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ABSTRACT 

Bovine mannosidosis is an inborn lysosomal disease of Angus cattle , 

associate d  with a deficiency of acidic �-mannosidase and a consequent 

disorder in the lysosomal catabol ism of glycoproteins . Affected calves 

characteristically shovl signs of neurological derangement and usually 

die wi thin their firs t year of life . The enzymic defec t causes abnormal 

storage of water-soluble oligosaccharide units within membrane-bound 

vacuoles in various cell-types. Vacuolation is particularly severe in 

neurones of the central nervous system, reticuloendothel ial cells of 

lymph nodes and liver, and exocrine epithelial cells of the pancreas, 

salivary glands and lacrimal glands. Certain cell-types of mesencb;ymal 

origin, including fibroblasts, mesangial cells, smooth muscle fibres ,  

pericytes and capillary endothel ial cells are also affec ted. There is 

evidence that the process of crinophagy may be important in contributing 

glycoprotein substrates to the lysosomal system, at least in the exocrine 

pancreas , while in some tissues vacuoles appear to develop as dilatations 

of Golgi apparatus or smooth endoplasmic reticulum. The more usual 

picture however was that of storage within vacuoles consis tent vli th the 

structure of enlarg8d secondary lysosomes. 

Mannosidosis is inherited as a simple autosomal recessive disease 

and whereas acidic �-mannosidase activity is almost completely absent 

from the tissues and body fluids of affected homozygotes, heterozygous 

individuals possess a partial deficiency of the enzyme . This gene 

dosage relati onship forms the basis of methods for diffel�ntiating 

heterozygotes from normal animals. A test based on plasma �-mannosidase 

activity has been evaluated on over 5 , 000 Angus cattle, and the prevalence 

of heterozygotes was found to be approximately 1 afo. Although plasma 

�-mannosidase activity has been shown to vary between cattle of different 

age and sex, and significant seasonal , be tween-herd and eyen between-mob 



differences were demonstrated, the test i s  suitable for routine use in 

the control of mannosidosis  on a herd bas is . A more s:..phisticated test 

for mannosidosis heterozygotes,  based on a-mannosidase activity in 

lymphocyte extracts has been developed and evaluated ,  and is a useful 

adjunct to the plasma test.  Preliminary investigation of a further 

test, based on enzyme activity in granulocyte extracts ,  has produced 

encouraging results . 

Included in this thesis is an evaluation of an "experiment of 

nature" in enzyme replacement therapy, in which a chimeric mannosidosis 

calf had been endowed with a transplant of lymphocytes from a normal 

c o-twin, due to fused placental blood circulati ons . This lymphocyte 

transplant reduced the severity of lesions in the liver,  lymph nodes ,  

pancreas and lacrimal glands of  the chimeric calf but the vacuolation 

of neurones in its brain was of the same order of severity as that seen 

in positive control calves with mannosidosis ,  and the clinical course 

of  the disease had not been signi ficantly altered .  It i s  concluded 

that enzyme replacement the rapy by infusion of leucocyte s uspensions 

is likely to be most effective in inborn lysosomal diseases with minimal 

neurological involvement. 
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· INTRODUCTION 

Mannosidosis of Angus cattle is an inherited  le thal disease 

charac terized c linically by progressive neurological deterioration of 

affected calves , with failure to thrive and death usually within the 

firs t year of life . Earlier work in this laboratory has shown that the 

disease is caused by an almost complete deficiency of the lysosomal 

enzyme acidic a-mannosidase ,  and that it fulfills the criteria re quired 

for classificati on as an inborn lysosomal disease. Although only a 

decade has elapsed since the concept of inborn lysosomal disease was 

firs t formulate d,  by Hers , at least thirty specific human disorders 

have been classified as such and several analogous or similar dise ases 

have also been described in domes tic animals . These have been reviewed 

in Chapter I whic h  also includes discussion on methods of diagnosis and 

heterozygote detec tion. 

Preliminary investigations by Jolly e t  al . ( 1 973)  revealed that the 

mannos idosis genotype  was common in Angus cattle ,  especially in New 

Zealand, and suggested  that a national control programme would be both 

feasible and desirable . As a consequence, a pilot testing scheme was 

initiated during January of 1 973 .  An analysis of the results of thi s 

scheme is presented in Chapter IV of this thesis . 

Due to t he high gene frequency for mannosidosis in New Zealand, and 

the ready availability of affected calve s ,  this disease is the most 

valuable animal model currently available for research into s imilar 

disorders of man. Large numbers of heterozygous animals are available 

for evaluating various methods of heterozygote detection, and experiments 

in enzyme replacement therapy which would be unacceptable in human 

patients may be attempted on diseased calves . A rare opportuni ty for 

investigating one aspec t  of enzyme replacement therapy was provided 
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during the c ourse of this study by an "experiment of nature '� in which a 

chimeric calf with mannosidosis had received a natural transplant of 

lymphocytes from a normal c o-twin. 

The principal objectives  of this inves tigation were ( i ) to extend 

the pathological description of bovine mannosidosis ; ( ii ) to analyse 

the results of data colle cted  during the pilot heterozygote testing 

s cheme ; and ( iii ) to develop an accurate supplementary te st for 

mannosidosis heterozygotes to support the routine plasma test .  



CHAPTER I 

REVIEW - INBORN LYSOSOMAL DISEASES 

I .  THE CONCEPT OF INBORN LYSOSOMAL DISEASES 

3 

Lysosomes may be defined as cytoplasmic particles consis ting of a 

single lipoprotein membrane enclos ing a varie ty of hydrolases ,  the 

maj ority of which are most active at  an acid pH (Novikoff ,  1973 ) .  They 

are represented in mos t cell-types throughout the animal kingdom but 

show c onsiderable diversity of form and func tion .  Lysosomes form part 

of an intracel lular diges tive sys tem capable of catabolizing both 

exogenous and endogenous macromolecular material , which may enter the 

vacuolar system by vmy of endocytosis , autophagy ( Hers , 1965 ; de Duve 

and Wattiaux , 1 966 ) or crinophagy ( de Duve , 1 969; Hers , 1973 ) . As such  

they are involved in the degradat ion of proteins , mucopolysaccharides , 

glycoproteins , glycolipids and nucleic acids (Touster, 1 973; Vaes , 1973 ) .  

Due to  the diversity of lysos omal form and func tion the terminology 

c oncerning these organelles has been complicated and at  times confusing. 

A simplified differentiation into primary lysosomes , i'lhose enzymes have 

ye t" to partake in di.gestive activi ty, and secondary lysos omes in which 

diges tion is proceeding or has occurred,  is now" preferred ( de Duve and 

Wattiaux , 1 966 ; Novikoff, 1973 ) .  Secondary lysosomes are formed .. Then 

primary lysosomes fuse wi th endocytic or autophagic vaCUOles ,  or with 

secre tary granules in the process of c rinophagy ( de Duve , 1 969 ;  

Farquhar, 1 969 ;  Hers , 1973 ) . Secondary lysosomes containing residual 

undigested  particles are referred to as residual bodies (Novikoff, 1 973 ) . 

Lysosomes are well e quipped" for their catabolic role by possessing 

more than 40 hydrolytic enzymes , capable of degrading a wide varie ty of 
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macromolec ular o rgani c  mater ial ( Barrett, 1 969 ;  Tappel, 1 969 ;  N ovikoff, 

1 97 3 ) .  The genetical ly determined deficiency of j ust ne o f  t he se 

enzymes, o r  of a st ructural lys osomal prote in, may generat e a bl ockage 

at a certain stage of lysosomal d igest ion, the c onsequences o f  i'lhich 

were first predicted by Hers ( 1965 ) .  Hers ' c oncept of inborn lys os omal 

disease may be summari zed as f ol lows: 

(i ) abnormal storage of undi gested mate rial in membrane-bound 

vacuoles derived from the lys os omal system; 

( ii ) the stored material ne ed not be homogene ous as a hydrolase 

may possess a broad substrate -spec i ficity; 

(iii ) manife stat ions of the disease may s how considerable variat i on 

between different cell-types although all cells are presumably 

affected; 

(iv ) the s e  dis e ases are progre s sive in nature; 

(v ) " correlat i ons between t he bas ic lys osomal al tera t ion a."YJ.d the 

c l inical manife stati ons of t he disease may be difficult t o  

e stablish"; 

(V i ) the oret ically these disease s  should be responsive t o  enzyme 

replacement therapy. 

Aft er a decad e  in which our understanding of the biology of inborn 

lysos omal st orage diseases has advanced considerably, the se predicti ons 

of Hers remain e s sent ial ly valid , alt hough suc ce s s  i'Ti t h  enzyme replace­

ment therapy has yet to be acc ompl ished. 

Most mammalian cel ls , with the p oss ib l e  exception of hepatocyt e s  

and renal tubular c e l ls ,  are unable t o  elim inate the c ontent s  of 

s econdary lys osome s or re sidual bodie s  by exocyt o s is ( He rs , 1 965 ; de 

Duve and Watt iaux, 1 966 ; Hers , 1 973 ; Novik off, 1 973 ) .  However, s ome 

molecules with molecular weight s of a round 200 Daltons o r  le s s, s uch as 
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monosaccharides or small peptide s ,  are able to freely traverse lys os omal 

membranes (Lloyd , 1 973 ) . In patients with mucopolysaccharide s torage 

diseases the incomple te degradation of dermatan sulphate and heparan 

sulphate results in fragments ,  some of which are sufficiently small to 

escape from cells and are excre ted in urine (Neufeld et al . ,  1 975 ) . 

Larger fragments , which are unable to pass through the lysosomal membrane , 

are re tained, resul ting in progressive intralysosomal accumulation of 

substrates which would normally be catabolized by the deficient enzyme . 

Not all inborn lysosomal diseases are associated with a comple te 

defic iency of a lysosomal hydrolase . In fact  the residual enzymic 

activity may be as high as 40% of normal . In some cases the enzymic 

defic iency may not be dete c ted by the use of artificial substrates due 

to t he presence of isoenzymes  with similar substrate specificities , but 

whic h  cannot compensate for the deficient enzyme in the c atabolism of 

natural substrates ( Hers , 1 973 ) . 

Although the enzymic deficiency would be expec ted to extend to  all 

cell-types the manifestations of the disease in different ti ssues may 

be influenced by such fac tors as: ( i) the availability of substrate to 

the lysosomes ;  ( ii ) the possibilities of cellular excretion; and ( iii ) 
the rate of turnover of the particular type of cell (Hers and Van Hoof, 

1969 ) • 

A defect in the catabolism of glycosphingolipids such as gangli­

osi de s ,  which are found predominantly within the brain (Ledeen and Yu, 

1973 ) ,will" lead to the accumulation of these compounds in cells of the 

central nervous sys tem. When the defect invohes the catabolism of 

soluble circulating materials ,  or glycolipids of red-cell s troma, e. g. 

globoside, the intra-lysosomal s torage is most severe in cell s  of the 

reticuloendothelial sys tem due t o  their active endocytic propertie s ,  and 

to the ready availability of the substrates. 
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Cells with a short life-span such as intestinal epithelial cells 

are unlikely to have sufficient time to accumulate significant quantities 

of s torage material , while longer living cells such as neurones are 

likely to become severely affec ted if sufficient substrate is  available . 

The effect  of the congestive enl argement of lysosomes on the 

physiology and viability of affec ted cells is  open t o  speculation. 

Disruption of cellular organi zation, compressive damage to other  cellular 

components especially where there is little scope for expans ion, as in 

the brain, and the rupture of enlarged lysosomes into the c ytoplasm 

resulting in autolysis are possible sequelae ( de Duve and Wattiaux , 

1 966 ; Hers and Van Hoof, 1 969 ) .  Death eventually occurs when the 

cumulative d�age to organ sys tems is no longer compatible with the 

performance of essential body functions . 

II. THE GENETICS OF INBORN LYSOSOMAL DISEASES 

Inborn errors of metabolism are usually associated with simple 

anomalies  of s tructural or enzymic prote ins , which may be c aused by 

either s truc tural gene or controller gene mutations (Aebi , 1 967 ) .  

Controller gene mutations cause  an alteration in the rate of synthesis 

of a protein ( e . g. an enzyme ) without affec ting i ts s tructure , whereas 

struc tural gene mutations produce a qualitative rather than quantitative 

effect  by causing the synthesis of an abnormal or defec tive protein 

(Aebi , 1967 ) .  An alteration in the observed level of enzyme activity may 

also arise through a mutation caus ing the synthesis of an enzyme with 

.normal c atalytic ac tivi ty but with reduced s tability, or indirectly by 

altering the s tructure or rate of synthesis of some ac tivator or inhibitor  

of the' enzyme (Harris , 197 1 ) .  The majority of inborn metabolic errors are 
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Dre yfus , 1 969 ) . 
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With the exception of Fabry ' s  di sease and Hunt e r's syndrom e ,  whi ch 

show X-linked re cess ive inheritance , the inborn lys osomal di seases a re 

characte ri zed by an aut osomal rec e s s ive method of inheritance (Kaback 

and Howe l l ,  1 973 ) . C l i nical expre ss ion of t he disease t he refore only 

occur s  in indiv iduals hom ozygous for the mutant gene . Hete rozygous 

carri ers possess both t he mut ant gene and it s norm al all el e , and whil e  

the y  usual ly appear phenotypically normal the i r  tissues general ly p o s s e s s  

inte rmedi ate activities of the speci fic enzym e ,  b etween those of t he 

affected and normal ho�ozygotes ( Aebi , 1 967 ) . A s im ple gene dosage 

relat i onship often app l ies , with a s ingle norm al allele in het erozygotes 

leading to the form ation of approx imately 50% of t he enzyme formed by 

norm al individuals posse s s ing two normal alle l e s  ( Harris , 1 971 ) . The 

gene dosage phenom enon is particularly important as the basis of hete ro­

zygote detect ion m ethods for many inborn lys o s om al diseas e s .  

I n  spite of a part ial deficiency of the speci fic lys osomal enzym e 

i n  heterozygotes ,  clinic al s i gns of diseas e are s e ldom e xhibited, 

suggesting t hat enzym es are present in excess of functi onal requirem e nt s  

i n  normal individuals ( Harri s , 1 971 ; Rosenberg, 1 974) . 

Acc o rding t o  the Hardy-We inberg Law of p opulation geneti c s  which 

assum es random mat ing, and t he absence of s election ,  migrati on or m uta­

t ion , the compos iti on o f  t he gene pool wi ll remain unchange d  from one 

gene rat i on to the next . In m ost inborn lys osom al d iseases an affect e d  

individual wi ll not survive to breeding age , thereby creatL�g a select ion 

p re ssure against the de fective gene .  As the frequency o f  new mutat ions 

is like ly t o  be minimal , t he gene-frequenc y f o r  the s e dis eas e s  shoul d  

the o retically remain l ow .  In the Angus catt l e  population o f  New Zealand 

the inci dence of heterozygot es for the mannosidosis genotype i s  approxi-
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mately 1 0% (Jolly e t  al . ,  1 973 , 1 974 and unpublished data ) , far higher 

than would be expected for an inherited le thal disease .  A similar 

si tua ti on exis ts wi th the T"aY-Sach' s disease gEmo type in Ashkenazi Jews , 

where in North America the heterozygote frequency has been shown t o  be 

4. 2% (Kaback et al . ,  1 974 ) . The high gene-frequency for both diseases 

s trongly implies that the heterozygous state has had a selective advantage 

over normal homozygotes  and has more than compensated for the loss of 

defective genes through the inability of homozygous recessive individuals 

to reproduce.  

The classical example of a disease showing heterozygote advantage 

is sickle-cell anaemia, where affected individuals are homozygous for 

gene coding for an abnormal haemoglobin molecule (Bb S ) , which differs 

from normal human haemoglobin (Bb A) by a single amino acid substitution 

(Harris ,  1 971; Lehmann and Huntsman, 1 972 ) . The trait i s  carried by 

approximately 20% of Negroes over much of Wes t Africa (Allis on, 1 964 ) 
and by 8% of American Negroes ( Rucknagel and Arber, 1 974 ) , even though 

affecte d  homozygotes have a low life-expec tancy (Allison , 1 964) . 

Heterozygotes for the sickle-cell genotype have been shown to enj oy a 

24% greater resis tance to falciparum malaria than normal , providing 

them wi th a survival and reproductive advantage over other members of 

their p opulation and thereby increasing the gene-frequency for this 

anomaly ( Allison, 1 964; Rucknagel and Arber, 1 974) . Recent evidence  

has suggested a possible association between hete rozygosity for Tay-

Sach's disease and an increased resis tance to  tuberculosis (Myrianthopoulos 

and Aronson , 1 972 ) . Tuberculosis was prevalent throughout north-eas tern 

Europe during the 1 9 th and early 20th centuries , and it  is conceivable 

that an increased resistance to this disease could have provided Tay­

Sach's heterozygotes with a sufficient survival and reproductive advantage 

to significantly increase the frequency of the Tay-Sach ' s  genotype . N o  
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evidence for the exis tence of a selec tive advantage for heterozygote s  

o f  the mannos idosis genotype in Angus cattle has been established. I t  

i s  considered more l ikely that certain heterozygous sires may have had 

a disproportionate influence on the genetic s tructure of the Angus breed 

in this country . 

III.  SPECIFIC INBORN LYSOSOMAL DISEASES 

Many inborn lysosomal diseases have a number of clinical features 

in c ommon, and the intracellular accumulation of similar compounds may 

develop from different primary anomalies ( Hers and Van Hoof,  1 969 ) . It 

is desirable therefore , that the classificati on of these diseas es should 

be based on the specific enzymic defec t in addition to the nature of the 

s tored material . Two other me thods of classification are currently in 

use - the eponymic and the descriptive . The eponymic sys tem ,  where a 

disease carries the name of i ts "founder" is  of limited value , but the 

descriptive method is useful in describing the characteristics of a 

disease prior t o  the es tablishment of the biochemical anomalie s .  

Approximately thirty diseases have been described as inborn 

lysosomal disorders , and the associated enzymic defect has been e s tab­

lished  in most cases ( Hers, 1 973 ; Neufeld et al . ,  1 975 ) . 

Although relatively less is known about such diseases in domestic  

animals , some may be  of economic importance and their potential value 

as models for research  into similar human disorders , especially in the 

field of enzyme replacement therapy, has led to considerable interest .  

Jolly and Blakemore ( 1 973 ) reviewed and c ompared inherited lysosomal 

s torage diseases of domes tic animals with those of humans . A summary 

of  the inborn lysosomal disorders of man and domestic animals is  

presented in Table 1 . 1. The method of classification is based on that 

Vf Neufeld e t  al . ( 1 975 ) . Heterogeneity of  the stored materials has 

4_-" -



Disorder 

MUCOPOLYSACCHARlDOSES (MPS) 

Hurler Syndrome (MPS I) 

Hunter Syndrome (MPS II) 

Sanfilippo Syndrome (MPS III) 

Subtype A 

Subtype B 

folorquio Syndrome (MPS IV) 

Scheie Syndrome (MPS V) 

Maroteaux-Lamy Syndrome (MPS VI) 

�-Glucuronidase deficiency 
mucopolysaccharidosis 

TABLE 1.1 

SUMMARY OF' INBORN LYSOSOMAL DISEASES OF l� AND DOMESTIC ANIMALS 

Enzymic Defect 

a.-1.-iduronidase 

iduronate sulphatase 

heparan N-sulphatase 

N-acetyl-a.-glucosaminidase 

u ncertain 

a.-1.-iduronidase 

arylsulpha tase B 

f3 -glucuronidase 

stored Material 

dermatan sulphate 
heparan sulpl'lB. te 

dermatan sulphate 
heparan sulphate 

heparan sulphate 

heparan sulphate 

keratan sulphate 

derma tan sulphate 
heparan sulphate 

dermatan sulphate 

chondroitin sulphate 

Species 
Affected 

man 

man 

man 

man 

man 

man 

man 

man 

Key References 

Bach �. ( 1972) 

Bach et al. ( 1973) 

Van Hoof (1973a) 

Neufeld and Cantz (1973) 

Van Hoof (1973a) 
Neufeld et al. (1975) 

Bach et al. (1972) 

Stumpf et·al. (1973) 
Van Hoor-T1973a) 
Neufeld et al. (1975) 

Sly et al. (1973) 
Hall et al. (1973) 

Contd. 

o 



Disorder Enzymic Defect 

SPHINGOLIPlDOS ES 

GM1-gangliosidosis (Types I and II) �-galactosidase 

Gr-r2-g-a.ngliosidosiS 

Type I (Tay-Sach's disease) 

Type II (Sandhoff's disease) 

Type III (Juvenile GM2-
ganglios idosis) 

Fabry's disease 

Lactosylceramidosis 

Gaucher's disease 
(Infantile, juvenile and 
adul t forms) 

Metachromatic leucodystrophy 

Globoid cell leucodystrophy 
(Krabbe's disease) 

Niemarul-Pick disease 

Farber's disease 

hexosaminidase A 

hexosaminidase A and B 

hexosaminidase A 

�-galactosidase 

lactosylceramide 
�-galactosidase 

�-glucosidase 

arylsulphatase A 

galactosylceramide 
� -galac tosidase 

sphingomyelinase 

cera.I:lidase 

TABLE 1.1 (Contd.) 

stored Material 

GM1-ganglioside, 
glycoprotein fragments 

GM2-ganglioside 

GM2-ganglioside, 
globoside 

GM2-ganglioside 

trihexosylceramide 

lactosylceramide 

gJucosylceramide 

sulpha tide 

galactosylceramide 

sphingomyeli.>:J. 

ceramide 

Species 
Affected 

man 

cat 

ox 

man 

man 

man 
dog 

man 

man 

man 

pig 
sheep 
dog 

man 

man 

dog 

cat 

man 

cat 

man 

Key References 

O'Brien et ale (1971) 
Van Hoof--m7"3c) 
Baker and Lindsey (1971) 
Blakemore (1 972) 
Farrell et ale (1973) 
Donnelly et ale (1973a and b) 
Cheetham et ale (1974) 

0' Brien et al. (1971) 

O'Brien et ale (1971) 
Sandhoff and Harzer (1973) 

O'Brien et ale (1971) 
Karbe and Scheifer (1967) 
Karbe (1973), McGrath et ale (1968) 

Brady (1974), Kint (1970) 

Dawson and Stein (1971) 

Brady (1966, 1974) 
Brady and King (1973a) 
Sandison and Anderson (1970) 
LaviS and Saal (1 968) 
Hartley and Blakemore (1973a) 

Austin et ale (1964), Austin (1973a) 
Ne.,elt et al. (1972) 

Austin et ale (1968) 
Suzuki et ale (1971, 1972) 
F letcher et ale (1966) 
Fankhause�al. (1963) 
Zaki and Kay (1973) 
Jolmson (1970) 

Brady (1966, 1974) 
Brady and King (1973b) 
Chrisp et ale (1970) 
Percy and Jortner (1971) 

Neufeld et ale (1975) 
Contd. 



Disorder Enzymic Defec t 

GLYCOPROTEINOSES 

Mannosidosis a.-mannosidase 

Fucosidosis a.-L-fucosidase 

Aspartylglycosaminuria amidase 

OTHER DISORDERS WITH SINGLE ENZYME DEFECT 

Pompe's disease (T�e II glycogen 
storage disease ) 

Wolman's disease 

Lysosomal acid-phosphatase 
deficiency 

MULTI PLE ENZYME DEFECTS 

Multiple sulphatase deficiency 
( Mucosulphatidosis ) 

I-cell disease and pseudo-Hurler 
polyolystrophy 
( r1ucol i p idos is II and II I ) 

a.-glucosidase 

acid-lipase 

acid-phosphatase 

arylsulphatase A, B, 0; 
steroid sulphatases; 
iduronate sulphatase; 
heparan N-sulphatase 

most lysosomal enzymes 
deficient L� cultured 
fibroblasts but present 
extracellularly 

TABLE 1.1 (Contd. ) 

Stored Material 

glycoprotein fragments 

glycoprotein fragments 
glycolipid 

aspartyl-2-deoxy-2-
acetamido glucosylamine 

glycogen 

cholesterol esters, 
triglyceride 

phosphate esters 

sulpha tide, 
steroid sulphate, 
mucopolysaccharide 

mucopolysaccharide and 
glycolipids 

Species 
Affected 

man 
ox 

man 

man 

man 
sheep 
dog 
cat 
ox 

man 

man 

man 

man 

Key References 

Ockerman ( 1967, 1969
� 

1973) 
Hocking et al. ( 1972) 
Jolly (1971T 
Jolly et al. ( 1973 ) 

Dawson and Spranger ( 1971 ) 
Van Hoof (1 973b ) 

Jenner and Pollitt ( 1967 ) 
Palo et al. ( 1971, 1972 ) 

Hers ( 1965 ) 
Manktelo .. r and Hartley ( 1975 ) 
Mostafa ( 1970 ) 
Sandstrom et al. ( 1969 ) 
Richards (unpublished data ) 

Patrick and Lake ( 1969. 1973) 
Sloan and Fredrickson ( 1972 ) 

Nadler and Egan ( 1970 ) 

Austin ( 1973b ) 
Van Hoof (1973a) 

Leroy et al. ( 1971 ) 
Weismann et al. ( 1971 ) 
Hickman and Neufeld ( 1972 ) 
Thomas et al. ( 1973 ) 

Contd. 



Disurders Enzymic Defect 

SUSPECTED LYSOSOMAL DISORDERS OF UNKNOvill AETIOLOGY 

MucolipidosiS I 

Chediak Higashi Syndrome 

Wobbler disease of mink 

Cystinosis 

Storage of uncharacterized 
lipid: 

Neuronal lipidodystrophy 

unknown 

unknown 

unknown 

unknown 

unknown 

Cerebrospinal lipidodystrophy unknown 

Neuronal lipidosis unknown 

Visceral histiocytosis with 
��pid storage unknown 

Neurovisceral cytoplasmic 
storage d�sease unknown 

TABLE 1.1 (Contd.) 

stored Material 

unknown 

lipofuscin-like pigment 

lipofuscin-like pigment 

cystine 

lipid 

lipid 

lipid 

lipid 

unknown 

Species 
Affected 

man 

man 

ox 
mink 

mink 

man 

ox 

pig 

dog 

pig 
ox 

goat 

Key References 

Van Hoof (1973a) 

Whi te (1966) 
Padgett (1968) 
Padgett (1968) 
Sung and Okada (1971) 

Padgett (1968) 
Hirano et al. (1971) 

Seegmiller (1973) 

Read and Bridges (1969) 

Read and Bridges (1968 ) 

Ribelin and Kinter (1956) 

Sandison and _�derson (1970). 
Payne et al. (1963) 

Hartley and Blakemore (1973b) 
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often led to confusion regarding the classification of certain diseases . 

Fucosidos is for example is charac terized by the s torage of glycolipids 

and heterosaccharides from glycoproteins (Van Hoof, 1 973b ), and has been 

variously c lassified as a mucolipidosis (Raivio and Seegmiller, 1 972) , a 

sphingolipidosis (Brady, 1 974 ) and as a disorder of glycoprotein 

me tabolism (Neufeld e t  al . ,  1 975 ) .  Similarly, in the GM1 -gangliosidoses 

certain glycoprotein fragments are s tored in visceral tissues in additi on 

to the storage of GM1 -ganglioside in the brain and viscera (O'Brien 

e t  al. , 1 971 ; Van Hoof, 1 973c ; Wolfe et al . ,  1 974) . An inborn lysosomal 

disease is usually c lass ified according to the nature of the most 

abundant s torage compound . 

1 • Mucopolysaccharidoses and mucolipidoses 

The mucopolysaccharidoses are inborn lysosomal disorders charac­

teri zed by an excessi7e accumulation of mucopolysaccharides and glyco-

lipids in various tissues, and the excre tion of mucopolysaccharides  in 

urine (Van Hoof and Hers, 1 972 ; Van Hoof, 1 973aj Neufeld ,  1 974 ) . 

Clinical features include moderate dwarfism wi th shortening and 

thickening of long bones , bone deformities of the head, cardiovascular 

disease and varying degrees of mental retardation (Van Hoof, 1 973aj 

Dekaban.and Constantopoulos, 1 973 ) .  Although relatively common among 

the human lysosomal disorders, the heterogeneity of the stored materials 

and a poor unders tanding of the biochemistry of dermatan sulphate and 

heparan sulphate did not facilitate the early identification of the 

missing enzymes in these  diseases . With the exception of Morquio 

syndrome the enzymic defects of mos t mucopolysaccharidoses have only 

recently been es tablished (Van Hoof, 1 973a; Neufeld et al . ,  1 975 ) . 

Dermatan sulphate and heparan sulphate are the predominant mucopoly­

saccharj1es found in the urine of patients with  the Hurler, Hunter,  

Sanfilippo, Scheie and Maroteaux-Lamy syndromes, while keratan sulpha te 
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is found in the urine of patients with Morquio syndrome ( Van Hoof, 

1 973a ) . A syndrome in which the urinary excretion of chondroitin 

sulphate is a feature has also been described (Philippart and Sugarman, 

1 969 ; Thompson e t  al . ,  1 971 ; Benson et  al . ,  1 972 ; Sly et  al . ,  1 973 ) . 

Brachycephalic or "snorterl l dwarfism in cattle was suggested as 

being analogous to the human Hurler syndrome by Lorinc z ( 1 960, 1 96 1 ) , 

Koge r  e t  al . ( 1 960 ) and McIlwaine and Evele th ( 1 962 ) , who reported 

increased urinary excretion of acid mucopolysaccharides in these cattle . 

This suggestion was refuted by Mayes et  al . ( 1 964) who were unable to  ---

de tec t any abnormal excretion of muc opolysaccharides in dwarf cattle . 

In a recent report Hurst et  al . ( 1 975 ) described a 30-fold increase in 

the level of chondroitin-4-sulphate in the urine of IIsnorterll dwarf cattle , 

and suggested a similari ty be tween this condi tion and the human muc opoly­

saccha ridoses charac terized by excessive urinary excretion of chondroitin 

sulphate .  Hurst e t  al . do  not appear to  have considered the influence 

of  age on mucopolysacc hariduria as did Mayes et  al . ,  and the valid ity of 

their report mus t therefore be regarded with caution. 

The catabolism of dermatan sulphate and heparan sulphate ,  the 

princ ipal storage compounds in the mucopolysaccharidoses, is shown 

schematically in Figure 1 . 1 with the enzyme reactions and associated 

disorders lis ted (Neufeld  et  al . ,  1 975 ) . The catabolism of chondroitin 

sulphate is shown in Figure 1 . 2 (Muir, 1 973 ) . 

The mucolipidoses bear a close clinical resemblance to  the muc o-

polysaccharidoses , although the excreti on of muc opolysaccharides in 

urine is not greatly elevated ( Van Hoof, 1 973a ) . Mucolipidos is Type I 

is poorly unders tood and the nature of the enzymic anomaly is not known. 

Cultured skin fibroblasts from patients ,'lith muc olipidos is T�rpe II 

( I-cell disease ) and Type III  ( pseud.o-Hurler polydys trophy) are deficient . 
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D E R MATAN SU LPHATE 

2 4 5 
L-ldUA ----· Ga I NAc --- GlcUA ---- GaI NAc ---- etc. 

� � p 

3 

HEPA RAN SU LPHATE 

2 8 5 9 
L-l dUA ---- GlcN ---- G lcUA -�- GlcNAc --- etc. 

C( C( P C( 

6 

Enzyme i nvolved 

iduronate su lphatase 

C( - L- iduronidase 

N-acety lgalactosam ine sulphatase 

N-acety l- f3-galactosamin idase 

� -glucuronidase 

heparan N-su I phatase 

N-actylglucosamine su lphatase 

N-acetyl-glucosamin idase 

Key: L-ldUa - iduronic acid 

Gal NAc - N-acetylga lactosamine 

GlcNAc - N-acety lglucosamine 

GlcUA - glucuronic acid 

GlcN glucosamine  

7 

Associated d isorder 

Hunter syndrome 

Hurler and Scheie syndromes 

Maroteaux-Lamy synd rome 

Sanf i l ippo syndrome (Type A) 

Sanfil ippo syndrome (Type B)  

Figure 1 .1 Catabol ism of heparan sulphate and dermatan sulphate by lysosomal enzymes. 
The enzyme i nvolved with each reaction, and the disorder associated with its 
deficiency are listed. 



Chondroitin sulphate polymer 

GA -- Ga I NAc -- GA -- Ga I N Ac -- GA -- Ga I N Ac 

I I I 
S04 S04 S04 

(example of a chondroit in  

su lphate ol igosaccharide) 

GA + Ga I N Ac -- GA -- Ga I N Ac -- GA -- GaI NAc 

I 
. 

I I 
S04 S04 S04 

1 ,u lph",,, 

inorganic sulphate + GaI N Ac -- GA -- Ga I N Ac -- GA-- Gal NAc 

I I 

N-acetylgalactosamine + GA -- Ga I N Ac -- GA -- Ga I N Ac 

Figure 1 .2 

I I 

Key: Gal NAc _ N-acetylgalactosamine 

GA glucuron ic acid 

Catabolism of chondroitin: sulphate by lysosomal enzymes. Deficiency of 
{3-glucuroni dase  has been l inked with a mucopolysaccharide storage disease 
in which there was excessive urinary excretion of chondroitin I sulphate 
(Sly et al., 1 973) 
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in s everal lysosomal hydrolases , although these enzymes are present in 

the surrounding medium (Weismann et  al . ,  1 97 1 ; Leroy et al. , 1 97 1 ; 

Hickman and Neufeld, 1 972 ; Thomas et  al . ,  1 973 ) . Weismann e t  al. 

postulated that the multiple lysosomal enzyme deficiency in I-cell 

diseas e  was due to  a defective lysosomal membrane allowing increased 

leakage of enzymes from fibroblasts.  This hypothesis was refuted by 

Hickman and Neufeld  who f ound that cultured skin fibroblas ts from 

patients with I-cell disease were able t o  retain ingested enzymes j us t  

a s  efficiently as cells of other genotypes .  But cells from patients 

with vari ous mucopolysaccharidoses were able to take up enzymes derived 

from I -cells only one-fifth to one-tenth as efficiently as enzymes 

derived from normal cells.  This discovery led Hickman and Neufeld to 

sugges t  that the packaging of lysosomal enzymes required the ir secretion 

followed by specific recognition and uptake , and that the basic defect 

in I-cell disease was an alteration in the recognition site on hydrolases. 

An alternative , and more plausible hypothesis was presented by Ellis 

et al .  ( 1 975 ) . These authors produced evidence to sugges t  that for 

several acid hydrolases there is a c ommon bi osynthetic reaction leading 

to the produc tion of isoenzymes destined for incorporati on into primary 

lysos omes rather than secre tion by the cel l .  They sugges ted that the 

enzyme catalysing this reaction is deficient in patients with I-cell 

disease ,  whereas the syn thesis of precursor and secreted isoenzymes is 

unaffected.  

Another multiple-enzyme deficiency disease with certain character­

istics in c ommon with the muc opolysaccharidoses is mucosulphatidosis , or  

multiple sulphatase deficiency, in  which the three isoenzymes of  aryl­

sulphatase ( A,  B and C ) are deficient (Van Hoof , 1 973a ;  Aus tin ,  1 973b ) . 

Diseases associated wi th mul tiple lysosomal enzyme deficiencies havr 

yet to  be diagnosed in domes tic animals .  
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The sphingolipidoses are the mos t comprehensively doc umented group 

of  lysos omal s torage diseases in human medicine , with the enzymic defec t  

having been established in each case (Raivio and Seegmiller, 1 972 ; Hers , 

1 973 ; Brady, 1 974; Neufeld et al . ,  1 975 ) . Our knowledge of these 

diseases in domestic animals hOlvever is less complete , and where the 

missing enzyme is not known, classification is based on histological 

features and the nature of the s tored substance . 

Sphingolipids are s truc tural compounds , l ocated primarily within 

membranous elements of mos t mammalian cell-types and catabolized 

princ ipally by lys osomal enzymes ( Brady, 1 974; Ledeen and Yu, 1 973 ) . 

Ce rtain glycosphingolipids ( e . g . cerebroside s ,  sulphatides and gangli­

osides ) are present in unusually high concentrations in the brain, while 

globoside is an important glycolipid of leucocytes and erythrocytes 

(Raivio and Seegmiller, 1 972 ; Ledeen and Yu, 1 973 ) . The metabolism of 

these compounds is illustrated schematically in Figure 1 . 3, ,,;hich also 

lists the lysosomal enzyme involved "d th each reaction and the dis order 

associated with its deficiency ( Dawson and S tein, 1 971 ; Tous ter, 1 973) . 

( a ) Ganglioside s torage diseases of at  least five types have been 

described in children (O ' Brien e t  al . ,  1 971 , 1 972 ) . Two are associ­

ated with the s torage of GM1 -ganglioside and three with GM2- gangli­

oside storage . 

A deficiency of � -galac tosidase in patients with GM1 -gangli­

osidosis Types I and II leads to the accumulation of GM1 -gangliosides 

in the brain and oligosaccharide units ,  derived from glycoproteins , 

in t he viscera ( O ' Brien e t  al . ,  1 971 ; O'Brien, 1 972 ; Van Hoof,  1 973c ; 

Wo' fe e t  ai . ,  1 974) . G
M1

-ganglioside is also stored in the viscera 

of patients with the Type I disease , but this is not a feature of 

G
M1 -gangliosidos is Type II  (O ' Brien e t  al . ,  1 971 ) . 
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Enzyme i nvolved 

{3-galactosidase 

hexosam inidase A 

hexosa m in idase A and B 

a -galactosidase 

{3 -ga lactosidase 

{3-glucosidase 

ary lsu lphatase A 

{3 -ga lactosidase 

sphingomye l inase 

ceramidase 

Glc 

Gal 

glucose 

galactose 

sphingosine + fatty acid 

Associated disorder 

genera l i zed G M 1 -gangl iosidos.is 

Tay-Sach's di sease ( GM Tgangl ios idosis Type I )  

Sandhoff's d i sease ( GM Tgangl iosidosis Type I I )  

Fabry's d isease 

lactosylceramidosis 

Gaucher's d i sease 

metachromatic l eucodystrophy 

globoid-cel l  l eucodystrophy 

N iemann-Pick d isease 

Farber's d isease 

Ga l NAc N-acetylga lactosamine 

NANA N-acty l neurami nic acid ( sia l ic  acid) 

Catabolism of sphingol i pids by lysosomal enzymes. The enzyme involved with 

each reaction, and the disorder associated with its deficiency are listed. 
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A GM1 -gangliosidosis with sinular cl inical , histopathological 

and biochemical lesi ons to GM1
-gangliosidos is Type II of children 

has been described in a Siamese cat (Baker and Linds ey, 1 97 1 ; 

Farrell et  al . ,  1 973) . No  visceral involvement was observed in 

this case .  A further case of GM1 -gangliosidosis in a cat was 

rep orted by Blakemore ( 1 972) . The excessive s torage of glycolipid 

in the brain and liver of  the cat , in addition to s torage of a 

highly labile compound in the liver, suggested that  this case was 

analogous to GM1
-gangliosidosis Type I ( generalized gangliosidos is) 

o f  children. Chee tham et al . ( 1 974) reported a similar case to 

that described by Blakemore and demonstrated a deficiency of �­

galactosidase activity at pH 5 . 0  in liver from the affected  cat . 

