumin polymer to reduce the uric acid levels pf
DalmatiaQ‘coach hounds, a canine breed that suffers chronic
hyperuricemia; observing thaf“thg\fnzyme-albumin complex remained in
the circulation fér approximatély five times longer than equivaﬁ%nt
" amounts of‘the free enzyme (half life of '20 hours opposed to 4 hburs)
and was more effective in Towering plasma uric acid levels. o

\ As mentioned earlier, the net resul} of lysosomal stoxage diseases
is a gross accumulation of secondary‘Tysosomés packed with undegraded
substrate, altering severely the cellular and tissue function. Then,
consideration of enzyme repJacement therapy for these d1seases requires
specif1c dellvery of the enzyme not on]y to spec1f1c tissues and cells
-but to the secondary lysosomes in which substrate accumu]ates In
Pompe’s disease there is hepatosplenomegaly due to accumulation of
‘glycegen in liver §nd spleen. But the critical site of glycogen
accumulation is the cakdiac and reSpiraéory muscle which.is the cause
of cardiorespiratory dysfunction and eventual death.

The problem is to target the enzyme to these muscu]ar.tissues.
" Poznansky and Singh (1982) decided to use insulin.as a targeting agent.
Muscle cells have a very high density of insulin receptors. They
cﬁnjugated insulin to Q-g]ucosidase-a]bﬁ}hin polymer, resulting in an

:60 with an

enzyme-albumin-insulin polymer of molar ratio averaging:1:
avera&e mo]ecu]ar weight of 1.2 x 106. They obta1ned four Vi es of
evidence to indicate that 1nsu]1n is conJugated to the enzyme-albumin

polymer: . . , . ~



Anti-insulin antibodies react with enzyme-albumin-insulin polymers
but not with enzyme~albumin conjugates.'
Enzyme-albumin-insulin conjugates are cleared from the
circulation with a half time of 4 hours as compared to 16
hours for the enzyme-a{bumin complex alone.
Enzymé-a1bumin-in§u]in polymers retain the hypoglycemic
effect of insulin and rough]y’the same glucose lowering
ability‘that an equivalent amounf of free insulin might be
expected to produce.

Enzymz-albumin-insulin conjugates bind preferentially to
vmouse spleen cells and to chick embryonic muscle cells, both

in tissue culture. Pre]ihinary data in vivo indicate that

~ the insulin conjugate targets prefefentia]]y to tissues
bearﬁng high densities of insulin receptors (Poznansky,

1983).
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"1.3 POMPE’S bISEASE' e
In 1932 Pompe in Holland and B1schoff and Putschar 1n Germany,
1ndependent1y descr1bed pat1ents dy1ng in 1nfancy w1th an enormous
enTargement of the heart due to diffuse. dep051t1on of glycogen in th1s_
' qrgan (d1 San’t Agnese et a] '1950). Subsequent]y, th1s cond1tvon was .
1ca11ed card1omega11a glycogen1ca, Pompe s disease_or g]ycogenos1s Type.
. II; as we]l as card1omuscu1ar and general1zed g]ycogenos1s, since

»
g]ycogen deposits were found in various organst - - , Lo

. . a

In51963,‘ﬁérs'foUnd that -a-1-4-glucosidase (acid maltase) was | ey

Eo2Y N

deficignt -in patients with the di§§ase‘ The enzymatic defect .is ~
1nher1ted as an autosoma] recessive trait, and s1bsh1ps with more than
one affected s1b11ng have ‘been reported (Sm1th et a] 1967) |

" Three c]1n1ca1 presentat1ons have been- descr1bed P

9.

~ 1.3.1 INFANTILE FORM: |
Symptoms begin between the second and 51xth month of life but may - :
\e_\SJ

be present from birth.. Vomiting, anorex1a, failure to grow, weakness ¢

¥

~of the muscu]ature, drooling and ]ater cyanosis and dyspnea are the
’most frequent symptomc<and slgns (Stanbpry et a] 19@%3

‘Phys1ca1 findings may 1nc1ude

I

a. Appearance of 1mbec111ty not un11ke that seen in crétinism or
mongo11an idiocy at t1mes en]argement of the tongue oceurs.

b.. - Profound hypoton1a dur1ng the first year of life. -The

" muscles are firm and of normal mass.

C. Enlargemehtiof'the heart can usua]iy ba-detected by .
o~ B o
,percuss1on and pa]pat1on and an ap1ca1 systolic murmur is not k .

e N ’ ?

; '}uncommoh o o B ' N ' \

d. vHepatosp]enomegalyhin some cases. R B : S

F——



Laboratory eXaminations'reveaT:

a. "Festwng Qkpod sugar, ketone concentrat1on g]ucose to]erance,
‘ga]actose toﬂerance glucagon ang epinephine responses are
all norma] ; | '

b. a g]obu]ar cardwac sﬁihguette is a common f1nd1ng 1n

| 'roentgenograph1c examination of therchest.

c. the e1ectrocardiqgram shows the specific changes.of gigantic

’ y QRS complexes in all leads end a shortened P-R interval. |
. : : ‘ .
The centre c1inica1 problém is‘cardiac rai]ure with‘tachycardiaa

and edema. In a.feu cases aé;tn ensues e aspirétion pneumonia and

ro;reSSive weakness of the-nuscles of 25p - tion. Death from bne/orff,// .

another mechan1sm w1th1n the first year is the rule (Stanbury,. 1960

,1983)

| Theeautopsy findings are: |

e.- A massive increase in norma]]y structured g]ycogen 1n most
tfssues Increased g]ycogen concentrations are found in
musc]e, 11ver heart and tongue e

tb, . The. most extensive depoS1twon in the‘central~nervous sjstem

" is in thenmotor nuclei of the brainstem and enterior horn

i ce]ls of “the splnal cord, only slight dep051t10n occurs 1n“
the cortical neurons. g .(i’/ T
c. ‘ A]though there 1s ;ncreased glycogen in the Schawn cells of
. per1phera1 nerves, no dysfunction occurs. |
d. About one fifth of the patients have endocardva;‘tn1cken1ng
~.compatible with a diagnosis of endocardial\fjbroe]astosis

(Stanbury et al, 1983). | .

