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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. 



ACKNOWLEDGEMENTS 

This study ''las perfor med using the facil ities of the Department of 

Veterinary Pathology and Publ ic Health at Massey University. I am 

grateful to the many people in this department and others who have 

offered assistance during the past three years. In particular, I would 

l ike to thank Dr. R. D. Jol l y  for the opportunity of undertaking the 

study and for his encouragement and advice throughout, and Professor 

B .  W. Manktelow who has provided valuable advice and constructive 

criticism, especially during the preparation of this thesis. 

During the pilot testing scheme, assistance in the collection of 

samples from the field was provided by my wife, Joanne. Automated 

assays for pla sma a,-mannosidase acti vi ty were performed by Jl1rs. C. A. 

Tse and latterly by Mr. C. G. Rammell of the Wallaceville Animal Health 

Reference Laboratory. Dr. Jolly was ultimately responsible for the 

designation of genotype of animals tested. 

I am also grateful to Professor R. E. Munford of the Department of 

Physiology and Anatomy for his help with statistical methods. 

Other members of the team working on mannosidosis in this laboratory, 

incl uding Dr. B .  G. Winchester, Mr. N. Van-de-Water and Miss C. E. Murphy, 

have provided encouragement and help with biochemical methods. Results 

presented in Table 7 .  II have been included for completeness with the 

permission of Miss Murphy. 

Assistance and advice in the preparation of tissues for microscopy 

was provided by the staff of the electron microscope unit of the Depart­

ment of Scientific and Industrial Research and by r.1rs. J. Lang and her 

staff in the Department of Veterinary Pathology and Public Health. Mr. 

T. Law provided assistance in the preparation of photographs and the 



Mass ey Univers ity il lustrat or s ,  Mrs . 1-1. �kC omish and Mis s  A. Turner ,  

ass isted i n  preparing Figures 5 . 1 0, 5 . 1 1  and 5 .12 . 

F inally, I would l ike t o  thank Mr. A .  T .  DeCleene for his ass istance 

with animals ,  M rs .  M. L iddell for typing draft c op ies o f  t his, the s i s, 

and Miss K. Dodds for her typing of t he final copy. 

This re search was s upp o rted by N. I . H. Re search Grant Numbe rs 

NS 1 1 238-01 and NS 11 238-02 from the Institut e  of Neurologic al Dis ease s  

and Stroke , and grant s from the New Zealand Angus Associati on and the 

Ministry of Agriculture and Fisheries . 



TABLE OF CONTENTS 

L IS T  OF F IGURES 

INTRODUC TI ON 

CHAPTER I :  

CHAPTER I I : 

C HAP TER I II : 

C HAPTER IV: 

CHAPTER V :  

CHAPTER VI : 

CHAPTER VII : 

Revie w - inborn lys osomal disease s . 

Materials and me thods . 

The pathology of mannosidosis i n  Angus cat tle. 

Eval ua tion of a pil o t  tes t  and control programme 

for· the mannos idosis geno type. 

Lymphocyte �-mannos idase ac tivi ty - a supplementary 

test for t he mannos idosis genotype. 

Prel iminary inve s ti gations into t he deve lopment 

of o ther s upplementary tes ts for the mannosidosis 

gen o type. 

Enzyme replaceme n t  therapy - an " expe riment of 

nature" in a chime ric manno s idosis calf. 

C HAPTER VII I :  General discussi on. 

REFERENCES 

Page 

3 

53 

6 1  

94 

1 30 

1 77 

1 89 

206 

21 4  



Figure 

1 . 1 
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Catabol i sm o f  heparan sulphat e  and dermatan sulphate 

by lys osomal en zymes. The enzyme involve d with e ach 

reac ti on, and th e di s o rde r associated wi th i ts 

deficiency are lis ted. 

1 . 2 Catabolism of chondroi tin sulphate by lys osomal 

enzyme s .  De ficiency of �- glucuronidase has been 

linked with a muc opolysacchari de sto�age disease 

in which there \'i"as exce ssive urinary exc re ti on of 

chondroi tin sulphate (Sly et al . ,  1 973 ) .  

1 . 3  Catabol i sm of sphingolipids by l ys os omal enzymes .  

The en zyme involved with each re action, and the 
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dis orde r asso ciated with i ts de fic iency are l is te d .  2 0  

1 . 4 Catabolism of a gl ycopepti de uni t by lysosomal 

enzym e s . The enzyme involve d wi th each catabolic 

s tep and the dis orde r ass ocia te d wi th i ts de fi ci ency 

are l i s te d. 

. 2 . 1  Method for separating lymphocytes from wh ole blood . 

3 . 1 Vacuoles , bo unded by a tripar tate membrane approxi­

mate ly 900 nm in thi ckness , wi thin a neurone of a 

calf with mannosidos is. 

3 . 2  Medullary area o f  a lymph node from a calf wi th 

mannosido sis, showing highly vacuo la te d free 

macrophages wi thin s inusoids . 
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Figure 

3 . 3  Medullary area of a lymph node from a calf with 

mannosidosis showing highly vacuolated fixed 

reticuloendothel ial cells and free macrophages. 