GM1 -ganglios idos is has also been reported in Friesian calves ,  

where the absence of  vis ceral ganglioside storage suggested a 

similarity with the human Type II  form of the disease (Donnelly 

e t  al . ,  1 973a and b ) . A partial deficiency of �-galactosidase was 

reported by Donnelly e t  al . ( 1 973b ) . A complete deficiency of one 

is oenzyme of � -galactos idase was later demonstrated by Cheetham 

e t  al . ( 1 974) in tissues from affected calves . 

In GM2-gangliosidos is Type I (Tay-Sach ' s  disease ) a comple te 

deficiency of hexosaminidase A is associated with the accumulation 

of GM2-ganglioside in the brain ( O'Brien et al . ,  1 97 1 ) . The 

accumulation of GM2-ganglioside is less severe in the brain of  

patients with GM2-gangliosidosis Type III ,  where a partial 

deficiency of hexosaminidase A has been demonstrated ( O ' Brien e t  al. , 

1 971 ) . In GM2-gangliosidosis Type II  ( Sandhoff ' s  disease ) bo th 

hexosaminidase A and B are deficient and there is s torage of 

globoside in the viscera in addition to GM2-ganglios ides in the 

brain ( O 'Brien et al . ,  1 97 1 ; Sanhoff and Harzer, 1 973 ) . A canine 
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GM2-gangliosidosis has been described in German short-haired 

Pointers (Karbe and Scheifer, 1 967; Karbe , 1 973 ) . The actual 

enzymic defec t has yet t o  be confirmed for the canine disease , 

which appears on his topathological observations (Karbe , 1 973 ) to 

be intermediate between the human Types I and III,  suggesting an 

anomaly of hexosaminidase A. Ganglioside storage , along with the 

s torage of cerebroside s ,  sulphatides and lipofuscin-like material , 

also occurs in mink suffering from a condi tion known as Wobbler 

disease (Padgett and Kanfer, ci ted  by Hirano et al . ,  1 971 ) . 

Morphological evidence sugges ts that Wobbler disease is an inborn 

lysosomal disorder ( Hirano et al. , 1 971 ) , however the deficiency of 

a lysosomal enzyme has yet to be recorded .  

( b ) Gaucher ' s  disease is one of the mos t frequently encountered of 

the sphingolipodoses in human medicine ( Brady and King, 1 973a; 

Brady, 1 974 ) and may occur in three distinc t forms , i . e .  infantile , 

j uvenile and adul t .  The infantile form is characterized by mental 

re tardation in addition to splenomegally, hepatomegally and erosion 

o f  the cortices of long bones and the femoral head. Patients with 

the two other forms tend to be free from neurological manifestations . 

� -Glucosidase is almost c ompletely absent from tissues  of patients 

with the infantile form of the disease ,  but the residual activity 

o f  this enzyme may be as high as 1 7% of normal in the juventle form 

and 40% of normal in patients with the adult form ( Brady, 1 966 ;  

Brady and King, 1 973a; Brady, 1 974 ) . The glucosylceramide which 

accumulates in the reticuloendothelial sys tem appears to originate 

�rom glycolipids of aged leuc ocytes and erythro cytes ,  while gangli-

asides are probably the maj or precursors of  glucosylceramide stored 

in the brain of patients with infantile Gaucher ' s  disease ( Brady 

and King, 1 973a ) . Characteristic "Gaucher cells" ,  histiocytes 
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c ontaining the s tored glucosylceramide , are present throughout the 

re ticuloendothelial sys tem .  

A c ondition closely resembling Gaucher ' s  disease has been 

diagnosed in an 8-month old Sydney silky dog showing signs of 

progressive central nervous damage (Hartley and Blakemore , 1 973a) . 

Typical "Gaucher cells " were present in the liver, lymph nodes and 

cerebellum but not in the spleen, and large amounts of glucosylcer­

amide were detected in the brain and live r .  Gaucher-like disorders 

have also be en reported in a sheep (Laws and Saal, 1 968 ) and in a 

pig (Sandison and Anderson, 1 970) , the diagnosi s  in both cases being 

made from tissues submitted from abattoirs . 

( c ) Globoid cell leucodystrophy (Krabbe 's disease ) is an inborn 

lysosomal disorder of the ne rvous system , with symptoms generally 

appearing within the firs t year of life and following a rapidly 

progressive fatal c ourse (Aus tin et al . ,  1 968; Suzuki and Suzuki ,  

1 972 , 1 973 , 1 974 ; Wenger et al . ,  1 974 ) . Degenerative changes to  

axons and myelin sheaths are observed in the peripheral nervous 

sys tem .  In  the c entral nervous system the pathological changes are 

largely c onfined t o  the white matter, where there is a severe 

deficiency of myelin ,  astrocytic gliosis , plus many . "globoid cells" . 

The characteristic "g1oboid cells " are lipid-filled macrophages ,  

thought to originate from non-neural mesodermal cells . They s tain 

positively wi th peri odic acid-Schiff ( PAS ) and are often found in 

the vicinity of blood vessels (Aus tin e t  al . ,  1 968; Suzuki and 

Suzuki, 1 972, 1 973 ) . 

The primary enzymic anomaly in globoid cell leucodystrophy is 

a defic iency of galactosylceramide �-galactosidase ( &lzuki and 

Suzuki , 1 971 , 1 972 , 1 973,  1 974; Suzuki et  al . ,  1 97 1 ) . Galac to-
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sylceramide is an important component of myelin sheaths , therefore 

its biosynthesis and degradation might be expected to  occur within 

oligodendroglial cells of the central nervous sys tem . The abnormal 

accumulati ons of this compound in globoid cell leucodystrophy 

however,  are found within globoid cells ,  where they are seldom 

s urrounded by a single limiting membrane ( Suzuki and Suzuki,  1 973 ) . 

Globoid ,cell leucodystrophy is well rec ognized in the Cairn 

and Wes t Highland White terrier breeds of dog (Fankhauser et al . ,  

1 963; Fle tcher e t  al . ,  1 966 , 1 971 ; Aus tin et  al . ,  1 968; Fletcher ,  

1 970; Kurtz and Fle tcher, 1 970; Suzl�i e t  al . ,  1 971 , 1 972,  1 974) , 

and has recently been reported in a miniature poodle ( Zaki and Kay, 

1 973 ) , and three Bluetick Hound pups (Boysen et al . ,  1 974 ) . 

Although the canine and human forms of globoid-cell leucodystrophy 

show similar clinical and histopathological characteristics and 

exhibit the same enzymic deficiencies ,  they appear to differ in the 

nature of the mutations underlying the ir enzymic anomalies (Suzuki  

et  al . ,  1 972 , 1 974 ) . In spite of this basic difference Suzuki 

e t  al . ( 1 974 ) have suggested that canine globoid cell leucodystropr� 

may serve as a valuable model for certain aspects of research into 

the human disease .  

Globoid ce ll leucodystrophy has also  been reported in the cat , 

where two female kittens with a his tory of inbreeding in their 

immediate ances try, were shown to  be affected (Johnson, 1 970) . 

( d ) Niemann-Pick disease is characteri zed by the excessive accumu­

lation of a phosphosphingolipid, sphingomyelin, in the central 

nervous sys tem and in large lipid-filled cells throughout the 

spleen, bone marrow, liver, lungs , lymph nodes and ganglion cells 

(Brady, 1 966 , 1 9'74 ;  Fredrickson and Sloan ,  1 972; Brady and Ki'ng, 
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1 973b ) . Four clinical categories are recognized in human medicine 

due to  variati ons in the degree of central nervous system involve­

ment  and the rate of progression of the disease (Brady, 1 974) . The 

basic enzymic defect  is a deficiency of the lysosomal enzyme 

sphingomyelinase ,  the deficiency being less pronounced in patients 

with the more chronic forms of the disease (Brady, 1 966 ; Brady and 

King, 1 973b ) . Niemann-Pick disease has also been reported in a 

Siamese cat ( Chrisp et  al � ,  1 970 ) and in a domestic cat ( Percy and 

Jortner, 1 971 ) . Biochemical studies revealed increased levels of 

sphingomye lin in tissues ,  and histopathological features were 

s imilar to those described for Niemann-Pick disease in humans , 

however the actual enzymic defect was not confirmed in either 

cas e .  

( e ) Metachromatic leuc odystrophy is associated with a deficiency 

of arylsulphatase A, resulting in the accumulation of sulpha tides 

in the brain, kidney, gall bladder epithelium and leucocytes 

(Aus tin e t  al . ,  1 964; He rs and Van Hoof,  1 969; Newelt e t  al . ,  1 972 ) . 

Metachromatic leucodys trophy may become c linically manifest  at  an� 

age , but the disease prevails in infancy (Haberland e t  al . ,  1 973 ;  

Aus tin, 1 973a ) . Histopathological c haracteris tics include extensive 

demyelination in both central and peripheral nervous sys tems , in 

addition to deposition of metachromatically s taining substances  in 

the central nervous sys tem and other sys temic organs (Newelt et  al . ,  

1 972 ; Haberland e t  al . ,  1 973; Aus tin , 1 973a ) . 

A type of me tachromatic leucodys trophy was reported in mink 

( Christensen and Pulladan, 1 965; Andersen and Pulladan, 1 968 ) but 

unlike the human disorder there was no excessive sulpha tide s torage 

and no evidence to suggest  that i t  was an inborn lysosomal disease .  
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The thxee o ther human sphingolipidoses ,  Fabry ' s disease ,  Farber ' s  

disease and lactosyl-cer�lidosis ( Table 1 . 1 )  have not been 

reported in domestic animals and will not be discussed further in 

this review. 

3 .  Glyc oproteinoses 

Glycoproteins are a diverse and heterogeneous group of compounds 

cons is ting of carbohydrates covalently linked to  proteins . They a re 

represented in animal tissues  by such essential component8 as mucus , 

enzymes ,  hormones , antibodies ,  membranes and collagen ( Spiro , 1 969a and 

b ) . The catabolism of both carbohydrate and peptide porti ons of glyco­

prote ins is a func tion of lysosomal enzymes (Mahadevan and Tappel , 1 967 , 

1 968; Arons on and de Duve , 1 968; Mahadevan e t  al . ,  1 969; Spiro , 1 969a) 

and is illus trated diagramatically in Figure 1 .4 (Mahadevan and Tappel ,  

1 967; Thomas and Winzler, 1 971 ) . Inborn lysos omal disorders associated 

with the defective catabolism of glycoproteins have been linked with 

deficiencies of the lysos omal enzymes �-mannosidase ,  �-fucosidase and 

aspartylglyc osamine amido hydrolase .  Oligosaccharides derived from the 

incomple te catabolism of glycoproteins are also  stored in certain 

tissues and in cul tured skin fibroblasts from patients with GM2
-

gangliosidosis Type  II  ( Sandhoff ' s  disease ) and GM1
-gangliosidosis 

Types I and II (Tsay and Dawson, 1 973, 1 975 ; Wolfe et al . ,  1 974 ) but 

due to the more abundant storage of gangliosides  in these disorders 

they a re classified as sphingolipidoses . 

( a ) Aspartylglyc osaminuria is characterized clinically by skeletal 

abnormalities , c oarse facial features ,  mental re tardation and 

recurrent infecti ons (Jenner and Pollit t ,  1 967; Palo and Mat tsson, 

1 970 ) . The disease appears to be most common among the Finnish 

populati on (Palo and Mattsson ,  1 970; Aula e t  al . ,  1 973 ) . There is 

s torage of aspartylglycosamine and an aspartyl oligosaccharide in 
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Figure 1 .4 Catabolism of a glycopeptide unit by lysosomal enzymes. The enzyme 

involved with each catabol ic step and the disorder associated with its 

defic iency are l isted. 
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the brain, l iver and kidney (Palo and Savolainen, 1 972 ,  1 973) , and 

large amounts of aspartylglycosamine are excreted in the urine 

( Jenner and Pollitt , 1 967 ; Pollitt et  al . ,  1 968 ; Palo and Mattsson, 

1 970;  Palo and Savolainen, 1 973 ) . The latter compound represents 

the glyc opeptide l inkage region of many glycoproteins and is not 

normally detected  in a free form ( Spiro , 1 969b ) . A reduction in 

the activity of the lysosomal enzyme aspartylglycosamine amido 

hydrolase (N-aspartyl�-glucosaminidase ) has been reported in 

plasma , seminal fluid ( Pollitt e t  al . ,  1 968 ) , brain, liver ( Palo 

et  al . ,  1 971 , 1 972 ) and cultured fibroblasts ( Aula et  al . ,  1 973 ) 

from patients wi th aspartylglyc osaminuria . Ultrastruc tural features 

include nume rous elec tron-lucent vacuoles ,  limited by a single 

membrane , in neurones,  hepatocyte s  and renal tubular cells ( Ars tila 

et al . ,  1 972 ; Haltia et  al . ,  1 975 ) . 

( b ) Fucosidosis has many features in common with Hurler ' s syndrome 

and the differentiation of these two diseases may be difficult in 

the early s tages (Van Hoof, 1 973b ) . Clinical characteris tics of 

fucosidos is include severe progressive cerebral degeneration, 

spinal abnormalities ,  hepatomegally, cardiomegally, thickened skin, 

abUndant sweating and recurrent respiratory infec tions ( Durand 

et aI . ,  1 966 ; Van Hoof, 1 973b ) . Glyc olipids and glycoprote in 

residues containing an excess of fucose are stored in the brain and 

liver due t o  a deficiency of a-fuc osidase ( Durand et  al . ,  1 968 ; Van 

Hoof, 1 973b) . The heterogeneity of the storage product in fuco­

sidosis has led to inc onsis tencies in the classification of this 

disease ( see page 1 4 ) . Clear vacuoles surrounded by a single 

membrane are observed in all types of brain cells and in hepatocytes 

an� Kupffer cells of patients with fucosidosis . Hepatocytes also 

possess vacuoles  containing lamellar material (Van Hoof, 1 973b) . 
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( c ) Mannosidosis is the only disorder of glycoprotein catabolism 

that has been reported both in humans ( ackerman, 1 967 , 1 969 ,  1 973 )  

and domestic animals (Hocking e t  al. , 1 972 ; Jolly e t  al . ,  1 973 ;  

Jolly, 1 975 ) . Although mannosidosis is considered to  be of 

economic importance to  the New Zealand beef industry ( JoJ. ly et al . ,  

1 974 ; Jolly, 1 975 ) its high incidence provides an excellent 

opportunity for its use as a model for research into similar 

inborn lysosomal diseases of humans , espec ially wi th regard to  

heterozygote testing and enzyme replacement therapy. Human and 

bovine mannosidosis are discussed in de tail in sec tion V of thi s  

c hapter . 

4 .  O ther lysosomal disorders wi th a single enzymic defe c t  

( a) Pompe r s  dise3se (Type I I  glycogenos is ) was the prototype 

lysosomal storage disease on which the original c oncepts of Hers 

( 1 965 ) ( see page 4 )  were based . A deficiency of acidic a­

glucosidase leads to the accumulation of excessive glycogen within 

lys os omes in mos"t tissues including liver,  smooth and skeletal 

muscle , heart,  lung, spleen, kidney and central nervous system 

(Hers , 1 965 ; Hers and de Barsy, 1 973 ) .  

Abnormal accumulations of glycogen in membrane-bound vacuoles 

within neurones ,  neuroglia and microglia were reported as an incidental 

finding in a cat which had no history of clinical dis ease ( Sandstrom 

e t  al . ,  1 969) . Further cases resembling Pompe r s  disease have been 

described in a dog (Mostafa, 1 9701 in a sheep (Manktelow and Hartley, 

1 975 ) ,  and more recently in Shorthorn cattle (Richards , unpublished 

data ) . In each case the diagnosis was based on histochemical 

s t �di€ s and on the distribution of lesions , without demonstrati on 

of  the actual enzymic defec t .  
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( b ) Wolman ' s disease is characterized biochemically by the 

accumulation of neutral lipids , especially choles teryl esters and 

triglycerides ,  in most organs , due to  the deficiency of an acid 

esterase (Patrick and Lake , 1 969 ,  1 973 ; Sloan and Fredrickson, 

1 972 )  • 

( c ) Lysosomal acid-phosphatase deficiency has recently been 

reported in children (Nadler and Egan , 1 970 ; Nadler ,  1 973 ) .  

Excess ive levels  of material s taining positively with the PAS 

method were observed wi thin hepatocytes and renal tubular cells  

of  patients (Nadler, 1 973 ) . 

5 .  Suspected lys osomal disorders of  WL�own ae tiology 

(a ) The Chediak-Higashi syndrome is a disease of children� Hereford 

cattle , mink and the beige mouse , characterized by defective pig­

mentation, increased suscept ibility to infection, and anomalous 

enlarged lysosomes in leuc ocytes and many other cell-types ( Padgett , 

1 968 ; Sung and Okada , 1 97 1 ; Van Hoof and Hers , 1 973 ; Essner and 

Oliver, 1 974 ; Windhorst and Padgett,  1 973 ) .  Although the disease 

is rare in humans , cattle and mice it is frequently seen in mink 

where it is associated with homozygosity for the recessively 

inherited aleutian coat-colo ur genotype ( Padgett,  1 968 ; sUng and 

Okada, 1 971 ) .  

White ( 1 966 ) demons trated a positive relationship  between acid­

phosphatase activi ty and the giant g!anules in circulating leuco­

cyte s  of patients with Chediak-Higashi syndrome , and sugges ted that 

this was a lysosomal disease .  This suggesti on was endorsed by 

Sung and Okada on the basis of ultrastructural studies ,  and a 

partial deficiency of a lysosomal enzyme was pos tulated. A 

proteinase deficiency a t  pH 3 . 0  and 7 . 5  in leucocytes of four human 
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patients has been claimed (Gralnick, 1 972 cited by Jolly and 

Blakemore , 1 973 ) but is yet to be substantiated .  Ultrastructural 

evidence was presented by Essner and Oliver ( 1 974) to sugges t  that 

the anomalous lysos omes  arose directly from dilated portions Of 

golgi-ass ociated smoo th endoplasmic reticulum (GERL ) . 

( b ) Wobbler disease of mink is a similar condition to the Chedi ak-

Higashi syndrome , characterized by the accumulation of membranous 

cytoplasmic bodies and lipofuscin-like material in various nerve 

cells (Hirano e t  al . ,  1 971 ) .  This di sease has been mentioned among 

the ganglioside storage diseases .(page 22 ) due to the presence of 

excessive levels of cerebrosides ,  sulphatides and gangliosides in 

the brain of affected mink . 

( c ) Cystinosis is a human disorder of cystine metabolism in which 

an elevati on of intracellular cystine levels results in the deposition 

of cystine crystals in lysosomes ,  primarily of re ticuloendothelial 

cells ( Schneider e t  al . ,  1 967 , 1 969 ; Raivio and Seegmiller ,  1 972 ;  

Seegmiller, 1 973) . The primary genetic defec t has ye t to  be 

e s tablished for this disease , which has not been reported in 

domestic animals . 

( d ) Several other suspec ted inborn lysos omal disorders associated 

with intracytoplasmic accumula tion of lipid material have been 

described in domestic animals . 

Neuronal lipidosis has been reported in five dogs of 

C ocker Spaniel or part Cocker Spaniel breeding (Ribelin and 

Kinter, 1 95 6 ;  Fankhauser, 1 965 ; Koppang, 1 970 ) .  The involve-

ment · of a single breed sugges ts that these different reports 

may reflec t a specific disease of C ocker Spaniels .  
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( ii ) A "neuronal l ipidodys trophy" ivi th involvement of 

macrophages in spleen and lymph nodes .was reported in a 1 9-

month old bull from an inbred s train of cattle (Read and 

Bridges , 1 969 ) . Neurones c ontained granular cytoplasmic 

inclusions which reacted positively with various lipid s tains 

suggesting an error of lipid metabolism, and the histo ry of a 

similar clinical syndrome having occurred previously in the 

herd implied a genetic  aetiology. 

(iii ) A "cerebral lipidodystrophy" was reported by Read and 

Bridges ( 1 968 ) in two Yorkshire swine . Pathologi cal changes 

included membranous cytoplasmic inclusi ons similar to those 

seen in human GM2-gangliosidos is Type I (Tay-Sach ' s  disease ) . 

( iv ) storage disorders involving visceral his tiocytosis have 

been recorded in a two-year old Shorthorn bull (PaJ�e e t  al . ,  

1 963 ) , a six-month old pig and an adult Ayreshire c ow 

( Sandison and Anderson, 1 970 ) , and may represent inborn 

lys osomal diseases .  

( e ) A neurovis ce ral cytoplasmic storage disease was recently 

described in two neonatal goats (Hartley and Blakemore , 1 973b ) . 

A similarity was drawn between the histopathological features of  

this disease and the human mucopolysaccharidoses and mannosidos is 

of Angus calves . 

IV. LYSOSOMAL STORAGE DISEASES WITHOUT PRIMARY LYSOSO�� DEFECTS 

Although the concept of inborn lys osomal diseases , as formulated by 

Hers ( 1 965 ) , is based on the gene tically determined deficiency of a 

lysosomal enzyme or struc tural prote in , such a defic iency is not an 

essential prerequisite to the accumulation of a compound within lysos omes �  



33 

Since lysosomes are the ultimate site for the digestion of most bodily 

substances  the lysosomal sys tem may become overloaded by exce ssive levels 

of indigestible or poorly digestible compounds of endogenous or exogenous 

origin . Jolly and Hartley ( 1 976 )  recognized six further types of 

lys osomal s torage diseases  in addition to those caused by the deficiency 

of a lysosomal enzyme : 

( i ) Such a disease may be associated with the injecti on or inges tion 

of compounds which cannot be digested within lys osomes . For example ,  

the experimental introduc tion of indigestible materials such as 

Triton WR-1 339 ,  sucrose  or dextran to an individual or to cells in 

tissue culture causes  marked lys osomal enlargement, simulating a 

s torage disease ( Lloyd, 1 973) . Intoxications by the ingestion of 

the plants Swainsona spp . , Astragalus spp . and Oxytropis spp . may 

have this pathogenesis (Huxtable, 1 970, 1 972 ;  Jolly and Hartley, 

1 976 ) • 

( ii ) The inherited deficiency of a non-lysosomal enzyme may lead 

to overproduc tion of a poorly digestible compound which accumulates 

in secondary lys osomes ,  e . g. neuronal ceroid-lipofuscinosis (see 

below ) • 

( iii ) Certain substrates ,  when ingested, may be  formed into 

indigestible polymeric  compounds within cells and become s tore d  

within secondary lysosomes .  Chronic Phalaris spp . intoxication is  

thought to  represent this type of pathogenesis (see below ) . 

( iv) The lysosomal 'sys tem may become overloaded with normal 

cellular constituents following the enhancement of autophagy by 

drugs such as chloroquine . 

(v) Inorganic c ompounds may become stored as organic complexes 
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within lysos omes under certain conditions . Examples include iron 

(as haemosiderin ) and copper pigments . 

(Vi ) The storage of normal cellular material may follow inhibition 

of lysosomal enzyme s .  This i s  largely a theore tical conc.ept . , 

Examples of some of the above types of lys osomal storage disease 

are well  recognized and will be discussed in more de tail . 

1 • Neuronal ceroid-lipofuscinosis 

The autofluorescent lipopigments ceroid and lipofuscin accumulate 

in lysosomes of neurones ,  as trocytes and reticuloendothelial cells in 

the neuronal ceroid-lipofuscinoses ,  a well documented group of diseases  

of humans ( Zeman and Dyken, 1 969 ;  Zeman and Saikotos , 1 973 ) ,  English 

Setter dogs (Koppang, 1 970 ; Bernhe imer and Karbe , 1 970 ) ,  Chihuahuas 

( Rac and Giesecke , 1 97 5 ;  Jolly and Stevenson, pers . comm . ; Hartley, pers . 

comm . ) and Siamese cats (Green and Little , 1 974 ) .  

Ceroid and lipofuscin are originally fonned wi thin the cytoplasm, 

possibly from the breakdown of mitochondria, and become incorporated 

into autophagic vacuoles (Zeman and Siakotos ,  1 973) . As lysosomes are 

not equipped wi th e nzymes capable of degrading these polymers their  

formation leads to accumulation within secondary lysos omes ,  and in  fact 

the gradual accumulation of lipofuscin , especial ly in long-lived pos t­

mitotic cells , is a normal pro cess associated with senescence ( Zeman and 

Siakot o s ,  1 973 ) .  In neuronal ceroid-lipofuscinosis of man and English 

Se tter dogs the increased formati on of ceroid and lipofuscin and the 

excessive storage of  these pigments ,  especially in the brain, is associ­

ated wi th a gene tically induced  deficiency of a phenylenediamine-mediated 

peroxidase (Arms trong et al . ,  1 974 ; Patel e t  al . ,  'I 974a) .  This enzyme is 

not a rec ognised c omponent of lysosomes , therefore neuronal ceroid­

lipofuscinosis cannot  be c onsidered a true inborn lysosomal disease 

according to the original concept of Hers ( 1 965 ) .  
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storage diseases have been described in domestic animals following 

the ingestion of toxic plants ,  including Swainsona spp. , Astragalus spp . , 

Oxytropis spp . and Phalaris spp . Swainsona poisoning has been reported 

in sheep , cattle and horses in Australia . Clinical characteris tics 

include s tiffness of hind limbs ,  ataxia, emaciation and eventual 

pros tration ( Gardiner et al . ,  1 969) . Histologically there is widespread 

vacuolati on of neurones ,  pancreatic exocrine cells , epithel ial cells in 

proximal convoluted tubules of the kidney, and macrophages within lymph 

nodes (Laws and Anson, 1 968 ; Gardiner et  al . ,  1 969 ; Hartley, 1 971) . 

The vacuoles are lined by a single membrane , and as such are conside red  

to represent secondary lysosomes ( Huxtable , 1970 ) .  A yellow lipopigment 

is also stored in the brain and macrophages of the liver and lymph nodes 

in some cases of Swainsona pOisoning. 

The ingesti on of the legumes As tragalus spp . and Oxytropis spp. 

produces  a disease known as "locoism"  in sheep , cattle , horses and deer 

in Wes tern U. S . A .  (Oehme et al. , 1 968; Van Kampen and James ,  1969 ; 

James e t  al . ,  1 970) . Clinical and his tological features are similar to. 

those described for Swains ona pOisoning. The nature of the storage 

compound has not been establ ished in ei ther Swainsona poisoning or 

" locoism" , but is  apparently very soluble and is  removed during routine 

preparation of tissues for his tological inves tigations . It  is interesting 

to speculate whether the storage disorder in these plant intoxicati ons 

is due to the ingestion of compounds which cannot be catabolized by the . 

normal complement of lys osomal enzymes ,  or whether a compound is  

inges ted which inhibits the normal action of  a certain lysosomal enzyme . 

Jolly and Hartley ( 1976 ) favour the former hypothesis . 

Chronic int oxication· by inges ti on of Phalaris spp . has been reported 

in sheep and cattle in Australia and New Zealand, and is characterized by 
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the storage of yellow-brown pigment granules in neurones of the brain 

s tem, and in liver,  kidney and lymph nodes (Mil�e , 1 955 ; Hartley and 

Kater, 1 962 ; Gallagher et  al . ,  1 966 ,  1 967 ; Simpson et al . ,  1 969 ) .  The 

toxic principles in Phalaris spp . are thought to be tryptamine alkaloids , 

which compe titively inhibit the breakdown of serotonin by monoamine 

oxidase,  thereby causing an accumula tion of serotonin and catecholamines 

(Gallagher e t  al . ,  1 966 ) .  The pigment is thought to be a melanin derived 

from the tryptamine alkaloids , and although i t  is initially formed within 

mi tochondria , it  would be expected  to find its vTay into secondary 

lysosomes by the process of autophagy (Jolly and Hartley, 1 976 ) .  

3 .  Lysosomal storage of inorganic  substances  

Certain inorganic substances bound t o  organic components may become 

stored within lys osomes of parenchymal cells and macrophages .  Intra­

cellular deposits of some heavy me tals such as iron and c opper,  which 

are important enzyme cons tituents , ac t as reservoirs which may be 

readily mobilized when required . Excessive quantities of inorganic 

compounds may however become stored in lysosomes under certain circum­

stanc e s .  For example , haemosiderin forms when a cell contains more iron 

than can be bound by apoferritin, a protein which prevents condensation 

of iron micelles and facilitates  mobilization wp�le protecting the cyto­

plasm from the toxic effects of iron. Abnormally high levels of 

organical ly bound copper may be s tored in lysosomes after excessive 

adminis tration of therapeutic copper compounds , or in Wilson ' s disease 

which is caused by a defect in copper metabolism (Gedigk ,  1 969 ;  Slater, 

1 969 ) .  In  chronic copper poisoning of sheep, c opper may become deposited 

in macrophages and re ticuloendothelial cells of the liver giving rise to  

the characteristic " copper cells " which appear grey-brown in sections · 

stained with haemotoxylin and eosin ( Jolly and Hartley) . Several o �her 

organic compounds such as silicon dioxide derivatives , lead and silver  

may be s imilarly stored within the lysosomes of  vari ous tissues (Gedigk , 

1 969) . 
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Human mannosidosis vlaS first  de scribed as a "Hurler-like" syndrome 

by Bckerrnan ( 1 967 ) and has since been reported in 1 9  further children 

(Norden et  al . ,  1 973a ; Autio et al . ,  1 973 ; Tsay et " al . ,  1 974 ; Gehler 

et  al . , 1 974 ; Taylor et  al . ,  1 975 ; Farriaux et  al . ,  1 975 ) . Clinical 

charac teristics include psychomotor re tardation, discrete skeletal 

changes 1 hepatosplenomegally, c orneal or lenticular opaci ties and 

vacuolation of lymphocytes ( Bckerman, 1 967 , 1 973 ;  Norden et  al . ,  1 973a ; 

Autio e t  al . ,  1 973 ) . Histological s tudies on the original patient 

(Kj ellman et al . ,  1 969 ) revealed a generalized ballooning of the cyto­

plasm of  neurones throughout the ce rebral cortex , brainstem and spinal 

cord, apparent Slvelling of re ticuloendothelial cells of the liver, spleen 

a�d lymph nodes and there was fine vacuolati on of lymphocytes in the 

spleen and lymph nodes . Ul tras tructural s tudies on liver biopsies from 

two later patients ( Autio et al . ,  1 973 ) revealed storage vacuoles , 

surrounded by a single membrane, in hepatocytes ,  Kupffer cells and bile­

duc t epithelium . 

In human mannosidosis the storage of mannose-rich oligosaccharides 

( Bckerrnan, 1 967 , 1 969 , 1 973 ) is secondary t o  an almos t complete 

deficiency of the lysos omal enzyme acidic �-mannosidase ( pH 3 . 5 - 4 . 5 ) 
( Carroll e t  al . ,  1 972 ; Tsay et  al . ,  1 974;  Masson et al . , 1 974 ; Taylor 

et al . ,  1 975 ) . Increased levels of mannose-containing oligosaccharides 

are excreted in the urine of affec ted children (Norden et al . , 1 97 3a 

and b ,  1 974 ; Autio et  al . ,  1 973 ) . The mos t abundant compound was a 

trisaccharide with the struc ture : �-D-mannopyranoside- ( 1 -> 4 )-2-

acetamido-2-deoxy-D-gluc ose .  A te trasaccharide and a pentasaccha ride 

were also excreted in large amounts .  These oligosaccharides were thought 

to be  derived from the inner core of glycoprotein chains (Norden et al . ,  

1 973b ,  1 974 ) . 
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A disease in Angus calves characterized by intenti on tremor,  ataxia , 

an aggress ive tendency, failure to  thrive and death usually 1vi thin the 

first year of life , was first described by Whi ttem and Walker ( 1 95 7 )  in 

Australia. Histopathological findings included widespread vacuolation 

of neurones of the c entral nervous sys tem and reticuloendothelial cells 

of lymph nodes ,  hypertrophy of Purkinj e cell dendrites , and the presence 

of numerous eosinophilic bodies throughout the brain. This disease had 

certain features in common vii th the lipidodystrophies of man, but as 

Whi ttem and Walke r were unable to demons trate the presence of s tored 

lipid , they described the condition as a "neuronopathy" and "pseudo­

lipidosis" • 

Since this early report "pseudolipidosis " has been regularly 

diagnosed in both Aus tralia and Ne1'l Zealand . A comprehensive investi­

gation into the pathology of the central nervous sys tem in this disease 

was describe d by Jolly ( 1 971 ) ,  who extended the findings of Whittem and 

Walker .  Electron microscopic s tudies revealed that the cytoplasmic 

vacuoles in neurones were lined by a single uni t  membrane , and appeared .  

empty except for membranous fragments and a variable amount of amorphous 

elec tron-dense material . Their struc ture was compatible with that of 

secondary lysosomes . The eosinophilic bodies mentioned by Whittem and 

Walker were shoVlll to be spheroidal swellings of axons caused by local 

accumulations of dense bodie s ,  mi tochondria, and a local proliferation 

of neurofilaments . PAS-posi tive lipofuscin-like globules were reported 

as o ccurring frequently within astrocytes , microglia and pericytes of 

blood vessels . As a resul t of this study Jolly postulated that the 

disease was asso ciated with an anomaly of glycoprotein metabolism . 

The epidemiology of "pseudol ipidosis " sugges ted an inherited 

aet iology (Whi ttem and Walker, 1 957 ; Jolly. 1 970)  and furthe r  support 
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was gained by ma ting c ows which had previously produced affec ted calves 

to bulls which had sired  such calves .  Ten out o r  forty-one calves 

resul ting from these ma tings developed the disease ( Joliy et al . ,  1 973, 

and unpublished data ) , closely approximating the 25% frequency expec te d  

if the disease was inherited as a simple autos omal recessive condition . 

An oligosaccharide containing mannos e and glucosamine in the ratio 

of three to one was extracted from lymph nodes of calves with pseudo­

lipidos is ( Hocking et al . ,  1 972 ) . The compound was water soluble and 

would be expec ted to be readily leached out of tissues during preparation 

for microscopy. It is not surprising therefore that Whittem and Walker 

and Jolly ( 1 97 1 ) were unable to demonstrate any specific substance 

within the vacuoles in neurones and reticuloendothelial cells of lymph 

nodes . 

The disease appearErl to have many charac teristics of an inborn 

lysosomal disorder ,  and the nature of the storage compound suggested a 

possible deficiency of  a-mannosidase . Hocking et al . measured the 

activity of this enzyme , plus eight other IY30somal enzJ�es,  in tissues 

from affec ted calves and found an almos t c omplete deficiency of a­

mannosidase activity at pH 4 . 3 , while the activities of the other enzymes 

were elevated. In s tudies on the pH dependence of a-mannosidase activity 

in plasma and serum ,  Hocking et al . discovered that while the optimum 

activity of this enzyme in a control calf was around pH 4 . 0  - 4 . 5 ,  there 

was an absolute deficiency of a-mannosidase activity below pH 4 .75 in 

diseased calves . C ontrol and diseased calves bo th possessed activity 

be tween pH 4 .75 and pH 6 . 5 ,  suggesting the presence of at  least two 

enzymes with a-mannosidase ac tivity in normal animals , wi th pH optima at  

4 . 3  and 5 . 5  respec tively, and oP�y the acidic form being deficient in 

"pseudolipidosis " .  Thes e findings were confirmed and extended by Phillips 

et al e ( 1 974b ) . Similarities be tween this disease in Angus cattle and 
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human mannosidos is prompted Hocking e t  a1 . · to introduce the name 

"mannosidos is " of Angus cattle to replace the less accurate de scriptive 

term "pseudol ipidos is " .  

Mannose-c ontaining oligosaccharide s are excreted in th� urine of 

calves vlith mannosidosis (Norden e t  a1 . ,  1 973c ; Lundblad e t  a1 . ,  1 975 ) . 

At least five oligosaccharide fractions were detected by paper chromato­

graphy, the mos t abundant c ompound having the s truc ture : a-D-manno­

pyranoside- ( 1 -> 6 ) � -D-mannopyranoside- ( 1 -> 4 )43-D-GlcNAcp- ( 1 -> 4 )� -D­

GlcNAcp- ( 1 -> 4 )-D-GlcNAc (Lundblad et  al . ,  1 975 ) . This pentasaccharide 

is dis tinct from the oligosaccharides previ ously reported in brain 

(Norden e t  al . ,  1 973c ) and lymph nodes ( Hocking e t  al . ,  1 972 ) of affec ted 

calves , and has no t been observed in the urine of  patients wi th human 

mannosidosis (Norden et  al . ,  1 973b, 1 974 ; Lundblad et al . ,  1 975 ) . 

3 . a-Mannos idase (EC 3 . 2 . 1 . 24. a-D-mannoside mannohydrolase) 
a-f>1annosidas e is widely distributed in nature . I ts ac tivi ty has 

been de tec ted in virtual ly every mammalian tissue or flui d ,  with the 

male genital trac t being a particularly abw�dant source (C onchie e t  al . ,  

1 95 6 ,  1 959a and b i  Conchie and Mann, 1 95 7 ;  Barre tt ,  1 972 ;  Snai th and 

Levvy, 1 973 ) . I t  is a very s table enzyme , dependent on z inc for maximum 

ac tivity,  and is inhibited by EDTA and certain cations including cobal t ,  

c admium, mercury, silver and copper (C onchie and Hay, 1 95 9 ;  Snaith and 

Levvy, 1 968, 1 969 ; Crow, 1 971 ) . A pH optimum of 5 . 0  was reported by 

C onchie and Hay ( 1 959 ) for a-mannosidase ac tivi ty in a varie ty of mammalian 

tissues , while Crow ( 1 97 1 ) found optimal ac tivity at pH 4 . 0  in bovine 

liver homogenates . I ts localizati on vrithin lys osome s was demonstrated 

by Conchie and Hay ( 1 963 ) and Bowers and de Duve ( 1 967 ) . 