\



1.3.2 CHILDHOOD-FORH:

‘

The disease appears 1n 1nfancy or early ch11dhood and progresses

4

much more slow]y than the 1nfant1]e form. Crgan 1nvolvement-1s
variable. No patlent has s{:’1ved beyond J9 years.
The fo]]OW1ng signs and symptoms characterwzed th]S form (Sm1th et
-al, 1967) delay of motor deve]opment d1ff1cu1ty to walk, d1ff1cu1ty
in swa]]ow1ng; Tumbar lordosis, winged scapulae and a flattened .toraxic
cage, thin extremJt1es.w1th muscles somewhat atroph1c. The disease
progresses.rapidly:in~the 1a$t years of life, respiration becpmes
mainTy‘dtaphragmatic until death occurs.
- Ndrmal laboratory findings'were: |
a. kaastingzbloodmgugar, glucose to]erance, ga]aetose tolerance, B
response ot g]ucose to epinephrine and glucagon were normal.
2. E]ectrocardlogram and chest X- rays were -normal.
1.3. 3 ADULT FORM:
Pat1ents w1th the adult form do not present organomegaly but are
marked c11n1ca11y by muscuLar weakness m1m1ck1ng other chronic .
myopath1es The biochemical f1nd1ngs are s1m11ar to those found in
- othet forms of the disease (Stanbury, 1983) |

The d1agn051s of Pompe s D1sease is estab11shed by the

‘demonstratlon of an 1ncreased tissue concentration of g?ycogen in
£ ] 4

association with an «-1-4- g]ucos1dase def1c1ency

Attempts to treat Pompe’s D1sease using enzyme rep]acement therapy
‘ has been d1sappo1nt1ng (Hu131ng et al, 1973; de Barsy et al, 1973;
‘ H1111ams and Murray, 1979). -



1.4 -u-1%4*GLUCO$IDASE_(AC§D MALTASE)

bThe nonphosphoro1ytic‘breakdBWn of g1ycogen and maltosyl
o]1gosachar1des in mammalian t1ssues can take place through the .
breaking up of the chalns into fragments several glucose units 1ong or
by 11berat10n of one g]ucose at a time. These glucosidic fragments can
be transferred e1ther to water (hydro]ys1s) or to specific acceptors
(transg]ucosylatlon)(Torres and 01avarr1ﬁl\196r). ’

Hydrolysis of glycogen .in liver and muscle fo give po1y§1ucosidic
}ragments is performed'by u?ahy]ase. Two enzymes 11berate only g]uceze
from the polysachar1de mo]ecule a- g1ucos1dase and amylo 1- 6 a. -
g]ucos1dase wh1ch is act1ve on glycogen limit dextr1ns The ma]tosy]
o]1gosacchar1des can be degraded by a-amylase or, preferentially, by
g]ucos1dase (Torres and Olavarria, 1961)

a-1-4- g]uc051dase sediments dur1ng ce]] fract1onat1on in the

lysosome rich 11ght m1tochondrlal<fract1on (Lejeune, 1963). The:enzyme :

hydrolyses maltose and glycogen into gluqoSe and cata1yses J'f_
vtransglucosylat1on from maltose- to glycogen (LeJeune 1963). The L
1ysosoma1 locat1on of acid maltase was confirmed by density |
equ111brat1on in a density gradient, by its strugture linked latency
end.by its release under controlled damage (Legeune, 1963). ig'has
been suggested-thg%&}he enzyme possesses three binding sites: one.for

maltose and other oligosaccharides, one complicated in .ot

transglucosylation aed the third binds po]ysaccharides such as glyeogen

(Palmer, 1971). Hers (1963) found that a-1-4- g]ucos1dase was absent in

tlssuar'From m Pompe’s disease pat1ents
a- g]uc051dases from different sources have been characterlzed and

a partial Tist is shown in Table 1.4.1.

g
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Km " INHIBITION ‘ - OTHER CHARACfER\STICS
- 6 . - _ - . K N |
5 x 103 M : " Releases glucose from glycogen anc
with maltose .o : sl1gosachar1des
~ ac1d w1th turanose 50% at acid: found to be bound to lysoson
5mM_and 100% & 30 mM - > Lo
4-5 mM maltose (acid) - T acid: “degrades pragtically -all
16 mM .glycogen ' e a-glucosyl—disacharides, glycoger
'+ .8-1.4 maltose“(neutral) : - o-glucosides. Neutral: most spec
" 25 mM glycogen : : , . specific towards maltose. Both. sh
kl : o , sy]transferase act1v1ty Acid: o
: : : Jysosomes; Neutral: in supernatant
1x10°2 M (maltose) inhibited by turanose, activity as a funct1on of temperat
Eg,mg/m] (g1ycogen) .~ erythritol and Tris . at up to 50°C for 15 minutes. M.W.
3.8 mM (maitosé) Maltose tnhibits glycogen Lysosomal enzyme.with 1-4 and 1-6
from .7 mM to 6. 5 mM . hydrolysis; Glycogen Can act”as a transglucosylase. 'M.
(g]ycogen) C inhibitsAma]tose_hydro]ysis to 114,000 with sucrose density‘ce
. ‘ .107, 000 by equ1]1br1um sed1mentat1
Disassociated with guan1d1ne HCL n
. alkaline pH or acylation given a s
constant.of 1.8 S coMpared to nati:
- : +5.7,S. Its suggested enzyme is a1
. - L : + posed of subunits of simitar moleci
, _ o held together by non. covalent -inte
3.7 mM (maltose) " | by more thgn 5 mM of , 0.1 M NaC. stabilized the enzyme ar
2.4 mg/ml (glycogen) maltooligosacharides: by -concentrations -of NaCl increased ti
S e Iodoacé%ateA(for C of the epzyme using maltose and gl
- glycogen) _ | Enzyme exhibits-1-4-glucosidase,
glucosidase and glucoamylase activi
9 . catalizes °the complete conversion c
. ' -to glucose. The suggested acid- a -
. may possess. 3 specific substrate bji
- 1) for maltose and other oligosactg
. ~ plicated in the nucleophilic attack
. .Y glucosyl intermediary complexs 3) b
L . - - Saccharides such as glycogen.
11 mM. (maltose) » by turanose, by specific Absence of 1nh1b1tlon by excess mal
2°g/ml" (glycogen) , antibodies ¢ .
8.9 mM (maltose) , by specific antibodies, .Protein composed 2 subun1ts w1th
9.6 mM (2.5%) for " more effective on glycogen ° and 76,000. Estyﬁfted M.W. 110,000
glycogen : than maltose. ~+ - strate inhibition by maltose up to’
‘ ‘ : ' ! : ‘ ' - siderably higher specific activitie
’ o . ating concentrations of ma]tose\ gl
L - - 3 - _isomaltose. o
5 mM. (maltose). ' " inhibition by cations. - molecular weight of 111,000 daltons.

