Vﬂlume -4 ], m}m"bm'}: S

. FEBSLEFTPRS

«s:ﬁmm}wz T_mm ma HUMAN WmACETYb&HEXGSAM}N, DASE «

1 BRAEBTM_&N

{ZARRQLL N Dm.:gs and D. EOB]NSON* ; L
@Eah le.z.awﬁ" ﬁoﬂegh ?_mwr‘m?y Qf lso?az?an .Ls, mdbm 3&3 ?ﬂ}a" Emg}aﬂd

L P@EI‘@ ‘r‘@.RU A, W EBER mxd l lﬁ DREYFU:)
" Imsiifet de Paf}m,ﬂgze nfalaculam., Pana, Frgmee .

‘ ‘B, D’VERDEJ Ix mmG J. M ﬂGD{:HWINKEL o
Ji)ﬂ’ﬂtﬁmm vour Mfdz fh, Chzie der R'Uks;mn’gmfezf I.mdm, Tﬁze Nes }vfri’mﬁs

* Received 14 March 1974 -

1. Introdanciion

" Beside: the wmj!m]mé{m N-acelvl ;B-ﬁexmsazaimdass

Aand B :ﬁ?m"}s that deeer widely in human iissues [{]] T

there have from time 1o time been reports of farther .

forms of this énzyme in particudar physiological staim, ,'_'

£.8 the preseme of hexmamlmﬁasa ? n pmgnamy
semm 2. "

Paﬁacﬁar zaftirenimn }ms been paid 1&3 ih:e 'ﬂﬁl’ihfﬁ’ uf

'hﬂxmfammdases in brzin ticsue in 3 Vigw of affecis of -

the genetic hexosaminidase deﬁmenmes in ay Sa::m

“znd Sandhoffs fnseases. Two recent I@pmts 13,41
“have. shawn that a further form, hexosaminidase €

ean be detected in foetal and adult brain and in some .'

_other tizsues by elex:tmp}*orems cn T'B]hﬂﬂbﬁ acetate -

sapports. This form of the enzyme has a moré anodic

ﬁmctmp}mn’eﬁt nichility than ] hexosaminidase A and
is most apparent during earnty hfa, hama nﬁem dﬁﬁ-
: mﬂi to datect in zdult lissues. .

" The present report i$ a ncolla‘boratwe mvestzgaim:n B

"by 'waﬁ-;ers from ﬂ}:ree gr@ups :meresieﬁ in ﬂﬂs

a)x aﬁeaponﬁense m D.. Rn‘bmsnn :,:.._ S

“_: I.Pablis?zzng Compauy Amrverdam o

- Visohmon of 4-methylnmbelliferyl
minide at.a final concentra Dhbf 1 'mM inatotal -~

" yolume of 1 120 ul. After 30 min at 37°C the. -aa::zmn .1—

o was stoppeﬁ by the addition of 2 ml of 0.55 M

SRR d=,hft:).nt? pe mmzs}y adjnsied m‘_.
_ of 0.05 MNaOH. The fluorescence of the Tiberated .

. fﬁulh}" @*“ aenzym@s inan aiiampt 10 esiabhsn smme .
: cha:ramemne of I}ns nEW. 1;-0-:‘:1&.5;7!111@ ﬁb; m, A

‘.2, %ﬂaiena]s anﬁ m&ﬁhﬁaﬂs

_;_a.,] Mzzﬁm&?s

‘Brain znﬂ ﬂﬂ]&l’ hss;es fmm ﬁumm mﬁ:wﬁu&m o
2nd from cases of Tay Sachs dicease were obtzined ai

B post mortem and stored at —20°C umtﬂ *eqmm&ﬁ.

Bomogenates {30%% w/v) were made in. the appropriats

~buffers for {he subsequent treatmett znd centrife; gsd _
““4nan M.SE. 18 IBijgBIﬁifEIﬂ centrifige for 30 min at-
- 15 ODD wpm and 470, the supematani bemg usrezd as h
_ '*he enzyms p:repmahtm ‘ ' SRS

‘_2_ Emz_}’me ﬂESi{}’ o oAtk
Bamples (20 i) were ! Bbamﬂ w;ih a buffarfd N
'—,B-D-f's!—acenﬂgluc@sa :
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Eleefmp};@re.,m R Lo :
tarch-vﬂ ' ec*’m;zshnresu At p}?i 7 '0 a:aﬂ sz_hse- -
'_.quent detaction of enzysnic ac tivity ‘was carried ot
.25 deseribed by Robinson gt 2l I51. Cellogﬂl acatate ‘