In normal human and bovine tissues there are two components of 

ac idic a-mannos idase with pH optima at  approximately 4 . 0  - 4 . 3 ,  .an 
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i ntermediate form with optimum ac tivi ty at  approximately pH  5 . 5  and a 

more neutral form with ac ti vi ty a t pH 6 . 5  ( Hocki.ng e t al . ,  1 972 ;  Dewald 

and Tous ter, 1 973 ; Phillips e t  al . ,  1 974a ; Winches ter e t  al . ,  unpubl ishe d  

·
data ) . The ac idic �-mannosidase isoenzymes are presumably of lysosomal 

origin and both are absent from the tissues and body fluids of children 

and Angus calves with mannos idos is . The neutral and intermediate iso­

enzymes persis t in mannos idos is patients and contribute to the residual 

�-mannosidase activi ty ( Carroll et  al . ,  1 97 2 ;  Phillips et  al . ,  1 974a and 

b ;  Masson et  al . ,  1 974 ) . 

The intermediate form of �-mannosidase (pH 5 . 5 ) appears to  be 

associated with the Golgi apparatus (Dewald and Touster, 1 973 ) , and 

there is  evidence to sugges t  tha t the neutral form (pH 6 . 5 )  localizes 

in the soluble cytoplasmic frac tion, at  leas t in rat l iver ( I>1arsh and 

Gourlay, 1 971 ) . 

VI .  RECOGNITION OF INDIVIDUALS HOMOZYGODS AND HETEROZYGOUS 

FOR INBORN LYSOSOMAL DISEAS8S 

Until the las t decade the inborn lysosomal dis orde rs had been poorly 

unders tood and thei r  diagnos is had depende d largely on clinical signs and 

his topathology .  A greate r understanding of the ir pathogenes is has led 

to the development of bi ochemical tes ts which have facili tated the 

differentiati on of pheno typically similar di seases , and in many cases  

made pos sible the de tec ti on of  heterozygous carrie rs . 

1 • Diagnosis of homozygous individuals 

( a ) Clinical signs : The inborn lys os omal diseases are gene rally 

charac teri zed by progress ive neurological deterioration,  but a 

varie ty of othe r  signs , including musculo-skele tal dis orde rs , may 

also be exhibi ted . In some cases relatively spec ific abnormali ties ,-
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such as the cherry-red spo t  in the re tina of children with ce rtain 

gangliosidoses (O ' Brien et  al . ,  1 97 1 ) , may assist a clinical 

diagnos is , but due to the similarity of the clinical manifes tations 

in many c l osely related lysos omal s torage diseases an accurate 

diagnos is cannot  depend so lely on such features . 

(b ) Pathol ogy: A more precise diagnosis may be obtained from 

histopa thol ogical and histochemical s tudies of tissues from affected 

individuals , obtained either by biopsy or afte r ne cropsy . A varie ty 

of intracytoplasmic inclusi ons have been revealed by light and 

elec tron microscopy and the nature of the s torage produc ts may, in 

some cases ,  be identified eithe r  by their his tochemical s taining 

properties or their ul tras truc tural features . In some diseases the 

ul tras tructural charac teristics of  the inclusions may be relatively 

specific ,  such as the tubular inclus ions of Gauche r ' s disease ( Brady 

and King, 1 973a ) and Krabbe ' s  disease ( Yunis and Lee , 1 969 ; Suzuki 

and Suzuki , 1 973 ) , and the characteris tic cystine crystals in 

cys tinos is ( Seegmiller, 1 973 ) . In others , such as aspartylglyc o­

saminuria ( Hal tia et al . ,  1 975 ) , mannosidosis (Kj ellman et  al . ,  1 9?9 ; 

Jolly, 1 97 1 ; Autio et  al . ,  1 973 ) and the muc opolysaccharidoses 

( Van Hoof,  1 973a ) , the storage produc t is very soluble and is 

usually removed during routine fixation and embedding procedures ,  

leaving relatively clear vacuoles surrounded by a single membrane . 

Many s torage diseases therefore may not be differentiated on the 

bas is of clinical and pathological findings , and in such cases 

biochemical tes ts to de termine the charac teris tics of  the stored 

subs tance and the enzymic defe c t  are required.  

( c ) Chemis try of s torage produc t :  Characterizati on o f  the s tored 

material has been ac complished for most  recognized inborn lys osomal 

diseases (Neufeld  et  al . ,  1 975 ) . This knowledge not only allows 
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partial c lassification of the disease , but also provides an insight 

into the nature of the enzymic defec t .  The accumulation of s torage 

pro duc ts commonly occurs in cells of the cen tral nervous sys tem and 

reticuloendo thelial sys tem. The relative unavailability of these 

tissues for chemical analyses re s tric ts the value of s torage product 

es timations in ante-mortem diagnos is . Hete rogenei ty of the s torage 

material is a feature of many inborn lys os omal di seases ( Hers , 1 973 ) , 

and the fact tha t different compounds may be stored in different 

organs must be considered when making a diagnosis . If the s torage 

pro duct is wate r-soluble or  of relative ly small molecular weight 

then i t  may be excreted in increased amounts in the urine (Robinson, 

1 974 ) . This occurs , for example , in the mucopolysaccharidoses ( Van 

Hoof ,  1 973a ; Neufeld, 1 974 ) , aspartylglyc osaminuria (Jenner and 

Pollitt , 1 967 ) ani in mannos idos is of man (Norden e t  al . ,  1 973a 

and b ,  1 974 ; Aut io et al . ,  1 973 ) and Angus cattle (Norden et al . ,  1 973c ; 

L��dblad et  al . , 1 975 ) . Identification of these compounds in urine 

by rapid and inexpensive techniques such as thin-layer chromatography 

( Humbel and Collart, 1 975 ) may allow widespread scre ening for such 

diseases in children. 

The same clinical syndrome and the intracellular accumula tion 

of the same ma terials may arise from diffe rent bas ic enzyme 

deficiencies therefo re a knowledge of the specific enzymic anomaly 

is necessary for a precise diagnosis of an inborn lysosomal disease 

( Hers and Van Hoof,  1 969 ) . 

(d ) Enzymic deficiency: Partial or comple te deficienc ies of one 

or more lysosomal enzymes have now been established for almost all 

the rec ogni zed inborn lys osomal diseases ( Hers , 1 973 ; Neufeld et al . ,  

1 97 5 ) . The demons tration of such a deficiency in the tissues of a 

patient is the mos t reliable me thod of  diagnos is and allows 
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enzymes are present in mos t tissues , plasma and certain other 
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body fluids . Because of accessibility, plasma ( serum) and peri­

pheral leucocytes have proven mos t convenient for routine investi­

gations . Cul tured skin fibroblasts also reflect  the lysosomal 

enzyme complement of an individual � Mos t lysosomal s torage 

d iseases may be reliably diagnosed by assays for the activi ty of 

spec ific enzymes in serum, leuc ocytes or cul tured skin fibroblasts . 

Prenatal diagnosis of inborn lysos omal diseases by enzyme 

assays on amniotic fluid or amniotic cells ob tained by paracentesis 

has been an important development (Kaback and Howell ,  1 973 ) . 

Heterozygous couples who have a 25% chance of producing an affec ted 

child may choose to have only unaffec ted children by allowing the 

monitoring of each pregnancy and the selec tive abortion of diseased 

foetuses .  

2 .  De tec ti on of heterozygous individuals 

Although heterozygotes for mos t inborn lysos omal dis orders do not 

exhibi t clinical manifes tations of the disease , they possess a partial 

defici ency of the enzyme . A simple gene-dosage relati onship often 

applies wi th the average level of enzyme activity in heterozygotes 

being approximately 50% of that found in normal homozygotes (Aebi , 1 967 ; 

Harris ,  1 971 ) .  This gene-dosage phenomenon provides a c onvenient  basis 

for me thods of heterozygote detec ti on .  Variations in enzyme activitie s 

due t o  physiological , pathological and genetic factors may however 

, cause overlapping in enzyme activities between normal and heterozygous 

populations , therefore the identifi cation of heterozygotes can not 

always be made with certainty (Aebi , 1 967 ; Harris , 1 971 ; Kaback and 

Zeiger ,  1 972 ; Jolly et al . ,  1 973 ;  Kaback e t  al . ,  1 974) . 
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enzyme ac tivi ty in se rum or plasma have be�n successfully employed 

in detec ting he terozygo tes for several inborn lysosomal diseases 

( Table 1 . U ) . 

TABLE 1 . 11 

Inborn lys osomal s torage diseases for which 

serum or plasma have been successfully 

employed in he terozygote detec tion 

Disease 

GM2
-gangliosidos is Type I 
( Tay-Sach ' s disease ) 

GM2-gangliosidosis Type II  
(Sandhoff ' s  disease ) 

Juvenile GM1 -gangliosidosis 

Sanfilippo syndrome ( Subtype B) 
Fabry' s disease 

Globoid cell leuc odys trophy 

Mannosidosis of Angus cattle 

Key references 

O ' Brien et  al . ( 1 970, 1 9(2) , 
Kaback and Zeiger ( 1 972 ) 
Suzuki et  al . ( 1 973 ) 

O ' Brien et  al . ( 1 972 ) 
Von Figura et  al . ( 1 97 3) 
Kint ( 1 970 ) 
Suzuki et al . ( 1 972 ) 
Hocking e t  al . ( 1 972 ) , 
Jol ly e t  al . ( 1 973) 

O ' Brien et  al . ( 1 972 ) were able to  differentiate obligate Tay-

Sach ' s hete rozygotes from healthy controls by expressing serum · 

hexosaminidase A activity as a percentage of total se rum hexo-

saminidase activity. A 5% overlap be tween the two populati ons 

was reduced to 1 % on retesting of equivocal cases . This tes t  was 

unreliable when employed on pregnant women, women on oral contra-

ceptives and on individuals suffering from severe illnesses such 

as diabe tes mellitus . In such cases the re lative percentage of 
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hexosaminidase A in serum is reduced and there is a greater overlap 

in values between he terozygotes and normal controls ( Saifer et al . ,  

1 972 ; Navon e t  al . ,  1 973 ;  Kaback e t  al . ,  1 974 ) .  

A test for bovine mannosidosis heterozygotes has been developed 

on the bas is of acidic �-mannosidase activi ty ' (pH 4 . 3 )  in plasma 

( Hocking e t  al . ,  1 972 ; Jolly e t  al . ,  1 973 ) .  Plasma was preferred 

to  serum as variable increases in �-mannosidase activi ty were 

detec ted in serum relative to plasma samples from the same animals .  

( b )  Heterozygote de tection using peripheral leucocytes : The ready 

availabili ty of leuc ocytes has encouraged their use in heterozygote 

tes ting for many inborn lysosomal diseases . Table 1 . 111 lists the 

diseases for which enzyme assays on extracts of circulating leuco­

cytes have been employed with success in he terozygote detection .  

The s tatus of pregnant women 'with regard to  the Tay-Sach ' s  

genotype may be more reliably determined by assays of hexosaminidase 

activity in leucocytes than in serum ( Saifer et al . , 1 972 ; Navon 

e t al . , 1 973 ) . 

Leuc ocytes offered no advantage over serum in the detection 

of  heterozygotes for human globoid cell leucodys trophy. Suzuki 

e t  ale  ( 1 972 )  found considerable overlap in leucocyte extract 

galactocerebroside � -galac tosidase activities beh,een heterozygotes 

and normal c ontrols ,  despite significantly different mean values .  

Similarly, Ho cking e t  al e ( 1 972 ) found a s ignificant difference 

between mean leucocyte �-mannosidase activi ties in heterozygotes 

for bovine mannosidos is and control animals , but again there was 

so:'e overlap between the two populations . 

Masson e t  al . ( 1 974 ) "Tere unable to  separate normal individua.ls 

from human mannosidosis heterozygotes on the basis of their serum 



TABLE 1 . II1  

Inborn lysos omal s torage diseases for which 

he terozygo te detec tion based on enzyme assays of 

leucocyte extrac ts has been suc cessful 

Disease 

Fabry' s disease 

Gaucher ' s  disease 

Pompe ' s  disease 

GM2- gangliosidos is  Type I 

GM2-gangliosidosis  Type I I  

GM1
-gangliosidosis Type I 

GM1
-gangliosidosis Type I I  

Niemann-Pick ' s disease 

Metachroma tic leucodystrophy 

Fucosidosis 

Lysosomal acid-phosphatase 
deficiency 

Wolman ' s  disease 

Key references 

Kint ( 1 970) 
Beutler and Kuhl ( 1 970 ) , 
Brady e t  al . ( 1 97 1 ) 
Kos ter e t  al e ( 1 974 ) 
Kaback and Zeiger ( 1 972). ,  
Navon e t  al e ( 1 973 ) 
Harzer ( 1 973 ) 
O ' Brien e t  al e ( 1 971 ) 
Patel e t  al . ( 1 974b ) 
Brady et  al e ( 1 971 ) , 
Brady and K ing ( 1 973b ) 
Bass e t  al e ( 1 970 ) , 
Taniguichi and Nanba ( 1 970) , 
Hacke tt  e t  al e ( 1 971 ) 
Matsuda e t  al e ( 1 973 ) 

Nadler and Egan ( 1 970 ) 
Patrick and Lake ( 1 973 ) 

47 
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or leucocyte a-mannosidase activities (pH 4 . 0) alone , but claimed , 

that heterozygotes and normal individuals could be differentiated 

when a-mannosidase activity was expressed relative to total hexo­

saminidase ac tivity. The validity of emplo��ng hexosaminidase as 

a reference enzyme in this manner is questionable ( see Chapter V) . 

In some situati ons it  appears that the ability to  detect  

carriers using peripheral leucocytes may be enhanced by stimulating 

the lymphocytes wi th phytohaemagglutinin, thereby selecting a more 

homogenoous population of cells and possibly amplifying the gene tic 

differences by accelerating cellular metabolism (Kaback and Howell ,  

1 973) . Succe ss with this method has been reported in detec ting 

carriers for Pompe ' s  disease (Hirschhorn et  al . ,  1 969)  and lysos omal 

acid-phosphatas� deficiency (Nadler and Egan, 1 970) . 

( c ) Heterozygote de tec tion using cultured fibroblasts : The 

culture of human fibroblasts from skin biopsies has become a 

routine and valuable aid in the diagnosis and experimental investi­

gati on of many inherited disorders of man . Enzyme assays on 

cultured fibroblasts have enabled the successful detec tion of  

hete rozygotes for many human inborn lysosomal disorders (Table 

1 . IV) . 

Although a number of variables may affect the metabolism and 

enzymic composition of fibroblasts in culture ( Beutler et  al . ,  

1 970 ; Milunsky e t  al . ,  1 972 ; Galjaard et  al . ,  1 974 ) it has been 

claimed that the uniformity of the cell population provides a more 

accurate method of differentiating heterozygotes from normal 

individuals than is obtained with either serum or leucocytes 

( Kaback and Howell , 1 970 ; Beutler et  al . ,  1 97 1 ) .  In GM2-gangli­

osidosis Type I I  ( Sandhoff ' s  disease ) obligate heterozygotes can 
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be differentia ted from normal c ontrol s  on the basis of total hexo-

saminidase activity in cul tured skin fibroblasts , but not in serum .  

The use of cul tured skin fibroblasts in testing for he tero-

zygotes has no t been reported in domestic animals . 

TABLE 1 . IV 

Human inborn lys osomal storage diseases for which 

hetero zygote dete cti on using cultured skin 

fibroblasts has been successful. 

Disease 

GM2-gangliosidos is Type I 

G
M2

-gangliosidosis Type II 

Gaucher ' s disease 

Globoid cell leucodys trophy 

Metachromatic leuc odys trophy 

Lac tosyl ceramidosis 

Aspartylglycosaminuria 

Fabry ' s disease 

Key references 

OkA.da et al . ( 1 97 1 ) 

Okada et al e ( 1 971 ) 

Beutler et al e ( 1 971 ) 
O ' Brien et al e ( 1 972 ) 

Suzuki and Suzuki ( 1 97 1 ) 

Kaback and Howell ( 1 970 ) 
Kaback et al . ( 1 972  ) 
N ewe l t  e t  al . ( 1 97 2 )  

Dawson et al e ( 1 97 1  ) 

Aula e t  al e ( 1 973 ) 

O ' Brien et  al e ( 1 972 )  

( d) Heterozygote de tec tion by other methods : The success of 

enzyme assays on serum (plasma) , leucocytes and cul tured skin 

fibroblasts in heterozygote de tec tion has not encouraged the use 

of less accessible tissues or body fluids for this purpose .  Tay-

Sa�h ' s he te rozygotes may however be differentiated from normal 

controls on the basis of hexosaminidase A to hexosaminidase B 
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ratios in tear fluid ( Carmody et al . , 1 973 ; Singer e t  al . ,  1 973 ) .  

In contras t, enzyme assays on saliva did not successfully differen­

tiate the heterozygotes ( Singer e t  al . ) . 

VII .  'rHE PRACTICAL APPLICATION OF HETERO ZYGOTE TESTING 

The prac tical application of methods for detec ting heterozygous 

carrie rs of human inborn lysosomal di seases l ies in the identificati on 

of " he terozygous coupl es " ,  who have a 25% chanc e of producing a diseased 

child . The development of methods for the prenatal diagnosis of mos t 

of these disorde rs offers such couples the opportunity of having 

unaffe c te d  children, by allowing the monitoring of each pregnancy 

and the selec tive abortion of dis eased foe tuses . 

The init iation of widespread screening programmes to tes t for 

hete ro zygotes is no t prac ti cal unle ss the gene frequency is suspec ted 

to be  rela ti vely high and vii thin a defined population. As most inborn 

lysosomal diso rders are rare , tes ting for heterozygous carriers is  

usually confined t o  the family and relatives of affec ted individuals . 

Tay-Sach ' s  disease however is carried by 4 . 3% of Ashkenazi Jews, at  least 

in  N orth Ame rica (Kaback e t  a l . , 1 974 ), thus allowing the prac tical 

applicati on of a heterozygote te sting programme on a population basis . 

Kaback and Zeiger ( 1 972 ) ini tiated a mass screening programme aimed a t  

the prevention of Tay-Sach ' s  disease in the N orth Ame rican Jewish 

population, and s tated three spec ific requirements which made thi s  

scheme feasible : 

( i ) the disorder was known to occur with a high frequency in a 

finite populati on. 

( ii ) a simple , accurate and inexpensive he terozygote de tec tion 

tes t  was available . 



( iii ) prenatal detection of the disease was possible at a stage 

early enough for termination of pregnancy if necessary. 

5 1  

These re quirements were modified and extended by Jolly et  al e ( 1 974 ) 

to  make them applicable for the control of similar inherited diseases in 

animals , and may be summarized as follows : 

( i ) the disease must occur in a finite population with a gene­

frequency of sufficient magnitude to make it economically important . 

(ii ) a simple , inexpensive and accurate test for he terozygotes is 

required ,  and a reliable back-up test for equivocal animals should 

be available . 

(iii ) control of the disease by culling of certain heterozygotes 

should not be to the de triment of the breed ' s  genetic structure , 

or cause excessive loss of valuable breeding stock.  

( iv) the scheme should be acceptable to breeders , and should not 

interfere wi th other important disease-control programmes .  

(v ) there should be provision for adequate genetic counselling 

and either breed socie ty rules or legislation to ensure that  

control measures are instigated .  

The gene frequency for mannosidosis in New Zealand ' s  Angus cattle 

population appears to be consi�erably higher than that for Tay-Sach ' s  

disease in Ashkenazi Jews (Hocking et  aI. , 1 972 ; Jolly et  aI . ,  1 973 ) ,  

and the disease is considered to be of economic importwlce to the New 

Zealand beef  industry ( Jolly and Blakemore , 1 973 ; Jolly e t  al . ,  1 974 ; 

Jolly, 1 97 5 ) . �he development of a simple and relatively accurate 

method of heterozygote de tecti on (Jolly et al . ,  1 973) introduced the 

possibili ty of initiating a widespread screening programme aimed at the 
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rapid and ec onomical control of this disease . The ini tial s tep towards 

such a scheme was a pilo t tes ting programme in which several thousand 

cattle throughout the c ountry were tes ted in an effort to gain fur the r 

information on the incidence of he tero zygote s ,  and to assess the accuracy 

and reliabil i ty of the te s t .  An analysis o f  the results o f  this pilot  

scheme is presen ted in Chapter IV. 
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CHAPTER I I  

MATERIALS M�D METHODS 

Standard techniques employed throughout this study are presented in 

this chapter .  Information regarding the animals used in each experiment 

and spec ific de tails of other methods are included within each chapter.  

COLLECTION AND PREPARATION OF SAMPLES 

1 • Collec tion of plasma 

Blood vlaS collected from the jugular vein or the middle coccygeal 

b lood vessels into heparinized Vacutainers* .  Plasma was separated by 

centrifugation at 2 , 000 g x 5 min ,  usually within 4 hr of collection, 

o and stored at -1 2 C until required for assay . Transport of  samples 

involved the use of either dry ice or refrigerated van at _20oC .  

2 .  Separation of lymphocytes 

Lymphocyte separation was based on the method of Boyum ( 1 968 ) .  

Two x 1 0  ml EDTA Vacutainers of blood were collec ted from each animal 

and thoroughly mixed with the antic oagulant . Af ter centrifugation of 

Vacutainers at 2 , 000 g x 1 0  min, the buffy coats v[ere removed and 

diluted with 2 . 0  ml of 0 . 85% NaC l .  This cel l  suspens ion was gently 

layered upon 3 . 0  ml of Lymphoprep** in a centrifuge tube ( Figure 2 . 1 a ) 

and centrifuged at 400 g x 30 min. After centrifugati on the lymphocytes 

were deposited at the interface , whereas erythrocytes and granulocytes 

were deposited at the bottom of the tube ( Figure 2 . 1 b ) .  The lymphocytes 

were removed and washed twice in 0 . 85% NaCl at 1 60 g x 5 min to remove 

platele ts , and once in 0 . 1 5M-NH4Cl  to lyse any contaminating erythro-

* Bec ton Dickinson & C o .  Ltd . , Dublin, Ireland . 

** Nyegaard & Co . ,  Oslo ,  Norway . 
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a b 

Figure 2 . 1 : Method for the separation of lymphocytes from whole blood . 

( a ) Buffy coat suspension layered upon 3 . 0ml of 1ymphoprep . 

( b )  After centrifugation at 400g x 30min lymphocytes ( 1 ) 

are deposited at the interface . 



cytes . The lymphocytes were then s tored as a pellet at _1 2oC until 

required for assay . 

3 .  Separation of thrombocytes 

55 

Thrombocytes were obtained as a by-product of the above procedure 

for separating lymphocytes .  Instead of  discarding 'the supernatant from 

the firs t "rash of lymphocytes in 0 . 85% NaCI ,  this suspension, which 

contained a re latively pure population of thrombocytes, was re tained . 

After centrifugation at 1 60 g x 5 min to remove any remaining lymphocytes 

and erytrxocytes , the supernatant was again retained and centrifuged at 

400 g x 5 min to sediment the thrombocytes .  The supernatant was dis-
o carded and the thrombocytes were s tored as a pelle t at -1 2 C until 

require d  for assay . 

4 .  Separati on of W'anulocytes 

TvTO X 1 0  ml EDTA Vacutainers of blood from each animal were centri-

fuged at 2 , 000 g x 1 0  min .  After comple te removal o f  the buffy coat and 

plasma the remaining cells from each tube , c onsis ting of erythrocytes  

and granulocytes , were pooled . Erythrocytes were flash-lysed with 1 0  ml 

of distilled water for 30 s .  Isotonicity was restored by the addition 

of 1 0  ml of 1 . 7% NaCI . The granulocytes were washed once in 0 . 1 5M-NH4CI 

to lyse any remaining erythrocytes ,  and once in 0 . 85% NaCI ,  at 1 60 g 
o x 5 min and were s tored as a pellet at -1 2 C until required for assay. 

PnEPARATION OF TISSUES FOR HISTOLOGICAL STUDIES 

1 .  Light mic roscopy 

Tissues for light mic roscopy were fixed in either 1 0%  formal saline 

or  in Bouin ' s soluti on, and routine procedures for paraffin embedding 

and sec 'ui oning were employed.  Sec tions were s tained with haemotoxylin 

and e osin, and by peri odic acid-Schiff (PAS) and Masson ' s  trichrome 

methods . 
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Sec tions of 0 . 5 to 1 . 0 � in  thickness i'lere also cut for  light 

microscopy from resin-embedded tissues prepared as for electron mic roscopy. 

These sec tions were s tained for 20 s with 1 %  toluidine blue in 0 . 1 M­

phosphate buffer ( pH 7 . 2 )  on a hot-plate at 800C ,  and counterstaine d 

with 4% basic fuchsin for 1 0  s at the same temperature . 

2 .  Electron microscopy 

Tissues for elec tron microscopy were obtaine d as s oon as  possible 

after euthanasia of the animal and were sliced into small cubes ( approxi­

mately 1 mm3) in modified Karnovsky ' s  solution containing 3% glutar­

aldehyde and 2% formaldehyde in 0. 1 M-phosphate buffer (pH 7 . 2 ) . After 

3 hr in this fixative at  4°C ,  the tissues were washed in 0 . 1 M-phosphate 

buffer ( pH 7 . 2 ) ,  and pos t-fixed for a further 3 hr in 1 %  osmium tetroxide . 

Foll owing fixation the tissues were again washed in the buffer, " dehydrated 

by passage through a series of graded alcohol solutions , and embedded in 

epoxy res in* . Sec tions of approxima tely 7 , 000 nm in thickness were cut 

on an LKB ultramic rotome and mounted on unsupported copper grids . The 

secti ons were stained in 50% e thanol wi th saturated uranyl acetate for 

1 0  min, and in lead citrate for a further 1 0  min .  

CULTURE OF SKIN FIBROBLASTS 

1 • Biopsy technique 

An area of skin in the dorso-Iateral neck region was shaved and 

disinfected with 1 %  Hibitaine** . After subcutaneous injecti on of 2% 

lignocaine along the dorsal and anterior borders of the shaved area, 

several plugs of skin approximately 1 . 5 mm in diameter were removed with 

the aid of a shortened non-bevelled 1 2-gauge needle . The epidermis was 

dissec ted  from e"ach plug of skin and discarded .  The dermis was secti oned 

* Fluka durcupan , S�·Ti tzerland . 

** leI Ltd . , Macclesfield, England . 
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into fragments , l ess than 1 . 0 mm in diameter, and placed in approximately 

5 . 0  ml of T1 99 culture medium* containing 20% foetal bovine serum plus 

antibiotics ( penici llin, streptomycin and kanamycin ) .  

2 .  Es tablishment of primary cultures 

The plasma-clot embedding technique of  Hyman ( 1 968 ) was employed in 

establishing primary cultures .  After 72 hr at 37°C in culture medium, 

the fragments of dermis were attached to the surface of 50  ml tissue 

cul ture flasks** in clots of fresh plasma . The addition of 0 . 2  ml 

steri le  2% calcium chloride to 1 . 0 ml of oxalated plasma induces clotting 

after  approximately 5 min. Once the clot had formed about each explant 

5 . 0  ml of the same cul ture medium used above was added to each flask . 
o The primary cultures were incubated at 37 C and the culture medium was 

changed every 3 days . 

The initial outgrowth of fibroblas ts from explants usually occurred 

within 2 or 3 days and by 7 days most explants were usually surrounded 

by mass ive numbers of fibroblas ts . At this s tage the primary cultures 

were cons idered to be ready for subculture . 

3 .  Subculture of primary cultures 

Following the removal of culture medium and two washes with phosphate-

buffered saline , 2 . 0  ml of 0 . 05% trypsin*** containing 0 . 02% EDTA was 

added to each flask . o These were then incubated at 37 C for a further 

1 0  min or until the maj ority of fibroblasts had become detached from the 

surface of the flask. The cell suspension was removed and placed in a 

s terile centrifuge tube . Following centrifugation at approximate ly 200 g 

x 5 min most of the supernatant was removed and discarded . The fibro-

blas ts were resuspended in approximately 0 . 5 ml of remaining supernatant 

* Wellcome Reagents Ltd. , Beckenham , England . 

** Falcon, Oxnard , California , U . S . A. 

*** Trypsin 1 : 250 ,  Difco Laboratories , Detroit ,  Michigan, U. S . A. 
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and divided be tween two new culture flasks . After the addi tion of 

5 . 0  ml of culture medium each subculture was incubated for 5 days , by 

1-rhich time a uniform monolayer of fibroblasts had developed. 

4 .  Harves ting of cul tured fibroblasts 

Once the subcul tures had formed monolayers , the fibroblas ts were 

again removed wi th the aid of trypsin and placed in centrifuge tubes . 

Following centrifugati on at 200 g x 5 min the supernatant was completely 

removed and discarded .  The fibroblas ts were washed twice in phosphate­

buffered saline and s tored as a pellet at _1 20C until required for assay. 

ENZYME ASSAYS AND PROTEIN ESTIMATIONS 

1 .  Automated assay for a-mannosidase ac tivity in plasma 

During the pilot tes ting scheme assays for a-mannosidase activity 

in plasma were automated . A Technicon autoanalyser was employed, using 

O. 47rnr-f-4-methylumbelliferyl-a-D-mannopyr anoside as substrate in 37mM- ·· 

sodium acetate buffer (pH 4 . 3 ) .  The incubation mixture consisted of 

0 . 05 ml of plasma and 1 . 6 ml of substrate s olution. Following a 1 2 min 

incubation at 420C the reaction was s topped by the addition of 2 . 5  m1 of 

glycine buffer ( pH 1 0 . 0 )  and fluorescence was measured in a flow-through 

cell on a Turner model  1 1 1 fluorometer using primary fil ter 7-60 and 

secondary filter  22 . 

2 .  Assays for five lysosomal enzymes in ti ssue extrac ts 

Frozen pellets were thawed on the day of assay and diluted wi th 

0 . 85% NaCI containing 0. 1 %  Triton X-1 00* . The volumes of diluent added 

were 0 . 5  ml to thrombocyte pel lets ,  1 . 5 ml to lymphocyte and fibroblas t 

pelle ts and 3 . 0  ml to granulocyte s .  Samples were then sonicated for 

30  s at  3 . 0  amperes using a Dawe Soniprobe and centrifuged at 2 , 000 g 

x 5 min,  the supernatant being retained for assay. 

* BDH Chemicals Ltd. , Poole , England . 
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Me thods employed in assays for the ac tivities of five lysosomal 

enzymes in ti ssue extrac ts are summarized in Table 2 . 1 .  These methods 

,'rere based on those of various authors and were developed after a s tudy 

of the principal kinetic characteris tics o f  each enzyme in b ovine 

lymphocyte ex tracts  ( see Chapter V ) . 

Fluoro genic subs trates  were us ed for assays of a-mannosidase ,  

� -galactos idase and hexosaminidase ac tivity. Fluorescence was measured 

on a Turner model 1 1 1  fluorome ter us ing the same fil ters as mentioned 

previously and the release of 4-me thylumbelliferone was de termined by 

reference to  a s tandard curve . Assays for a-fucosidase and arylsulphatase 

A ac tivity involved colour reac tions ,  and absorbance was measured at  

400 nm and 5 1 5 nm respec tively on a Spec tronic 20 spec trophotomete r .  

For pH dependence s tudies subs trates were prepared in dis tilled 

water and buffers were added independently to each incubati on mixture . 

For pH dependence inves tigations of a-mannosidase activi ty a range of 

0 . 2M-Na
2

HP0
4
/citric acid buffers replaced the sodium ace tate/aceti c  ac id 

buffe r  employed in routine assays . 

3 .  Protein es timations 

The folin phenol method of Lowry et a l .  ( 1 95 1 ) was employed in 

es timating the pro tein concentrati on of  tissue extrac ts .  



TABLE 2 . 1  

Assay methods for five lysosomal enzymes in bovine tissue extracts 

Substrate and Incubation Incubation 
Enzyme concentration Buffer mixture time 

a.-mannosidase 6mM-4-methyl- 2M- 0 . 05 ml buffered 20 min 
umbelliferyl-a.-D- CH3COONa/CH3COOH substrate 
mannopyranoside (pH 4 . 3 )  0 . 01 ml tissue extract 

[3-galactosidase 1 mM-4-methyl- 0. 2M- 0 . 5  ml buffe red 20 min 
umbelliferyl-{3- Na2HP04/citric acid substrate 
galactopyranoside (pH 4 . 5 )  0 . 05 ml tissue extract 
monohydrate 

hexosaminidase 6mM-4-methyl- 0 . 2M- 0 . 05 ml buffered 20 min 
umbelliferyl-2- Na2HP04/ci tric acid substrate 
acetamido-2-deoxy- ( pH 4 . 5 )  0 . 01 ml tissue extract 
[3-D-gluc opyranoside 

a.-fuc osidase 2mM-p-nitrophenyl- 0 . 2M- 0 . 5 ml buffered 2 hr 
a.-L-fucoside Na2HP04/ci tric acid substrate 

( pH 5 . 25 )  0 . 1 ml tissue extract 

arylsulphatase A 6mM-nitrocatechol 1 M- 0 . 5  ml buffered 2 hr 
sulphate CE)COONa/CE)COOH substrate 

containing 0 . 5mM- 0 . 1 ml - tissue extract 
Na4P207 �lus 1 0%  

NaCI ( pH 4 . 75 ) 

Reac tion terminated 
with : 

2 . 0  ml 0 . 5M-glyc ine 
buffer ( pH 1 0 . 0 )  

1 . 5  ml 0 . 5M-glycine 
buffer ( pH 1 0 . 0 ) 

2 . 0  ml 0. 5M-glycine 
buffer ( pH 1 0 . 0 )  

1 . 5  ml 0 . 5M-glyc ine 
buffer (pH 1 0 . 0) 

0 . 5 ml 3M-NaOH 

0'1 -
o 
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CHAPTER III  

THE PATHOLOGY OF MANNOSIDOSIS IN ANGUS CATTLE 

INTRODUCTION 

The pathological features of mannosidosis in Angus cattle were 

initially described by Whi ttem and Walker ( 1 957 ) after examination of 

four affec ted calves ranging from 6 to  1 5  months of age . Slightly 

enlarged superficial lymph nodes were noted in one calf and mild 

internal hydrocephalus ·in another ,  but no gross abnormalities were 

c ommon t o  all four calves . Microscopic features included widespread 

swelling and vacuolation of neurones in the brain, hypertrophy of 

Purkinj e cell dendrites and axons , and numerous slightly eosinophilic 

bodies s cattered throughout the brain . The medullary sinusoids of lymph 

nodes were packed with vacuolated mac rophages , the pancreatic exocrine 

epithelium was vacuolated and convoluted tubules in the kidney cortex 

contained occasional vacuolated epithelial cells . 

The above findings were c onfirmed by Jolly ( 1 970)  who recorded the 

occurrence of this disease in New Zealand . This report was followed by 

a more detailed study of the pathology of the central nervous sys tem in 

mannosidosis based on observations made on 30 affected Angus calves up 

to 1 8  months of age ( Jolly, 1 97 1 ) .  Mild internal hydrocephalus was a 

frequen t  macroscopic observation,  while the primary microscopic lesion 

was vacuolation of neurones . This neuronal vacuolation was observed at  

all levels of  the brain but those in  certain areas were more severely 

affe c ted  than others . Ultras tructural evidence was presented suggesting 

that the vacuoles arose from saccular dilatati ons of the Golgi apparatus . 

The eosinophilic bodies described by Whittem and Walker were found to be 

swellings of axons due to local accumulations of electron-dense ·  bodies , . · 

mi tochondria and l ocal proliferation of neurofilaments .  The s torage· 
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compound in bovine mannosidosis  was identifie d by Hocking et al . ( 1 972 )  

as an oligosaccharide containing mannos e and glu?osamine . As this 

c ompound is water-s oluble it  would be expected t o  be removed during the 

dehydrati on of tissues prior to embedding in paraffin or epoxy resin or 

during aque ous s taining pro cedures ,  and i t  is not surprising that ne ither 

Whittem and Walker nor Jolly ( 1 97 1 ) were able to demons trate any specific 

compounds wi thin vacuo les in routine ly prepared tissue s ,  in spite of 

employing a varie ty of his tochemical s taining techniques . 

C onsiderable interest has be en shown recently in enzyme replacement 

therapy for inbo rn lysosomal diseases of man . I t  is the intenti on of 

this laboratory to exploit bovine mannosidosis as an animal model  for 

research in this field.  A more de tailed study of the pathology of this 

disease is a necessary prerequis i te to such inves ti gations . Because the 

pathology of the central nervous sys tem in bovine mannos idosis was 

reporte d  by Jol ly ( 1 971 ) ,  it was not reinvestigated in detail , and 

emphasis was placed on the s tudy of other tissue s .  

MATERIALS AND METHODS 

Tissues from six mannosidosis calves ranging from 3 days to 1 2  months 

of age were embedded in epoxy resin and sec tioned for ligh t  microscopy 

and ultras tructural studie s following the procedures outlined in Chapter 

II . Similar tis sues from three normal Angus control calves we re  prepared 

in the same manner .  Paraffin-embedded ti ssues from a furthe r 30 calves 

wi th mannosidosis were sectioned for e xamination by l igh t mic roscopy. 

RESULTS 

1 .  Gross pathology 

Calves with mannosidosis were generally undersized and in relatively 

poor c ondi tion. The maj ori ty showed a mild internal hydrocephalus , but 
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in  one calf ,  which appeared blind and died at six days of  age , the 

internal hydrocephalus was s evere . Lymph nodes throughout the body were 

almos t invariably enlarged t o  approximately twice normal size . No other 

consistent macroscopic abnormalities could be attributed to the disease . 

2 .  His topath� 

The outs tanding his tol ogical lesion was an intracytoplasmic vacuola­

ti on of  many t issues ,  varying in severity between different cell-types 

and tending to be more pronounced  in older calves . Ultrastruc turally 

vacuoles  were seen to be surrounded by a single tripartate membrane of 

approximately 900 nm in thickness (Figures 3 . 1 ,  3 . 1 4 ) .  Although mos t  

vacuoles were electron-lucent they often contained a moderate amount of 

amorphous elec tron-dense material and occasional membranous fragments 

and fibrillar elements . · Large vacuoles in appositi on to each other often 

appeared to  be connected ( Figure 3 . 22 ) . 