- .

q- S TABLE 1.4.1
CHARACTERISTICS OF a- GLUCOSIDASES FROM DIFFERENT SOURCES

s

8 mM (glycogen) copper and iron - 7 substrate sinhibition by maltose.



1.5 SCOPE OF THE PRESENT HORK

From the fore901ng discuss1on, 1t is c]ear that an e?fect1ve o
o

enzyme reblacement therapy for Pompe s disease requ1res a- g]ucos1dase'

-

_conjugates conta1n1ng a suitable carrier molecule to stabilize it 7in
circulation and a targeting agent which w111 direct tbe enzyme to the
U‘t1ssues where g]ycogen 1s accumulated. The stud1es so far have shown -
that a]bumln is an 1dea1 carrier and lnsulin is a potent1a1 target1ng

agent. The next wards deve]oplng a successful enzyme

rep]acement therdpy is the man1pulation of the .cross-linking step by
adjusting p“\a ters such as the ratio of dlfferent proteins, pH of the
reaction medium and so on to obta1n a conJugate w1th opt1mum act1v1ty '
‘under in vivo conditions. \Ih1s, in turn, requ1res a character1zat1on

/M

of various conJugates in terms of factors affecting their in vivo

'activity viz.- the pH optimum for a-QlUCosidase activity, the affinity :
for different substrates‘and thermal stahi]tty Thus a prOJect was
undertaken. to prepare a- -glucosidase-albumin and a- g]ucos1dase albumin-
1nsu11n congugates under d1fferent pH cond1t1ons and to assess the -

su1tab1lity of these canugates for enzyme replacement therapy by

measuring their (i) pH opt1mum (11) aff1n1ty (Km) for substrates, and-
(iii) . therma] stability. Enzymes from two non- human sources were a]so

considered to see whether these have any advantages over’ the‘human

enzyme despite the poss1b111ty of- unfavq\{ah}%(%mmunolog1ca1\react1ons.



2. MATERIALS AND Msruons ‘ - / - /
2.7 METHODS |

. ‘ / . |
2.1.1"  Enzyme Assay - g . 0 , v N
; -k Lo \ [} ' ) . .
: : - { Y
-a-glucosidase activity was measured by monitoring the release

'\pﬂ’ of g]dcose frdmfmaltose or.glycogen (Jeffre;iet a]v 1970)‘ The
. enzyme and substrate were mixed in 0.1 M acetate Luffer pH 4 or
,// - 5. 5 dependlng on the enzymes and 1ncubated at 37 C in a shaker
| bath far the redu1red time intervals. The reaction was (
ﬁquenched by placing the tube in a b01l1ng water b/;h for 3
m1nutes and the 91UCOse re]eased was determ1ned by the
‘ hexokinase methdd (Keller, 1965) . ; .
2.1.2 Ana]yt1cg1 methods

a.. Prote1n determ1nat1on

'_Prote1n was determlned by the method.of LoWry
'gL al (1951) To the pfotein sample in a final
L4
T volume of wat&;; add .5 ml Qf 1 N NaOH mix, and’

.
(] . s i

_ then add 5 ml of copper carbaﬂhte reagent
(Sod1ym/‘arbonate 4.0% 25 ml, d1st111ed water
25 ml, CuSOq - 5Hy0 1. 0% 1 ml, Na K tartrate
2.5% 1 ml) and m1x, A]]ow to stand for 10

‘ miautes at room temperature and then ad~ b

of 1N F‘o,h'p r\eégent.lMix eac}‘;f ;ube .
inversion immediately after adding tr - =
‘reageaf. After 3b hinutes reaé VS, a --age !

U
-

blank at 620 nm.



b.

[ 4

A ]

~Determination of dlucose by the hexoquinase

method ' °
Glucose was deterhined by the hexoduinase
‘method (Keller, 1965). One ml of Glucose
(HK)20 reagent (Sigma Chemica]s)swas taken’in a

microcuvete, 100 u1 of the saméie was added and

fread at 340 nm for 5 minutes and the final

‘stable reading was noted. Blank (one ml of
Glucose (HK}20 -reagent + 100 ul of the buffer)

was subtracted and the reading was converted to

ugs glucose us1ng standard curve for g]ucose

Determination of qlucose content of qlycogeh
Glucose content.of glycogen was determined by -

et al (1956). Two

the method of Dubois
[

m1]1111ters of sugar solution conta1n1ng

between 10 and 70 ug of sugar is p1petted 1nto

‘a co]or1metr1c tube and 0.05 ml of 80% pheno]

1s added Mhen 5 ml of concentrated su]fur1c

'ac1d is added rap1d1y, the- stream of aC1d be1ng

_ d1rected against the liquid surface rather than

against the side of the test tube in order to

/
obtair’ a good mixing. The tubes are allowed to

stald 10 minutes, then they are shakea apd’

> placed\for 10 to 20 minutes in a water bath at )

25°C to 30°C, before readings are taken. The
coldr is stable for several hours and readings

'may be made Tater if necessary. The absorbance

22
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( | ¥ 3
of the. character1stic ‘orange ye]\ow color 1s
measured at 490 nm. B%anks are prepared by
substituting distilled water for the sugar

= solutigM. The amount of sugar may then be"
determined by reference to'a standard curve .

’ t v
previously constructed for the“panticu]ar sugar -

under examination. S ~ AT
E parag on of enzyme-albumin polymers .

Polymers .of a- g]ucos1dase and albumln were prepared

accordlng to the meyhod of Poznansky (1983) Typica] 9
reactdion mixture contaihs 2 mg glucosidase.in 1 ml PBS
(0.067 M potassium ppo§pha2e) pH G.é, 29/29 bovine.
serum albumin in 1 ml PBS pH 6.8 and 6 mg PNPG (P-
n1tropheny¢ a -D-glucopyranoside)- for yeast and ’ i

Asgerg1 lys niger¥ a g]ucos1dase or 6 mg maltose for

human piacenta a- g]ucos1dase in 600 ul of PBS pH. 6.8 -
X

and 50 w1 .glutaraldehyde. Enzyme and maltose or PNPG )
14

were h1xed and cob]eJ'to 4 C * To this a]bum1n (coo]ed I

-~

to 4°C) was agded and st1rred Finally 50 1 of

_ glutaraldehydgﬁyas added and allowed to react for 4

3

: |
hours wnth continuous st1rr1ng The mixture was then

d1a1yzed aga1nst pH'6.8 overnight and finally d1a1yzed s x)‘,

aga1nst PBS conta1n1ng 1% é]yc1ne for 24 hours.