‘ electro shoresis was carried oulat pH 6.6'in Ceilogel i

stiips {Chemetron, Milas, Haly) by the me:ho& of

Paenarn and Dreyfus [4] and at pH 5.0 in Sepharose o
M sigips (Geiman Instroments Co., L’SA) “by the Sl

ﬁmd of Honghﬂmnke] et al HE) P

4, Sﬁro;‘ogzcazl methods -

~ Antisera to human liver he} @sammmg’am Aand try ‘

- a m;:e:mra of Itiman liver hexosaminidazes A and B

Yere prepa;ed hy Carroli and Rchinson [6]. Antisera, -

“raised to human plecental hexnsaminidaze A werte -
prepared by Poenan:, Weber and Dreyfus [7]. Any

. rabbit hexosaminidase mm.ffm_g in the antisera was -

- m%hvated by incuba*ion at 357 Cfm 1 hr before any
semlog:cﬂ tesis were carded o%
“aptisers for presipitation of hex: Dsammiﬁaape has beﬁn
fyrewcmly deseribed by Canroli angd Robinsen 167.

2.5, - Jor, 3 ex"k’mge ckmmmmgmphv

‘ Cohunns of Whatman DFAE 22 1cp-exchange
cellulose {W. R Balston 11d.} were equilibraied in

0.01 M sodinm phosphate buffer pH 2.0 before shro-.

maiomphy of tissie supsmatanss in the same buffer.

Fractions wers eluted in 2 szl grﬂ-jwmt rising to 0.5 M

NaC1l in the same buffer. Hexosaminidase B was
, e]uied in 10wl from & 10 em 2 17 em column in this
way and } exmmmmdase A eluted at 44 ml, 34 mi-
from the start of the ‘emergene: of the salt gradient.
Details of the method hawe been pnbhshed pmmr;ms—

Iy [8]
1 -3_. Resuiﬁ;s ‘aanﬂ :ﬁiséliési (m

The most anoﬂu’ band mf hexosaminidase C .cmﬂd
bg demonstrated by all three methods of g]enimp—

:'ihGrrESIS The *Cellogel® methed gave the clearest sepa- B

rai'wns and vras the easisst 1o perform | conmstenﬂy

: ln aﬂﬂxtlon to the A and B fonns, the € form was -
-"seen o be present in normal adult ‘brain =5 well as m
* foetal brain and neonatal splpem "A considarable

-amount of the C form was present in foeis} Tay Sach.' -
1 oram sugg.eshng ﬂh.“l the gnzynmie is unelated to. - ST
f;hexosan*ﬁniﬂas;a A wluch;ls abswm in ih_xs drseasa S

CFEBSIBTTERS . . e

o ‘_ngosamuuéase C is als;o p:esentl
- ..sed amwunts, in the tissues of patiznts with compiete -

i, The tesiing of such

. May 1574

: possibly.in increa- - .

ﬁeﬁc}ency n‘“ hexosantnidases A and B {Sandhoff’s

- disesse). Fig- 1 shows the resulis of a celhslose acetate

- glectrophoresis of ]eukseyies extract i‘xom a ¢hild with

- Bandhoffs disease, his mother and a ndorma? control.
- In this tﬁrpase, hezosaminidase C is the ont; visible -
. - isozyme. The independent nature of C wconnmged by

~ - the action of antisera raised 1o other hexosaminidase

iso-enzymes. When these antisera were added 1o sam- 7
ples containing hexosannmdas\ € and the viher forms -

oniy ﬂﬁe A and B forms were precipitated. The SUpeT-
" naiants from the immunoprecipitation were shown o
 contain the hmosmmmdase_ C originaily present. The

- same resnlts ‘were obtained whether normal brain con-

taining forms A, B and C or Tay Saehs brain with
form B and C were used. , :
Attempis to porify hexosaminidase C hy ion

- exchange chromatography on DEAE celiuloss were

entirely unsuccessful even though the methnd gave
good recovery of the A and B forms from normal

- brain and the B form from Tay Sachs brain. Form C

appears 1o be either denatured or irreversibly bound
to the ion-exchanger under these conditions. The
former explanation is most likely since no enzymic
activity could be detec ted when the column support

. ‘was iricubated with snbstrate after the above separa-

‘tmmm haﬂ been cameﬁ *ﬂl‘l’]

fHexaC., f .
HexA -

- HexB

' Origin

S THE R N

: F.xg 1 Ceik)ge] electrophmems @F ]Bu}: nc:yfte }wxbsammlﬂzse. i
(1) Sandhofl heiemzygcie moiher, 2) Bandhoff :ai'i‘zciﬂd off .