( a )  Re ticuloendo thelial sys tem 

In medullary sinlill oids of lymph nodes there were large numbers 

of highly vacuolated free macrophages and fixed reticuloendothelial 

cells (Figures 3 . 2 , 3 . 3 ) . Vacuoles in these cells were approxi­

mately 1 -2 � in diame ter but some were up t o  1 2  � in diameter in 

free macrophages . Ultrastructurally they were bounded by a single 

membrane (Figure 3 . 4 ) . I n  s ome macrophages , vacuoles appeared to  

represent "sausage-like " dilatations of smooth endoplasmic re ticulum 

( Figure 3 . 5 ) .  Empty saccules ,  resembling the intracellular vacuoles ,  

were often observed extracellularly in medullary sinusoids (Figure 

3 . 4 )  but it is not known whe ther these  represented the release of 

vacuoles from cells ante-mortem or during -the preparation of tissues 

for microscopy. Vacuolati on was not c ommonly observed in either  

ma  ture or imma terre lymphocytes . 
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Figure 3 . 1 : Vacuoles , bounded by a tripartate membrane approximately 

900 nm in thickness , within a neurone of a calf with 

mannosidosis . ( E . M .  x 1 40, 000) 



Fi ��re 3 . 2 :  Medul lary area of a lymph node from a c alf wi th 

mannosidos is , showing highly vacuolated free 

mac rophage s wi thin sinus oids . (Epoxy re s in 

embe dde d ,  to luidine blue-bas ic fuchs in , x 750) 

Figure 3 . 3 :  Me dul lary area of a l ymph node from a calf wi th 

mannos i do s i s  showing highly vacuolated fixe d  

re ticul oendo thelial c e l ls and fre e macrophages . 

( Epoxy re s in embedde d ,  toluidine blue-basic 

fuchsin , x 1 , 560) 

/ 
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Figure 3 . 4 :  Lymph node from a calf wi th mannos idos is showing 

memb rane-bound vacuole s wi thin mac rophage s ,  and 

sac cules within the medullary sinus oid with a 

s imilar appear ance t o  intracellular vacuole s .  

( E . M .  x 1 0 , 500)  

Figure 3 . 5 :  Lymph node macrophage from a mannosidos is calf 

c ontaining vacuol e s  and "sausage-like " dilatations 

o f  smoo th endoplasmic re ti culum . ( E .M .  x 1 2 , 000) 
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Kupffer  cells in the liver were packed with vacuoles 1 -2 � in 

diameter,  and their cytoplasm occupied considerably more space  in 

hepatic sinusoids than normal ( Figure s  3 . 6 ,  3 . 7 ,  7 . 4b) . This 

extensive vacuolati on of Kupffer cells  was relatively iriapparent in 

sections prepared for light microscopy from paraffin embedded liver 

tissue .  

Reticuloendothelial cells i n  the spleen were only moderately 

affected .  Plasma cells observed in  sinusoids sometime s contained a 

small number of vacuoles approximately 1 � in diameter ( Figure 3 .8) . 

( b ) Central nervous system 

The pathological changes noted in the central nervous sys tem 

c onfirmed those reported by Jolly ( 1 971 ) and therefore will be 

described only briefly. Neurones in mos t areas of the brain and 

spinal c ord c ontained large numbers of  small clear vacuoles 

( Figure 3 . 9 ) . As was observed in the previ ous s tudy, vacuoles 

often appeared to  be continuous with Golgi apparatus ( Figure 3 . 1 0) . 

Spheroids were present throughout the grey and white matter o f  the 

brain and spinal c ord and were particularly common in the cerebellar 

white matte r .  

Ganglion cells of myenteric plexuses in the gastrointestinal 

tract also showed  pronounced vacuolation. O ther autonomic ganglia 

were not examined .  

( c ) Epithelial tissues 

There was vacuolation of exocrine epithelial cells in the 

pancreas , lacrimal glands , submaxillary salivary glands and 

abomasum. · In the pancreas large clear vacuoles , mainly in the 

basal areas of cells , contras ted with the darker staining zymogen 

granules in apical zones (Figures 3 . 1 1 ,  3 . 1 2 ) . The severity of 



Figure 3 . 6  : Liver from a mannosidosis calf sho,.ling highly 

vacuolated Kupffer cells lining sinusoids . 

Vacuoles are also present  within some hepatocytes .  

(Epoxy res in embedded, toluidine blue-basic 

fuchsin, x 625 ) 

Figure 3 .7 ; Highly vacuolated Kupffer cell from the liver of 

a calf with mannosidosis .  ( E .M .  x 1 0 , 500) 
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Figure 3 . 8 :  Vacuoles within a plasma c e l l  in the sp leen of a calf 

wi t h  mannosidosis . ( E .M .  x 7 , 500) 
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Figure 3 . 9 :  Fine l y  vacuolated neurones in the medulla o f  the 

brain of a calf w i th mannosi dos is . ( Epoxy resin 

e mbe dde d ,  toluidine bl ue-bas ic fuch s in ,  x 1 5 , 60) 

Figure 3 .  1 0 :  Vacuole appearing t o  show con tinui ty vii th a Golgi 

appara tus ( G) in a ne urone of a calf "Ti th 

mannos idos is . ( E . M .  x 30, 600) 





Figure 3 . 1 1 :  Pancreas from a six-month old c alf with . 

mannosidosis showing numerous large vacuoles in 

exo crine epithelial cells and fine ly vacuolated 

fibrobla s t s  (arrows ) in the int e rs ti tium . 

(E poxy re s in emb e dde d ,  toluidine blue -basic 

fuchs in, x 1 , 560) 

, 

Fi gure 3 . 1 2 : Pancreas from a three-day o ld calf with 

mannos idosis showing c o ns iderably less 

vac uola tion o f  exocrine epi thel ial cells than 

Fi gure 3 . 1 1 . Fibrob las ts ( arrows ) in the 

inte rs titial ti ssues are s till highly vacuolate d .  

( Epoxy re s in embedde d ,  toluidine blue-bas ic 

fuchs in , x 1 , 560) 
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vacuola tion inc reased with the age of affec ted c alve s  ( c . f . Figures 

3 . 1 1 , 3 . 1 2 ) . Vac uole s in pancre a t i c  exoc rine cells varied in s i z e  

from 1 -6 � in diame te r .  Ul tras truc turally the se vacuoles ini t ia lly 

appe ared to oc cur in rough endoplasmic re ticulum ( Figure 3 . 1 3 ) , but 

at hi gh e r  magnif ic a ti ons the presence of a single three -layered 

limi t in g  membrane , unassociated with rough endoplasmic re ticulum, 

was noted ( Figure 3 . 1 4 ) . Variable amounts of fibri l lar mate rial 

and rec ogni zable zymogen granul es were oc casionally observe d 1ri thin 

elec tron-luc ent s torage vacuoles in the panc reas (Figure 3 . 1 5 ) . 

C ompared t o  the control s ,  the ex oc rine epithelium of lacrimal 

glands in mannos ido s is calve s was also highl:,r vacu ol a te d ,  with 

lesi ons appearing s imilar to th ose ob se rve d in the p anc reas 

( Figure s 3 . 1 6 , 3 . 1 7 , 3 . 1 8 ) . Simil arly, in the abomasum , chi e f  

c e l l s  were c onsis ten tly vacuola ted and smaller numbe r s  of vacuoles 

were of ten s een i n  pari etal c el l s  ( Figures 3 . 1 9 , 3 . 20, 3 . 21 , 3 . 22 ) . 

The mucus s e c re ti ng cells of submaxil lary sal ivary glands of 

mannos i d osis calves often c ontaine d large vacuoles up t o  1 5  )..LIl1 in 

diame ter i n  add i t i o n  to the many smal l mucus c ont aining vacuoles 

norma l l y  present in the s e  cells ( Figure s 3 . 23 ,  3 . 24 ,  3 . 25 ,  3" . 2 6 ) . 

The s erous c e l ls of t he s e  sal ivary glands c ont aine d vacuoles o f  

vari ous sizes u p  t o  6 � in diame te r ,  but the se rous epithelium of 

the parotid salivary glands was rel a tively unaffe c te d  ( Figure 3 . 31 ) . 

Evi dence for an association be twe e n  se cre tory granules and s to rage 

vacuoles was found only in the panc reas . 

"The endocrine epithe l ial c e l l s  of the panc re as ( i s l e ts of 

Lange rhans ) , thyroid and adrenal �lands appe ared to be unaffe c ted 

on inves tiga t i on by ligh t  mi c rosc opy . 

Renal c onvoluted tubules and c ol le c ting duc ts showe d varying 

degrees of vacu olation. A s everely vacu ola ted dis tal c onvo lute d  



Figure 3 . 1 3 :  Panc rea t ic exocrine epi the lial c e l l  from a 

manno sidos is calf show ing c lear vacuol e s ,  s ome 

of which appear to o c cur within are as o f  rough 

endoplasmic re ti culum . ( E . N .  x 6 , 400) 

Figure 3 . 1 4 :  Single three-layered memb rane ( arrow) approximate ly 

goo nm in thickne s s  defining a vacuole in a 

pancrea ti c  ex ocrine cel l .  ( E . N .  x 1 1 5 , 000) 

I 
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Figure 3 . 1 5 :  Portion of a pancreatic exocrine cell showing vacuoles 

containing fibrillar elements and one c ontaining a 

zymogen granule (arrow) . A zymogen granule ( z ) 

unassociated with s torage vacuoles is also presen t .  

(E .M .  x 22 , 500 ) 



Figure 3 . 1 6 : Lacrimal gland from a normal control calf . 

Numerous dark-staining secretory granules are 

present �Ti thin apical zones of exocrine 

epithelial cells . (Epoxy resin embedded,  

toluidine blue-basic fuchsin, x 1 , 560 ) 

Figure 3 . 1 7 :  Lacrimal gland from a calf with mannosidos is . 

Numerous large clear vacuoles in basal areas of 

exocrine cells contras t with the darker staining 

secretory granules . ( Epoxy resin embedded ,  

toluidine blue-bas ic fuchsin, x 1  , 560)  
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Figure 3 . 1 8 : Lacrimal gland from a calf with mannosidosis showing 

membrane-bound vacuoles in exocrine epithelial cel ls . 

Darker staining secretory granules are present in 

apical zones of these cells . (E .M .  x 6 , 400) 



Fieure 3 . 1 9 :  Abomasal mucosa of a normal control c alf· showing 

parie tal cells (p )  and chief cells ( C ) ,  which 

contain dark-staining secretory granules . 

(Epoxy resin embedded, toluidine blue-basic 

fuchsin, x 625 ) 

Figure 3 . 20 :  Abomasal mucosa o f  a calf with mannosidosis 

showing widesp read vacuolation of chief cells ( C )  

and less frequent vacuolation of  parietal cells 

( p ) . (x 625 )  
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Figure 3 . 2 1 : Abomasal mucosa of mWJlosidosis calf shovling 

vacuolation of both chief ( C ) and parietal (p) 
cells . ( Epoxy resin embedded ,  toluidine blue­

basic fuchsin ,  x 1 , 560) 

Figure 3 . 22 :  Chief cells wi th dark-staining secre tory granules 

and clear vacuoles containing a variable amount 

of elec tron-dense mate rial . An apparent 

connec ti on ( arrow ) is observed between two 

vacuoles . (E . N .  x 1 3 , 500)  
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Fi�lre 3 . 23 :  Submaxillary sal ivary gland of a normal -control 

calf shovling dark-staining serous demilunes and 

finely vacuolated mucus secreting cell s .  ( Epoxy ­

resin embedded, toluidine blue-basic fuchsin, 

x 625 ) 

Figure 3 . 24 :  Submaxillary salivary gland from a calf wi th 

mannosidosis . Abnormally large vacuoles are 

present within many mucous cells (M) .  Vacuoles are 

also present within the cells of serous demilunes ( S ) 
and the epithelium of a glandular duct ( D ) . 

(Epoxy resin embedded,  toluidine blue-basi c  

fuchsin, x 625 ) 
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Fig�re 3 . 25 :  Submaxillary salivary gland of a mannosidosis 

calf showing abnormal vacuolation of both muc ous 

(M)  and serous ( S ) cells . ( Epoxy resin embedded, 

toluidine blue-basic fuchsin, x 1 , 560) 

Figure 3 . 26 :  Serous cells from the submaxillary salivary gland 

of a calf with mannosidos is . Large vacuoles up 

to 6 � in diameter occupy a c onsiderable area 

of the ir cytoplasm . ( E .M .  x 6 , 400)  
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tubule is shown in Figure 3 . 27 .  Ultras truc turally podocytes in 

renal glomeruli sometimes contained a few small vacuoles . O ther 

epithelial tissues showing vacuolati on in calves wi th mannosidosis 

were type II epithelial cells in the lungs , bronchiolar epithelium 

( Figure 3 . 28 )  and the epithelium of duc ts from certain glandular 

tissues such as the submaxillary salivary gland ( Figure 3 . 24 ) . 

Hepatocytes were not c onsistently affec ted but some times contained 

a small number of vacuoles ( Figure 3 . 29 ) ,  some of which included 

fibrillar elements similar to those seen in the pancreas . 

( d )  MesenChymal tissues 

Many fibroblas ts in tissues examined from calves wi th 

mannos idosis were packed vTi th small e lectron-lucent vacuoles of 

approximately 0 . 5  to 1 . 0 � in diameter. These -were most obvious 

in the inters ti�ial tissues of the pancreas and kidney, and between 

smoo th muscle fibres in the external muscular layers of the gas tro­

intestinal tract (Figures 3 . 1 1 ,  3 . 1 2 ,  3 . 32 ) . Pericytes of small 

blood vessel� were often vacuolated (Figure 3 . 30) , as were capillary 

endothelial cells ( Figure 3 . 31 ) .  Smooth muscle fibres in the 

gastrointestinal tract and in the walls of large blood vessels 

fre�uently c ontained vacuoles in their perinuclear zones  (Figures 

3 . 32 ,  3 . 33 ) .  Vacuolation was also noted in mesangial cells of  

renal glomeruli from affected calves ( Figure 3 . 34 ) .  

DISCUSSION -

Ul tras tructural s tullBs have confirmed the presence of a single 

three-layered membrane defining vacuoles in tissues of calves with 

mann osidosis ( Fi gure 3 . 1 ) .  This membrane was approximately 900 nm in 

thicknes s and as such is c onsis tent with the tdentification of these 

vacuoles as secondary lysosomes ( Eric sson et al . , 1 965 ; Maunsbach, 1 969 ) . 



Figure 3 . 27 :  Vacuolation o f  the epithelium o f  a renal di stal 

convoluted tubule in a calf with mannosidos is . 

Desquamated epi thel ial cells , also c ontaining 

vacuoles , are present ,rithin the lumen of this 

tubule . ( Epoxy resin embedded,  toluidine blue­

basic fuchsin ,  x 1 , 5 60) 

Figure 3 . 28 :  Vacuolate d bronchial epithelial cells in a calf 

with mannosidos is .  (Epoxy resin embedded, 

toluidine blue-basic fuchsin, x 1 , 560)  



82 



Figure 3 . 29 :  Clear vacuoles in a hepatocyte from a calf wi th 

mannosidosis . Some vacuoles c ontain fibrillar 

elements ( c . f .  Figure 3 . 1 5 ) .  (E .M .  x 4 , 700 ) 
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Figure 3 . 30 :  Vacuoles in a pericyte of a blood c apillary in 

the brain of  a calf with mannosidosis . ( E . M. ' 

x 1 0, 500 )  

Figure 3 . 31 : Vacuoles in two c apillary endothel ial cells in 

the parotid salivary gland of a mannosidosis calf . 

Dark staining secretory granules are present 

within exocrine epithelial cells but ve ry few 

clear vacuoles are observed within thes e  cells . 

( E .M .  x 6 , 400 ) 
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Figure 3 . 32 :  Vacuoles within smoo th muscle fibres in the 

external muscular layer of the small intestine of 

a calf wi th mannosidosis . A fibroblas t ( arrow) 

containing relatively smaller vacuoles is present 

between smooth muscle fibres . ( Epoxy resin 

embedded ,  toluidine blue-basic fuchsin, x 1 , 560) 

Figure 3 . 33 :  Vacuoles in perinuclear zones of smoo th muscle 

fibres in the external muscular layer of the 

small intes tine of  a calf with mannosidosis .  

Mitochondria are also particularly common in these 

areas . ( E .M.  x 3 , 400)  
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Figure 3 . 34 : Vacuola ti on of mes angial c el l s  in a renal gl ome rulus 

of a calf with mannosi dos is . (Epoxy re s in embedde d ,  

toluidine blue-basic fuchs in x 1 , 560) 
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According to the basic concepts of inborn lysosomal diseases ,  as 

discussed in Chapter I (pages 1 -4 ) ,  the most severe lesions would be 

expec ted in (i ) rela tively long-lived cell-types ;  ( ii ) in cells wi th a 

high endocytic ac tivity, such as those of the reticuloendothelial sys tem, 

and ( iii ) in cells with ready access to substrates normally catabolized 

by the deficient enzyme . Mannosidosis is associated with an error in 

glycoprotein catabolism, and as glycoproteins are widely distributed 

I throughout the mammalian body it is not surpris ing that the accumulation 

of glycoprotein fragments wi thin lysosomes is widespread . As in several 

other inborn lysosomal diseases , reticuloendo thelial cells of the liver 

and lymph nodes show severe vacuolation, presumably due to their high 

phagocytic activity. 

I nvolvement of exocrine epithelial tissues .in storage diseases has 

no t been widely reported al though the vacuolation of such tissues in 

bovine mannosidosis would suggest  the pos sibilit y  of similar lesions in 

human mannosidosis and cl osely related disorders such as fucosidosis ,  " 

aspartylglycosaminuria and possibly in ce rtain of the mucopolysaccharidoses . 

Exocrine epithelial cells are not long-lived when compared t o  neurones qr 

muscle fibres therefore their vacuolation is unlikely to be related to 

this fac tor, but they might  be expec ted to  possess a relatively high 

endocytic ( or pinocytic ) activity to supply the materials and energy 

required for synthesis of their secret ory produc ts . However, the 

recogni tion of zymogen granules within s torage vacuoles in the pancreas 

of calves with mannosidosis (Figure 3 . 1 5 )  suggBSts that vacuolati on of 

this  tissue may be associated with a ready source of substrate provided 

by the process of crinophagy. Crinophagy is a process whereby secre tory 

produc ts superfluous to func ti onal requirements are directed into the 

lys osomLl sys tem and undergo intracellular digestion (Farquhar,  1 969 ; 

de Duve , 1 969 ) .  I t  has been suggested that this process is an important 

fact or in the overl oading of lysosomes in glandular cells , fibroblasts 
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and capillary endo thelial cells (Van Hoof,  1 973a and b ) , but direc t 

evidence to support this hypothesis has not previously been reported .  

Glyc opro teins are major c omponents of  secretory gl'anules (Neutra and 

Leblond,  1 969 ) , therefore crinophagy would be expec ted to c ontribute 

indigestible oligosaccharide substrates to the lysos omal sys tem in 

disorders of glyc oprotein catabolism .  An association between secretory 

granules and storage vacuoles was observed only in the pancreas but the 

I occurrence of c rinophagy in other exoc rine epithelial tissues cannot be 

disc ounted . I t  is not mOlm why the exocrine epithelium of parotid 

salivary glands is  relatively unaffected in mannosidosis when similar 

serous cells in submaxillary salivary glands are highly vacuolated .  

fl� though endocrine epithelial cells might be  expec ted to  pos sess a 

similar endocytic activity t o  exocrine c el ls ,  and crinophagy has been 

demonstrated in various endocrine cel l-types (Farqw1ar,  1 969 ) , vacuolation 

was not observed in isle ts of Langerhans ,  thyroid or adrenal glands of 

calves I'Ti th mannosidos is .  This is probably due to the fact that the 

hormonal secre tions from these glands are not glycoproteins and therefore 

the process of  crinophagy would not be expected to contribute indigestible 

material to the lysosomal system in ce lls of these tissues . 

The vacuolation of hepatocytes and epithelial cells of renal tubules 

in mannosidosis calves was relatively mild  and would not have been 

expec ted to impair the function of ei ther organ. 

Finely vacuolated fibroblasts were observed in almos t every tissue 

examined .  Fibroblas ts are responsible for  the produc ti on of  acid muco­

polysaccharides  and collagen precursors , some of which probably find 

their way into the lysosomal sys tem of fibroblasts by the process of 

crinopha6,Y ( Van Hoof, 1 973a ) where they accumulate in disorders of glyco­

pro tein and mucopolysaccharide me tabolism . Pericytes of  small blood 

vessels and mesangial cells in renal glomeruli are also thought to be 
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capable of producing c ollagen precursors and are believed to possess 

phagocytic properties ( Ham, 1 965 ) . The vacuolation of these cell-types 

in affec ted calves  is not therefore surpris ing. Smooth muscle fibres  in 

the walls of large blood vessels and in the external muscular ;ayers of 

the gastrointestinal trac t were often vacuolated ( Figures 3 . 32 ,  3 . 33 ) ,  

but vacuoles were not observed in skeletal muscle and cardiac muscle . 

Muscle fibres are long-lived cells and therefore the accumulation of 

s torage product in their lysosomes is not surpris ing but the 'absence of 

vacuoles from skeletal and cardiac muscle fi bres is difficult to explain. 

The central nervous sys tem was not examined in detail in this . s tudy, 

but the wide spread and severe vacuolation of neurones ,  previously re­

ported by Whittem and Walker ( 1 957 ) and Jolly ( 1 971 ) ,  was c onfirmed 

( Figures 3 . 9 ,  '( . 8b ) .  Hers ( 1 973) suggested that neurones probably have 

a low endocytic ac tivi ty and that the s torage of undigested material in 

their secondary lysosomes arises largely through the process of autophagy, 

but Hers has possibly underestimated the endocytic capabilities of these 

cells . Neurones are responsible for supplying nutrients to a large 

volume of cytoplasm, in the form of axons , and might therefore be 

expec ted to possess a relatively high endocytic activity. Both me thods 

probably c ontribute substrates to  the lys osomal system but the severi ty 

of neuronal vacuolation is most l ikely a reflec tion of the longevi ty of 

these cells . In contrast ,  short-lived cell-types ,  such as intes tinal 

epithelial cells , would be expected to have insufficient time to ac,cumu­

late significant quanti ties of s torage compounds in their lys osomal 

sys tem prior to exfoliation. As expected, vacuoles were only occasionally 

observed in the intes tinal epithelium of affec ted calves . storage-type 

inclusions have however been observed in intestinal epithelial cells of 

patients wi th GM1 -gangliosidosis and mucopolysaccharidosis Types , I ,  I I  

and III . These inclusions are thought to develop as a result of a defect " 

in the crinophagic regulation of the secre tion of the cell coat material 
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of these c ells due to the deficiency of a lysosomal enzyme ( Daems et  al . ,  

1 973 ) • 

The lesions of mannosidosis may be observed in affected foetuses as 

early as the six th month of ges tation ( Jolly, personal communicati on) . 

Although vacuolation of most cell-types was already widespread at birth ,  

lesions tended t o  b e  more severe in older calves ( Figures 3 . 1 1 , 3 . 1 2 )  

due t o  the progressive accumulati on of storage compounds . 

The average size of vacuoles varied between different tissues . In 

epithelial cells they were often greater than 1 0  � in diameter, while 

in mesenchymal cells and reticuloendothelial cells they were smaller 

( 0. 5  to 2 . 0  � in diameter) and of a more uniform size . 

A detailed study of the his t opathology of human mannosidosis has 

y8t to be described ,  but suffic ient evidence has been reported to suggest 

that the lesions are similar, though not identical , to those of the 

bovine disease . Widespread ballooning of neurones in the brain and 

spinal c ord ,,,as described by Kj ellman et al . ( 1 969) in a child with 

mannosidosis ,  and c lear vacuoles , surrounded by a single membrane , were. 

reported in hepatocytes and Kupffer cells ( Autio et al . ,  1 973 ) .  Vacuol- ' 

ation of lymphocytes is a feature of human mannosidosis ( Kj ellman et  al . ) 

that was not observed in affec ted  calves . Another human disorder of 

glyc oprote in metabolism, aspartylglycosaminuria ,  has seve ral histological 

features in c ommon with mannosidos is of Angus cattle , including vacuolation 

of neurones , hepatocytes ,  Kupffer cells,  endothelial cells and pericytes 

(Arstila et al . ,  1 972 ; Haltia e t  al . ,  1 975 ) . Vacuoles were surrounded 

by a single membrane and no specific compounds could be identified 

vTi thin them by his tochemical staining (Hal tia et al. ) .  Similar clear 

vacuoled also occur in various tissue s of patients wi th fucosidosis ( Van 

Hoof ,  1 973b )  and with certain mucopolysaccharide storage dis orders (Van 

Hoof , 1 973a ) .  In Type I I  glycogenosis ( Pompe ' s  disease )  there is vacuol-



ation of neurones and several other tissues including liver,  kidney, 

spleen, pancreas , smooth muscle , skeletal mus cle and cardiac muscle . 

9 1  

The pre sence of  glycogen within these  vacuoles may be  demonstrated by 

s tandard his tochemical techniques or by the characteris tic ultrastructural 

appearance of glycogen (Sands trom e t  al . , 1 969 ; Hers and de Barsy, 1 973) . 

Vacuolation of cells wi thin renal glomeruli has been reported in 

Fabry ' s, Neimann-Pick and Gaucher ' s  diseases and in an unclassified 

mucopolysaccharidosis . In Neimann-Pick and Gaucher ' s  diseases the "foam­

cells " were present wi thin gl omerular capillaries ,  but in Fabry' s disease 

and in ·the muc opolysaccharidosis visceral epi thelial cells (podocytes ) 
were vacuolated ( Rosenmann and Aviram, 1 973 ) . There was no mention of 

vacuolation of mesangial cells in these diseases . 

Jolly ( 1 971 ) described vacuoles apparently developing from saccular 

dilatations in Golgi apparatus in neurones of calves with mannosidosis .  

This was confirmed during the present study (Figure 3 . 1 0) and although a 

similar relationship be tween vacuoles and Golgi apparatus was not obsel�ed 

in any o ther tissue , vacuoles in lymph node macrophages sometimes appear-ed. 

as c ontinuous elongated swellings which may represent dilated portions of 

smoo th endoplasmic re ticulum ( Figure 3 . 5 ) . Large vacuoles in appositi on 

to each other often appeared to be connected (Figure 3 . 22 )  suggesting 

that the vacuoles may, in some cases , be grossly dilated sections of 

smooth endoplasmic reticulum . These observations sugges t  that ,  at  least 

in some tissues ,  s torage material may accumulate wi thin GERL, a special­

ized portion of Golgi-associa ted smooth endoplasmic re ticulum from which 

lys osomes appear to form, and from which certain autophagic vacuoles are 

thought to be derived (Novikoff e t  al . , 1 966 , 1 971 ; Erics son, 1 969 ; 

Novikoff, 1 973) � Material entering the cell by endocytos is would not be 

expecte d  to become associated with the Golgi apparatus or endoplasmic 

reticulum , but would theoretically be digested or stored  within sec ondary 
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lysosomes . Hal tia et  801 . ( 1 975 ) were unable to establish any rela tion­

ship be tween vacuoles and either  smooth or rough, endoplasmic re ticulum 

or Golgi apparatus in tissues of patients with aspRrtylglycosaminuria.  

In this study the advantage of using sections of resin embedded 

tissues for light mic rosc opy was amply demonstrated .  The vacuolation of 

smoo th muscle fibre s ,  fibroblasts , mesangial cells , pericytes and 

capil lary endothelial cells was inapparent in sections from paraffin 

embedded tissues but was c learly visible in resin embedded sections . 

This inves tigation of the pathology of bovine mannos idosis is by no means 

comple te . Tissues which have not yet been examined but which may prove 

to be of interest  include skin,  bone , bone marrow, cartilage and repro­

duc tive organs . 

SUMMARY 

Mannosidosis in Angus cattle is cr�rac terized pathologically by 

vlidespread vacuolation of neurones in the central nervous sys tem, 

reticuloendothelial cells in the liver,  lymph nodes and spleen, exocrine 

epithelial cells of the pancreas , abomasum, salivary glRnds and lacrimal 

glands , and certain cells of mesenchymal origin including fibroblasts , 

mesangial cells , smooth muscle cells , pericytes ,  and end�thelial cells 

of bl ood capillaries . Vacuoles are surrounded by a single tripartate 

membrane of approximately 900 nm thickness and although most vacuoles 

are elec tron-lucent they often contain variable amounts of amorphous ' 

elec tron-dense material and membranous or fibrillar elements . Evidence  

was obtaine d to sugges t  that the process of  crinophagy c ontributes to  

the formation of  vacuoles in  the pancreas . I t · is thought likely that 

crinophagy is also responsible for the severi ty of lesions noted in other 

exocrine tissues and possibly in fibroblasts,  pericytes and capillary 

endothelial cells . An apparent continuity be tween some vacuoles and 
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Golgi apparatus , and the presence of "sausage-like " dilatations of 

smoo th endoplasmic re ticulum suggest  that at leas t some lesions may be 

due to the accumulation of s torage materials within GERL and not merely 

wi thin secondary lys osomes as traditionally appreCiated.  



CHAP'rER IV 

EVft�UATION OF A PILOT TEST AlfD CONTROL PROGRAMME 

FOR THE MANNOSIDOSIS GENOTYPE 

INTRODUCTION 
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The high frequency of the mannosidosis genotype in New Zealand ' s  

Angus cattle population, plus the development of a simple and inexpensive 

tes t  for mannosidosis heterozygotes ,  based on plasma �-mannosidase 

ac tivity ( Hocking et  al . ,  1 972 ; Jolly e t  al . ,  1 973 ) ,  suggested that a 

tes t and control programme would be both desirable and feasible . 

Consequently a pilot scheme planned to involve 5 , 000 animals was 

initiated in January 1 973  with the following principal aims : ( i )  to 

provide a more accurate estimate of the gene frequency for this disease 

in New Zealand, ( ii ) to determine the accuracy and reliability of the 

plasma tes t for heterozygosity, (iii ) to provide a nucleus of two-year 

old bulls free from the mannosidosis genotype for breeders who required 

them, and ( iv) to s timulate the interes t of breeders in the control of 

mannosidosis . Tes ting continued on a lesser scale during 1 974 a�d 1 975" 

whil e  arrangements were being made for a national test  and control 

scheme to be run by the Ministry of Agriculture and Fisheries in con­

junction with the New Zealand Angus Assoc iation. 

In this  chapter the resul ts obtained from the 1 973 pilot scheme 

plus a limited number of later results are analysed and discussed. 

MATERIALS AND METHODS 

1 • Animals used and c ollec ti on of samples 

All cattle bled as part of the pilot scheme were of the MlguS breed, 

and were voluntarily presented by stud breeders from throughout New 
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Zealand.  Details of  the scheme were distributed to all members of  the 

Angus Association and as many applicants as possible were included. 

Preference was given to herds with a history of mannosidosis ,  therefore 

the selection of animals could not be regarded as random. A to tal of 

4 , 799 cattle from 38 different herds were tested in the pilot  scheme , 

with samples being collec ted  by the author mainly during January, 

February and March of 1 973 . Plasma �oj'as separated by an ass is tant 

within four hours of collecti on. 

A pedigree extending back at least two generations was obtained 

for each animal tested in order  to facilitate diagnosis and to allow 

a check on the validity of results .  Samples from a herd of 57 mixed­

aged Jersey cows , bled monthly over a period of one year , have been 

included to show seasonal variati ons in plasma a.-mannosidase activities . 

Mannosidosis has never been recorded in this breed� 

2 .  a.-Mannosidase assays 

Assays for a.-mannosidase activity were performed by an assistant 

on a Technicon autoanalyser using the fluorogenic substrate 4-methyl­

umbelliferyl-a.-D-mannopyranoside . Details of the assay me thod are 

presented in Chapter I I .  

3 .  Method of dealing with data 

Due to the influence of factors such as age , sex and environment 

on plasma a.-mannosidase ac tivities (Jolly e t  al . ,  1 973 ) the results· 

from each herd were analysed separately and in three groups , i . e .  ( i )  

mature cows ( 2  years and olde r) , ( i i )  1 4-22-month females ,  and ( iii )  

1 4-22-month males . For simplicity, animals age-d 1 4-22 months a.re here­

after referred to as being 1 8  months of age . 
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His tograms . vii th class intervals of five fluorimetric units , were 

cons tructed for each group within a herd . For comparative studies 

between different he rds fluorime tric units were c onverted to "standard" 

units  by reference to a s tandard plasma sample which was run con-

currently wi th all assays . 

Further analysis of data included estimates of skewness of dis tri-

bution curves ( Snedecor and Cochran, 1 967 ) and c onversion of these 

curves to estimates of s traight lines by either probit or rankit trans-

formation (Finney, 1 95 2 ; Fisher and Yates , 1 963 ) . Ranki t transformation 

was used when the number of animals in the population was less than 

thi rty. 

RESULTS 

1 .  Charac teristics of the dis tribution curve for plasma a-mannosidase 

ac tivity in normal animals 

The characteris tics of the distribution of plasma a-mannosidase 

activities of normal animals were investigated by examining in de tail 

the results from 1 2  herds of Angus cows plus one herd of Jersey c ow� . 
, 

Only Angus herds containing 50 or more cows and wi th a clear separation 

between normal and heterozygous populations were s elected for this  

investigation. 

A feature of many his tograms was an apparent positive skewness in 

the dis tribution of plasma a-mannosidase activity in normal populations 

(Figure 4 . 1 a ) . In six of the thirteen herds the distributions were 

significantly skewed, and in all but one case the skewness could be 

correc ted by logarithmic transformation of values ( Table 4 . 1 ,  Figure 

4 . 1 b ) . 
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Distribution of plasma a-mannosidase activities showing positive skewness and 

correction by logarithmic transformation of va lues, in a herd of 57 Jersey cows. 



Herd 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2 

1 3  

TABLE 4. I 

Tests for skewness in distributions of plasma 

a-mannosidase activity in herds of normal adult cows 

98 

Estimates of skewness ( g1 ± standard error) 

and no . animals Fluorimetric uni ts Log. fluorimetric units 

Angus ( 1 01 ) 0 . 27 ± 0 . 24 - 0 . 06 ± 0 . 24 

" ( 89 )  0 . 46 ± 0 . 26 * 0 . 1 3 ± 0 . 26  

" ( 1 08 ) 0. 29 ± 0. 23 0 . 07 ± 0 . 23 

" ( 1 42) 0 . 53 ± 0. 20 * 0 .03 ± 0 . 20 

" ( 83)  0 . 47 ± 0 . 26 * 0 . 29 ± 0. 26 

" ( 1 35 ) 2 . 37 ± 0 . 2 1  * 0. 59 ± 0. 2 1  * 

" ( 65 )  0 . 94 ± 0. 30 * 0 . 46 ± 0. 30 

" ( 50) 0 . 43 ± 0. 34 - 0. 37 ± 0. 34 

" ( 92 )  - 0. 1 1  ± 0 . 25 - 0. 1 4  ± 0 . 25 

" (83 )  0 . 23 + 0 . 26 - 0 . 25 ± 0. 26 

" ( 1 34 )  0 . 04 ± 0 . 2 1  - 0 . 29 ± 0 . 21 

" ( 99 )  0 . 1 9  ± 0 . 24 - 0. 37 ± 0 . 24 

- Jersey ( 57 )  0 .86 ± 0. 31 * 0 . 31 ± 0 . 3 1  

* Significantly skewed distributi on (p < 0. 05 )  
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A between-herd comparison of mean plasma �-mannosidase activities 

and dis tribution of log. values about the mean is shown in Figure 4 . 2  

after probit transformation of distribution curves for the 1 2  Angus 

herds . A value of  " 5 "  on the probit scale represents the mean of the 

dis tribution,  while each probit uni t  represents one sta�dard deviations 

from the mean . Nine ty-nine per cent. of ��imals would be expected to 

have plasma �-mannosidase activities within ± 2 . 58 standard deviati on 

of the mean . Significant differences ( p  < 0 . 05 )  between mean values ,  

as  indicated by  an absence of  overlap between 5% fiducial limits ,  were 

shown for several herds . The distribution of log. values about each 

mean were similar, as demonstrated by the similarity between the slopes 

of mos t of the probit  lines . Only one line had a significantly different 

slope than the average ( p  < 0 .05 ) . The value below which only 1 %  of the 

normal population would be expected to fall varied from 56% to 70% of 

the mean, with an average of 63%. 

2 .  Plasma �-mannosidase activity in he terozygotes 

The separation of certain Angus herds into two distinct populations 

on the basis of plasma �-mannosidase activitie s  is demonstrated in 

Figures 4 . 3a and 4 . 4a .  The animals contributing to the population with 

low enzYme activities are c onsidered to be heterozygous for the 

mannosidosis genotype . In many groups there was no clear separation 

between heterozygous and normal populati ons thereby creating difficulties 

in deciding the s tatus of animals in the low normal and high heterozygous 

areas . After logarithmic transformation of values to remove positive 

skewness ( Figures 4 . 3b and 4 . 4b )  the dis tribution curves were sometimes 

converted to probit lines ( Figures 4 . 3c and 4 . 4c ) . The theoretical 

cut-off point betw'een the heterozygous and normal populations is the 

point 01 inflec ti on of the probit line ( indicated by an arrow in 

Figures 4 . 3c and 4 . 4c ) ,  where the line representing one population 

MASSEY UNIVERSIT't 
LI�RARY 
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changes to that representing the othe r .  The two populati ons may then 

be redravffi separately using either probit or rankit transformation. 

Each is fi tted �Ti th the line of bes t  fit which may be extended to the 

99% confidence level ( Figures 4 . 3d and 4 .4d) , providing an estimate of 

the upper and low'er values expected  to be shown by 1 % of the hetero-

zygous and normal populations respec tively . 

Five of the 1 2  Angus herds discussed previousl� contained a 

sufficient number of heterozygotes to allow a comparison between plasma 

a-mannosidase activities of normal and heterozygous animals . By placing 

fiducial limits on the differences  between the log. means of both 

populations in each herd it was poss ible to show that the means of the 

heterozygous populations were significantly ( p  < 0 .05 )  less than half 

the means of the normal popula ti ons ( Table 4 .  II ) • The fiduc :ial limits 

did not include 0 . 30 ( log. of 2 . 0) in any of the five herds . The 

unweighted average of plasma a-mannosidase activity in heterozygotes 

was 37 . 5% of normal with a range of 31 .8% to 4,1 . 2%. 

TABLE 4 . II 

The relationship between plasma a-mannosidase activity 

in normal and heterozygous c ows 

Mean plasma a-mannosidase 
ac tivity ( fluorimetric 

units ) 
Fiducial limits 

Normal Heterozygous of difference Heterozygous value 
Herd population population ( log. scale )  as % of normals 

* 

3 48 . 5  ( 1 1 4)  20. 0 ( 1 0 ) 0 . 3384 - 0 .4332 4 1 . 2% 

4 43 . 3  ( 1 42 )  1 7 . 3  (42 )  0 . 37 1 3 - 0 . 4271 40 . 0% 

6 38 . 0  ( 1 35 )  1 2 . 1  ( 33 ) 0 . 3 683 - 0 . 631 5 3 'J . 8% 

1 1  5 9 . 4  ( 1 34 ) 2 3 . 3 ( 1 8) 0 . 3607 - 0 . 451 3 39 . 2% 

1 2  4 1 . 6  ( 98 ) 1 4 . 6  ( 1  9 )  0 . 4094 - 0 . 5004 3 5 . 1 %  

* Numbe r  of cows per group 



3 .  Overall resul ts of the pilot  test and control programme 

A comple te lis t  of resul ts obtained from the pilot  scheme is 
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presented in Table 4 . 111 • . Of 4 , 799 animals tested, 1 3 . 1 %  were desig-

nated he terozygous . Only two herds , both of which were relatively 

small ,  c ontained no heterozygous animals ,  while the prevalence of 

heterozygotes  was greater  than 20% in eight of the 38 herds tested .  