~In order to pﬂepare enzyme- a]bum1n 1nsu11n po]ymer, eMzymer-

albumin polymer wags prepared as above except that the second 7
/ ’
d1a1ys\s’Was against 0.067 M sod1um phosphate buffer pH 6.8.

To this, 40 mg of insulin “in 2 ml of °0.067 M'phosphate buffer,
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24,

12 mg of PNPG and 50 w1 of glufhraldehyde were added and

a

st1rred for 3 hours at 4 C and then d1a1yzed against PBS

g

/containing glycine for 24 hours. ‘ P

nkta a-qluchsi
Human placenta a-glycosjdase was purified according to method
ofi De Barsy et al (1972) with some hodifications. ’
P]acentas were stored frozen at 20°C) were thawed then .n(/ )
homogenizea in a Har1ng blender in 2 vo]umes of 1 mM EBTA-25 mM
NaCl (standardupuffer) (pH 5) apd centrifuged at 8, 000 rpm for
30 minutes. 'Supernatant was brought to pH 3.8 to 4 and ) ‘2
centrifuged.a£ 8,000 rpm for 30 minutes. The supernatant was .
co]]ected and protelns were precipitated by add1ng 500 g
amﬁghlum sulfate per 11tre of supernatant. The preparat1on was _l
left in the cold overnlght then centrifuged at 10,000 rpm for |
30 minutes. Precipjtatégyas dissolvéd in the above buffer and
dialyzed against the same bﬁ%fer overnight. Sample was - ~

chromatographed in a- Concanava11n A- Sepharose 48 column (.9 x

15 cm) e]used with mannose 1n standard buffer Act1ve

fractions were pooled concentrated dialyzed ;ﬁg passed .

through a Sephadex G-100 (2.9 x°'100 cm) column e]u@ed with the
same buffer' contairiing 25% maltose, active fractions were

pooled and concentrated.



2‘3 MATERIALS
Yeast;‘a-glucosidase A;Qgrgillug-_;gg_ amyloglucosidase,
bovine serum albumin Fraction V (98 99% albuman, remainder
mostly g]obulin§* PNPG, g]utara]dehyde Grade I, 1nsu11n from v
bov1ne pancreas, maltose, glycogen from rabbit 1Lver Type I,
Glucose hexokinase Assay k1t Concanava11n A- Sepharose 4B,
were obta1ned from Sigma Chem1ca] Co. , St Louis, MO.

'%ephadex G-100 was obta1ne€’5rqm Pharmac1a Fine Chemicals.
Human placentas were obtained ¥rom University of A]berta

A

Hospitals. -

25"



3. RESULTS b
3.1 a-GLUCOSIDASE FROM YEAST

" The activity of a-glucésidase from yeast and conjugates was
investygated using ma]tos? as substrate. The effects of enzymg
conc?ngration and “period of incubation on the activity using maltose as
substrate are shown in Fig 3.1.'.The activity is ]ineir for enzyme
concentration up to 1.5 mg ard for period of {ncubation‘up to 15
, minutes.. The effect of pH on aNtivity is given in Fjg. 3.2. The pH

\

profiles indicnté\That both the mpnomer and albumin conjugat have a pH

'optimum of 6. The substrate satufation curves are given in Fig. 3.3.
The Km for the monomer is 3.28 m and for the albumin conjugate i 2.03
mM. The correspond?ng Linewea r-Burk-plots are shown in Fig. 3.4,

The Km for the monomer is 3.27 mM and for albumin-conjugate is 2.09 mM.
The Km and pH optimum are gifen in Table 3.1: Thermal stability of the
enzyme incubated at 37°C is/shown in Fig. 3.5. The monomer has 0% of

initial activity by 24 hours while the albumin conjugate has 38% of

initial activity by 24 hours. .



FIGURE 3.1

. Effect of enzyme concentration (A) and period of incubation (B) on yeast-a
~g1uqosidase activity with maltose (0.138 M) as substrate in acetate.
buffer'(0.075 M‘pH 5.5). For (A), a period pf incubgtion of 5 minutes and

for’(B), an enzyme concentration of .25 mg/ml weyre used.
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FIGURE 3.2 - |
pH-activity profiles of yeistl %—g]ucosidase (¢) amd yeast- o - .

g]ucosidase-a]bumin éonjugate (+) using maltose (0.046 M).as substrate in
acetate'buffer (0. 75-M pH 3. S to 5.5) or phbsphate buffer (0.055 M, pH 6
to 8) 1ncubated at 37°C for 10 m1nutes, with a .25 and 1.34 mgs prote1n/m1

respect1ve1y
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FIGURE 3.3 |
~ Substrate saturation:pl\:ots“of yeast-!ucosidase.(O) and‘_yeast- o -
g]dcosidase;a15umin.pqlfiﬁ; (+) using maltose as substra;e in acetafe
bufﬁgr'(0.075 M, pH 5.5) incubated.37fc for'lO‘mihuteg with'.zs‘and 1.34

mg protein/ml respectively.
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FIGURE 3.4

Linéweavef—Burk plots for the data givén in Fi‘g. 3.3. Yeast- o-
:Q 5\ ° . .
glugosidase () and yeast- a-glucosidase-albumin polymer (+).
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FIGURE 3.5 ’

'Thermaf stabifity at 37°C of yeast- a -glucosidase () and yeast- a-
giucosidase-a]ﬁumin éo]ymer (+) uSing ha]tbse (0.046 M) as substrate in
acetate buffer (0.083 M,.pH 5.5), ;25 mg/ml of monomer and 1.34 'mg/ml of
polymer were‘incubated at 375C‘and-100 ul. Aliqug}s.were withdraw; at

>

different time intervals and assayed for a-glucosidase activity at 37°C as

~ysual.
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' TABLE 3.1
- - P ' ‘ b {
Km and pH Optima for Different forms of . A
' : yeast- a -glucosidase
Form of Enzyme - . Substrate Km{mM) pH Optimum |
a-gluco§idase monomer * Maltose .22 6
a-glucosidase-albumin - Maltose 2.09 "6
polymer (gH 6.8) * . .
: N = ,

* Monomer means the nétive form of the enzyme. Polymer means enzyme
) conjugated to some other protein, the polymer was prepared at pH
© ' 6.8. ~