.. -spring ot (1), {3) Normal control. Thesepmhon mempdls s
e :"_ tha.t aofPoenazu and. Drey*'us 14} B L
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-F:g‘, 2. pl—l—:ammiy profile for human hexosaminidase, | I:he
‘effect of variation of pH on iver hexosaminidase B {o) and

bmm hg‘&mﬁmmﬂa’se C (®) prepared by immunoprecipitation
of the other isoenzyimes, was studied as destiibed in The text.

A prepimaﬁuﬁ of hexosaminidase C free of the A
~end B forms and suitable for preéliminary characteri-
sation purposes could be obiained howsver by use of

the above antisera. Thus when a 50% wjv homogenaze ‘

of nmm:al brain tissue was incubated at 4°C for 16t

with 1 suitable amouni of anti-hexosaminidase A and 7

B serum thoss two enzymic forms were almost com-
pletely removed from soiution. After centrifngation

the supernatant appeared 1o contain only hiexosamini.

dase € on slectrophoresis and maintained its activity
and physmaﬂ characteristics for at least 2 weeks aﬁ
;4 o .
- One reason why the presence mf this achvﬁy may

: ‘be cverlooked is that it has 2 dfferent pH optimum. . -

 Other hexosaminidases have been’ fmmﬁ ic have
typical optima of 45 as expected for ysosomal
ENZymes. Hexosammsﬁase C prepared as above hes
optimal activity &t pH 6—7 (fig. 2) in agreement with
- ‘th eailier results of Overdiik [91. 1s contribition to

. the total activity measnyed ot the more usual acid pHs ,

"m'ay be relatively smafl thicugh significant vnder
" natural ¢onditions. Thus when 225 naniis of activity -
* from normal human brain weze treated with'the,
- gbove antisera omly 15,5 units as measured at pH 4, :S

- remmneﬂ in scﬂu hora When fne acﬁvhy of the stag -

FEBS LETTERS

o .tmg matenal waa. assayed at pH 7 JD it »nmmmu
-~ 95 units of which 70 vnits remained aafte;r Tmm
e prempztanam One may. rcalmﬂ*ate that when each
" enzyme is measored at i3 pH merum there
. approximately fhree: times a8 mick hexosaminidase -
A and B Ibgether as there IS hvxs:samxmﬁasn C and zhe

- latter. enzyme no longer 18 insi gmﬁr;%mm, '

S ey 1974

_‘The ofgiz andd function of h&msammzﬂas» Yol

- mauqunss expiana@nn Tt presence is most readily | -
. detected in fcem} and- meenaia] figsne :mﬁ pa_mm- w
 laddy in brain. Since it is pres sent in Tay Sachs brain it -
- may be suggested that it is ineffective in the- hydroly-
- 5is of ganglicside GM. which eaemmulia*es inthat .
- condition. Thixs is not surprising if hmmmm:i‘ase C '

is specific | fox ghicosaminide structurss since the

- terminal sugar of GMsy- has a galactosaminide confi-
‘ gu:raimn, The enzyme may be related.to the early. .
_reports of Frohwein and Gatt [10] of svidence for

~ specific ﬁ-glumsaﬁnmﬂases an d ﬁga!asmsammm’lases
~in calf brein. ’

A enrrept hypoﬂmsus for. the m‘temeiahm_s @f

) hexosaminidases A and B ProposEs o dﬂ'farem 13 a:- ,

1mits; one of them common to otk enzymic m:rms L
and the other being particular 1o the A form [11].
White this hypothesis readily axplam the enzyme
defzet in Tay Sechs diseass (specifie u'm defective}
an? in Sandhoffs diseast (common uniy defective)- it
is difficult 10 incorperate hexosaminidase L. Its dif
ferent pH opimmm, "u?@siraﬁre specificity and i immuno-
Ingical nas-_pnnsa ES 1 pmn m an mdspendem ge:mem:

: @ﬁgm.
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