The geographical distribution of  the mannosidosis genotype formed no 

obvious pattern ,  and was widespread throughout both North and South 

Islands of New Zealand . Of the animals tes ted, 41 ( 0. 85%) were listed 

as equivocal , 21 of ''1hich occurred in a large he rd ( herd 38) with an 

abnormally high prevalence of heterozygotes ( 28 . 9%) . C onsiderable 

difficul ty was encountered in deciding the s tatus of many of the 1 8-

month females in this herd, as indicated by the 1 0  equivocal cases 

recorded ( Table 4 . 111 ) . These heifers we re retested 1 2  months later 

and on this occasion the situation was more clear, with all 1 0  equivocal 

animals appearing normal . 

The prevalence of heterozygotes among animals from herds with a 

history of mannosidosis was 22% c ompared wi th 9 . 8% in herds wi th no 

recorded  history of the disease ( Table 4 . IV) .  

TABLE 4. IV 

Incidence of mannosidosis heterozygotes in herds . 

with and without a history of mannosidosis 

Herds with history Herds without history 
of mannosidosis of mannosidosis 

No .  herds 8 30 

No .  animals 1 , 277 3 , 5 22 

No . heterozygotes 281 346 

% heterozygotes 22 . afo  9 . • 8% 



Herd N 
1 34 
2 43 
3 46 
4 47 

5 30 
6 53  
7 1 9  
8 1 7  

9 40 
1 0  22 
1 1  48 
1 2 42 
1 3  -

1 4  9 
1 5  6 
1 6  23 
1 7  9 
1 8  6 
1 9  9 
20 1 4  

TABLE 4 .  III 

Overall results of the pilot  tes ting programme for mannos idos is heterozygotes 

1 8-month females 1 8-month males Mature females Mature males 

H E % H  N H E % H N H E % H N H E % H  
- - 0 32 1 - 3 . 0 1 02 1 - 1 . 0  3 - - 0 
- - 0 37 - - 0 90 2 - 2 . 2  4 - - 0 
4 - 8 . 0 35 2 - 5 . 4  1 1 4 1 0  1 8 . 0 3 - - 0 

1 1  - 1 9 . 0  43 7 1 1 3 . 7  1 42 42 1 22 . 7  2 - - 0 
- - 0 22 - - 0 82 2 - 2 . 4  2 - - 0 
4 - 7 . 0  49 - 5 - 9 . 0 1 35 33 1 1 9 . 5  9 - - 0 
1 - 5 . 0  24 - - 0 65 2 - 3 . 1  2 - - 0 
- - 0 1 4  - - 0 50 - - 0 1 - - 0 
- - 0 25  1 - 3 . 8  92 2 - 2 .  1 1 1 - 50 
1 - 4 · 4 32  - - 0 83 5 - 5 . 7  3 - - 0 
- - 0 57 3 1 4 . 9 1 34 1 8  - 1 2 . 0  6 - - 0 
3 - 6 . 7  32 6 1 1 5 . 4  98 1 9  1 1 6 . 0  4 - - 0 
- - - 31 3 - 8 . 8  - - - - 3 - - 0 
- - 0 6 - - 0 24 - - 0 - - - -

1 - 1 4 . 3  1 1 1 - 8 . 3  24 4 - 1 4 . 3  1 - - 0 
7 - 23 . 3 8 3 - 27 . 3  1 1 6 35 4 23 . 0  6 1 1 1 2 . 5  
5 - 35 . 7  1 5  2 1 1 1 . 1 39 - - 0 - - - 0 
- - 0 - - - - 1 7  1 . - 5 . 6  1 - - 0 
- - 0 1 0  - - 0 25  1 - 3 . 9  1 - - 0 
1 - 6 . 7  4 1 - 20 . 0 35 9 - 20. 5 1 1 1 33 . 3  

Total % 
of H 
1 . 2 
1 • 1 
7 . 4  

20 . 3  
1 . 5 

1 4 . 5 
2 . 7  

0 
2 . 5  

4 . 1  

7 . 9  
1 3 . 6  
8 . 1 

0 
1 2 . 5  
22 . 6  
9 . 9  
4 . 0  
2 . 2  

1 7  . 9  
Contd . 

o 
\Jl 



TABLE 4 . III ( Contd . ) 

1 8-month · females 1 8-month males Mature females 

Herd N H E Jf H N H 
2 1  1 8  - - 0 1 5  2 

22 24 - - 0 1 5  1 

23 1 5  - - 0 1 3  1 

24 1 7  6 - 26 . 1 9 4 

25  1 3  3 - 1 8 . 8  24 5 

26 1 4  1 - 6 . 7  2 1  -

27 1 1  3 - 21 . 4  - -

28 1 5  1 3  - 46 . 4  1 4  4 

29 - - - - 1 4  1 

30 - - - - 31  8 

3 1 * 25 5 - 1 7  . 0  56  1 8  

32* 1 1  1 - 8 . 3  3 -

33* 24 3 - 1 1 • 1 - -

34* 1 0  1 - 9 . 1 1 0  2 

3 5* 38 5 - 1 1 . 6 37 3 

36* 50  1 4  - 2 1 . 9  32 1 7  

37* - - - - 1 -

38* 36 22 1 0  32 . 4  6 1  26 

Totals 838 1 1 5 1 0  1 1 . 9 843 1 27 

* Herds with history of mannosidosis . 

E % H N H E % H 
- 1 1  .8  50 6 - 1 0 . 7  

- 6 . 3  59 2 - 3 . 3  

- 7 . 1  5 5  7 - 1 3 . 5  
- 30 .8  28 1 0  ., 25 . 6  

1 1 6 . 7  - - - -

- 0 56  1 1 1 . 7 

- - 34 2 1 5 . 4  
- 22 . 2  58 1 - 1 . 7 
- 6 . 7  - - - -

- 20. 5 - - - -

- 24 . 3  - - - -

- 0 61 5 - 7 . 6  

- - 1 2  - - 0 
- 1 6 . 7  54 1 7  - 23 . 9  

1 7 . 3  1 1 4 1 8  - 1 3 . 6  

- 34 . 7  - - - -

- 0 5 1  5 - 8 . 9  

7 27 . 7  262 1 1 6  3 30 . 5  

1 3  1 2 . 9  2361 376 1 4  1 3 . 7  

Total no . animals = 4 , 799 
Total no. heterozygous = 627 ( 1 3 . 1 %) 
Total no . equivocal = 41 ( 0 .85%) 

N 
1 

1 

3 

-

-

2 

-

-

3 

1 

1 0  

-

1 

1 

3 

-

3 

7 

89 

Mature males 

H E % H 
- - 0 

- - 0 

- - 0 

- - -

- - -

. - - 0 

1 - 1 00  

1 - 1 00 

- - 0 

1 - 50  

2 1 1 5 . 4  

- - -

- - 0 

- - 0 

- - 0 

- - -

- - 0 

1 1 1 1 .  1 

9 4 8 . 8  

N = Normal 
H = Heterozygous 
E = Equivocal 

Total % 
of H 

8 . 7  

2 . 9  

8 . 5  

26 . 7  

1 7  . 4  

2 . 1  

1 1 . 5 

1 7  . 9  

5 . 6  

22 . 0  

21 . 4  

7 . 4  

7 . 5  

21 . 1  

1 1 . 9 

2 9 . 2  

8 . 3 

28 . 9  

1 3 . 1  

o 
m 



4 .  Reliabili ty of the plasma tes t  
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Several cattle tes ted prior to the commencement of the pilot s cheme 

were re tested to provide an indication of the reliabil ity of the plasma 

test for mannosidosis heterozygotes . These results are presented in 

Table 4 . V .  

No al terations were recorded in the status of 84 adult and 29 

1 8-month cattle from three properties .  On four properties where 365 

animal s  were tested initially as calves ( 4  to 8 months of age ) and again 

at 1 8  months of  age , the diagnosis changed from normal to heterozygous , 

or vic e  �, in seven cases . Nine animals with equivocal test  results 

were resolved by the second test but the diagnos is became equivocal in 

a further fiye cases . 

TABLE 4. V 

Comparison of diagnosis for cattle tested for 

the mannosidosis genotype in successive years 

Age a t  Animals Animals with different diagnosis 
first No . wi th same 
tes t  animals diagnosis N 7  H N 7E H �N H 7E E 7N E 7H 

2 years 
and older 84 84 

1 8  months 29 29 

6 months 365 344 5 2 2 3 5 4 

N = Normal plasma tes t  

E = Equivocal plasma tes t  

H = Heterozygous plasma tes t  



5 .  Inheritance of the mannosidosis genotype 
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The rela tionships between parents and their progeny wi th regard to  

mannosidosis genotype , as  determined by plasma �-mannosidase activities , 

are presente d in Table 4 . VI .  Animals were included in this analysis 

only if the presumed genotype of both parents was available . 

TABLE 4 .  VI 

Genotype of parents and progeny as determined 

by plasma �-mannosidase ac tivity 

Normal sire x normal dam 
( 1 , 7 1 4  matings ) 

Normal sire x heterozygous 
dam ( 31 6  matings ) 

Normal progeny 

1 , 69 1  ( 98 . 7%) 
(Expected = 1 00%) 

1 56 ( 49 . 4%) 
(Expec ted = 50%) 

Heterozygous progeny 

23 ( 1 . 3%) 
( Expected  = 0%) 

1 60 ( 50 . 6%) 
(Expec ted = 50%) 

In 31 6 matings of normal sires to heterozygous dams , 1 56 ( 49 . 4%) 

of the progeny were normal and 1 60 ( 50 . 6%) were he terozygous . Normal 

parents would not be expec ted to produce any heterozygous progeny, but 

from 1 , 71 4 matings between presumed normal animals ,  23 ( 1 . 3%) hetero-

zygotes were rec orded.  It was possible to reinvestigate seven of these  

anomalies , and in each case the plasma test  produced the same resul t .  

Blood- typing was also  performed on these animals and their parents to  

check the s tated parentage , the results being lis ted in Table 4 . VI I .  

A parentage cannot be proven by blood-typing but it can b e  excluded if 

all blood characters present in the offspring are not present in one or 

both of the parents ( Johansson and Rendel ,  1 968 ) .  The recorded paren-

tages of four animals vIi th anomalous resul ts were found to  be incorrect  

and a fifth animal could have been the progeny of either the stated sire 

or  a closely related heterozygous sire on the same property.  
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TABLE 4 .  VII 

Investigation of seven anomalous resul ts by 

blood-typing to check alleged parentage 

Animal iden tifica ti on Result of blood-typing 

645 Alleged parentage not pos sible 

67 " " " " 

642 " " " " 

698 " " " " 

349 Parentage poss ible both for the 
alleged sire and a closely related 
heterozygous s ire on same property 

296 Alleged parentage possible 

292 " " " 

6 .  Comparison be tvleen plasma tes ts and progeny tests on herd sires 

During the pilot test and control programme 1 02 mature bulls were 

tes ted . A significant  number of progeny was also tested from 52 of 

these sires and from 21 s ires tested immediately subsequent to the pilot 

scheme , .  allowing a comparison to be made between individual plasma 

tes ts and progeny tes ts . These results are presented in Table 4 . VI II .  

One inconsistency was found between the two tes ts . A bull which 

appeared clearly hete rozygous on the basis of its plasma a-mannosidase 

activity had a progeny test  consis ting of one heterozygote and thirteen 

normal offspring. On checking with the New Zealand Angus Association, 

it was d iscovered that  at least six of the progeny in question were 

sired by another bull . Permission for further investigation was denie d  

by the breeder . O f  ten bulls whose genotype could not be determined on 

the basis of plasma a-mannosidase ac tivity alone , only one remained 



equivoc al after pro geny tes ting. The progeny tes te d  from thi s bull 

1 1 0 

inc luded 1 2  normal and s ix he terozygous animals . Five of the lat te r 

had he te r ozygous dams , sugges ting tha t the bul l was probably normal but 

with one of i ts pro geny being wrongly recorde d .  I t  was ne cessary 

however to l� cord s uch a progeny tes t as equivocal . Thi s bull was 

subs e quen tly designa ted normal on the basis of a supplementary tes t  on 

lymp hocyte s ( see Chapte r  V) . 

TABLE 4 . VI I I  

Comparis on be tween plasma tes ts o f  sires and te sts 

on the ir progeny, in assessment of geno type 

Geno type of s ires 

Dete rmined by geno type of progeny* 
De termined by 
plasma t e s ts Normal Equivocal He terozygous 

No rmal 5 1  5 1  - -
Equivocal 1 0  7 1 2 

He terozygous 1 2 1 - 1 1  

* T o  be de signa te d  normal on progeny tes t ,  a s ire mus t have 

p roduced at leas t 7 normal calve s  and no suspec te d he tero-

zygotes unless from hetero zygous c ows . A s i re c ould be 

designa te d  he terozygous on a smaller number of calves if 

the se inc lude d he terozygo te s  from normal c ows . 
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7 .  Genetic influence on plasma a-mannosidase activi ty in normal animals 

In eleven Angus he rds the relationship between plasma a-mannosidase 

activi ty of normal dams and their progeny vTas examined.  Correlation co­

efficien ts  vTere calcula ted for this rela ti onship in each herd and averaged 

by means of the weighted z transformation ( Snedecor and Cochran , 1 967 ) . 

The average correlati on coefficient ( r )  was 0 . 27 ,  and the heritability 

of plasma a-mannosidase activity is therefore 0 . 54 ( 2 x r ) .  

Figure 4 . 5  shows the mean plasma a-mannosidase activities (wi th 5% 

fiduc ial limits) of 1 8-month males and females sired by seven different 

bulls in a large herd tes ted during 1 975 . The 1 8-month male progeny of 

bull A had a significantly lower (p  < 0. 05 ) mean value than the male 

progeny of bulls F and G.  The male progeny of bull B also had a s ignifi­

cantly lo�"er mean value than those of bull G .  The 1 8-month female 

progeny of bulls A, C and E all had significantly lower mean values 

than the female progeny of bull G .  

The 1 8-month bulls in this herd were run in five separate mobs , 

none of vlhich had significantly different mean plasma a-mannosidase 

activities , and all 1 8-month females were run t ogether, therefore 

between�mob variation in plasma a-mannosidase activity is unlikely to 

have influenced the above resul ts .  

8 .  Be tween-sex differences in plasma a-mannosidase activity 

When the mean plasma a-mannosidase activity of 1 8-month female 

cattle was compared with that of 1 8-month males in the same he rd , the 

females had lower mean values in 1 5  of 1 7  herds examined ( Table 4 . IX) . 

In six cases this difference was significant ( p  < 0 . 01 ) .  In one herd 

the males had a . higher mean value than the females but the difference 

was nonsignificant . 
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TABLE 4. IX 

Between-sex differences in mean plasma a-mannosidase 

activi ty of 1 8-month cattle from 1 7  Angus herds 

Mean plasma a-mannosidase ac tivity 
( fluorimetric units )  

Signifi cance 
Herd 1 8-month females 1 8-month males of difference 

1 5 1  ( 34 )*  39 ( 32) p < 0 . 01 

2 34 ( 43 ) . 30 ( 37)  N . S .  

3 30 ( 46 ) 29 ( 35 )  p < 0 . 01 

5 52 ( 30 )  49  ( 22 )  N. S .  

6 40 ( 53 )  33 ( 49)  p < 0 . 01 

7 42 ( 1 9 ) 41 ( 24 )  N . S .  

9 57 ( 40 )  44 ( 2 5 )  p < 0 . 01 

1 0  49 ( 22 )  43 ( 32) N . S .  

1 1 44 ( 48 )  46 ( 57 )  N . S .  

1 6 54 ( 23 ) 34 ( 8 )  p < 0 . 01 

1 7  5 2  ( 9 )  45 ( 1 5 ) N . S .  

2 1  4 1  ( 1 8  ) 34 ( 1 5 )  N . S . 

24 46 ( 1 7 )  39 ( 9 )  N . S . 

25 57 ( 1 3 ) 35 ( 24) p < 0 . 01 

26  39 ( 1 4  ) 39 ( 2 1  ) N . S .  

28 43 ( 1 5 ) 42 ( 1 4  ) N . S .  

34 48 ( 1 0 ) 41 ( 1 0 ) N . S .  

* Number o f  animals 



9 .  The effect of pregnancy on plasma a-mannosidase activi ty 

The effec t  of pregnancy on plasma a-mannosidase activity was 

inves tigated in two of the herds discussed above , where there were 

1 1 4 

sufficient numbers of pregnant and non-pregnant 1 8-month females for a 

comparison to be made . As can be seen from Table 4 . X, in nei ther herd 

was there a significant difference in mean plasma a-mannosidase ac tivity 

be tween pregnant and non-pregnant cattle . 

TABLE 4.X 

The effect  of pregnancy on plasma a-mannosidase 

activity in 1 8-month female  cattle 

Mean plasma a-mannosidase 
ac tivi ty (fluorimetric 

units ) 

Herd Non-pregnant Pregnant Significance 

2 55 . 1  ( 1 6 )* 52 . 7 ( 27 )  N . S .  

1 1 72 . 8  ( 28 )  69 . 9 ( 20 )  N . S .  

* Number o f  animals in group 

1 0 . Seasonal variation in plasma a-mannosidase activity 

Plasma a-mannosidase ac tivi ties were assayed in a herd of 57 Jersey 

c ows sampled at approximately 4-week intervals for 1 2  months . The vari-

ation in the herd mean log. values , with 5% fiducial limits about each 

mean, is shown in Figure 4 . 6 .  Superimposed on this figure i s  the herd 

milk producti on for the period of sampling, which approximated the rise 

and fall in plasma a-mannosidase activi ty. 
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Seasonal variation i n  mean plasma a-mannosidase activity in  a herd of 57 Jersey 
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When expre ss e d  as probit l ines (Figure 4 . 7 )  the slopes did n o t  

d iffer significantly, indicating tha t while the mean plasma �-mannosidase 

ac tivi ty varied throughout the year , the distributi on of individual log. 

value s about the mean remained rela tively c ons tan t .  

1 1  • Be hleen-mob di fferences in plasma �-mannosidaS'e ac tivity wi thin a 

herd 

In many he rds the adul t cows are run in separate mobs on the basis 

of their age , s tage of lac tation or pregnancy, on the sex of the ir calf, 

or on the basis of the bul l to which they are mated. Cows in late 

p regnancy or e arly lac tation are l ikely t o  be on a relatively high 

p lane of nutri ti on ,  espe c ially when compared wi th dry cows , and c ows wi th 

male calves may be fed p referentially to those wi th female calves . 

Be tween-mob diffe rences in mean plasma �-mannosi dase ac tivity therefore 

might be expec te d and may c ompl icate the overall separation of normal 

and he terozygo te populations on histograms of plasma �-mannos idase 

activity.  

In a large herd tested subsequent  to the completion of  the pilot  

s chem e ,  the adult c ows were in eight mob s .  Probit  or rankit  l ines 

representing the dis tribution of plasma �-mannosidase ac tivities of the 

presumed normal animals in each mob are shown in Figure 4 . 8 .  Highly 

s ignificant between-mob difference s  in mean plasma �-mannosidase ac tivity 

were obse rved, but the dis tribution of values about each mean (as judged 

by the slopes of the lines ) appeared to be "relatively cons tant . 

The highes t  mean plasma �-mannos idase activity was rec orded in a 

mob of late-calving cows which would c ons is t  of cows in early lac tation. 

One of the two mobs with significantly l ower me an value s than the others 

consis tbJ entirely of dry c ows . 
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DISCUSSION 

The p lasma tes t  f o r  mannosid osis he terozygotes is bas e d  on the gene 

do sage phenomenon, and he terozygotes should therefore be expe c ted t o  

possess approximately 5 0% of the normal level o f  a-mannosidase acti vi ty 

in the ir t issues and b ody fluids ( C hapte r I ,  page 7 ) . The mean act ivi ty 

of a-mannos idase in the plasma of he tero zygo te s was in fac t found to be 

s ignifi cantly less than 5 0% of the mean for no rmal animals , and was 

estimated as being, on average , 37 . 5% of normal ( Table 4 . 1 1 ) . A 

similar observation was reported by Hocking e t  a l .  ( 1 97 2 ) . In spite of 

this large differenc e  b e hre en the populati on means , the dis tribution of 

individual value s  about each mean were such tha t there was often some 

ove rlap be tween the tvro populati ons , and the different iation of he te ro­

zygo tes f r om n o rmal animals was not always s traightforward . 

The results obtained from a he rd of Jersey c ows ,  and fr om 1 2  Angus 

herds in which there was clear separation be t1veen presumed he te rozygous 

and normal populations , were use d  to s tudy the c harac teris tics of the 

distribution curve for plasma a-mannos idase a c t ivity in normal anima l s .  

Many o f  the s e  distributi ons showed a n  apparent positive skewness 

( Figures 4 . 1 ,  4 . 3a and 4 . 4a ) whic h  was s ignifi cant in six he rds and 

which c ould usually be c orrec ted by logarithmic transfo�ation of 

values ( Table 4 . 1 , Figures 4 . 1 , 4 . 3b and 4 . 4b ) . The skewed dis tributi on 

of values about the mean reflec ts he terogene i ty of the population, . 

poss ibly through the presence of c ows a t  vari ous s tages of lac tation · or 

oes trus , o r  a smal l number of animals suffering from sub-clinical 

disease.  Al ternative ly it may be due to the exis tence of two or more 

"normal " a l leles for a-mannosidase , each wi th different ave rage l evel s of 

activity within the normal range . In a popula tion of individuals s everal. 

different alleles , ei ther normal o r  abnormal , may occur for a given 

gene locus (Harris , 1 971 ) . If f or example there were two "norma l "  
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alleles,  E
A and EB , coding for a-mannosidase in Angus cattle,  and if 

these alleles produced different ave rage levels of a-mannosidase ac tivi ty, 

then the following hypo thetical situation migh t be imagined :  

Propos e d  geno type 

Average a-mannosidase 
activity" 

(arbitrary uni ts ) 

50 

80 

65 

In a situati on 1'The re the allele E
A 

was cons iderably more c ommon 

than EB the dis tributi on curve for a-mannosidase ac tivi ty in a no rmal 

p opulati on would be expec ted to show a sl ight positive skewness . ' The 

ac tivi ty of a-mannosidase in animals he terozygous for the abnormal 

mannos idosis allele  would also vary according to which of the "normal " 

alleles they pos sessed . 

A rela tively s trong heritability (h = 0. 54 )  was es timated for 

plasma a-mannosidase ac tivity in normal animals , from the re lationship 

b e tween " enzyme ac t ivities in dams and thei r  progeny. Direct evidence 

for this genetic influence on the level of plasma a-mannosidase ac tivi ty 

in normal animals was ob taine d by demonstrating significant difference s 

in  mean enzyme leve ls between the progeny of different bul l s  on the same 

p roperty (Figure 4 . 5 ) . The inheri tance of different "normal " levels of 

a-mannosidase ac tivity would be expec ted if the re we re more than one 

allele c oding for ac tivity wi thin the normal range as di s cussed above . 

Al te rnatively the gene tic diffe rence s may be due to the inheritance of 

differerL G modifying genes responsible for regulating enzyme synthes is 

or act ivi ty. 
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The mean plasma a-mannosidase ac tivity of normal animals in the 1 2  

Angus herds varied considerably, with the differences often being highly 

signi ficant (Figure 4 . 2 ) .  The dis tribution of log. values about each 

mean however was relatively cons tant , as i llustrated by the' s imilarity 

of sl opes of the probi t  l ines in Figure 4 . 2 .  By extending probit l ines 

to the 99% confidence level it was possible t o  gain an e s t imate for each 

herd of the lower l imit of the normal popula tion, below which only 1 %  

of normal animals would be expec ted . This value varied from 5 6% to 70% 

of the me an , with an average of 63%. While thi s figure is us eful in 

providing an indi cati on as to the lower l imit of normal i ty it do e s  not 

demons trate the degree of overlap be twe en normal and he tero zygous popu­

lati ons . When suffic ient he terozygous animals vlere p resent in a group 

t o  al low rankit o r  probit trans forma ti on of the ir values ,  the l ines 

represent ing the normal and he te rozygous populati ons alm o s t  invariably 

ove rlapped before reaching the 99% confidence level . Thus a small 

perc entage of he terozygo tes would be expec ted to have plasma a-mannos idas e 

ac tivi ties greater than 63% of the mean fo r the normal popula tion .  The 

ex tent of overlap vari e d  be tween herds and only a small pe rcen tage of 

animals , if any,  were inc luded in this are a . The de signated genotype 

of animals within this indefini te area was influenced by informati on on 

the genotype of their parent s ,  if available . If ei ther parent was 

regarde d  as he tero zygous then the animal in ques ti on was taken t o  be 

either he tero zygous o r  equivocal , but if b o th parents had normal plasma 

tes t s  then the animal was designa ted normal . A small p ercentage o f  

animals in the ove rlapping area were lis ted as "equivocal " when informa­

tion on the genotype o f  the i r  parents was unavailable , or if i t  was felt 

tha t a diagnos is c ould not b e  made wi th an acceptable degree of p robability. 

An a tten- I t  to sl ightly over-call he tero zygo tes vlas made , s o  as to minimize 

the number of carrie rs escaping de tec tion . 
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Of the animals tested in the pilo t  scheme only 0. 85% were finally 

listed as equivocal , and many of these occurred �n one herd ( herd 38 in 

Table 4 . 11 1 ) .  In this herd the percentage of heterozygotes was extremely 

high ( 28 . 9%) and both normal and heterozygous populati ons appeared to  

have a greater than usual di stribution about their mean . This may have 

been due partly to between-mob differences in mean plasma �-mannosidase 

ac tivity, which had not been es tablished at this stage but which would be 

expecte d  to contribute to the he terogeneity of the populations . The 

number o f  animals in the area of overlap was therefore greater than might 

be expected and the cut-off point more difficul t to de termine . Further­

more , the extensive and difficul t c ondi tions under which this herd was 

managed meant that less emphasis could be placed on the pedigrees of 

equivocal animals , as errors were likely t o  be more frequent than in a 

more easily managed herd. Resul ts for the 1 8-month female group ·were 

not considered "official " due to the uncertainty of the s tatus of almost 

1 4% of these animals .  This group was retested 1 2  months later,  at which 

time the si tuation was more clear, and all 1 0  equivocals were designated 

normal . 

Probit and/or rankit transformation of dis tribution curves was not 

c onsidered necessary for routine diagnosis of genotype in herd groups . 

In many cases the separation be tween normal animals and heterozygotes 

was quite distinct on his tograms of plasma �-mannosidase activi ty. The 

mean value of the presumed normal population was calculated for each 

group, and any animals with plasma �-mannosidase activities less than 

60% of this mean were initially considered he terozygous . In groups 

where the separation on histograms was less distinct a second or even 

third mean often had to be calculated for animals considered normal , 

each time disregarding those animals below 60% of the new mean and Lis t- . 

ing them as heterozygous . All animals designated heterozygous were then .
. 
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checked agains t the apparent gen otype of the ir parents , if te sted,  to 

ensure that b o th parents had no t been Frevi ously' diagnosed  as normal . 

Pri or to the commencement of this pil o t  tes t and control programme , 

Jol ly e t  al e ( 1 973 ) reported an average heterozygote frequency of 1 6% 

in 2 , 500 animals,  many of which were from herds with a his tory of 

mann osido s is . Of 4, 799 animals tested in the pilot scheme , 1 3 . 1 %  were 

designa ted he terozygous , but thi s  figure is also biased by the inclus ion 

of several herds selec ted because of the i r  previ ous hi story of the 

diseas e .  The incidence o f  he te rozygotes i.n herds with n o  reported  

occurrence o f  mannosidos is was 9 .8% ( Table 4 . IV) and thi s is probably a 

more accurate es timate of the overall frequency of Angus cat tle carrying 

the mannosidos is genotype in New Zealand . From the data collec ted i t  is 

apparent that the geno type is spread widely throughout New Zealand, wi th 

very few herds be ing comple tely free , sugge sting that i t  is not a 

recently introduced disease . Geneological s tudies support thi s hypo­

the s is ( Jolly, personal communicati on) and indicate that the maj or 

spread of the geno type occurred approximately 30 years previ ous to this 

s tudy. 

Possible reas ons for the mannosidosis genotype having attained such 

a high prevalence incl ude a selec tion or survival advantage of the 

he te ro zygous s tate or,  more likely, c ertain he terozygous sires may have 

had a disproportiona te influence on the gene tic s truc ture of New Zealand ' s  

Angus populati on. A single bull may sire 50 or more progeny per year, 

the refore a he terozygous bull wi th particularly desirable phenotypic 

charac te ris ti cs could rapidly spread its defec tive genotype throughout 

the country ' s breeding herds . Wi th the advent ·  of artifi cial breeding 

i t  bec ome s possible for a single bull to si re many thousands of progeny ' 

per year, and i t  is therefore of extrerue importance tha t  eve ry Angus bull 

empl oyed in artificial bree ding should be tested for the mam1osidos is. geno­

type . 
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The unreliability of the plasma test  when employed on young calves 

was expressed by Jolly et al . ( 1 973 ) and has been confirmed by results 

presented in Table 4 . V. Plasma a-mannosidase activity increases con­

siderably with age until maturity and the activity for a normal calf 

c orresponds more or less wi th that of a he terozygo� adult ( Jolly et al . ,  

1 973 ) .  A group of calves may include animals from 4 months to 8 months 

of age when tes ted ,  and this rela tively great variation in age is thought 

to contribute largely to the inaccuracy of the test in this age-group . 

The test does appear t o  be reliable in adult and 1 8-month cattle , where 

no change was necessary in the designated genotype of 1 1 3 cattle tested 

in consecutive years ( Table 4 . V ) .  

The maj ority of inborn lysosomal disorders in both man and animals 

are charac terized by an autosomal recessive nature of inheritance . 

Breeding experiments in which known heterozygous bulls were ma ted to 

heterozygous c ows have provided s trong evidence that this method of 

inheri tance also applies to the mannosidos is genotype in Angus cattle 

( Jolly et al . ,  1 973 ) .  Further support for this method of inheritance , 

and the validity of the plasma tes t in heterozygote de tec tion, has been' 

obtained from the pilot  tes ting programme . In matings of heterozygous 

dams to normal bulls 50% of the progeny would be expec ted to be he tero­

zygous and 50% normal . In 31 6  such matings , 1 56 ( 49 . 4%) of the progeny 

were considered normal and 1 60 ( 50 . 6%) were designated heterozygous 

( Table 4 . VI ) ,  closely approximating the expected percentages in spite 

of an attempt to slightly over-call heterozygotes . Of 1 , 71 4  matings 

between normal animals , 23 ( 1  . 3%) heterozygous progeny were recorded 

( Table 4 . VI ) .  Seven of these anomalies were reinvestigated and the 

recorded parentage was found to be impossible in four cases . In a fifth 

case the parentage was possible both for the alleged sire and a closely 

related heterozygous bull on the same property ( Table 4 . VI I ) .  Although 
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the stated parentage of the remaining two animals was possible , i t  

need not be c orrec t .  Alternatively these .  animals may possess very low 

"normal " levels of plasma a,-mannosidase activity which might be expected  

to be  shown by a small percentage of  the normal population. The occur­

rence of a small percentage of anomalous results is not unexpec ted and 

in fac t  some breed societies  accept that 4 to 5% of recorded pedigrees 

may be incorre c t .  Errors may occur in the management of sires , in the 

tagging and rec ording of newborn calves ,  or even during the actual 

recording of pedigrees .  Another pos sible source of error is the adop­

tion of newly-born calves by fos ter mothers ,  a phenomenon which is  

well recognised in sheep and which probably occurs to  a lesser extent in 

cattle . It  is not surprising that the frequency of anomalous results 

was greater on properties where management appeared, on subj ec tive 

assessment, to be poor or difficul t .  I n  fac t,  more than half o f  the 

anomalies ( 1 2 )  occurred on one property, run under very extensive 

c ondi tions , "IV'here the owner freely admitted to the likelihood of errors 

in the recorded parentages . 

Problems were encountered when herd sires were presented for 

tes ting, due to the reduced accuracy of the plasma test on small groups 

or individual animals . To check the accuracy of the test in ' such cases 

a comparison was made between plasma tes ts and progeny tests on 73 

mature bulls ( Table 4 . VII I ) .  Progeny tes ts involved the screening of 

at  least seven offspring from each bull by the plasma test ,  thereby 

providing a more reliable indicati on of a bull ' s  status than was possible 

by an individual plasma tes t .  Only one inc onsis tency between the two 

methods was discovered .  A bull whose  plasma a,-mannosidase activity was 

well below that expec ted for a normal animal had an apparently normal. 

progeny test ,  but , as mentioned previously, at leas t six of the 1 4  

progeny forwarded for testing were not in fact sired by the bull in  

question . This does not ' fully explain the anomaly_�s the ' bull s ti ll 
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appears to have produced an unbalanced ratio of normal to heterozygous 

offspring, but it does cast some doubt as to the validity of this 

particular progeny tes t .  The opportunity of further investigation by 

the tes ting of other possible progeny on the property was denied. 

Al though 1 3 .7% of the progeny_te s ted sires had equivocal plasma te sts 

this figure is biased by an increased effort to obtain progeny tes ts 

from equivocal bulls . During the pilot testing scheme less than 4% of 

herd sires had equivocal plasma tests . 

Seasonal variati on in mean plasma a-mannosidase activity of a herd 

of 57 Jersey cows is shown in Figure 4 . 6 .  The highes t mean values were 

rec orded during late November, December and January, these values being 

s ignificantly higher (p < 0 . 05 )  than the mean values recorded during 

Augus t and September. Although the seasonal variation in plasma a­

m2r�osidase activity tended to approximate the rise and fall in the 

total herd milk produc ti on, i t  was not possible to assume any casual 

relationships as the overall nutritional s tatus of the animals , under 

New Zealand ' s  pastoral farming conditions would be expected to follow a 

similar pattern . 

In 1 5  of 1 7  herds "There mean plasma a-mannosidase ac tivities of 

1 8-month female cattle were c ompared with those of 1 8-month males , the 

females had higher mean values , and in six he rds the difference was 

significant (p  < 0 . 01 ) ( Table 4 . IX) . In humans , total serum hexo­

saminidase activities are elevated in pregnant women and in women on 

oral contraceptives (Kaback and Zeiger, 1 972 ) . This led Jolly e t  al .  

( 1 97 3 ) to suggest that the effec ts of  pregnancy may be  responsible  for 

the increased level of a-mannosidase activi ty observed in young female 

cattle . In the current study however, in two herds where a direct 

comparison could be made between pregnant and non-pregnant heifers , the 

mean plasma a-mannosidase ac tivities were not significantly different 
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( Table 4 . X ) . There is doub t as t o  whether the apparent dif fe rence is due 

t o  sex pe r s e ,  o r  whe the r i t  is a re flection o f  �ifferent planes o f  nutri­

t ion or management techniques . S ignificant diffe rences "in me an plasma 

a-mannosidas e ac tivi ty have been shown to oc cur be tween mobs of cattle 

on the same prope rty ( Figure 4 . 8 ) and as 1 8-month female and male cattle 

are run in separate mobs , fac tors associa t e d  with this be tween-mob 

variati on may be re spons ible for the apparent be tween-sex differences . 

Furthermore , mos t breede rs admi t te d that the ir 1 8-month male cattle were 

enj oying a higher plane of nutr i ti on than the ir 1 8-month females . 

Due t o  the demons trati on of s igni ficant be tween-mob d if fe rences in 

p lasma a-mffiLDosidas e ac tivi ty of similarly aged cattle on the same 

p roperty, i t  is de sirable that informa ti on regarding the s eparation of 

cattle int o  mobs should be obtained for each he rd te ste d .  When feas ible , 

s eparate his tograms should be c o ns truc ted for each mob to minimize the 

degree of heterogene i ty and ,  the o re ti c ally, to reduce the dis tribution 

o f  values about the me an . Differences in the average s tage of lac tation 

may b e  a fac tor c ontribut ing to varia tion in mean plasma a-mannos idase 

ac tivi ty be tween c ows of similar age . 

I t  i s  thought pr obable that s eas onal variati ons ,  be tween-herd 

differenc e s  and be tween-mob diffe rences in me an plasma a�mannosidase 

ac tivi ty may be rela ted to variat ion in the nutriti onal s tatus of 

animals in ass ociati on wi th certain phys iological fac tor s , such as 

l ac tation . Seven of the eight mobs in Figure 4 . 8  inc luded cows in " 

l ac tati on and i t  is inte res ting t o  note that a mob of la"ce-calving cows 

i n  early lac tation had the highes t  mean plasma a-mannosidase ac tivi ty, 

whi le the mob of non-lac ta ting cows had a s ignificantly l ower mean than 

i n  all but one other mob . The s e  obs e rvati ons are consis tent with the 

pos sible re lationship observed be tween seas onal variati on in mean enzyme 

ac tivity and milk pr oduc tion in a herd of Jersey c ows (Figure 4 . 6 ) . 
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Gene tic factors might be expec ted to contribute to be tween-herd 

differences ,  especially between herds containing cattle of different 

maj or blood-lines ,  but would not be involved in seas onal or between-mob 

variation.  

A small number of animals are some times recorded with very high 

plasma a-mannosidase activity, well above the expected range of the 

normal dis tribution curve . I t  is thought that such animals might be 

s uffering from an acute disease ( e . g. acute sporidesmin poisoning) which 

may increase the turnover of certain cell-types or cause cellular 

necros is , thereby releasing lys osomal enzymes into the body fluids . I t  

i s  c onceivable that a he terozygous animal affected similarly, might have 

a plasma a-mannosidase ac tivi ty within the range of normal animals and 

would therefore escape de tection. Alternatively, animals wi th such high 

values may be homozygous for an uncommon allele which produces excessive­

ly high a-mannosidase ac tivity . Inc reased release of lys osomal enzymes 

may occur in the presence of either excess or deficient levels of vi tamins 

A and E ,  possibly due to  a reduced s tability of lysosomal membranes or, 

in the case of vitamin E deficiency, to tissue degeneration ( Roels ,  1 969 ) .  