37
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3.2 a-GLUCOSIDASE FROM ASPERGILLUS NIGER
The activity of a- gluc051dase from A, nlgg_ and conJugateg\was
investigated using maltose and glycogen as substrates. The effects‘of‘
enzyme éonceﬁffifTah\shdf:ériod of incubation on the activity using
ma]tose as substrate are shown in F1g 3. 6 The act1V1ty is linear for
enzyme ®ncentration up to 0 06 mg and for_ a period of 1ncubat1oh
s(m1n1mum) up to 60'minutes. The effect of pH“on activity is given in
Fig. 3.7. The pH profiles indicate that the monomer has a pH optimum
of ‘4 whi]ehalbumin conjugate (pH 6.8) has a value of 4.5, afbumin
* conjugate (pH 4.5) has a value of 3 and a]buminrinsu1in conjugate has a
value of 3.5. The substrate saturation curves are given in Fig. 3.8. . &
The Km fof the monomer is 0.113 mM, while albumin congugate (pH 6.8) i
has a va]ue of 0.14 mM, albumin conjugate (pH 4.5) hasha valué of 0.135
mM and albumin 1nsu11n conJugate has a value of 0.14 mM. The
torrespond1ng L1neweaver Burk p]ots are shown in Fiqg. 3 9. The Ky for
‘the monomer is 0.108 mM, while algpm1n conjugate (pH 6.8) has a yalue
of 0.147 th, albumin conjugate (pH 4.5) has a value of 0.13 rhM 'am
albumin-insulin. conjugate hqs a value of 0.142 mM.’-Thg Km and 6h;
optimum values are shown in Table 3;2.‘ Thermal sfability is-shown'in/~ _5
- Fig. ; 10. The monomer and a]bum1n conjugate (pH 6. 8) have about 100%‘ .
of initial act1V1ty by 48 hours while the albumin-insulin- conJugate hjs:
27% of the initial ag?§v1ty by 48 hours. "
The effect,s of enzyme cdhcentratipn ;nd the périod of ingubaiion
on the acfivify‘hsing glycogen as substrate arehshown_in Fig. 3.11.
The activity is linear for énzyme concentratjon up to 0.02 ng and for a

period of incubation up to 30 minutes. The effect of pH on activity is

given in Fig. 3.12." The pH profiles ind;Egie that the monomer has a pH



o
/ ; |

optimum of 5, wﬁile a]bumrn conjugated at pH 6.8 has a value of 3.5,
albumin conjugated at pﬂ\4.5 has a value of 4.5 and albumin-insulin
conjugate has a value of 4. The Lineweaver-Burk plots are shown 1n

' Fig. 3.13. ’The Km for the monomer is 0.0109 mM for albumin conJugate
(pH 6.8) is 0.0067 mM, for albumin conJggate (pH A;S) is 0.032 mM and
that albumin-insulin conjugate is 0.006 mM. The Km a" pH optimums dare

. X 14
shown in Table 3.2. The thermal stability of the enZyme preparations

at 37°C 4ssayed using glycogen is shown in Fig. 3.14. The monomer and
albumin conjugate (pH 6.8) have about 100% ofg:;}tifl_igtivity by 48

hours.

39



FIGURE 3.6 ¢

Effect of-enzyme concentration (A)'and period of incubation (B) on

Aspergillus niger- « -glucosidase activity with maltose (0.070 M) in
acetate buffer (0.075 M, pH 4.5). For (A), a period of incubqizz: of 20

minutes and for (B), an enzyme concentration of .0l mg[@] were uved.
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FIGURE 3.7

pH-actiVity profiles for a-glucosidase from A. niger. . Monomer (), a-

g]ucosidase a]bum1n po]ymeRb(pH 6.8) (+), a-glucosidase- a]bum1n
(pH 4. 5) {V) and a- g]ucos1dase a]bumm 1nsuhn polymer (A) using
‘maltose (0. 0031 M) as substrate in g]yc1ne buffer (0. 083 M, pH 2.5 to 3),»1

\a;éﬂ‘te/buffer (0: 083 M, pH 3. 5 to 5.5). and phosphate buffer (0 056 M pH

6 to- 8) and incubated at 37°C for 10 mmutes with 01 .2‘20 //.20 and 234

5 .
R “51

.mg protem/m] respective]y
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FIGURE 3.8 |

Substrate saturation p]o;is of Asggrgiﬁ(:s niger- & —g]uctosidase ' Monomer.
0), a-glucosidase- albumin po]ymer (pH‘G 8)(+), a glucos1dase albumm
po]ymer (pH 4. 5)(A) and a g]ucos1dase a'lbumm insulin polymer(%7) using
maltose as substrate in acetate buffer (0%83 M, pH 4.5) incubated at 37°C
, for 10 minutes with—01;- .220, 220 and .234 mgs proteir’./m‘l 'respectiv‘eTy.

-m’
T
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FIGURE 3.9 | _

F.Linewe‘aver-Burk :‘blots for the_ data g{ven in Fig. 38 A. niger- q- |
g]ugosidasé.(O)-, a—g]uéoﬁsidase-alvbumin (pH 6.8.&+), a-gﬁucosidase- |
albumin polymer (pH 4.5)(V) and u;g]ucosidase:élbumjn-insu‘lin‘ pbl_ymer

(4). | | | |
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FIGURE 3.10 |

Thermal stability at 37°C of Aggeﬁgillu ‘_igg_- u—gluéosidase'(<>),
Asgg g]llus piger-albumin (pH 6. 8)(+) and Aspergillus niger- a1bum1n-
“insulin (13) using maltose (0.0055 M) as substrate in acetate buffer

(0.083 M, pH 4.5)5 .01 mg/ml of monomer, .220 mg/ml of albumin polymer
(pH 6.8) and .234 mg/ml of a]bumfn’iﬁ%uTin—polymer were incubated 37°C and
100 u1 aliquots were withdrawn at different time intervals and assayed for:

a -glucosidase activity at 37°C as usual.
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| FI}URE 3.11 ; : ' Vj

 Effect of quyme concentration (A) and period of 1ncubat10n (B) on

. Aspergillus niger- « glucos1dase activity with glycogen 0.25% as substrate
in acetate‘bqffer (0.075 M). The enzyme stock stolution contained .2
mg/ml. For (A), a period of incubation of 20‘rkn1'nutes and_for (B), an

L d
_enzyme concentrati\oﬁ of .01 mg/ml were used. ’
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FIGURE 3.12

pH-activity profiies for a-glucosidase from Asberqi]]us niger. Monomer

(S), a-glucosidase-albumin ‘polymer (pH 6.8)(+) and (B) a -glucosidase-
albumin (pH 4.5) (<) and a-glucosidase-albumin-insulin polymer(+) using
glycogen 0.11% as sugftrate in glycine buffer (0.083 M, pH 2.5 to 3),
‘acetate baffer (0.083 M, pH 3.5 to 5;5)'and phosphate buffer (0.056 M, pH'
6 to 8) incubated at 37°C for 15 minutes with .0084, .099, .099 and .234 -

‘mgs protein/ml respectively.
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FIGURE 3.13

Lmeweaver Burk plots ofaAsperqﬂm:s mqer a glucqs‘

a-glucosidase-albumin polymer (pH 6.8)(+) and a,-glucos

;gase a?%mb . #

Hnsuhn polymer (V) using g]ycogen as $ubstrate in ace%ate bu’f?’er (0

.234 mgs protein/ml respectlvely g é .

] "
w /s L
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o
B FIGURE 3. 14 »
. Thermal stab1]1ty at 37°C of querg111u _1gg_ a g1ucos1dase (<>) and A. .
-’nlggf-‘x g]uc051dase a]bum1n (pH 6. 8)(+) Gkang g]ycogenvO.ZO%.as substrate
‘in acetate buffer {(0.083 M pH 4.5). 0084 and .099 mg prote1n/m1 - .
- rétbective]y were 1ncubated 37°C and 100 pl a11quots'were w1tﬁﬂrawn at

d1fferent ‘time &ﬁ:;kvals andnassayed for a- g]uc051dase activity at 37°C as

LS

usual.
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o . 0 e
y . TABLE 3.2
, e . N
Km and pH opzzma for different forms of
Aspergillu$ niger- a-glucosidase .

Form of Enzyme Substrate Km(m) ~ pH optimum

a -g]ucq§idase monomer * Maltose .108 ' 4.0
a -glucosidase-albumin " R 5 :
(pH 6.8) polymer * Maltose = .147 4.5 : N
a -g1Ucosidasera1Bumin ////"f"/ _ -
(pH 4.5) polymer * ’gltose , .13 _ 3.0 . ‘ ,
a'~g]uCosidase-a]bumin-///~f/(/ - - | '
insulin polymer - Maltose .142 o, 3.5
a -g]ytosidééé monomer ,G]ycogen7 .0109‘ - 5.0
o -glucosidase-albumin | : -
(pH 6.8) polymer _ ‘Glycogen .0067 3.5
o 491ucosidése-a1bumin _
4 (pH 4.5) polymer Glycogen .032 . 45 - .
a-glucosidase-albumin- . o -
insulin polymer - C " Glycogen ,006 4.0
, . . 4
T

* Monomer means the native form of the enzyme. Po]ymér means -
_..enzyme, conjugated to‘ﬁagg other protein.. The polymers were
o prepared. in buffers o ;1ndicatequH values. ‘ .



3.3 a -GLUCOSIDASE FROM HUMAN PLACENTA |

THe activity of a-glucosidase from human placenta and conjugates
waS>investigated'using ma]tose énd g]ycogen as subsirates. The effect'
of pH onactivity: us1ng ma]tose as substrate is given in F1g 3. 15
The pH prof11es 1nd1cate that the monomer has a. pH opt1mum of 4 and

a]bumtn conjugate (pH 6.8) has a value of 4, wh11e albumin conjugate

(pH 4.5) has a-value of 3 and albumin-insulin conjugate has a value of

4.5. Thé Lineweavék-Burk pjots are shown in Fig. 3.16. These p]of?”
gave Km values of .44,l;66, .66 and .77 mM for.monomer, a]buminh
ép;jugate (pH 6.8),'a1bumﬁn conjugaté (pH 4.5) pnd a1bumin-insu1in

| conjugate respective]y‘ The effect of pH on activity us1ng g]ycogen as
substrate is givep on Fxg 3.17. The pH p oflles 1nd1cate that the
_monomer has a pH optimum of 3. 5, whlle the albumin conJugate (pH 6.8)
"has 3. The’ L1neweaver Burk plots are shown . in Fig. 3. 18 The Km for
‘the monomer is 0. 39 mM, for a]bumtn conjugate (pH 6.8) is 0.065 mM and
fqr a1pumtp conjugate (pH 4. 5) is 0.083 mM "The Km and pH opt1mum

values are shown in Table 3.3.

. 59



FIGURE 3.15 ,

_ pH-activify profiles for a-glucosidase from huhan_p1acenta; ~Monomér (<),

. a 5g]ucosida£e-a1bumin polymer (pH'6.8)(+), a -glucosidase-albumin polymer
(pH 4.5)(A) and k‘x-g]ucosidaSe-a]bumin-insu]fn (wy) us'ing maltose
,(0.0138.M) asfsubstfate‘in glycine buffer (O}OS.M, pH 2.5 to 3)3”atetate
.buffer.(0.0S M, pH 3.5 to 5.5) and phqséafe_buffer (.033 M, éﬂ%%? to 8)
incubated at 37°C for 30 minutes with 0036, .207, .207 and 1530 g

protein/ml respectively.

. [
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- FIGURE 3.16

Lineweaver-Burk plots of human pjacenta- u4g1qcosidase (A) Monomer - (())
and (B)-va-glucosidase-albumin'pblymer (pH 6. 81(+), a- g]ucos1dase- |
‘albhmid poTymer (pH 4. 5)([3)»and a- glucosidase a]bumin insu11n po1ymer
(w) u$ing ma]tose as substrate in acetate buffer (0 O5M, pH 4) incubated-
| at 37°C for 30 minutes with .0036, .26720.207 and .530 mg protein/ml .

respectively.
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FIGURE 3.17 ‘ ’ _

pH-éctivvity profiles for a-g]ucosid;se fromilhuman placenta. Monomer ()
~ and u-gl'ucosidasefélbumin polymer ("+)(pH 6.8) using glycogen 1% a§
substrate in glycine buffer (0.05 M pH‘2 5"to 3), acetate buffer (0.05M,
pH 3.5 to 5.5) and phosphate buffer (pH 6 to 8) 1ncubated at 3&.@& ‘for” 60
minutes with 0018 and 414 mg proteln/ml respectively.
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FIGURE 3.18

Lineweaver—quk plots of human placenta- a -glucosidase. Monomer (&),
a-glucosidase-albumin pb]ymer (pH 6.8)(+) and o-glucosidase-albumin

- polymer (pH 4.5¥(A) using g]ycoggn (1%) as substrate in acetate buffer
(0.05 M, pH 4) incubated at 37°§)for Golminutes yith .0018, .414 and .414

mg brotein/m] respectively.