Abnormal levels  of these vi tamins are unlikely t o  be a problem under New 

Zealand' s pastoral farming conditions but whe ther or not selenium 

deficiency, which does occur in certain areas of New Zealand, would 

mimic this effec t of vitamin E deficiency has not been es tablished .  

C ertain drugs may also affec t the release of lysos omal enzymes .  For 

example , corticosteroids are known to increase the stability of lysosomal 

membranes ( Weissmann, 1 969 ) . 

Although the accuracy and reliability of the plasma test for 

mannosidosis heterozygotes have been confirmed by this evaluation of 

the pilot test  and control programme , certain l imitations of the tes t  

have become obvi ous during this , and previous s tudies (Jolly e t  al . ,  
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1 973 ) . Due to variation in plasma a-mannosidase ac tiv i ty wi th age ,  

s eas on and possibly sex , and t o  s ignifi c ant be tween-he rd and even 

between-mob variations in ac tivity, t he reliability of the tes t is 

reduced when it i s  employed on small groups or single animals . In such 

cases an accurate es tima te of the normal mean for the group canno t be 

obtained,  and a more sophis ticate d s upplementary tes t to support the 

plasma tes t would be pa rticularly us eful . 

SUMMARY 

An evalua ti on of the resul ts o f  a pilot tes t and c ontrol programme 

for the mannosidos is geno type , aime d a t  the c ontrol of this disease 

in New Zealand ' s  Angus c a t tl e  population i s  presented.  The 

tes t employed for de te c ting he terozygo te s  was based on plasma a� 

mannosidase ac tivi ty, wi th heterozygous individuals possessing approxi­

mate ly 37 . 5% of the normal activity of this enzyme in the ir plasma . Due 

t o  differenc e s  in plasma a-mannos idas e ac tivity previ ousl y  noted be tween 

groups of c a tt le o f  differing age and s ex ,  and to be tween-herd and . 

between-mob variations in mean enzyme ac t ivi ty, the tes t is mos t 

accurate when empl oye d on age and sex groups within a he rd; with be tween­

mob varia tion be ing c o nsidered whe re appropriate . The tes t  is less 

rel iable when emp loyed on animals less than 1 2  months of age , and on 

small groups or single animals . 

Gene ol ogy s tudi e s ,  conf i rmed the aut os'omal recess ive na ture of 

inheritance of t he mannosidos is geno type , which was found to be carried 

by approxima tely 1 0%  of pedigree Angus cat tle in New Zealand . 
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CHAPTER V 

LYMPHOCYTE a.-MANNOSIDASE ACTIVI TY -

A SUPPLEl'-'lENTARY TEST FOR THE MANNOSIDOSI S GENO TYPE 

INTRODUCTION 

Kaback and Zei ger ( 1 972 ) expressed the need fo r an accurate back­

up tes t  to support any mass screening programme for carriers of an 

inher,i ted disease . Al though their prototype te s ting scheme was aimed 

a t  the prevention of Tay-Sach ' s  di sease in certain North Ameri can Jewish 

c ommunities this requirement for a supplementary t est also applies for 

heterozygo te de tec ti on programmes in domes tic animals ( Jo lly e t  al . ,  

1 974 ) . In Chapter IV a test for bovine mannos idosis he terozygote s ,  

based on plasma a.-mannos idase activi ty, was evaluated and shown t o  b e  

suitable for rout ine use on a herd basis . The genotype of a small 

percentage of animals could not be accurately de termined when this tes t 

was used alone on small groups of animal s or on individual herd sires . 

In such cases an accurate al te rnative te s t  is require d .  

Lys os omal enzyme s are probably released into plasma o r  se rum 

largely as a resul t  of cellular degradation and turnover (Kaback and 

Zeiger,  1 972 ) .  The ac tivi ty of these enzymes in plasma might the refore 

be influence d by a varie ty of fac tors including nutri tion , medication, 

disease and physiological s tatus . A more rel iable as sessment of an 

individual ' s  lysos omal enzyme c omplement i s  l ikely t o  be gained from 

assays on certain b ody tissues which are primary source s of these 

enzymes , and which would therefore be expec te d  t o  show conside rably 

less v.ariation in enzyme ac tivi ty than is exhibi ted in plasma or s e rum . 

Enzyme assays on ex trac ts of pe ripheral leuc ocytes have been 

successfully empl oyed in the de tection of he te rozygo te s for several 
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human inborn lys osomal disea.ses ( Ta.ble 1 . III ) ,  and a reduc ed ac tivi ty of 

acidic  a.-ma.YJ.nosidase has been demons trated in leucocyte ex trac ts from 

cattle he terozygous f or the mannos ido sis geno type ( Hocking e t  al . ,  1 972 ) .  

I t  was dec ided therefore to evalua te a tes t  for mannos idosis he te ro­

zygo te s based on leucocyte a.-mannos i dase ac tivi ty. 

Periphe ral leucocytes are a mixture of cell-types , the ratios of 

which may vary with the heal th of an individual . Although lymphocytes 

usually c ons ti tute approximately 60% of pe ripheral leucocytes in normal 

cattle , certain infec ti ous condi ti ons are able to s timula te the produc-­

tion and rel ease of granul ocytes causing an overall incre ase in the 

numbe r of c irculating leucocytes ,  with a relative decreas e in the 

percentage of lymphocytes . Should granul ocytes and lymphocytes possess 

widely d iffering activities of lys osomal enzymes then the enzyme activity 

of mixed-l euc ocyte extrac ts might vary signific antly wi th the relative 

proportio ns of these cell-types . Variati ons in the numbe r of contamin­

ating thromb ocytes in ex tracts might also produce inaccurac ies . I t  I 

might be expected therefore that assays on re la tively pure preparations 

of lympho cytes , granulocytes or even thrombocyte s ,  would provide a mor� 

accurate te s t  than assays on mixed-leucocyte ex trac ts .  The initial 

choice 
'
of l ymphocytes was influenced by the re lative abundance of these 

cells in bovine blood and the availability of a s.imple me thod for the ir 

separation from whole blood , as outlined in Chapter II . 

DEVELOPMENT OF TECHNIQUES 

1 • Kinetic charac teri zation of five lysosomal enzymes in bovine 

lymphocyte extrac ts 

Pr� or to the evaluation of lymphocyte a.-mannosi dase ac tivi ty as a 

means of de tecting mannosidosis heterozygotes ,  the opt imal assay 
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condi hons for this enzyme in bovine lymphocyte extrac ts were es tablished,  

and the expec ted reduc tion of acidic a-mannosidase activity in hetero-

zygo tes ,  in accordance with the gene dosage phenomenon, was c onfirmed . 

The kinetic characteristics of four other recognized lysosomal enzymes 

,lere also es tablis hed as these enzymes were to be employed as reference 

parameters for a-mannosidase activi ty. 

Materials and me thods 

Lymphocytes were obtained from two normal Angus bulls using the 

method described in Chapter II . For these preliminary studies lympho­

cyte pelle ts �'18re sonicated in 2 . 0  ml 0. 85% NaCl for 2 min at 3 amperes 

using a Davie Soniprobe . Following centrifugation at 2 , 000 g x 1 0  min 

the supernatant was retained for assay. Lymphocytes were also ' ob tained 

from a heterozygous bull and a calf  with mannosidosis for investigation 

of the pH dependence of a-mannosidase ac tivi ty. 

Assays for a-mannosidase , � -galactosidase and total hexosaminidase 

activity were based on the use of fluorogenic 4-methylumbelliferone 

glycosides  as subs trate s ,  while arylsulphatase A and a-fucosidase as says 

involved c olour reactions using p-ni trocatechol sulphate and p-nitro­

phenyl-a.-L-fucoside respectively.  The me thod described by Hocking e t  al . 

( 1 972 ) was employed for a-mannosidase assays , using a 2M-sodium ace tate/ 

ace tic acid buffer ( pH 4 . 3 )  except when studying the pH dependence of 

a-mapnosidase activity, in vlhich case a range of 0. 211-Na2HPo4/citric 

ac id buffer solutions was substi tuted . Similar methods were employed 

for assays of �-galac tosidase and hexosaminidase activity, using 0 . 2M­

Na2HP04/citric acid buffers . Assays for a-fucosidase activity also 

involved the use of 0 . 2M-Na2HPOLl/c i tric acid buffers and the me thod was, 

based on that described by Zielke e t  al . ( 1 972 ) .  Arylsulphatase A ' 

activity was assayed by a modification of the me thod of Baum e t  al . ( 1 959) 
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where a 1 M-sodium ace tate/ace tic acid buffer containing 0 . 5mM-Na4P207 

and 1 0% NaCl was employed . Assays for time sequence studies , rate curves 

and Linevleaver-Burk plots were performed at the optimum pH for each 

enzyme . 

Results 

The pH dependence profiles  of a-mannosidase activity in lymphocyte 

extrac ts from normal , heterozygous and mannosidosis individuals are 

shown in Figure 5 . 1 a . Maximum activity of a-mannosidase in normal 

animals occurred at pH 4 . 25 .  The mannosidosis calf showed little or 

no a-mannos idase activity at this pH but did have a low peak of ac tivity 

be hleen pH 5 . 0  and 7 . 0 .  The he terozygote possessed le ss than 50% of the 

normal activity at pH 4 . 25 and had an obvi0l.1S but smaller peak ·of 

activity at pH 5 . 25 . 

The rate of hydrolysis of the substrate by a-mannosidase was 

greates t  when the subs trate concentrati on was 5mM, with inhibition of 

the reac tion occurring at higher substrate concentrati ons (Figure 5 . 1  b ) .  

The Michaelis cons tant (Km) for the activity of this enzyme was es timated 

to be 0 . 96mM from the Lineweaver-Burk plot  presented in Figure 5 . 1 c .  A 

time sequence s tudy ( Figure 5 . 1 d ) showed tha t �he reaction was s till 

linear after a 1 hr incubation at 37°C .  

The pH optimum for arylsulphatase A activi ty was 4 . 75 ( Figure 5 . 2a )  

and "at this pH  the Km was estimated to be 1 . 82mM from the Lineweaver-

Burk plot ( Figure 5 . 2c ) . The .enzyme appeared t o  be well saturated by a 

5rnM substrate concentration ( Figure 5 . 2b )  and a time sequence s tudy 
} 

(Figure 5 . 2d )  indicated that the reac tion velocity was very close to 

lineari ;y after a 2 hr incuba ti on at 37°C .  
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a-Fuc os idas e showed maximum activity a t  pH 5 . 25 ( Figure 5 . 3a ) and 

had an es timated Km o f  0 . 1 9�I, as cal cula ted from the slope of the 

L ineweave r-Burk pl o t  ( Figure 5 . 3c ) . The enzyme appeared to be saturated 

by sub s trate c onc en trati ons be tween 1 . 0  and 2 . 0mM ,  above which, the re was 

s l ight inhibi ti on ( Figure 5 . 3b ) . The reac ti on velocity was not l ine ar 

after 2 hr incubati o n  at 37
0

C but this pe rio d  of time was require d to 

o b tain sufficiently high absorbance re adings . 

Hex osaminidase showe d maximum ac tiv ity at pH 4 . 5  ( Figure 5 . 4a ) , and 

had an estima ted Km of 1 . 5 9mM . The enzyme was qui te we ll s aturated by 

a 5mM subs trate c oncentration ( Figure 5 . 4b ) and the reaction was still 

linear after proceeding f o r  1 hr at 37
°

C .  

A b road peru� o f  � -galac to sidase ac tivi ty was measure d be tween pH 

3 . 5  and 5 . 5  ( Figure 5 . 5a ) . The optimum was taken to be pH 4 . 5 .  Due t o  

the poo r s olubility o f  the subs trate , 4-me thylumbe lliferone-� -galac to­

pyranos ide monohydra te , it "/as not possible to c ons truc t an ac curate rate 

c urve or Lineweaver-Burk plo t  for this enzyme . Howeve r ,  a time sequenc e  

s tudy ( Figure 5 . 5b ) indicate d  tha t  the reac tion remained l ine ar after 

2 hr incubation a t  37
°

C using a 1 mM substrate concentrati on . 

Dis cussion and c onclusions 

Op timum assay c ondi t i ons f or e ach of the five lys osomal enz yme s 

were devel ope d  from info rmation gained in the above experiments ,  and 

are presente d in Chapter II  ( Table 2 . 1 ) .  

The e xp ec ted defici ency of acidic a-mannos idase ac tivi ty ( pH 4 . 3 ) 
in lymphoc ytes from a calf with mannosidos is was confi rmed, and a 

he te rozygous animal was f ound to possess less than half t he normal 

ac tivi ty o f  this enzyme ( Figure 5 . 1  a ) . The Michaelis c onstant (Km) 
estimated f o r  acidic a-mannosi das e i n  bovine lymphocytes was 0 . 96mM , 

I 
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slightly higher than that found in bovine plasma ( 0 . 5-0 . 6mM)  by Winchester 

et al . (unpublished data ) . 

The pH optimum of  5 . 25 for a-fucosidase ac tivity in bovine lympho­

cytes was similar to that found in bovine plasma (I'linches ter e-t a1 . ,  

unpubl ished data ) , and human serum ( Zielke e t  al . ,  1 972 ) .  The kinetic 

charac teris tics of this enzyme in bovine lymphocyte extracts were 

similar to  those described by Zielke et al . in human serum . 

The broad peaks obtained for pH dependence of � -galactosidase and 

hexosaminidase ac tivities in bovine lymphocyte extrac ts sugges t  the 

exis tence of isoenzymes with slightly differing pH optima . Hexosaminidase 

ac tivity has in fac t been shown to exist in two principal forms , A and B ,  

with pH optima of approximately 4 . 5  in human tissues and serum ( Robinson 

and Stirling, 1 968 ; Barre tt ,  1 972 ; SvTallow et a1 . ,  1 974) . A further 

i soenzyme , hexosaminidase C ,  is also  found in human tissues , but has a 

neutral pH optimum and is non-lys osomal ( Dreyfus and Poenaru, 1 974 ) .  At 

least four hexosaminidase isoenzymes , with isoelec tric points in the 

range pH 4 . 0  to 6 . 0 , have been is olated from porcine liver ( 1l{eissmann 

and Hinrichsen , 1 969 ) .  

Three principal forms of � -galactosidase have been distinguished in 

human tissues ,  two with acidic pH optima of approximate ly 4 . 0 to 4 . 35 

and one w'ith a more neutral pH optimum of 5 . 0 to 6 . 5  ( Robins on, 1 974;  

Suzuki and Suzuki , 1 974 ) . Levvy e t  al . ( 1 962 ) described a broad peak 

of �'-galac tosidase ac ti vi ty from pH 4 . 0  to 7 . 0  in bovine liver .  Two 

i soenzymes wi th pH optima at 4 . 5  and 6 . 0  respectively were isolated from 

this tissue by Chytil ( 1 965 ) .  

2 .  Preparation of lymphocyte extracts for enzyme assays 

The value of a supplementary tes t  depends on the abili ty to c ompare 

enzyme ac tivities o f  bulls tested at vari ous times . The following 
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experiments were designed to help establish a s tandard me thod for the 

preparation of lymphocyte extracts prior to enzyme assay. 

( a )  Release of �-mannosidase from IJ�phocyte pellets 

The release of lysosomal enzymes from cells and lysosomes is 

a necessary s tep in the preparation of tissue "ex trac ts for enzyme 

assay . Lysosomes are fragile organelles and may be disrupted by 

hypotonic shock or rapid freezing and thawing, in addition to 

mechanical homogeni zation or sonication. This experiment was 

designed to compare freezing and thawing, and s orucati on as methods 

of releasing �-mannosidase activity from lymphocyte pelle ts. 

Materials and methods 

Lymphocytes l .... ere separated from 8 x 1 0  ml EDTA Vacutainers of 

blood from each of eight adult Friesian cows in the manner described 

in Chapter II . Samples from each animal were pooled and after the 

final wash, were resuspended in 7 . 5  ml of 0 . 85% NaCl containing 

0 . 1 %  Triton X- 1 00 .  Each cell suspens ion was divided into 7 x 1 . 0 ml 
o aliquots and stored overnight at -1 2 C .  After thawing, six of the 

identical samples from each animal were sonicated in an i ce bath, 

for various time intervals up to 1 20 s at 3 amperes on a Dawe 

Soniprobe . One sample remained unsonicated .  All samples were then 

centrifuged at 2 , 000 g x 1 0  min wi th the supernatants being re tained 

for assay. Methods of enzyme assay were as outlined in Chapter I I . 

Results 

The effect of sonication on protein concentrati on and �-

mall .. 10sidase ac tivity in lymphocyte extracts is shown in Figure 5 . 6 .  

Although there was no increase i n  protein concentration during the 

initial 1 5  s of sonication ( Figure 5 . 6a )  a linear increase in 
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The effect of sonication on protein  concentration and C\'-mannosidase activity 

of lymphocyte extracts. 
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u-mannosidase activity per ml of supernatant was observed during 

this period ( Figure 5 . 6b ) . A gradual increase in the release  of 

soluble pro tein after 60 s and 1 20 s s onication contributed to a 

decline in the ac tivi ty of u-mannosidase relative to protein c oncen­

tration (Figure 5 . 6c ) .  Individual variation in the effect of 

s onication for 30 s on protein c oncentration and u-mannosidase 

activity in the e ight c ows is shown in Table 5 . 1 .  

Discussion and conclusions 

From inspec tion of Figure 5 . 6  i t  was concluded that  optimum 

release of u-mannosidase ac tivity rela tive to  pro tein occurred 

within 1 5-30 s of  sonication, after which time no further increase 

in enzyme activity was observed .  Sonication for 30 s had a 

negligible effect  on pro tein concentration but liberated an extra 

5 . 7% of u-mannosidase activity per ml of lymphocyte extrac t when 

compared with freezing and thawing ( Table 5 . 1 ) ,  and is therefore 

recommended .  

( b) The effec t of centrifugati on on the removal of cel lular debris 

The importance of removing the relatively insoluble cellular 

debris from lymphocyte extrac ts after sonication was realized in 

preliminary experiments where there was flocculation of this 

insoluble mate rial , creating inaccuracies in pipe tting small 

volumes and in estimating protein c oncentrations . 

Materials and me thods 

IJymphocytes were separated from 8 x 1 0  ml EDTA Vacutainers of  

ble od from a six-month old Jersey calf by the me thod previously 

describe� and s tored as pellets a t  _1 20C until required. On thawing, 



TABLE 5 . 1  

The effect  of sonication f or 30 seconds on protein c oncentration and �-mannosidase activi ty 

in lymphocyte extrac ts from eight cows 

�-Mannosidase ac tivi ty (nmoles subs trate hydrolysed/min ) 
Protein concentrati on 

(mg/ml ) per ml extrac t per mg protein 

Without Sonication Without Sonication vIi thout Sonication 
C Ovl no . sonication for 30 s Difference sonication for 30 s Difference sonication for 30 s Difference 

203 0 . 37 0 .45 +0 . 08 2 . 25 2 . 39 +0. 1 4  6 . 08 5 . 31 -0 . 77 

83 0 . 37 0 . 35 -0 .02 2 . 57 2 . 79 +0. 22 6 . 95 7 . 79  +1 . 02 

92 0 .85  0 .83 -0 . 02 2 .81 2 . 76 -0 . 05 3 . 3 1 3 . 33 +0 . 02 

1 64 1 . 42 1 . 41 -0 .01 2 .87 3 . 08 +0 . 2 1 2 . 02 2 . 1 8  +0 . 1 6 

98 0 . 65 0 . 64 -0 . 01 5 . 65 6 . 03 +0. 38 8 . 69 9 . 42 +0:73 

1 8  2 . 76 2 . 76 0 . 0  I 5 . 82 6 . 1 6  +0. 34 2 . 1 1  2 . 23 +0. 1 2  

1 1 4 0 . 74 0 . 69 . -0. 05 8 . 69 9 . 90 + 1 . 21 1 1 . 74 1 4 . 35 +2 . 6 1 

23 0 . 56 0 . 60 +0 .04 8 . 1 4  7 .82 -0 . 32 1 4 . 54 1 3 . 03 -1 . 5 1 

Average 0 . 965  0 . 966 +0 . 001 4 . 85 5 . 1 2  +0 . 27 6 . 93 7 . 23 +0 . 30 
(+0 . 1 %) (+5 . 7%) (+4 . 3%) 
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1 . 5 ml of 0.85% saline containing 0 . 1 %  Triton X-1 00 was added t o  

each pellet prior t o  sonication for 3 0  s .  All samples vlere pooled 

prior to cen trifuga Hon of 4 x 1 . 0 ml aliquots for · 5 ,  1 0, 1 5  and 

20 min respec tively.  Estima tions of protein concentration and 

assays for �-mannos idase and hexosaminidase activities were per­

formed on the clear supernatants , and on an uncentrifuged sample , 

as outlined in Chapter II . 

Results 

As sho�m in Figures 5 .  7a, b and c ,  both the protein concentra­

tion and enzyme ac tivity in the supernatant were c ons tant after 

5 min centrifugation at 2 , 000 g. Protein concentration decreased 

by 60% on centrifugation while �-mannosidase activity per ml of 

lymphocyte extrac t remained relatively c ons tant and hexosaminidase 

activity showed a 7 . 3% increase . 

Discussion and c onclusi ons 

Centrifugation of lymphocyte ex tracts at 2 , 000 g for 5 min 

effectively removed c ellular debris from suspension without causing 

a notable l oss in ac tivity of ei ther �-mannosidase or hexosaminidase 

( Figure 5 . 7b ) .  The activi ty of hexosaminidase per ml of lymphocyte 

ex tract ac tually shovled an incre>ase afte r  centrifugation, possibly 

due to the removal of some inhibi tory factor . The specific 

activities of both enzymes ( per mg of protein) were pre dictably 

elevated by the removal of protein, bec oming constant after 5 min 

centrifugation at 2 , 000 g (Figure 5 . 7c ) . Problems associated  with 

the> flocculati on of insoluble protein material may therefore be 

overcome , without loss of enzyme ac tivity, by centrifugation of 

lymphocyte extrac ts for 5 min at 2 , 000 g after sonicati on .  
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The effect of centrifugation of lymphocyte extracts on protein concentration 

and the activities of a-mannosiclase and total hexosaminidase. 



( c )  The effe c t  o f  Triton X-1 00 on pro te i n concentration and 

a-mannosidase activi ty of lymphocyte extracts 
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The nonionic de tergent Triton X-1 00 is often included when 

dilu hng samples for enzyme assays , to  minimize the loss .of protein 

due to adsorption and denaturation on surfaces ,  ana to facili tate 

the release of any membrane-bound enzyme activity ( Barrett , 1 972 ) .  

The following experiment was designed t o  inves tigate the effect  of 

this detergent on the ac tivity of acidic a,-mannosidase (pH 4 . 3 )  and 

the soluble pro te in concentrati on of lymphocyte extracts . 

Materials and me thods 

Two x 1 0  ml EDTA Vacutainers of blo od were colle c ted from each 

of seven Angus c ows , and lymphocytes were separated by the method 

described in Chapter II . After the final wash, lymphocytes from 

each animal vTere resuspended in 2 . 5  ml of 0 . 85% NaCl .  Duplicate 

1 . 0 ml aliquots of each sample we re centrifuged at 1 60 g x 5 min 

and stored at -1 20C .  On thawing, 1 . 0 ml of 0 . 85% NaCl was added to 

one duplicate sample and 1 . 0 ml of 0 .85% NaCl containing 0 . 1 %  Triton 

X-1 00 added to  the o ther .  After s onication for 30 s all samples 

were centrifuged at 2 , 000 g x 5 min and the supernatants retained 

for assay. Prote in estimations and assays for a,-mannosidase 

ac tivity were as previously described .  

Results 

As sho�m in Table 5 . II the addition of 0 , 1 %  Triton X-1 00 to 

lymphocyte extracts caused an average increase of 1 1 0% in the protein 

concentration of extracts and 25% increase in a,-mannosidase ac +i.vi ty 
per mI . The specific activity of a,-mannosidase ( per  mg protein) was 

reduced ty 43% due to the greater elevati on in protein c oncentration 

relative to enzyme activity. 



TABLE 5 . II 

The effec t of Triton X-1 00 on protein c oncentra ti on and a-mannosidase ac tivi ty 

in lymphocyte extrac ts from seven cows 

I 
a-Mannosidase ac tivi ty ( nmoles subs trate hydro lys e d/min ) 

Pro tein c onc entration 
(mg/ml ) per ml extrac t per mg pro te in 

Saline + Sal ine + Saline + 
Cow no . Saline Triton X-1 00 % increase Saline Tri ton X-1 00 % increase Saline Triton X-1 00 % decrease 

59 0 . 1 5  0 . 32 1 1 3% 2 . 64 3 . 1 6 20% 1 7 . 60 9 .88 44% 

7 1  0 . 2 1  0 .46  1 1  9Jb 2 . 89 3 .86 34% 1 3 . 78 8 . 39 39% 

33 0 . 20 0 . 48 1 40% I 4 . 1 7 '5 • 1 1  23% 20.86 1 0 . 65 49% 

48 0 .,1 5 0 . 31 1 07% I 2 . 52  2 . 79 1 1  % 1 6 . 79 8 . 99 46% 

35 0 . 31 0 . 64 1 06% 2 . 1 9 2 . 68 22% 7 . 1 8  4 . 1 9 42'% 

7 I 0 . 1 2  0. 25 1 08% 1 . 33 1 . 77 33% 1 1 . 57 7 . 08  39% 

1 8 0 . 25 0 . 50 1 00% 3 . 1 1 3 . 98 28% 1 2 . 44 7 . 97 36% 

Average 0 . 20 0 . 42 1 1 0% 2 . 69 3 . 36 25% 1 4 . 32 8 . 1 6 43% 
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Dis cussion and conclusions 

The inclusion of 0 . 1 %  Tri ton X-i 00 in the saline diluent for 

l ymphocyte pelle ts increased the level of a-mannosidase ac tivity in 

extrac ts, probably through the release of membrane-bound enzyme 

that would otherwise have been removed with the cellular debris .  

The prote in concentration of extracts was also increased in the 

presence of Tri ton X-1 00, thereby allowing accurate protein esti­

mations to be performed on a smaller volume . Because of these 

prac tical advantage s  and the theore tical advantage of reducing 

protein adsorption and denaturation, it is rec ommended that 0 . 1 %  

Triton X-1 00 should be included routinely during the preparation of 

lymphocyte extrac ts . 

FACTORS AFFECTING THE ACTIVITY OF LYSOSOMA.L ENZYMES 

IN BOVINE LYMPHOCYTES 

1 • Stabili ty of five lys osomal enzymes in bovine lymphocytes 

Problems associated with the transport of samples from different 

parts of the country often preclude the separation and freezing of lympho­

cytes on the day of c o l lecti on .  The effect  o f  varying the period be tween 

blood collec tion and separation of lymphocytes on the act ivity of five 

lys os omal enzymes was inves tigated in the following experiment . 

Materials and me thods 

Six x 1 0  ml EDTA Vacutainers of blood were collec ted from each of 

1 3  adult Angus cows . Lymphocytes were separated from two Vacutainers 

from each animal at 1 ,  24 and 48 hr after collec tion. Prior to lympho­

cyte separation the samples were retained at room-tempe rature , but 

lymphocyte pellets were s tored at _i 20C until required for assay .  Methods 

used for enzyme assays and protein estimations were as described i n  

Chapter II . 
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Results 

The mea:.'1 activi ty of each of five lysosomal enzymes at 1 ,  24 and 

48 hr after bl ood collec tion is shown in Figure 5 . 8 with 5% fiducial 

limits about each mean. a,-Mannosidase activity showed a linear increase 

over the 48 hr period al though this increase was not statistically s igni­

ficant ( p > 0 . 05 ) . The activity of hexosaminidase remained essential ly 

unchanged but a s ignificant reduc tion in activi ty was observed for  �­

galac tosidase ( p < 0 . 05 ) ,  arylsulphatase A ( p < 0 . 01 ) and a,-fuc osidase 

(p < 0 . 01 ) afte r  48 hr . Only a,-fucosidase showed a signifi cant reduc tion 

in mean activi ty after 24 hr. 

Discussi on and conclusions 

Blood samples were kept  at room temperature and not exposed to 

light prior to separation of lymphocytes in an attempt to  simulate t he 

condi tions likely t o  be encountered by samples in transi t  to the 

laboratory. 

A significant  reduc tion in the activity of �-galac tosidase , aryl- . 

sulphatase A and a,-fucosidase was observed in lymphocytes separated after 

48 hr ( Figure 5 . 8 ) . Hexosaminidase and a,-mannosidase ac tivity did not 

alter significantly, although a linear increase in the ac tivi ty of a,­

mannosidase sugges ts that this trend might have been significant  had a 

greater number of animals been included i n  the experiment . In tissues 

undergoing regressive changes certain lysosomal enzymes have been observed 

to re tain their original activity for s ome time, and in fac t  may even show 

a significant  increase in activity ( Taf t, 1 9 60 ; de Duve , 1 963 ) .  The 

apparent increase in a,-mannosidase activi ty observed in lymphocytes after 

storage dt room temperature might therefore be a genuine phenomenon, 8nd 

warrants further investigati on . This enzyme has already been shown to be 

very s table in bovine plasma at room temperature ( Jolly et  al . ,  1 973 ) . 
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The signifi c ant reduc ti on in ac tivi ty of � -galac tosidas e ,  arylsulpha tase 

A and �-fuc os idase may be due to the, rela tive ins tability of these 

enzymes . 

The res ul ts of this experiment sugges t  tha t lymphocyte s should 

p refe rably be separated fr om whole blood wi thin a few hours of c ol lec tion 

t o  avoid any al terations in ac tivi ty of lys osomal enzymes . In many 

instances however i t  is not poss ible for bl ood samples to reach the 

l abora tory on the day of c o l lec tion . I t  was conc luded the refo re that 

the peri od be twe en blood c o l le c ti on and ly�phoc yte separati on should be 

s tandardized. to a time inte rval whic h  wil l  allow the maj ori ty o f  s amples 

t o  reach the laborato ry .  Twenty-four hours was s ele c ted as a sui table 

inte rval as mos t samples should be rece ived iii thin this pe ri od,  and in 

the above re sul ts only a-fuc osi dase showed a signifi cant al tera tion in 

ac tivi t y  to lymphocytes s to re d  for this pe ri od of time . 

2 .  In vivo s timulation of lymphocytes by S train 1 9  Brucella abor tus 

vaccine 

When peripheral lymphoc yte s are s timulated in vi tro by the addi tion 

o f  phytohaemagglutinin the y  b e c ome morphologj c al ly similar t o  primi tive 

b last-type cells wi th mo re abundant cytoplasm than is normally found in 

mature lymphocyte s .  An increase in t he ac tivi ty o f  lys osomal enzyme s in 

the s e  t rans fo rmed lympho c yte s  would not be surpris ing and has in fac t 

been re porte d by Hirschhorn e t  al . ( 1 969) and Nadler and Egan ( 1 970 ) . 

' Whe ther or not the re i s  a similar transforma ti on of peripheral 

l ymphocytes in vivo in respons e to an antigenic s timulus , such as S train 

1 9  Bruc ella abortus vaccine , has no t been es tabli shed but mus t be 

c onside red as a factor which mi ght affec t the ac tivity of lysosomal 

enzymes wi thin lymphocyte s .  In the following experiment the effec t of 

an anti genic s timulus on t he ac tivity of five lys os omal enzymes in 

· peri phe ral lymphocytes was inve s tiga te d .  



Materials and methods 

Six Friesian calves less than s ix months of age were injec ted 

subcutaneously with 2 . 0  ml of S train 1 9  Brucella abortus vaccine*. 
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Six similar calves ac ted as unvacc inated c ontrols . Lymphocytes were 

collec te d  from each calf 3 days prior to the inj ec tion of  antigen , 

again on the day of inj ection, and every third day until 1 2  days after 

injecti on .  Samples were stored at _ 1 20C until thaI-fed and prepared for 

protein es timations, and assays for the activity of five lysosomal 

enzyme s :  �-mannosidase , hexosaminidase , �-galactosidase , �-fucosidase 

and arylsulphatase A. Assay me thods were as outlined in Chapter II . 

Results 

The mean activities of each enzyme in lymphocytes from control and 

vaccinated groups of calves up to 1 2  days after vaccination are presented 

in Figu:re 5 . 9 .  None o f  the five enzymes showed a significant alteration 

in mean activity in lymphocyte extrac ts from unvaccinated control calves 

over the period of sampling. In l ymphocyte extracts from vaccinated 

cal ves only �-mannosi dase showed a s ignific ant variati on in mean 

activity. After vaccination the mean a.-mannosidase activity in vaccinated 

calves increased to reach a peak at six days , after which  time there was 

a gradual decline in activity . The pos t-vaccination activity of a.� 

mannosidase was s ignificantly elevated in the 6 th1 9th and 1 2th day 

lym�hocyte samples as shown by 5% fiducial limits about each mean . 

Fiducial limi ts are not shown about mean activities for o ther enzymes as 

no signi ficant variations were rec orded.  

1(- Tasman Vaccine Laboratories ,  Upper Hutt ,  New Zealand . 'I 
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The effect of an antigenic stimu lus (Strain 19 Brucella antigen ) 
on the activity of five lysosomal enzymes in  bovine lymphocytes. 
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Discussion and conclusions 

A significant elevati on in the mean ac tivity of a-mannosidase i n  

lymphocyte extrac ts from six calves after injec tion wi th Strain 1 9  

Brucella abortus vaccine indicates that there may be transformation of 

peripheral lymphocytes in vivo in response to an antigen. Four other 

lysosomal enzymes hO"l'Tever showed no significant variation in activity 

after  vaccination . The reasons for these inconsis tent resul ts is not 

clear . However, the increase in a,-mannosidase activity in response to' 

the Brucella antigen suggests that exposure of animals to other antigens , 

either through disease or vaccination, could result in a similar increase, 

thereby introducing a possible source of error in the use of lymphocyte 

a,-mannosidase activi ty as a test for the mannosidosis genotype . The 

increase in a,-mannosidase ac tivity may be of sufficient magnitude to 

elevate a heterozygous animal into the low-normal range on the 

basis of lymphocyte extract a,-mannosidase ac tivity. This is unlikely to 

be a serious problem in a mass screening programme but it is rec ommended 

that animals obviously suffering from an infecti ous disease shoQld be 

noted and their lymphocyte test  regarded with caution, especially if  i t . 

falls wi thin the 10vl-normal range . Calves are not routinely tes ted  for 

mannosidosis before six months of age , when Brucella vaccination is 

usually performed, therefore the use of this  vaccine is unlikely to  be a 

problem. 

LYMPHOCYTE a,-MANNOSIDASE ACTIVI TY IN NORMAL 

M�D HETEROZYGOUS CATTLE 

The level of a,-mannosidase ac tivity in a lymphocyte extract will 

depend largely on the number of lymphocytes contributing to the sample . 

This number 1vould be expected to show consider'able variation between 

samples and it is essential therefore that enzyme activity is "normali zed" 
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by relating i t  to s ome parameter which is s trongly correlated with the 

.original nu�ber of cells . The most lcgical prccedure would be tc 

express enzyme ac tivi ty in terillS of the ac tual number .of cells present ,  

but methods of  es timating cell-numbers are unlikely to be sufficiently 

precise for this purpose . A commonly employed parame l;er is the scluble 

prctein c cncentraticn of leucocyte extrac ts , which  should be direc tly 
. 

prcporticnal tc the number of cell s .  Harzer ( 1 97 3 )  considered this 

method inaccurate due tc the presence of inc onsis tent amounts .of ccntami-

nating prctein, and favcured a methcd vfhereby the activity of the 

specific lysosomal enzyme was related tc the mean relative activi ty .of 

three or four other lysosomal enzymes ( reference enzymes ) .  Varicus 

o ther authcrs have also supported the u..qe .of a ratio behTeen the deficient 

enzyme and a closely related lysosomal enzyme . The most notable example 

is in the detecti on of he terozygotes for human GIJI2-ganglicsidcsis Type I 

( Tay-Sach ' s disease ) where considerable success has been achieved in 

using a ratic between hexosaminidase A and B in leucocytes and serum 

( O ' Brien et  a1 . ,  1 97 1 , 1 972) . Similar methcds he.ye been employed in 

de tecting he terczygctes for human Type II glycogenosis ,  using the ratio 

between acid and neutral u-glucosidase (Kcs te r  e t  al . ,  1 974 ) ,  and 

fucosidosis ,  where a ratio betw'een u-fucosidase a.nd u-mannosidase was 

employed (Matsuda e t  al . ,  1 973 ) .  

In this chapter the value of lymphccyte extract u-manncsidase 

activity in the detec ticn .of manncsidcsis heterczygotes is evaluated , 

and a c omparison betvleen the use of protein c cncentraticn and fcur 

reference enzymes as parameters fcr ncrmalizaticn of u-manncsidase 

activi ty is presented . 



1 .  �-Mannos idase ac tivity relative to  protein c oncentrati on of 

lymphocyte extrac ts 

Materials and methods 

Animals included in this evaluati on were 1 47 Angus bulls over 
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1 8  months of age from numerous herds throughout New Zealand . An attempt 

was made to include as many hete rozygous bulls as possible , therefore 

the selec tion of animals camlot be regarded as random. Blood was 

c ollec ted by the author ,.,here possible or by practis ing veterinarians , 

all samples being submi tted to this  laboratory for lymphocyte separation 

within 24 hr of collecti on .  Two x 1 0  ml Vacutainers containing EDTA as 

anticoagulant were c ollec ted from each bul l .  In mos t cases an additi onal 

sample of blood was ,  or' had previously been collected into 7 ml heparin-

ized Vacutainers from ,\'Thich plasma , s eparated on the day of c ollec tion 

o 
and s tored at - 1 2 C ,  was used for as says of plasma �-mannosidase ac tivity. 

Nore than seven progeny of 28 of the above bulls were tes ted by the 

plasma test as part  of a mannosidosis control scheme being run by the 

Ministry of Agricul ture and Fisheries and the New Zealand Angus Assoc i-

ation ,  and these resul ts vlere available for comparison wi th the results 

of their sires . To be regarded as normal on the basis of a progeny tes t ,  

a sire must have produced a t  least seven normal calves but no hetero-

zygotes from normal dams . 

Me thods employed for lymphocyte separati on, �-mannosidase assays 

and prote in estimations were as presented in Chapter I I .  Assays were 

performed in batches of 20-30 samples with a s tandard lymphocyte extrac t 

being included in each batch t o  guard agains t day to day variations in 

technique . 
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Resul ts 

There was a relati ve ly strong c orrelati on Cr = 0 . 73 ,  p < 0 . 01 ) 
be tween a.-mannosidase activity and p ro tein c oncentration in lymphocyte 

extracts from 1 02 presumed normal bulls . The activities of a.-mannosidase 

per mg of protein in lymphocyte ex tracts from 1 47 bulls arc presented in 

Figure 5 . 1 0 . Superimposed on this figure is addi tional information 

regarding the genotype of each bull acc ording to the routine plasma 

tes t ,  plasma tes ts of progeny, or informati on that a bull was an obligate 

he terozygote by having sired a calf with marmosidosis ( see key) . There 

appeared t o  be two dis tinct populati ons which corresponded more or less 

with the diagnosis of bulls as normal or heterozygous on the basis of 

the o ther tes ts . Skewness estimation ( Snedecor and Cochran, 1 967 ) 

confirmed the �pparent positive skewness in the distributi on of lympho­

cyte extrac t a.-mannosidase activities of normal bulls ( g1 = 0 . 57 ± 0 . 22 ) .  

This skewne8s was correc ted by logarithmic transformation of values 

( g1 = 0 . 01 + 0 . 22 ) . All bulls with lymphocyte extrac t a.-mannosidase 

ac tivities below 3 . 0  uni ts vlere either heterozygous or equivocal on 

o ther tests or, in one case ,  had no t been tested by other methods . The 

latter bull did howeve r possess a heterozygous parent .  The highes t  

ac tivity recorde d  in a heterozygous bull was 4 . 2  units , but on reinves ti­

gation of this obligate heterozygote a value of 3 . 1  units was obtained.  

Both tests are include d in the resul ts . All bulls with values greater 

than 4 . 5  units were either normal or equivocal on the basis of other 

tes ts or had not been tested by o ther methods . 

The area between 3 . 0  and 4 . 5  �its of  ac tivity included eight 

presumed normal bull s ,  five heterozygotes ( two - obligate ) and one bull 

which had not been tes ted by other methods but which possessed a hetero- _ 

zygous parent . One bull  with an equiyocal plasma test but judged normal 

on its progeny test ,  had an initial lymphocyte extract a.-mannosidase 

/ 
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Key to Figures 5. 1 0, 5.1 1 ,  5. 1 2  and 5.13 : 

Bul ls considered normal with regard to the mannosidosis genotype on the 

basis of plasma tests and/or tests of progeny. 

Bul ls considered heterozygous for the mannosidosis genotype on the basis 

of plasma tests and/or tests of progeny. 

Bulls without information on genotype from other tests but with one 

heterozygous parent. 

Bul ls without additional information on genotype 

Normal on basis of plasma test. 

Heterozygous on basis of plasma test. 

Equivocal plasma test. 

p Diagnosis of genotype based on plasma tests of progeny. 

o Obligate heterozygotes. 
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Figure 5. 1 0  Distribution of lymphocyte extract O'-mannosidase activities per m g  protein of 

147 individual bu l ls .  Information concerning known mannosidosis genotype 

is superimposed. 
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activity of 3 . 2  units ,  but showed a retest of 4 .8 units . Once again the 

resul ts of both tes ts are included in Figure 5 . 1 0 . Of ten bulls whose 

plasma tes t  had produced an equivocal result only one fell be tween 3 . 0  

and 4 . 5  uni ts of ac tivity on the lymphocyte test .  Eight of these bulls 

had values greater than 4 . 5  and one less than 3 . 0  units . 

An estimate of the area of overlap behleen the normal and hetero­

zygous populations in Figure 5 . 1 0 was obtained by p1acing c onfidence 

limits on each population mean after l ogari thmic transformation of 

values ,  L e .  x 
+ 

to . 01 si ( Snedecor and C ochran, 1 967 ) .  At the 99% 

level of c onfidence the theoretical area of overlap extended from 3 . 0  

to 5 . 4 units of activity .  The mean activi ty of  a-malillosidase in  lympho­

cyte extracts from bulls diagnosed as he te rozygous on the basis of this 

tes t  plus ei ther a plasma tes t or progeny tes t was 2 . 63 uni ts ,  38% of 

the mean of those judged normal on similar grounds ( 6 . 98 units ) , 

As most bulls  included in this inves tigation were from different 

properties and many of the plasma tests performed at different times , a 

s tudy of the relationship behleen plasma and lymphocyte extract a­

mannosidase activi ties could not include all the above animals . A 

relatively low correlation c oefficient ( r = 0 . 2 ,  P < 0. 05 ) was estimated 

for this relati onship in seventy normal bulls  where a valid s tudy could 

be made . 

Discussion and c onclusions 

The separation of 1 47 bulls into heterozygous and no rmal populations 

on the basis of their lymphocyte extrac t a-mannosidase ac tivities was in 

close agreement vii th diagnoses based on info rmation from plasma tests 

and/ or L s  ts of progeny ( Fi.gure 5 . 1 0 ) .  Approxima tely 1 0% of bulls were 

included in a range where the highes t  values of the heterozygous popula­

tion overlapped wi th the lowest  normal values . Two of the bulls in this 
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area were resampled and the lymphocyte tes t  repeated, vTi th apparent 

clarification of their s tatus . A theore ti cal area of overlap was es ti­

mated to extend from 3 . 0  uni ts to 5 . 4  units of activity at the 99% 

confidence level ,  but the accuracy of this estimate can only be es tab­

lished after  a erea ter number of heterozygous indi�nduals have been 

tested. If the overlap area did prove to be as wide as this estimate 

would sugges t then the lymphocyte tes t  would be of limited use as 

approximately 30,% of animals would be expec ted to produce an equivocal 

result .  

Due to  a l ow corre lati on between plasma and lymphocyte extract 

a-mannosidase activities it is likely that the genotype of an animal 

with an equivocal plasma test  may be resolved by the supplementary test 

based on lymphccyte extrac t a,-mannosidase ac tivi ty. In fac t ,  only one 

of  the ten bulls in Figure 5 . 1 0  vii th an eq  ui vocal plasma te s t had a 

lymphocyte te st vli thin the apparent area of  overlap be tween no:rm.al and 

heterozygous populations . The conservative criteria employed in the 

diagnosis of normality on the original plasma test is demons trated by 

the fac t that eight of the ten equivocal bulls appeared to be normal on 

the lymphocyte tes t .  

The mean a-mannosidase activity in lymphocyte extracts of  bulls 

finally diagnosed as heterozygous was 38% of the mean of those diagnosed 

as normal . This is  in c lose accordance with the situation in plasma , 

where the mean a-mannosidase ac tivity of heterozygotes is 37 � 5% of the 

normal mean (Chapter IV, page 1 03 ) .  

In s pi te of an overlap between normal and heterozygous populations 

i t  is  concluded that a tes t  for bovine mannosidosis heterozygotes , based 

on the es timation of a-mannosidase activity per mg of prote in in lym�ho­

cyte extracts  is a useful adjlffic t  to the routine plasma tes t ,  and' should , ' 

help resolve mos t problem cases . There is however a need to tes t  a 
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greater number of heterozygous animals so  that a more accurate es timation 

of  the region of overlap can be obtained. 

2 .  CL-}�ar1ll0si dase ac ti vi ty relative to the mean acti vi ty of four 

lysos omal reference enzymes 

Materials and me thods 

Assays for the ac tivity of � -galactosi dase ,  hexosaminidase ,  CL-

fucosidase and arylsulphatase A were performed on lymphoc yte extrac ts 

from 1 1 5 of  the bulls whose lymphocyte extrac t CL-mannosidase activities 

are presented in Figure 5 . 1 0, and \vhose s ta tus with regard to the 

mannosidos is genotype had been clearly de termined on the basis of plasma 

tes ts and/or tests of progeny.  Me thods employed for enzyme assays and 

pro te in es timations are described in Chapter I I .  

For the lymphocyte extrac t from each animal a lysosomal reference 

index (Li )  was calculated using the follo,dng formula : 

Li 1 
= "4 + + + 

EAi ' EFi ' EGi and EHi represent the activities of arylsulphatase A, CL­

fucosidase , � -galactosidase and hexosaminidase respectively per ml of  

lymphocyte extract from an individual bul l ,  and EA, EF, EG and EH 

represent  the overall mean activi ties for each of these four enzymes . 

The lys osomal reference index ( Li )  has no uni ts and will  vary on either 

side of 1 . 0  according to the number of lymphocytes  in each sample and 

their enzyme activity. A second lysosomal reference index ( Li t ) was 

calculated using the same formula but with enzyme activity expressed 

relative to the protein concentration of lymphocyte extrac ts . 
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Results 

Correlation coefficients for the relati onships between a-mannosidase 

activity and the activities of four other lys osomal enzymes plus Li and 

Li ' are presented in Table 5 . II I ,  and compared vli th the rela tionship 

between a-mannosidase activity and protein concentration .  The stronges t  

correIa tion ( r  = 0 . 77 )  vias found be tween a-mannosidase and hexosaminidase 

ac tivity per ml of extract ,  while a-fucosidase ( r  = 0. 62 ) ,  � -galac tosidase 

( r  = 0 . 59 )  and arylsulphatase A ( r  = 0 . 53 )  were also significantly 

correlated with a-mannosidase ac tivity . The c orrelation between a­

mannosidase activi ty per rnl of lymphocyte extra.c t and the lysosomal 

reference index ( Li )  was the same as that be h'l'een a-mannosidase ac tivity 

and protein concentration ( r  = 0 . 73 ) .  When enzyme activity vias expressed 

per mg of protoin all but one of the corresponding relationships s till 

showed significant but l'1'eaker c orrelations . Hexosaminidase aetivi ty 

again sho\'led the s trongest corre lation vii th a-mannosidase ac tivi ty 

( r  = 0 . 5 1  ) .  

The distribution of a-mannosidase activi ties per ml of lymphocyte 

extrac t relative to Li for the 1 1 5  bulls is shown in Figure 5 . 1 1 .  Super­

imposed on this figure i s  additional information regarding the genotype 

of each bull based on a tes t  of his plasma or plasma tests of his progeny . 

Once again there appeared to be two populations of bulls corresponding 

more or less with diagnoses based on other tes ts , but the apparent over­

lap be tween normal and heterozygous populations was greater than that 

observed in Figure 5 . 1 0 . Four presumed hetero zygous bulls  had values 

within one s tandard deviation of the mean value for the normal population, 

while one bull with a normal progeny test appeared to l ie \'lithin the 

he terozygous populati on. 

The dis tribution of a-mannosidase activi ties per ml of lymphocyte 

extract relahve to hexosaminidase activi ty for the same bulls is shown 
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Lymphocyte-extract 0:'- mannosidase activity!ml relative to Li 

Figure 5. 1 1  Distribution of O:'-mannosidase activities per m l  of lymphocyte extracts in  

relation to the mean relative activity of four  other lysosomal reference 

enzymes per ml of extract ( Li )  from 1 1 5  individual bul ls .  Information 

concerning known mannosidosis genotype is superimposed. 
(See Figure 5 . 1 0  for key) 
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TABLE 5 .  III  

Relationship between �-mannosidase activity 

and various reference parameters in 

bovine lymphocyte extrac ts 

Correlation coefficient ( r ) for relationship 
with �-mannosidase activity 

Enzyme ac tivity 
expre ssed/ml 

Enzyme ac ti  vi ty 
expressed/mg 

Reference parameter of  extract protein 

Arylsulphatase A - 0 . 53 (p < 0 . 01 ) 0 . 29 ( p < 0 . 01 ) 

�-Fuc 0 s i das.e - 0 . 62 ( p < 0 . 01 ) 0 . 1 5 (p > 0 . 05 )  

�-Galactosidase - 0 . 59 (p < 0. 01 ) 0 . 39 ( p  < 0 . 01 ) 

Hexosaminidase - 0 . 77 ( p < 0 . 01 ) 0 . 51 (p < 0 . 01 ) 

Lysosomal index Li - 0 . 73 ( p < 0 . 01 ) -

" " Li ' - - 0 . 29 ( p < O �  01 ) 

Protein concentration 0 . 73 (p < 0 . 01 ) - -
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in Figure 5 . 1 2 .  Rexosaminidase ac tivity has been expressed as the ratio 

ERlER rather than in actual units of ac tivity s o . that values would be of 

a similar magni tude to  those in Figures 5 . 1 0 and 5 . 1 1 .  Values for the 

normal population extended further into the heterozygous population than 

was previously observed, and two bulls with hete rozygous plasma tests  

had values well above the mean for the normal population . 

When lymphocyte extract a-mannosidase ac tivi ties per mg of protein 

were expressed relative to Li t the dis tribution of values for the 1 1 5  

bulls ( Figure 5 . 1 3 ) showed a greater  overlap be tween normal and he tero­

zygous populations than 1;'lhen a-mannosidase activi ties were expressed in 

terms of pro tein concentration alone ( Figure 5 . 1 0) .  

Discussion and conclusions 

The c orrelation coefficient es timated for the rela tionship between 

a-mannosidase activity per ml of lymphocyte extract and the lysosomal 

reference index (Li )  ( r  = 0 . 73 )  was identical to that ob tained for the 

relati onship between a-mannosidase activity a.nd. protein ccncentration in 

lymphocyte extracts . Theore tically therefore the use of Li as  a re ference 

parameter offers no advantage over the use of protein concentration .  In 

fac t ,  the overlap obtained between heterozygous and normal populations 

was greate r when Li was employed as the parameter, as thi s  resulted in 

four presumed he terozygotes being included within the normal population 

(Figure 5 . 1 1 ) . 

The activity of a-mannosidase in lymphocyte extrac ts was more highly ' 

c orre lated with hexosaminidase activity than with any of the o ther three 

lys osomal enzymes or with ei ther  Li or prote in concentration ( Table 5 . 111 ) .  

It  might be expected therefo re that hexosaminidase activi ty would b6 a 

reliable reference parame ter ,  but the express ion of a-mannosidase ac tivity 

per ml of extrac t relative to ERlER (Figure 5 . 1 2 ) appeaIBd to be even 
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Lymphocyte-extract a- mannosidase activ ity/ml  relative to hexosaminidase activity (Eh/Eh) 

Figure 5. 1 2  Distribution of a-rnannosidase activities per ml of lymphocyte extract in
_

relation 
to the mean relative activity of hexosaminidase per ml of extract ( Eh/E h )  

from 1 1, 5 individual bul ls. ( See Figure 5 . 1 0  for key) 



1 68 

� 
:; 
..0 ..... 
0 ..... 
<Il ..0 E 
::J 

Z 
4 

2 

Lymphocyte-extract a- mannosidase activity 

(n moles substrate hydrolysed/min/mg protein )  relative to L i '  

Figure 5.13 Distribution of a-mannosidase activities per mg protein in relation to the mean 

relative activity of four lysosomal reference enzymes per mg protein ( Li ' )  in 
lymphocyte extracts from 1 1  individual bulls. (See Figure 5 . 1 0  for key) 
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less effec tive in separating hetero·zygous bulls from the normal population 

than -';vhen enzyme acti vi ty was expressed relative . to Li . 

The s trong correlations between a-ma��osidase activi ty per ml of 

extrac t and the activity of  the four reference enzymes were obviously due 

largely t o  the number of c ontributing lymphocy te s ,  but even after the 

individual enzyme activities were divided by the protein concentration 

of lymphocyte extracts , signifi cant c orrelations s till  exis ted be tween 

a-mannosidase and the activi ties of arylsulphatase A, � -galactosidase , 

hexosaminidase and the reference index Li ' . Expression of a-mannosidase 

activi ty per mg of pro te in in relation to Li t ( Figure 5 . 1 3 ) however, 

offered no advantage ove r the use of protein c oncentration alone as a 

parame ter .  

I t  was concluded from this experiment that the use of lysosomal 

reference enzymes as parameters for the activi ty of a-mannosidase in 

lymphocyte extrac ts was less reliable in separating he terozygotes from 

the normal population than when a-mannosidase activity was expressed in 

terms of pro tein concentration. 

GENERAL DISCUSSION AND CONCLUSIONS 

In a series of preliminary experiments the kine tic charac teristics  

of  a-mannos idase and four other lys osomal enzyme s in bovine lymphocyte 

extracts "\-Tere determined .  The near absolute deficiency of  acidic a­

mannosidase activity (pH 3 . 75-4 . 5 )  described in tissues and body fluids 

of calves with mannosidosis (Hocking �t al . , 1 972 ; Phillips e t  al . ,  

1 974b ) was demons trated in a lymphocyte extract from a mannosidosis  

cal f .  A heterozygous bull was shown t o  possess less than half  the 

normal activity of this enzyme in its lymphocytes (Figure 5 . 1 a ) . Further 

experiments were designed to establish a s tandard. method for the prepara:-· 
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tion of lymphocyte extrac ts prior t o  enzyme assays s o  that  comparisons 

c ould be made between enzyne ac tivities of samples tes ted on different 

occasions . Information from these experiments 1vas applied in the 

development of optimum assay conditions and me thods of preparing 

extracts as presented in Chapter II . 

The preparation of lymphocyte extracts for assay involves many 

s teps at which variation in technique may alter the relative activi ty 

o f  a.-manno sidase or of other lysosomal enzyme s .  I t  is important there­

fore that as many procedures as possible are pe rformed by the same 

operator using a standard me thod . Even the initial centrifugation of 

blood samples prior to  removal of the buffy c oat  is a possible source of 

variation . A decrease in the size o f  leuc ocytes , vlith apparent loss of 

cyt oplasm, has been repor ted after centrifugation at 1 , 400 g ( Dunne 

e t  al . , 1 970 ) ,  therefore any variation in the speed at which samples 

are centrifuged may result in an al teration in the enzyme activi ty of 

cell extracts . The separation of pure populati orill of lymphocytes may 

be facilitated by the immediate mixing of collected blood with EDTA 

an ticoagulan t .  In samples collected slowly or incomple tely mixed 'vi th 

the antic oagulant , aggregate s of platelets may develop and may interfere 

with the separation of  lymphocytes . For this reason it is advisable to  

c ollect  b lood from the jugular vein of cattle , rather than from the 

middle coccygeal blood vessels , and so  ensure the collec tion of a free­

flowing sample . A significant reduction in the activity of � ­

galactosidase ,  arylsluphatase A and a.-fucosidase was observed in 

lymphocytes which were not separated from whole blood until 48 hr after 

collection, but there was an apparent increase in a.-ma��osidase activity 

during this period (Figure 5 .8 ) . Whereas samples obtained l ocally may 

be processed wi thin a fe ... r hours of c ollecti on, it may take up to 24 "lr 
for sample s  from other parts of the country to  reach the laboratory. It 
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is important therefore that the time interval between the collection of 

blood and separation of lymphocytes is standardi zed to say 24 hr. 

The reliability of a te s t  for heterozygosity, based on the assay of 

enzyme ac tivity in body tissues or fluids , depends on the recognition 

of environmental , physiological or pathological faotors ,.,hich might 

alter the activity of an enzyme , and interfere wi th the gene dosage 

relationship between enzyme activity in normal and he terozygous indi­

viduals .  The activi ty of �-mannosidase in bovine plasma , for example ,  

varies  ,<Ti th age and possibly sex , and significant seasonal,  between­

herd and even be tween-mob variations have been demonstrated , the reby 

placing certain limitati ons on the application of the plasma te st  for 

mannos idosis heterozygotes .  �-Mannosidase activity might however be 

expected to show· less variation in lymphocyte extracts than in plasma 

as lymphocytes are a primary source of the enzyme , whereas plasma 

probably depends largely upon the leakagp. or secre tion of enzyme from 

tissues and the turnover of body cells . 

A possible source of variation in the activity of lysosomal enzymes 

in lymphocyte extrac ts is the transformati on of lymphocytes in vivo in 

response to  an antigenic stimulus . The mean �-mannosidase activi ty in 

lymphocyte extracts from six calves was significantly elevated 6 days 

after injection wi th Strain 1 9  Brucella abortus vaccine (Figure 5 . 9 ) .  

Although this vaccine is only empl oyed in female calves less than s ix 

months of age , this finding does suggest  that certain infectious agents 

might produce a similar reacti on, and lymphocyte tests of any animal 

suffering from an infectious disease should therefore be interpre ted 

with caution . 

Th · !l1unber of normal calves tested was not sufficient to  allow 

statis tical inves tigation of possible variati on in lymphocyte extract 
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a,-mann os idas e ac tiv i ty wi th age , nor were suf fi c ient numbers o f  animal s 

tes ted from individual p rope rt ies t o  indicate th!3 pres ence of be tween-

h erd dif fe renc e s .  The poss ibi l i ty o f  be twe en-sex diffe renc e s  i n  the 

ac tivi ty o f  a,-mannosi das e in lymphocyte ex trac t s  s hould not be di s c ounted.  

Al though approxima t e l y  50 normal female cattle have s o  far been te s te d  

b y  thi s me th od, a val id c ompari s on cannot b e  made behreen the i r  mean 

value and that of the bul l s . The animals were f rom a vari e ty of 

properties an d were tes ted in seve ral different b a tc hes , there fo re t he 

p o s sibl e int e rfe renc e o f  be twee n-he rd diffe renc e s  and day t o  day vari­

ations in technique c ould no t be e limina te d .  I t  i s  de sirable tha t 

expe riments be s pe c i f ic a l ly de s igne d to inve s t igate the p o s s ibl e 

influen ce o f  age , s e x  and environment on the ac tivity of o,-mannos i das e 

in lymphocyte s .  

, The s eparation o f  1 47 bulls into normal and he te roz ygous popula t i o rlS  

acc ordi ng to o,-mannos idas e ac tivi ty pe r mg o f  pro tein i n  l ymphocyte 

ex trac t s  was in c l os e agreement with diagn o s e s  be.sed o n  plasma tes ts 

and/or tests of pro geny . There was no advantage in rela ting o,-mannos i dase 

ac tivi ty to the ac t iv i ty o f  hex os amin idas e , o r  to lysos omal re ference 

index e s  re p re sent ing the mean rela tive ac t iv i t y  of four lys os omal enzyme s .  

In fac t ,  the separa ti on o f  normal and he te rozygous populati ons was l e s s  

effici ent when re fe rence enzymes were emp l oye d  as parame ters f o r  0, -

manno s i dase activi ty • 

. 
Human G

M2
-gangli o s id os i s  Type II ( Sandhoff ' s  di sease ) is caus e d  by 

a de fi c iency of both hex o saminidase A and B ( O ' Brien et al . ,  1 971 ) .  By 

rela ti ng t otal hex osaminidase ac tivity in leuc o c yte extrac t s  t o  the mean 

rela t ive ac t ivity of thr e e  lysos omal refe rence · enzyme s Harzer ( 1 973 )  

claim e d  that 1 8  pre sume d he tero zygo tes for thi s dise as e  c ould b e  di s tin- . 

gui she d from 30 p re s ume d normal individual s .  The he tero z ygous group 

include d five obliga t e  he terozygo te s and 1 3  members of the family o f  
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affec ted children, while the normal population included another 1 3  family 

members plus 1 7  controls . Harzer presented his �esults as reciprocal 

values , the:::oeby exaggerating the separation be t'w'een presumed normal and 

he terozygous groups , and it  is unlikely that a clear separati on would 

have exis ted had the results not been expre ssed in this m�nner. Although 

Harzer critic ized the use of protein concentration as a parame ter for 

enzyme activity in leucocyte extrac ts , he supplied no evidence to suggest  

that the ac tivity of hexosaminidase was more s trongly correlated with the 

mean relative activity of the reference enzymes than with pro tein concen­

tration. 

Mas son et  al e ( 1 974 ) rec ommended the use of a single reference 

enzyme in the detection of heterozygo tes for human mannosidos i s .  The 

activity of  acidic �-mannosidase in serum and leucocytes did not 

differentia te be tween he terozygotes and normal controls ,  but when the 

resul ts  were expressed as a ratio of hexosaminidase to �-mannosidase 

activity, in either serum or leucocyte extracts , there was no overlap 

between the two populations . Similarly, Mat�uda et  al e ( 1 973 ) were 

unable to separate two obligate he terozygotes for the fucosidosis geno­

type from eight controls on the basis of �-fucosidase activity per mg 

prote in in leucocyte extracts . However,  when the ratio of �-fucosidase 

to �-mannosidase activity per mg pro te in was calculated the heterozygo tes 

had values intermediate be tween those of the normal controls and a child 

with fucosidosis . FlITther support for the use of a reference enzyme was 

provided by Koster e t  al e ( 1 974 ) who claimed that Type II glycogenos is 

heterozygotes could be more clearly distinguished from diseased homo­

zygotes and normal controls if acid �-gluc osidase activity was expressed 

relative to  the activi ty of neutral �-glucosidase rather than in terms 

of the pro te in concentration of leucocyte extracts . None of these 

authors hOvlever demonstrated a positive correlati on be tween the activi ty .  
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of the de fici e n t  e nzyme and the ir chosen referenc e enzyme . Simi lar 

re sul ts might al s o  have been ob taine d by re lating enzyme ac tivi ty to 

s ome independently variable " nonsens e "  pa rame ter suc h as b o dy weight or 

b l oo d-gluc o se levels . Admittedly the numb e rs of subjec ts involve d in 

their inve s ti ga ti ons rBve gene rally b e en t o o  small for us efu l  s ta ti s ti c al 

analys e s , but t he ne c e s s i ty for c hoos ing a parame te r vTh ich doe s n o t  vary 

independen tly of the enzyme in que s t i on should have been di scus s e d .  

A method for dete c t ing Type II glyc ogenosis hetero zygo te s ,  based o n  

assays of ac id a-gluc o sidase ac tivity p e r  mg o f  pro tein in ex trac t s  of 

l ymphoc yte s s timula ted by phytohaemagglutinin ( PHA ) , was de s c ribed by 

Hirschhorn et a l .  ( 1 969 ) . Pri o r  to s timula ti on with PHA the he te ro­

z ygo tes could n o t  be d if ferentiated from con trols , but afte r s timula ti on 

there was a re la tively c le ar separati on be tween the lymphocyte ex trac t 

acid a-gluc osidase ac tivities of he terozygo te s and control s . This 

s eparation was even more di s tinc t when change s in ac id a-gluc os idase 

ac tivi ty, induc e d  by s timula tion of lymphocyte s ,  were re lated to c hange s 

in the ac tivity of acid phosplm tase . The response of a c i d  a-gluc os idase 

ac tivity in s t imula ted l ymphocytes from he terozygo tes was l e ss than tha t 

of acid phosp hatas e , whe reas in c ontrol ind ividual s both enzymes s howe d  

a s imilar inc rease i n  ac tivi ty . Simi lar s uc ce s s  in he te roz ygo te d e te c­

tion has be en ob tained f or lysosomal acid phospha tase deficienc y  (Nadle r 

and Egan , 1 970) . In this case ac id phosphatase ac tivity sh01'le d  a re lative 

lack of s timula tion in l ymp hocytes from he terozygo tes when c ompared to 

the ac t ivi t y  of acid a-gluc os idas e .  The r eason f or a lack o f  re spons e 

of the partially defic ient e nzyme to s timula tion by PHA is n o t  known, 

but Hirschhorn e t  al . ( 1 969 )  sugge s ted tha t i t  may be due t o  a l te red 

ra te s of syn t he s is , ac tiva tion or de grada tion of · the en zyme . The lack 

of a sufr' icient numbe r of sub j e c ts in b o t h  s tudies prec lude s full assess­

ment of the value of this te chnique in he tero zygote de te c ti on ,  but it is 

an intere s ting concept which warrants fur ther inves tigation . 
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I t  lvaS concluded from the investigations presented in this chapter 

that a supplementary test  for the mannos idosis genotype , based on the 

ac tivi ty of  a.-mannosidase in lymphocyte extrac ts , ivould be a useful 

adjunct to the plasma test when testing single animals , and would 

res ol ve the g:motYi-'8 of mos t 2.!limals with 2.n equivocal plasma te st . 

Approximately 1 0% of such animals would however be expec ted to have an 

equivocal lymphocyte test  and the availability of a further supplementary 

tes t  for use in conjunc tion with the lymphocyte test would be of value . 

The tes t appeared to  be mos t  reliable when enzyme activity was expressed 

rela tive to the pro tein concentration of lymphocyte extrac ts rathe r than 

in  terms of the relative activi ty of lysosomal reference enzyme s .  Further 

evaluation of the lymphocyte tes t  is necessary to accurately establ ish 

the limits of the regi on of overlap between he terozygous and normal 

popula hons . 
, 

SUMMARY 

optimum assay conditions iv-ere es tablished for five lys osomal 

enzymes in  bovine lymphocyte ex tracts . These included a.-mannosidase ,  

arylsulphatase A,  a.-fucosidase ,  �-galac tosidase and total hexosaminidase . 

A standard me thod for preparing lymphocyte extrac ts , prior  to  enzyme 

assay, �Tas developed as a result of information gained from experiments 

described in this  chapter .  

The reliability of lymphocyte a.-mannosidase activity in the 

detection o f  heterozygotes for the mannosidos is genotype was evaluated 

on samples obtained from mature bulls , mos t of which were also tes ted by 

the plasma te s t  and/or plasma tes ts  of their progeny. The relative 

merits of using ' pro tein concentration and the relative activity of 

lysosomal reference enzymes to corre c t  for the original number of lympho-

cytes in each sample were investigated,  and p rotein concentration was 

shown -Co be the mos t lJSeful parame ter .  
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The mean value of �-mannosidase  activity in lymphocyte extracts 

from heterozygous bulls "Tas 38% of the mean value for normal bulls . 

The lymphocyte tes t  is recommended for use in situations where · the 

reliability of the plasma tes t is reduced, and in retes ting animals  

whose plasma test has produced a.1'l equivocal resul t .  
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Al though the lymphocyte tes t  for mannosidosis heterozygotes appears 

capable of res olving the geno type of many animals wi th equivocal plasma 

tests , there is an overlap between values exhibited by normal and hetero­

zygous populations . It was decided therefore that other poss ible tes ts 

should be investigated to  see if  they offered further advantages . Enzyme 

assays on cul tured fibrob las ts from skin have been successfully employed 

in detec ting he terozygotes for several inborn lysosomal dis orders of man 

(Table 1 . IV) . For economic reasons this me thod is likely to be imprac­

tical for routine use in domes tic animals but i t  was considered vTorthy 

of inves tigation since i t  might have value in tes ting individual 

valuable cattle for the mannosidosis genotype . Assays of �-mannosidase 

ac tivi ty in granulocytes and thrombocyte s were also considered as 

poss ible alterna tive tests . 

MATERIALS AND METHODS 

All animals employed in these experiments were of the Angus breed . 

Skin fibroblasts were cul tured from eight hI"o-year old female cattle who 

were c learly heterozygous for the mannosid osis genotype on the basis o f  

their plasma �-mannosidase ac tivity, and from eight normal controls o f  

the same age . Fibroblas ts were also cultured from skin biopsies obtained 

from a s ix-month old calf wi th mannosidosis . Standard c onditions of 

cul ture "Jere employed for all samples . 
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Granulocyte extrac ts were prepared from 52 mixed-aged male and 

female cattle from several herds . Lymphocyte extracts and plasma were 

also obtained from each of these animals . Thrombocyte extrac ts were 

prepared from 38 of the above cattle . 

De tails of the me thods employed in cel l  cul tur·e ,  preparation of 

granulocyte , lymphocyte and thrombocyte extrac ts , and assays for a­

mannosidase  ac tivity are presente d in C hapter II . 

RESULTS 

1 .  a-Mannosidase ac tivity in cul tured skin fibroblas ts 

The pH dependence of a-mannosidase ac tivi ty in cul tured fibroblas ts 

from normal , he terozygous and mannos idos is cattle is illus trated in 

Figure 6 . 1 . Optimum activity in cells from the normal animal occurred 

at pH 4 . 0, but smaller peaks of ac tivi ty were apparent a t  pH 5 . 0-5 . 5 

and pH 6 . 5-7 . 0 . Acidic a-mannosidase ac tivi ty (pH 4 . 0 )  was lower in 

the hete rozygous animal and the peak of intermediate activity ( pH 5 . 0-

5 . 5 )  was more obvious . In cells from the mannosidosis calf only a 

small peak of acidic a-mannosidase activity was noted but intermediate 

and neutral ac tivi ti es did not appear to be reduced. A comparison 

between acidic a-mannosidase activities in cul tured fibroblas ts from 

eight presumed he terozygotes ,  eight normal control cattle and a calf 

vri th mannosidosis is shown in Figure 6 . 2 . There was a s ignificant 

difference ( t = 2 . 92 ;  d . f .  = 1 4 ; p < 0 . 05 )  between the mean values for 

he terozygous and normal populations but individual value s shovTed c onsider­

able overlap . The level of a-mannosidase ac tivity in the mannosidosis 

calf was ·c learly lower than in any of the he terozygous animals . 

2 .  a-Kannosidase activi ty in granulocyte ex tracts 

The pH dependence of a-mannosidase ac tivi ty in granul ocyte ex trac ts 

from normal , heterozygous and mannosidosis cattle is presented in 
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pH dependence of a-mannosidase activity i n  cultured bovine fibroblasts. 
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Figure 6 . 3 .  Op timum ac tivity was recorded a t  pH 4 .0 in both normal and 

heterozygous indivi duals ,  but with lesser activity in the la tter animal . 

Levels of a-mannosidas e activi ty assayed in the mannos idosis calf were 

negligible , even at more neutral pH values ( 5 . 5-7 .0 ) . 

The dis tributi on of acidic a-mannosidase ac tivities of granulocyte 

extrac ts from 52 mixed-aged male and female ca ttle is shown in Figure 

6 . 4 .  The separation of animals into different populations was i n  c om­

ple te agreement wi th diagnoses of genotype based on plasma tes ts · and 

lymphocyte te sts . There was no overlap in values between 26  presumed 

he terozygotes and 26 normal controls . The mean a-mannosidase ac tivity 

in granulocyte e xtracts from tle he terozygous cattle was 3 . 4  units ( nmoles 

subs trate hydrolysed/min/mg protein ) , 33 . 4% of the mean value for the 

normal controls ( 1 0 . 7 uni ts ) . There was no apparent influence of either 

age or  sex on the ac tivity of a-mannosidase in granulocyte ex tracts . 

3 .  a-Mannosidas e  activity in thrombocyte ex tracts 

The dis tribution of acidic a-mannosidase activi ties  of thrombocyte 

extracts from 38 mixed-aged male and female  cattle is shown in Figure 

6 . 5 .  Two separate populati ons are evident but normal animals and 

presume� he terozygotes are inc luded within each population . 

Despi te the c onsiderable overlap in individual values , the mean 

value for the presumed he terozygotes ( 1 . 6  uni ts ) was significantly lower 

than that for the normal animals ( 2 . 1  units ) ( t = 3 . 97 ,  d . f . = 36 ,  p < 0. 01 ) .  

DISCUSSION 

I t  has been claimed that he terozygo tes for inborn lysos omal diseases 

may be m�re reliably differentiated from normal individuals on the basis 

of enzyme assays on cul tured skin fibroblasts than on serum or leucocytes ,  

due to  the uniformity of the cell population (Kaback and Howell , 1 970, 
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1 973 ; Beutler e t  al . ,  1 971 ) .  Such c laims however have been based on 

small numbers of individual tes ts and may be ill-founded . The activity 

of lysosomal enzymes in cul tured fibroblas ts has been shown to vary in 

relation to the growth curve of the culture , and considerable differences 

in enzyme ac tivity have been obse rved between vari ous cell-groups and 

even be tween individual cells in a cul ture ( Galj aard et al . ,  1 974 ) .  

Some of this variati on persis ts even when cells are cultured under 

s tandardi zed c onditions (Milunsky e t  al . ,  1 972 ) .  

The activi ty of  �-mannosidase in cul tured skin fibroblas ts could 

not accurately dis tinguish be tween eight presumed he terozygotes for 

bovine mannosi dos is and eight normal c ontrols .  In spite o f  a significant 

difference ( p < 0. 05 )  between the mean values the re was c onsiderable 

overlap in the range of individual �-mannosi dase activiti es of hetero­

zygous and normal populations ( Figure 6 . 2 ) . Although the number o f  

animals included in this experiment was small ,  i t  appears that the 

difference in mean acidic �-mannos idase ac tivity between normal and 

he terozygous populations of cattle is not as great in cul tured skin 

fibroblas ts as in lymphocyte extrac ts , granul ocyte extrac ts or plasma . 

'rhis was only a pre liminary expe riment designed to  assess the pos s ible 

value of assays on cultured fibroblasts in de tec ting mannosi dosis 

heterozygotes and i t  appears that further evaluation of  this tes t is  not 

warranted ,  especi ally if a more practical and accurate al ternative method 

is available . 

In c ontrast to the resul ts obtained with cul ture d fibroblasts , 

assays of �-mannosidase activi ty in granulocyte extracts differentiated 

be tween presumed mannosidosis heterozygotes and normal controls . The 

mean �-IDannosidase ac tivity in granulocyte extrac ts from 26  he terozygotes 

was 33 . 4% of the mean for 26 normal controls , this being in c lose agree­

ment with re lative values recorde d in plasma and lymphocytes (Chapters IV 

.� 
.' 
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and y respec tive ly ) . No ove rlap oc curred be tween the two populati ons 

( Figure 6 . 4 ) . Exclude d from Figure 6 . 4  were the resul ts obtained from 

1 6  adult c ows which had a-mannosidase activi tie s more than twice as high 

as the mean value for the o ther cattle . All 1 6  sample s were assayed on 

the same day and a s tandard sample routinely incl ude d, did not vary 

significantly from previ ous assays . The source of this variati on is  not 

known but is  thought mos t l ikely to  be due to some unappreciated variable 

in the me thod of preparing ex tracts rather than an inc rease in enzyme 

ac tivity of these particular granulocytes per se . The occurrence of a 

technical e rror during enzyme assays or pro tein estimations canno t be 

discounted but is considered unlikely . EUrther experiments are neces sary 

to e s tablish tr� nature of this variation and to ensure that i t  will  not 

inte rfere with a tes t  for rr�nosidosis he terozygotes based on a-

mannos idase ac tivi ty i� granulocyte ex tracts . 

Al though the numbe r  of animals was small ,  there appeared to be two 

separate populations with granul ocyte extrac t a-mannos idase activities  
I 

within the normal range ( Figure 6 .4 ) .  This phenomenon c ould represent 

the presence of two or more normal alleles for a-mannosidase ac tivity 

as discussed in previous chapters , though furthe r  work is nee ded to tes t  

this hypothe sis . 