~
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4 v oy
® ~ TABLE 3.3 ; i;?f

Km and pH optima for different forms of
human placenta- a -glucosidase

.

X Form of Enzyme Substrate Km (mM) H Optimum
a -glucosidase monomer‘ Maltose .44 4.0
@ -glucosidase-albumin : :

(pH 6.8) polymer Maltose .66 4.0

a -glucosidase-albumin

(pH 4.5) polymer Maltose .66 3.0

a -glucosidase-albumin- )

insulin. ) Maltose a7 ‘ 4.5
H.P.- a-glucosidase Glycogen T .39 375
H.ﬁ.-'u-glucosidase- ) > T

albumin (pH 6.8) Glycogen .065. \\ 3.0

H.P.-a -glucosidase- o )
21bumin (pH 4.5) Glycogen .083 . -



". DISCUSSION
a-glucosidases from 3 different sources wefe conjugated with a lé'

molar excess albumin using, g]utaraldehyde as the cross 11nk1ng agent .
The resultant polymers were characterized for pH sensvt1v1ty, Km and
thermal stability using maltose and glycogen as«substrate. The a-
~glucosidase-albumin polymers were further conjzgated to insulin using
glutaraldehyde as a cross-linking agent and characterizea for pH
sensitivity, Km and thétmal stabi]ity; The pH optimum for tHe yeast-u‘
- -glucosidase monomer us'ing maltose as substrate was 6 w1th‘a sharp

» éurve The pH optimum for the albumin conjugate was also 6 and the
:erve was broader than that for the monomer, which could mean that

. conjugation with albumin renders the enzyme more stable to hanges in
PH, probably due to chanees in conformat1on in the active site.
Stab111zat1on @f enzyme act1v1ty after conjugation with albumin hag
bEen repqrted W1th uricase-albumin conjugates (Poznansky, 1977) The ~
Km for the yeast- a- g]ucos1dase monomer using maltose as a subst;ate
was 3. 22 mM while that of the albumin congugate was 2. 09 mM indicating
that the conJugate has more affinity for the substrate than the
monomerlc enzyme. At 37 c, yeast- - glucostdase 1ooses the act1v1ty

/tomblete]v by 24 hours whereas the albumin conJugate has a 38% of
;1n1t1a1 activity by 24 hours. This increase in-thermal stability'for
;enzyme-a1bumin conjugates has been previqus1y feported for Uricase and!
yeast-'a-glucosidase (Pai]]ot‘gt al, 1914; Poznansky, 1977, Poznansky
and Bhardwaj, 1980). The yeast enzyme is not active towards g]ycogené;'
The pH optimum for the A. niger monomer using maltose as substrate was
4, for albumin conjugate (pH 6.8) 4.5, for albumin conjugate (pH 4.5) 3
and for a]bdmin-insu11p conjdgate 3.5. The curves for the three

.
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"conjugateshhave a broader shape compared to that of the monomeric form
which cgqu_mean, as stated earlier, thatvthe enzymé.is more stable
'because of‘the‘COnjuga«‘on with albumin due to conformatjonal changes
in the active site;;Therebwas’an aojdiccshjft for aTbuan conjugate. .
"(pH 4, 5)“and aTbuminiTnSUTin conjugate. This shift to morejacid pHf
'MHTT not affect the performance of the congugates at the TysosomaT pH

ktobt1mum near 5 because the enzyme is more stable in a w1der range of

; pﬁ “The Km for the A. _lgg_ mohomer using maTtose as sugstrate 1s
. 0.108 mM,, for aTbum1n conJugate (pH 4.5) is 0.13 mM for aTbum1n-

[YENY

conJugate (pH 6 .8) is .147 and for albumin- 1nsu11n conJugate is 0 142
X P -
- mM 1nd1tat1ng a sT1ght decrease in aff1n1ty of the. con1ugated forms

\At 37JC‘the monomerjc and_the albumin conJugate (pH. 6 8) forms were
. stab]e_for up'to 48'hours’ Nh1Te the 1nsu11n conjugate has onTy 27% of '
the‘initia] activity, ‘This 1nd1cates that the monomer1c form is
JstabTe ‘conjugation with aTbum1n does not alter its stab111ty and that
. ‘further coﬁJugat10n with 1nsu11n decreases 1ts stab111ty probabTy due
ito conformatlonaT changes in the act1ve s1te of the enzyme dur1ng

- conJugat1on with 1nsu11n
The pH optimam for A niger monomer u51ng glycogen as substrate is

| 5, for the albumin conJugate (pH 6. 8) 1s 3.5 and for aTbumwn conJugate

‘a

(pH 4. 5) 1s 4 5. The curves of both aTbum1n conJugates are broader’

'1nd1cat1pg&that the enzyme 1s«morev tabTe at a wider pH range probab]y

due to conformat1ona1 changes in the act1ve §1te The sh1ft to mogeit
s a

2

' ac1d1c pH does not affect the overaTT performance of\the conJugate

TysosomaT optwmum pH near 5 because of the broaden1ng of the. curves and

’

a more stabTe enzyme at a wlder range of pH.* The PH opt1mum for the

*a]bumwn 1nsu11n conJugate is 4 W1th a smaTT broaden1ng of°the shape of Bs

D%



the curve with the same 1mp11cat1ons stated above The Km for the

monomer, a]bum1n conJugate (pPH 6.8 and4.5) and’ a1bum1n 1nsu11n

“

conJ ate are 0 0109 0 0067 0.032 and 0.006 mM respectxve]y
indicat1ng.an.1ncre;§e of affinity for the substrate=for~a1bum1n
- conjugate (pH 6.8) andlabemin-insu]in:conjugate and a decreasehin
.‘saffinityvin the case of aTbumtn conjugate (PH 4.5). At 37°C, the
monomeric form was stab]e for a_period up to 48 hours,,the same for
album1n conJugate (pH 6.8), wh1ch 1hd1caues that,’heVenzyme is ;;/4' |

o

therma]]y §§Eb1e in its monomer1c form and}lhat %EngSatﬁgn unth .y
Y A v
a1bum1n does not alter this qua11ty o : . e -