The pH dependence c urve for a-mannosidase activity in cul tured skin 

fi broblas ts ( Figure 6 . 1 ) showed a relatively low acidic ac tivi ty (pH 

4 . 0 ) , even in the normal animal , but prominent peaks of interme diate 

( pH 5 . 0-5 . 5 )  and neutral activi ty (pH 6 . 5-7 . 0 )  were note d .  Studies of 

pH dependence of a-mannosidase ac tivity in granulocyte extrac ts from a 

calf with mannosidosis revealed an apparent lack of interme diate and 

neutral forms of a-mannosidase in  addition t o  the expec ted deficiency 

of the acidic form ( Figure 6 . 3 ) .  As these isoenzymes are not defic ien t  

in  o ther t issues from calves wi th mannosidosis ( Phil lips e t  al . ,  1 974b ; 
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Winchester e t  al . ,  unpublished data) i t  may be assumed that they are absent 

from granulocytes of normal and he terozygous cattle . A s light "shoulder" 

is present in the pH dependence curve f or �-mannosidase activity in 

granulocytes from the he terozygous individual , but this is  at a lower 

pH than would be expec ted if i t  represented the form with an intermediate 

pH optimum. Granulocytes are relatively short-lived ce lls with a 

spec ific func tion and apparently do  not require the se isoenzyme s .  

Further studies  o n  thi s obse rvation could possibly sugges t the func tion 

of the interme Qiate and neutral forms of �-mannosidase in other tissues .  

The dis tributi on of  �-mannosidase ac tivi ties in thrombocyte ex trac ts 

from 38 catt le showed two dis tinct populati ons wi thout ove rlap , but 

normal controls and presumed heterozygo tes were scattered throughout 

both populati ons . The mean thrombo cyte extrac t �-mannosidas e ac tivity 

for the normal animals was 2 . 1 2  uni ts and that for the he te rozygotes was 

1 . 57 uni ts .  Although these mean values "Jere significantly diffe rent 

(p < 0 . 01 ) the possible  use of �-mannosidase assays on thrombocyte 

ex trac ts in tes ting for mannosidosis he terozygotes is not encouraging. 

The maj o r  problem ass ociated wi th the use of thrombocytes is the diffi­

culty of ob taining c onsis tently good preparations . If a blood sample 

is not mixed immedia tely wi th an anticoagulant on collec tion,  aggregates 

of thrombocytes devel op which often contain leucocytes and erythrocytes .  

In such cases the separation of a pure population of thrombocytes is not 

possible . 

The mean ac tivities of ac idic �-mannosidase in extrac ts o f  normal 

bovine granulocytes ,  lymphocytes and thrombocytes are 1 0 . 7 ,  6 .98 and 2 . 1  

uni ts respectively. It is conceivable therefore that the enzyme activity 

of leuco cyte extrac ts may vary according to the relative proporti on of 

lymphocyte s ,  granulocytes and thrombocytes included in each sample . 

Assays on pure populations of granul ocytes and/or lymphocytes would 
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therefore be expec ted to provide a more re liable indi cati on of an 

individual ' s  lys os omal enzyme complement than would assays on mixed­

l eucoc yte extrac ts . I t  is important that thromb ocytes are elimina ted 

from ex trac ts . Due to the ir relatively l ow a-mannosi das e ac tivity, 

l arge numbers of c ontaminating thromb ocytes may c aus e an apparent 

re duc tion in the ac tivity of a-mannosidase rela tive to protein c oncen­

tration in lymphocyte or granul ocyte extrac ts . 

I t  was c oncluded tha t  assays f or a-mannosidase ac tivity in cultured 

skin f ibroblas ts and thr ombocyte extrac ts were unl ikely to prove succe s s­

ful in the de tec t i on of mannosido sis he te rozygo te s . In contras t ,  the 

devel opment of a tes t  based on a-mannosidase ac tivi ty in extrac ts of 

granul ocytes appeare d  very enc ouraging. Further eval uation of the 

granul ocyte tes t is re commended . to es tablish the d is tributi on of values 

for no rmal and he tero zygous p opulati ons . The c oncurrent us e of supple­

mentary te sts bas ed on a-mannosi das e activi ty in lymphocyte extrac ts and 

granul ocyte extrac ts could c onsi de rably increase the probabil i ty of 

accurately de te rmining an animal ' s s tatus Iii th regard to the mannos idosis 

genotype . 

SUMMARY 

Preliminary inves tigati ons into the devel opment of al ternative tes ts 

for de tec t ing mannos idos is he tero zygotes are presented .  A tes t  bas e d  o n  

the ac tivi ty of acidic a-mann�s idase in granulocyte extracts appears very 

promi sing, but as says of a-mannosidase ac tivi ty in c ul tured skin fibro­

blas ts and thrombocyte extrac ts c ould no t accurately dis tinguish between 

normal and he tero zygous animals .  Granul ocytes have a highe r mean acidi c 

a-mannosidas e  ac tivity than lymphocytes , fibrob las ts or thrombocytes but 

do not appear to possess the isoenzymes with intermedia te and neutral pH 

optima . 



CHAPTER VII 

ENZYME REPLACEMENT THERAPY - AN "EXPERIMENT OF NATURE " 

IN A CHIMERIC MANNOSIDOSIS CALF 

INTRODUCTION 
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Recent developments in prenatal diagnosis and in the detec tion of 

heterozygotes have improved the opportuni ty to offer cons truc tive 

gene tic couns elling and t o  assert some degree of control of inborn 

e rrors of lysosomal catabolism in man. Despite this progress affected 

children will continue t o  be born,  and will  require treatment .  Correc­

tion of the underlying genetic anomaly does not appear to be an 

immediate reality, therefore any at tempt at specific therapy mus t 

involve an alte rna tive me ans of degrading the s tored ma terial , either by 

replacement of the defec tive enzyme or by activation of the produc t of 

the defective gene . Attempts at enzyme replacement therapy have varied 

from the infusi on of patients wi th normal plasma or purified enzyme 

preparations , to the transplantati on of organs o r  tissues which would be 

expec ted to provide a c ont inuous endo genous supply of the required 

enzyme . Wi th few exceptions , most attempts at  therapy have been 

discouraging. 

An opportuni ty to investigate the value in enzyme replacement 

the rapy of a transplant of normal tissue was provide d  by a naturally 

occurring chimeric mannos idos is calf in which, as a result of fused 

placental blood circulations , lymphocytes from a normal c o-twin had 

be come es tablished as a fully acceptable transplant . This "experiment 

of nature" is  described in this chapter.  
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�\TERIALS AND METHODS 

A cas trated male Angus calf was presented for examination at 

9 months of age showing clinical si gns of mannosidosis . I ts sire was an 

obligate heterozygote and its dam had previously been diagnosed as 

heterozygous on the basis of her plasma a-mannosidase ac tivity. The 

activity of  acidic a-mannosidase in the plasma of the calf was almos t 

c ompletely absent,  as would be expec ted in an animal wi th mannosidosis , 

but the activity of this enzyme in lymphocytes vlas within the low-normal 

range . A sugges tion that the calf might  be a blood-cell chimera was 

supported by information that it was a twin and although the twin was 

not available for examination , i t  was known to be female and clinically 

normal . Tissues for further biochemical and �istopathological examin-

ations were collec ted after euthanasia at approximately 1 4  months of  age 

i-Then the disease was clinically advanced.  

Control tissues for enzyme assays were obtained from a normal Angus 

calf and an Angus calf wi th mannos idosis ,  both of which were approximately _ 

1 2  months of age . Tissues from these two animals plus thirty-five other 

mannosidos is calves up to 1 8  months of age were used as controls in 

his topathological studies .  

Chromosome preparations for karyotype studies were prepared from 

peripheral lymphocytes s timulated by phytohaemagglutinin and incubated 
o for 48 hr at 37 C .  Colchicine was added 2 . 5  hr prior t o  harvesting to 

block mitotic division at metaphase in actively dividing cells . Cells 

were fixed in an acetic acid-e thanol soluti on ( 3 : 1 )  and s tained with 

Giemsa . 

Met�ods for assay of a-mannosidase activity and estimation of 

prote in c oncentration were as described in Chapter II . . Sec tions for· 

his topa thological studies vlere prepared from paraffin and resin-embedded 

tissues by the procedures outlined in Chapter II . 
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1 • Identification of  the calf as a placental chimera 
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Karyo types from 200 peripheral lymphocytes s timulate d by phyto­

haemagglutinin were examined. Although the calf was a male , 77% of its 

lymphocyte s carried the female (XX )  genotype , and 23% the male (XY) 

genotype , providing s trong evidence that it was a placental chimera 

possessing lymphocytes from its female co-twin. The normal complement 

of 60 chromosomes was observed in cells of bo th genotypes . 

2 .  �-Mannosidase activi ty in various tissues 

Pro files of the pH dependence of a-mannosidase activity in vari ous 

tissues from the chimera ,  the mannosidosis control and the normal c ontrol 

calf are shown in Figure 7 . 1 . The activi ty of acidic �-mannosidase ( pH 

3 . 75-4 . 5 )  in lymphocyte and lymph node extracts from the chimera was 

c onsiderably greater than that measured in the mannosidosis control ,  and 

c ould be placed in  the low-normal range on  the basis of lymphocyte 

�-mannosidase ac tivi ty ( Chapter V) . In the brain, liver ,  kidney and 

plasma of the chimera the acidic �-mannosidase activi ty closely resembled 

that shown by the mannosidosis control . �-Mannosidase activity assayed 

at higher pH values in all calves represents the activity of isoenzymes 

which are thought to be non-lysosomal and which are not deficient in 

mannosidosis . 

3 .  His topathological studies 

When compared wi th the mannosidos is c ontrol calves , the chimera 

showed a c onsiderable reduc tion in the degree of vacuolation of free 

macrophages and re ticuloendothelial cells in lymph nodes ( Figures 7 . 2a 

and b, 7 . 3a and b )  and of Kupffer cells (Figure 7 . 4a and b ) . Vacuolati on 

of the exocrine epithelium of the pancreas ( Figures 7 . 5a and b ,  7 . 6a 

and b )  and lacrimal gland ( Figure 7 . 7a and b )  was also  much less severe 
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Figure 7 . 2a : Medullary area of a lymph node from the . chimeric  

calf showing relatively mild vacuolation of 

reticuloendothelial cells and free macrophages .  

( Epoxy resin embedded ,  toluidine blue-basic 

fuchsin, x 720) 

Figure 7 . 2 b : Medullary area of a lymph node from a calf with 

mannosidosis showing highly vacuolated reticulo­

endothe lial cells and free macrophages .  ( Epoxy 

resin embedded, toluidine blue-basic fuchsin, 

x 720) 
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Figure 7 . 3a :  Medullary area of a lymph node from the chimeric 

calf showing relatively mild vacuolati on of 

re ticuloendothelial cells and free macrophages . 

(Epoxy resin embedded, toluidine blue-basic 

fuchsin,  x 2 , 000) 

Figure 7 . 3b :  Medullary area of a lymph node from a calf with 

mannos idos is showing highly vacuolated re ticulo­

endothe lial cells and free macrophages . (Epoxy 

resin embe dded, toluidine blue-bas ic fuchsin, 

x 2 , 000)  

! 
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Figure 7 .4a : Liver from the chimeric calf . None of the 

Kupffer cells  (K) in this field c ontain clear 

vacuoles . (Epoxy resin embedded ,  toluidine 

blue-basic fuchsin, x 1 , 760) 

Figure 7 . 4b : Liver from a calf with mannosidos i s .  The 

cytoplasm of Kupffer cells (K) is packed with. 

clear vacuoles .  (Epoxy resin embedded ,  toluidine 

blue-basic fuchsin, x 1 , 760) 
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Figure 7 . 5a :  Pancreas from the chimeric calf showing rela tively 

mild vacuo lation of exocrine epithelial cells . 

(Epoxy re sin embedded,  toluidine blue-basic 

fuchs in, x 400 ) 

Figure 7 . 5b :  Pancreas from a calf wi th mannos idos is showing 

severe vacuolation  of exocrine epithel ial cells .  

( Epoxy re sin embedded,  toluidine blue-bas ic 

fuchsin, x 400 ) 
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Figure 7 . 6a :  Pancreati c  exocrine epithelial cells from the 

chimeric calf containing a small number of  

relatively clear vacuoles less than 2 � in 

diameter. ( E .M .  x 4 , 700) 

Figure 7 . 6b :  Pancreatic exocrine epithelial cells from a calf 

with mannosidosis c ontaining a larger number of 

vacuoles up to 4 . 5 �m in diame ter .  ( E . M . x 

4 ,700 )  
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Figure 7 . 7a : Lacrimal gland from the chimeric calf showing 

relatively mild vacuolation of exocrine 

epithelial cells . (Epoxy resin embedded ,  

toluidine blue-basic fuchsin, x 400 ) 

Figure 7 . 7b : Lacrimal gland from a calf wi th mannosidosis 

showing severe vacuolation of exocrin� ­

epithelial cells . (Epoxy resin embedded, 

toluidine blue-basic fuchsin, x 400) 
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in the chimera. Although vacuoles were present in the above tissues of 

the chimera they were smaller in size and less abundant . However ,  the 

vacuolation of neurones in the brain and spinal cord of" the chimera 

appeared to be just  as severe as in positive control calves with 

mannosidosis (Figure 7 .8a and b ) . 

DISCUSSION 

Blood-cell chimerism is a well recognized phenomenon in cattle .  

Although natural twinning rates are low in  this species ,  anas tomosis of 

chorionic blood vessels of the placentae of twins occurs in approximately 

90% of twin pregnancies (Williams et al . ,  1 963 ) ,  allowing the transfer 

of various blood c ell-types , including lymphocytes , which may become 

implanted in the co-twin and produce the ir own cell-lines ( Fechheimer, 

1 970 ) .  The fortuitous discovery of a chimeric mannos idosis calf which 

possessed a population of normal lymphocytes provided a rare opportuni ty 

to investigate some aspec ts of enzyme replacement therapy for an inborn 

lysosomal disease . Unfortunately the twin was not available for s tudy, 

but i t  was c oncluded on the basis of acidic a-mannosidase activity in 

peripheral lymphocytes and lymph nodes from the chimera that t he c o-twin 

was probably normal with regard to the mannos idosis genotype . 

There is no doubt that a-mannosidase from the population of normal 

cells influenced the pathology of the disease . Although the neurones in 

the brain of the chimera appeared to be jus t  as severely vacuolated as 

in mannosidosis c ontrol calves , relatively mild vacuolation was observed" 

in Kupffer cells , reticuloendothelial cells and free macrophages in 

lymph node s ,  and exocrine epithelial cells in the pancreas and lacrimal 

glands of the chimera . 

Es timations of the level of storage product ( expressed as neutral 

sugar and hexosamine ) were performed in this laboratory on homogenates 



Figure 7 . 8a :  Medulla o f  the brain of the chimeric calf showing 

severe vacuolation of neurones . (Epoxy resin 

embedded, toluidine blue-basic  fuchsin, x 5 50) 

Figure 7 .8b :  Medulla of the brain o f  a calf wi th mannosidosis 

showing severe vacuolation of  neurones . (Epoxy 

resin embedded,  toluidine blue�basic fuchsin, 

x 750) 

\ 
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of lymph node s ,  liver and brain from the chimera , and compare d  wi th the 

relative levels  in five mannos idosis calves and �wo normal controls 

( Table 7 . 1 ) .  The reduced seve ri ty of pathological lesions in lymph . 

nodes  and liver of the chimeric calf was c onsis tent wi th a considerable 

reduction in the level of s torage mate rial in these tissues . The level 

of hex osamine and neutral sugar in the brain of the chimera was also much 

less than tha t measured in other mannosidosis calves despite the seve rity 

o f  neuronal lesions obse rved in this calf . 

The colonization of lymph nodes by normal cells must have been  

significant as  the ac tivi ty of  ac idic a-mannosidase in  this tissue 

approached that expected to be shown by a normal animal (Figure 7 . 1 ) .  
Most phagocytic cells in the lymph nodes contained a few small vacuoles ,  

sugge sting that they did not originate from the normal co-twin. It is  

thought likely that these cells gaine d  some enzyme either by endocytosis 

or  by sele c tive uptake of enzyme which had leaked into the surrounding 

medium from normal lymphocytes . Thi s ability of cells to selec tively 

imbibe lysosomal en zymes from their surrounding medium has been demon­

s trated in cul tured skin fibroblas ts from patients wi th certain muco­

polysac charide s torage di seases ( Hickman e t  al . ,  1 974 ) .  Al though the 

levels of acidic a-mannosidase activity assayed in the plasma , liver,  

kidney and brain of the chimera were negligible (Figure 7 . 1 ) ,  i t  i s  

possible that small amounts of enzyme were re leased into the bl ood s tream 

and tissue fluids and were taken up in suffic ient quantities by macrophages ,  

re ti culoendothelial cells and exocrine epi thelial cells to · reduce the 

s torage of oligosaccharides and the degree of vacuolati on . In vi tro 

studies  on cultured skin fibroblas ts from patients wi th various muco­

polysaccharidoses have sho�m that the deficient enzyme can be taken up 

from the culture me dium by the defec tive cells (Fratantoni e t  al . ,  ·, 968 ; 

Neufeld  and C antz ,  1 971 ; Di Ferrante e t  al . , 1 973)  and that only a small 

frac tion of the normal enzymic complement need be absorbed to corre c t  the 



TABLE 7 . 1  

Quanti tative es timation of the level of storage product ,  

expressed as hexosamine and neutral sugar, in tissue 

homogenates from the chimeric calf and from normal and 

mannosidosis controls . These estimations were performed 

by Miss C .  E .  Murphy, B . Sc .  and are included for 

completeness with her permis sion .  

202 

Hexosamine Neutral carbohydrate 
(mg/ fJI1 we t tissue ) (mg/gm wet t issue ) 

Lymph Lymph 
Calves Brain node Liver Brain node Liver 

Mannosidos is  1 0 . 5  3 . 0 2 . 8  1 . 1 4 . 8  24 . 4  
, 

" 2 0 . 6  2 . 4 2 .8 1 . 2 4 . 0 1 4 . 5 

" 3 0 . 6  3 . 6  1 . 8 1 . 7 4 . 6  1 2 . 3 

" 4 0 . 5  5 . 2 1 .8 1 . 1 7 . 1 1 1 . 9  

" 5 0 . 6  1 . 5 2 . 1  1 . 2 3 . 4  1 6 . 3  

Chimera 0 . 2  0 . 4  0 .8  0 .6  1 . 4 1 8 . 1  

( duplicate or  0 . 2  0 . 5 0 . 6 0 . 6  1 . 3 1 8 .8  

triplicate samples ) 0 . 2  0 . 6 

Normal 1 0 . 1  0 . 4  0. 4 0 . 3  0 .8 1 0 .8 

" 2 0 . 1  0 . 3  0. 3 0 .3  0 . 9 20 . 3  
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defect ( Bach et al . , 1 972 ; O ' Brien e t  al . , 1 973 ) .  The population of normal 

lymphocytes in the chimeric calf might  therefore be , expected t o  supply 

sufficient acidic a-mannosidase to induce at leas t partial mitigation 

of  the diseas e .  

Es timations of the amount o f  s torage produc t in tissues might be 

expec ted t o  provide a more reliable indication of the therapeutic value 

of the lymphocyte transplant in the chimeric calf than would a subjective 

assessment of the severity of neuronal lesions . The blood-brain barrier 

i s  considered t o  be a maj or obstacle to enzyme replacement therapy but 

a reduction in the level of storage material in the brain of the chimera 

sugges ts that  some a-mannosidase could have traversed this barrier and 

catabolized stored oligosaccharide s .  I t  may not be necessary however 

for the enzyme to actually cross the blood-brain barrier in order to 

reduce the level of s torage material in the brain. If s torage products 

are being catabolized elsewhere in the body then a negative gradient may 

be e stablished, and providing these compounds are relatively soluble and 

of l ow molecular weight , then their escape from sites of s torage may be 

accelerated .  Significant levels of  the s torage oligosaccharide s  are 

excre ted in the urine of calves with mannosidosis (Norden e t  al . ,  1 973c ) 

suggestlng that there is some release from s torage sites . I t  is quite 

conceivable therefore that degradation of these  oligosaccharides in 

tissues or organs containing the necessary enzyme would be followed by 

increased release from tissues not directly affected by the replaced 

enzyme . A similar hypothesis was favoured by Desnick ( 1 974 ) with regard 

to beneficial effects of kidney transplants in patients with Fabry' s 

disease . 

The concept of enzyme replacement therapy is based on the assumption 

that the accumulati on of storage material w ithin secondary lysosomes ' is 

a reversible process . The his tological lesions of mannosidosis are 
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already well advanced when an affec ted calf is born, and in a s tudy on 

human foetuses with Tay-Sach ' s  disease , lesions were obvious by the end 

o f  the third month of ges tation (Adachi e t  al . ,  1 974 ) .  ' The questi on 

arises  therefore as to whether or not the administration of exogenous 

enzyme once lesions have developed is likely to be of any value . 

Unfortunately these s tudies on the chimeric calf do not allow any claims 

to be made in this respec t as the " transplant "  of normal tissue was 

obtained prenatally and therefore probably acted largely in limiting the 

devel opment of lesions rather than in curing them . In spite of an 

apparent reduc tion in the level of s torage mate rial in the brain, the 

calf showed typical clinical signs of mannosidosis ,  although these were 

less severe than a proportion of o ther cases seen. Failure to signifi­

cantly al ter the eventual clinical course of the disease , even under 

these favourable transplant c ondi tions , is discouraging and suggests 

that tissue or organ transplants are unlikely to prove successful in 

curing s torage diseases where there is severe neurological involvement .  

Attempts at enzyme replacement therapy by transfusions of normal 

leucocytes have me t vli th only moderate success in human medicine . 

Knudson e t  al . ( 1 97 1 ) reported dramatic but transient clinical and 

biochemical improvement in a child with Hunter ' s  syndrome (Type II 

mucopolysaccharidosis ) after leucocyte transfusi ons . Brady et al . ( 1 973 )  

reported  a temporary reduc ti on in plasma ceramidetrihexoside levels in 

a patient with Fabry' s disease after infus ion with a leucocyte suspension. 

A pa tien t \d th Sanfilippo syndrome ( Subtype B ) was infused with normal 

HL-A identical leuc ocytes by Moser e t  al . ( 1 974 )  in an attempt to promote ' 

the s urvival and reproduc tion of these cells , thereby providing a 

continuous source of the enzyme . In this case a transient increase in 

the urinary ratio of small glycosaminoglycans to large glycosaminog�ycans 

was related to the leucocyte infusion but fe,,, or no donor cells persis ted 

for more than six weeks , and the re was no long-term improvement in the 
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clini cal or biochemical manifestations of the disease .  Moser et  al .  

sugges ted tha t  transplants of  normal bone-marrow into affec te d  children 

may prove more suc cessful , but O ' Brien (pe rsonal communic ation ) is not 

optimis tic about the success of this method of  therapy due to the 

c ons iderable problems ass ociate d wi th rejec tion of bone-marrow trans­

plants , even wi th perfec t his toc ompatibi l i ty matches . Limited success 

in enzyme replacement therapy has been obtained by organ transplantati on . 

So far only renal transplants in patients with Fabry' s disease have 

produced encouraging results ( Desnick et  al . ,  1 971 , 1 97 3 ;  Philippart ,  

1 973 ) . 

An enc ouraging aspec t of the "lymphocyte transplant "  in the chimeric 

mannosidosis calf was the cons ide rable reduc ti on in the severity of 

lesions and the level of storage ol igosaccharides in visceral tissues,  

and i f  this disease had been purely visceral then the the rapy might have 

been reasonably effec tive . Transplants of normal ti ssues or  organs might 

therefore prove to  be an effective me thod of therapy in the few inborn 

lysosomal disorders which do no t exhibi t severe neurol ogical involvement .  

SUMMARY 

Acidic �-mannos idase supplied to a calf wi th mannosidosis by means 

of a natural transplant of lymphocytes ,  and poss ibly o ther cel ls ,  was 

able to reduce the severity of  lesi ons in lymph nodes , pancreas ,  lacrimal 

glands and l ive r .  Despite a reduc tion in the amount of s torage ma terial 

in the brain the vacuolation of  neurones was jus t  as severe as that 

observed in positive control calves wi th mannosidosis , ru1d the clinical 

c ourse of the disease was not s ignificantly al tered . I t  is pos tulated 

that if the disease had been a purely visceral inborn lys osomal di sorder 

then the " therapy" would have been re latively effective . 
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CHAPTER VII I  

GENERAL DISCUSSION 

Mannosidosis of Angus calves is  characterized clinically by ataxia, 

incoo rdination and tremors ( Jolly, 1 970) , and must · therefore be differ­

entia ted from such diseases as familial ataxia of Angus calves ( Barlow 

et al . ,  1 968 ) ,  cerebellar atrophy caused by certain intrauterine virus 

infec tions , meningi tis ,  encephalitis , certain plant intoxications and 

o ther cerebellar lesions including medulloblas toma ( Jolly and Alley, 

1 969 ) . In some cases however the nervous signs of mannosidosis are 

minimal and affected calves show mainly an ill-thrift syndrome . 

The his topathological features of mannos idosis, desc ribed in 

Chapte r I I I ,  are distinc tive but not necessarily pathognomonic for this 

disease .  Widespread vacuolation of neurones ,  pancreatic exocrine cells 

and macrophages within lymph nodes is also a feature of intoxications 

by ingestion of the plants Swainsona spp . , Astragalus spp . and Oxytropis 

spp. ( see page 35 ) . Somewhat similar lesi ons , particularly of the 

central nervous sys tem, may be seen in sec tions of paraffin embedded 

tissues from Friesian calves wi th GM1 -gangliosidosis ( Donnelly e t  al . ,  

1 973a)  and Shorthorn cattle with Type II glycogen storage disease 

( Richards , unpublished data; Jolly, personal communicati on) . 

The demonstration of a deficiency of acidic a-mannosidase in tissues 

and plasma of calves wi th mannosidosis ( Hocking e t  al . ,  1 972 ) provided a 

simple method for the specific d iagnosis of this  disease . Due t o  a gene 

dosage relationship for a-mannosidase activity, heterozygotes may also 

be d ifferentiated from normal animals in as much as they have reduced 

activit�· of a-mannosidase in their tissues and body fluids . The 

development of a tes t for mannos idosis heterozygotes based on a­

mannosidase ac tivi ty in plasma ( Hocking et al . ,  1 972 ; Jolly e t  al . ,  1 973 ) 
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and evidence that there was an abnormally high gene frequency for 

mannosidos is in New Zealand ' s  Angus cattle population, led to the 

initiation of a pilot test and control programme for the mannosidosis 

geno type . An analysis of the results of this scheme is presented in 

Chapte r  IV.  The genotype was found to be widespread throughout New 

Zealand ,  being carried by at least 1 0% of Angus cattle , and is considered  

to be  of  e conomic importance t o  the New Zealand beef indus try ( Jolly 

et al . ,  1 974 ) .  

The plasma tes t for mannosidosis heterozygotes was extensively 

evaluated during the pilo t  scheme and the importance of restric ting its 

use to homogeneous groups of  animals within herds mus t be emphasized . 

Although the genotype of mos t  animals could be accurately de termined by 

this test  it was apparent that a more sophis ticated back-up test would 

be required for situations where small groups of animals or individual 

bulls were t o  be tested.  The need for a supplementary test  was expressed 

by Kaback and Zeiger ( 1 972)  in relation to  a mass screening programme for 

the Tay-Sach ' s  genotype in Ashkenazi Jewish populations , and was restated 

by Jolly et al . ( 1 974 ) in their recommended requirements for a similar 

tes ting scheme in domestic animals . C onsequently, a tes t for mannosidosis 

hetero zygo tes , based on a-mannosidase ac tivity in lymphocyte extracts, 

was developed and evaluated ( Chapter V) . Although this tes t  appeared 

capable of resolving the genotype of most  cattle whose plasma test 

result was equivocal , the overlap in values between normal and he tero­

zygous popUlations was greater than had been hoped .  Further possible 

tes ts w"ere therefore inves tiga ted (Chapter VI ) ,  the mos t promis ing of 

which was based on a-mannosidase activity in granulocyte extrac ts . 

Granulocytes may be separated from the same blood samples as lymphocytes 

with little extra effort , and both tests are currently being employed 

on animals referred to this laboratory wi th equivocal plasma tests . "  The 

c orrelation between a-mannosidase ac tivity in lymphocyte and granulocyte 
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extrac ts has not been determined as the number of animals so far tes ted 

by both methods is too small ,  but the likelihood of obtaining an equivocal 

result from both tests on an animal appears to be less than if either 

tes t  is employed alone . On occasions a retest using fresh samples may 

be necessary. The mos t reliable method of de termining an animal ' s  s tatus 

with regard t o  the mannosidosis genotype is to tes t  a number of its 

progeny .  A s tatis tically reliable ( p < 0 . 01 ) progeny tes t for normality 

should include tests on at leas t seven progeny, therefore this method is 

essentially limited to mature bulls ,  but it should be employed whenever 

possible if there is any doubt concerning the genotype of such animals .  

The control of mannosidosis in New Zealand does not require that all 

Angus cattle be tested and he terozygotes culled .  If  the genotype is 

e radicated from bull-producing herds then heterozygous bulls will no 

longer be sold to commercial beef producers and further losses due to 

mannosidosis should not occur, no matter how many heterozygous cows 

remain in their herds . I t  is recommended therefore that all bull­

producing herds be screened for the mannosidosis genotype using the 

routine plasma test ,  supported where necessary, by the lymphocyte and 

granulocyte tests . Heterozygous bulls should be culled ,  and although i t  

i s  desirable that heterozygous cows be treated similarly, such a policy 

c ould cause serious economic loss to a breeder vlhose herd has a high 

prevalence  of carriers , and could cause the loss of valuable genetic 

material which may be the result of several years of selec tive breeding. 

Heterozygous cows may either be included in commercial herds and mated 

to non-carrier bulls or,  if they are of sufficient merit ,  they may even  

be  retaine d in the stud herd and have all subsequent progeny tested for 

the mannosidosis genotype . A national testing programme for the 

mannosidos is genotype has now been introduced by the Ministry of 

Agriculture and Fisheries in conjunc tion with the New Zealand Angus 

Ass ociati on with the aim of eradicating the disease from the bull-
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p roduc ing he rds of New Zealand . This is the firs t time such a scheme has 

been introduce d for the c ontrol of an inheri ted disease in domes tic 

animals .  

I n  spi te o f  the rec ommendati on o f  Jolly e t  al . ( 1 974 ) ( see page 51 ) 

the na tional mannosidosi s  tes ting pr ogramme currently in operation has 

n o t  made provision for the proper gene tic counsel ling of breede rs . At 

p resent the resul ts and interpre tati ons of a he rd test are returned t o  

the breeder with no ins truc ti on as t o  how his particular problem, i f  any, 

s houl d  be handle d in orde r to minimize ec onomic loss and was tage of 

valuable genes . During the pilot te s ting programme , pedigrees were 

obtained for each animal te s ted and these proved valuable in deciding 

the s tatus of a numbe r of animals with equivocal tes t results . In the 

current scheme howeve r ,  pedigrees are not reque s te d  and the pe rcentage 

of animals lis te d  as "equivocal " is the refo re greater tha."'l necessary. 

In domes tic animals the gene frequency for an inhe ri ted disease may 

be rapidly reduce d by the re c ogniti on and culling of he te ro zygous 

individual s ,  but such is not the case for similar diseases in man. The 

prototype s c reening programme for inborn lyso somal diseas es in human 

medic ine i s  a programme ini tiate d  in 1 971 for the preventi on of Tay­

Sach ' s  disease in Ashkenazi Jewish popula tions (Kaback and Ze iger , 1 972 ; 

Kaback e t  al . ,  1 974) .  The in tenti on of this s cheme is to  identify 

he tero zygous c ouples and offe r them the opportunity of producing only 

unaffe cted children, by means of prenatal diagnos is and abortion of 

foe tuses wit h  the disease .  Alt hough this scheme will reduce the bi rth 

of d iseased children, it will not reduce the gene frequency for the 

disease and in fac t would be expec ted  to cause a sl ight re lative increase 

in t he gene fre quency, as he te rozygous parents may be enc ouraged to have 

la rger families than previ ously, and their children will bear a two-­

thirds chance of being heterozygous . 
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I t  is desirable that an effort is made to slightly overcall he tero­

zygotes or equivocals in any screening programme ,  in either human or 

veterinary medicine ,  so  that heterozygotes do not escape de tection. 

During the pilot testing scheme for the maAnosidosis genotype a small 

percentage of cattle designated he terozygous were almost certainly 

normal , but only one animal designated normal has subsequently proven t o  

b e  he terozygous . A bull whose  plasma a-mannosidase activity appeared t o  

lie wi thin the low-normal range has since sired several he ter.ozygous 

progeny from normal c ows . On the basis of information concerning the 

distribution of plasma a-mannosidase ac tivities in normal and he terozygous 

populations the probability of this bull being heterozygous was c onsidered 

to be less than 1 %. Occasi onal errors of this type must be expec ted as 

the designation of genotype can only be based on probability_ Extreme 

variations about the mean could possibly be caused by extraneous non­

gene tic fac tors , such as c oncurrent disease , or could be due to the 

possession of  alleles which  code for abnormal ly high a-mrulnosidase 

ac tivi ty as discussed in previous chapters . I t  is difficult to allow 

for such factors in a mass screening programme .  

The mean level of a-mannosidase ac tivity in plasma and lymphocytes 

of mannosidosis heterozygotes was approximately 38% of the mean for 

normal animals . This is lower than would be expec ted from a Simple gene 

dosage relationship . Similar observations have been reported in two 

inherited enzyme defic iency disorders of man,  homocystinuria (Goldstein 

e t  al . ,  1 973 ) and orotic aciduria ( Fallon e t  al . ,  1 964) , where the 

respec tive mean levels of enzyme activi ty in heterozygotes were 1 7% and 

21 % of the normal mean . Wi th s tructural gene mutations the level of  

enzyme ac tivity in heterozygous individuals might be  expec ted to be  

approxima tely 50% of normal because of  the presence of  o�e normal gE.�le 

in each diploid cell .  Fallon e t  al . sugges ted therefore that the 

unusual gene aosage relationship in orotic aciduria could be caused by 
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a mutation in a regulator gene , leading to significant repression of 

s tructural gene ac tivi ty, It is the intenti on of this laboratory to  

further inves tigate the gene dosage relationship in bovine mannosidos is .  

The recogniti on of zymogen granules within s torage vacuoles in the 

exocrine pancreas of calves wi th mannosidosis (Figure 3 . 1 5 ) was inter­

preted as evidence that crinophagy could be involved in contributing 

glyc oprotein substrates to the lysosomal system , at  leas t in this tissue . 

The process of crinophagy is a relatively new c oncept, thought to be 

involved in the regulation of cellular secretions (Farquhar, 1 969 ; 

de Duve , 1 969 ) , and has been suggested as playing an important role in 

the overloading of lysosomes of secretory cells in certain s torage dis­

orders ( Van Hoof, 1 973a and b; Daems et al . ,  1 973 ) . Further inves ti­

gation of crinophagy in tissues of calves with mannosidos is may produce 

a greater understanding of its mechanisms and occurrence .  

The mannosidos is genotype is carried by approximately 1 0% of Angus 

cattle  in New· Zealand and therefore it  can be estimated that some 3 ,  000 

calves with mannosidosis should be born each year. Considerably fewer  

cases than this are recognized . Calving records from a herd of he tero­

zygous cattle at Massey Universi ty have revealed that neonatal mortali ty 

is s ignificantly (p < 0 . 01 ) higher in calves with mannosidosis than in  

normal or  hetero zygous calves ( Jolly and Thompson, 1 976 ) , and this may 

be one reason why less than the expec ted number of cases are diagnosed.  

The treatment of inborn lysosomal di seases by replacement of the 

deficient enzyme will not become economically feasible in domestic 

animals ,  but recent attempts at this form of the rapy in similar diseases · 

of man have created interest in the use of animal models to  help resolve 

the many unanswered questions that have arisen . Several groups of 

inves tigators have been able to correc t the defec t in cultured skin 

fibroblas ts from human patients with various s to rage disorders by 
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administrati on of the deficient enzyme to  the culture medium, but the 

value of such in vitro experiments is limi ted ,  and the availability of 

animal models is desirable . Al though cattle can hardly be regarded as 

ideal experimental animals , the high gene frequency for bovine 

mannosidosis in New Zeal�nd and the availability of affected calves 

make this disease a valuable re search model .  

The chance disc overy of a chime ric mannosidosis calf possessing a 

population of normal l ymphocytes provided some interes ting information 

regarding the value in enzyme replacement therapy of a transplant of  

normal tissue . Although this natural transplant was unable to 

significantly mitigate the neurological manifestations of mannosidosis , 

the severi ty of lesi ons in visce ral tissues was reduced ( see Chapte r  VII ) ,  

suggesting that had the disease not involve d the central ne rvous sys tem 

then  " the rapy" may have been rela ti vely successful . The results of this 

inves tigation, and that of Mos er et al . ( 1 974) , who infused HL-A 

ident i cal lymphocytes into a patient with Sanfilippo syndrome , sugges t  

however that the adminis tration of normal leuc ocyte suspensions to 

patients is l ikely t o  be of little or no value in the treatment of  

s torage diseases wi th severe neuronal involvement . An experimental 

Angus herd, consis ting entirely of mannosidosis he te rozygotes has been 

set  up at Massey Universi ty wi th the aim of produc ing mannosidosis 

calves for research into various aspects of enzyme replacement therapy. 

Bovine mannosidosis may be further exploited as a model for the 

evaluation of me thods of he terozygote detec ti on .  Most c laims of suc cess 

in the identification of he terozygote s for human inborn lys osomal 

dis orders have been based on a small numbe r  of tests ,  and s tatis tical 

analysis of results  has seldom been possible . Due to the abnormally 

high gene frequency for mannosidosis in New Zealand ' s  Angus cattle 

popula ti on , and the availability of reliable me thods for detect ing 
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hete rozygous animals , new tes ts may be evaluated on a large number of  

individuals of known genotype . I t  is proposed t o  employ this model in 

an jnves tigation of the tes t  for heterozygotes based on enzyme assays on 

lymphocytes stimulated by phytohaemagglutinin. This me thod has been used 

wi th apparent success in the de tec tion of he terozygotes for human Type II  

glycogenosis ( Hirschhorn e t  al . ,  1 969) and ac id phosphatase deficiency 

(Nadler and Egan, 1 970) , but its mechanisms are not understood.  

Thus the de tailed study of bovine mannosidosis has led to the 

initiation of the first screening programme for heterozygotes of an 

inherited disease in domestic animals . This programme will lead to the 

control of mannosidosis in the bull-producing herds of New Zealand , 

thereby reduci�g the number of affected calves born to a minimal level . 

Furthermore , these  s tudies have es tablished a basis for the exploitation 

of bovine mannosidos is as a model  fo r research into various aspects of  

c losely related di seases of man , and for inves tigating a number of basic · 

ce llular mechanisms including the process of c rinophagy, and the lys osdmal 

catabolism of glycoproteins . 
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