The pH optimum US1ng maltose as substrate'for human'p]acenta- a-

g]ug051dase monomer, a]bum1n conJugate (pH 6. 8), aTbumin conJugate (pH

- 4, 5) and a1bum1n 1nsu]1n conJugate are 4, 4, 3 and 4. 5 respect1veJy
D The Km for the monomer is O. 44 mM and those for a]bum1n conJugate
é 8), a]bUm1n onJugate (pH 4. 5) and a1bum1n 1nsu11n are 0. 66 0 66 and

: 0 J7 respectvvglx There seems to be a decrewse in aff1n;ty in the

. :’n: . o B “‘~ .
Emgat%fﬁ?ﬁ& 5w | ¥
\ Q"' The pH opt1mum for human p]acenta a -glucosidase monomer u ing ﬁ;

g]ycogen as substrate was 3.5 and for a]bum1n congugate (pH 6. 8) was
3 0 wh1ch curve seems to be broader than that}of the monomer 1nd1cat1ng

_an 1ncrease in stab111ty of the enzyme when conJugated with a1bum1n

The Km for human p]acenta- a- g]ucos1dase monomer is 0 39 mM while thosé

for aﬂbum1nk\bn3ugate (pH 5. 8 and 4. 5) are 0 065 and 0 083 mM
“‘\' B

respect1ve]y, wh]ch 1nd1cates a marked %ncrease in aff1n1@y¢for °

“,, v

g]ycogen for the album1n conJugates Th1s fact“fsn1mportant because in

A LN —% o .
Pompe’s’ d1sease ‘glycogen’ is the substrate accﬁﬁugatbd N 1‘ e @
. . i ) d"".' Q\.TL- o3 *AL - ‘;‘?’«Sw;.o f v'_ :: : .vy g )

b

Y
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The effect of pH at the time of conjugation on the affinity of o

sg]ucosidases for the;substrates-are as follows: “when ‘conjugated with
vt A N N o N R B }, ) N

albumin at pH 6.8 Asperdjj]us niger-o -glucosidase has a slight o f

decrease in affinity for ma]tose'compared with that for conjugated at
pH 4. 5. When conjugated with‘a1bumin‘at pH'6 8 A. niger- a-glucosidase
has' a h1gher affinity for g]ycogen compared with the conJugate aEﬁpH
'4.5. Human p1acenta- a- g]uc051dase when conJugated at pH 6.8 and 4.5
shows no difference in affinity for maltose but for glycogen the
~conjugate- at ph'6‘8 has a‘s1ight1y bigger affinity ‘The effect of pH
'at the_time of conJugat1on oh the pH optimum of a- g]uc051dase are as
fo]lows when conJugated w1th a]bum1n at pH 6.8, the pH opt1mum of A.
'nlgg_- a g]ucos1dase increases whereas it decreases when conJugated at
pH 4.5 but both broadens théﬁpH act1v1ty curve. Thus, the
dharacter1st1cs of enzyme -albumin and enzyme albumin-insulin cenJugates
can be man1pu]ated by a]ter1ng the pﬂbof the re:%t1on medium for the

'cross 11nk1ng step.

, The stud1es SO far are not suff1c1ent to determ1ne *'e,fherapeut1c
Y.

potent1a1 of these enzyme conjugates. However, some conc]us1ons can e .

+

’wn." For yeast ‘a -glucosidase- albumif ¢ conJugates the enzyme is no

act1ve towards d*ycogen which is a 11m1tat1on for its use in the ‘j .
treatment of Pumpe s dlsease where the accumu]ated substrate 1s K
€ 0

gTycoge n. Howeverjtthe enzyme is a good model for some of the (positﬁve

character1st1cs of enzyme- a1bum1n po]ymers such as 1ncrea5ed stability
7 N
-at a broad range “of pH, increased thermal stab111ty an 1ncreased

a

_affinity for the substrate @maltose) in the enzyme albumin conJugate

Among the a glucos1dase a]bum1n conaugat%s of A 1ge prepared at pH Y

i

6. 8 and 4 5, the. one. prepared at pH 6.8 is*a better polymer f%r o
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rep]acement therapy because of, 1ts flve fo]d increase in affinity for -
g]ycogen though the ]atter one has a pH opt1mum closer to the: 1ysosoma1
pH. o- g]ucos1dase a]bumln 1nsu11n po]ymer also prepared at pH 6.8 [
reta1ns the high affinity but the thermal stab111ty at 37 C is-not as
good as that of the a]bum1n conjugate. But the insulin conjugate has a
h1gher targeting eff1c1ency (Poznansky and Singh, 1984)t There is the .
- poss1b111ty that 1nsu11n may give rise to an unde51rable effect because |
insulin normal]y increases the transport of glucose from b]ood to 1iveg¥W ~
"and musc]es where 1t is largely converted into g]ycogen Th1s, in
turn, is expectedtto 1ncrease the g]ycogen content in Tysosomes.

*

Howe{er, the pre]1m1nary c11n1cah trials in. Sur laboratory have shoWn

.:,"

no marygzﬁixpogtycem1c effects durlng the a- g]ucos1dase a]bumln 1nsul1n

dministration. The human placenta] enzyme also seems to give

-~

polymer }

better 0.0 ymer .when conJugated W1th albumin at pH 6.8. But the
Y

conj -ate with A. niger enzyme nas a 10 fold higher aff1n1ty for
glycogen compared with the human enzyme and a pﬁ@opt1mum s]1ght]y

c]oser to 1ysosoma1 pH ! . "

In add1t1on, A. _lggr enzyme is ea511y ava11ab1e commercia1
form - On the other<hang=_the human enzyme is not comme

' ava1]ab1e and the 1so]at1on of the human enzyme in a reas nab1y pure

.form and requ1red quantities is a 1abor1ous task ,Aence the

’ feas1b111ty of using human enzyme in the near future for rep]acement

’/ﬁhErapy seems to be not good unless the molecular cloning techn1que is -
deve]oped But the maJor'd1sadvantage of the A. _lgg4 enzyme is the

v

poss1b]y 1mmuno]og1c reaction. However A. niger- a-glucosidase- L «é;

. |
albumin conJugates have been shown to have reduced immunogenicity -

(POZnansky,-1984).3’Thus, from these in vitro studies, it is‘abparent :

[N
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that the albumin conjugate of a;gLucosidase from A. niger prepared at

pH 6.8 is the best choice for enzyme replacement therapy in Pompe’s

"disease. .

‘Final]y, it may be mentioned here that fhrther animal experiments
and clinical grials are required to evaluate the potential of these -

enzyme conjugates as therapeutic agents.

\‘\
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