3 . 4  Lymph node from a calf with mannosidosis showing 

membrane-bound vacuoles within macrophages, and 

saccules within the medullary sinusoid with a 

similar appearance to intracellular vacuoles. 

3 . 5 Lymph node macrophage from a mannosidosis calf 

containing vacuoles and "sausage-like" dilatations 

of smooth endoplasmic re ticulum .  

3 . 6  Liver from a mannosidosis calf showing highly 

vacuolated. Kupffer cel ls l ining sinusoids. Vacuoles 

Page 

, 

65 

66 

6 6  

are al so present within some hepatocytes. 68 

3 . 7  Highl y vacuolated Kupffer cell from the liver of a 

calf with mannosidosis. 

3 . 8  Vacuol es within a plasma cell in the spleen of a calf 

with mannosidosis. 

3 . 9  Finely vacuolated neurones in the medulla of the brain 

of a calf with mannosidosis. 

3 . 1 0  ·Vacuole appearing to show continuity with a Gol gi 

apparatus in a neurone of a calf with mannosidosis. 

3 . 1 1 Pancreas from a six-month old calf with mannosidosis 

showing numerous,large vacuoles in exocrine epithelial 

cell s  and f inely vacuolated fibroblasts in the 

interstitium. 
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Figure 

3 . 1 2 

3. 1 3  

3. 1 4  

3. 1 5  

3. 1 6 

3 . 1 7 

3. 1 8  

Pancreas from a three-day old calf wi th mannosidos is 

showing c onsiderably less vacuolati on of exocrine 

epithelial cells than Figure 3. 1 1 .  Fibroblasts i n  
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the interstitial tissues are still highly vacuolate d .  7 1  

Pancreatic exocrine epithelial cell from a mannosidosis 

calf showing c lear vacuole s ,  some of which appear to 

occur wi thin areas of rough endoplasmic reticullrn. 

Single three-layered membrane approximately 900 nm 

in thickness defining a vacuole in a pancreatic 

exocrine cell .  

Portion of  a pancreatic exocrine cell shovTing vacuoles 

c ontaining fibrillar elements and one containing a 

zymogen granule . A zymogen granule unassociated wi th 

s torage vacuole s  is also presen t .  

Lacrimal gland from a normal control calf . Numerous 

dark-staining secretory granules are present wi thin 

apical z ones of exocrine epi thelial cells . 

Lacrimal gland from a calf with mannosidosis . Ncrnerous 

large clear vacuoles in basal areas of exocrine cells 
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7 4  

7 5  

contras t with the darker s taini ng secre tory granules .  7 5  

Lacrimal gland from a calf with mannosidosis showing 

membrane-bound vacuo les in exocrine epithelial cells . 

Darker staining secretory granules are present in 

apical zones of these cells . 76 
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Figure 

3 . 1 9 

3 . 20 

Ab omasal muc osa of a normal control calf shovling 

parie tal cel ls and chi e f  cel l s , which contain dark­

s taining s ec re tory granule s . 

Abomasal muc osa of a calf with mannosi dos is showing 

widespread vacuolati on of chief c e l ls and les s 

freq�ent vacuolati on of parie tal cells . 

3 . 21 Abomasal muc osa of mannosidosis calf showing 

vacu olati on of both chief and parie tal cells . 

3 . 22 C hi e f  cells wi th dark-s taining s e c re tory granule s  

and cle ar vacuoles containing a variable amount of 

e lec tron-dense ma terial. An appare nt connec tion i s  

ob s e rved be tween two vac uoles . 

3 . 2 3  

3 . 24 

Submax illary salivary gland of a normal control calf 

showing dark-s taining se rous demilunes and fine ly 

vacuolated mucus secre ting c ells.  

Submaxillary salivary gland from a calf wi th 

mannos idos i s . Abnormal ly large vacuoles are pre sent 

within many mucous cell s . Vacuoles are als o  pres ent 

within the ce l l s  of serous demilunes and the epi thelium 
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of a gl andular duc t. 7 9  

3 . 25 Submaxillary salivary gland of a mann osidos i s  calf 

showing abnormal vacuolation of bo th mucous and 

se rous cel ls . 80 



Figure 

3 . 26 S erous ce l l s  from the submaxil lary salivary gland of 

a c alf with mannos ido s is . Large vacuoles up t o  6 � 

in diamete r  occupy a c onsi de rable area of the i r  

c yt oplasm . 

3 . 27 Vacuolat i on of the epith e l ium of a renal di stal 

c onvoluted tubule in a calf with mannosidosi s . 

Desquamated epith elial cel l s, al s o  containing 

vacuoles , are present within the lumen of thi s  

tubule . 
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3 . 29 

3 . 30 

Vacuolate d  bronchial epithelial cells in a calf 

with mannosidos is . 

Clear va cuol es in a h epatocyte from a calf with 

mannosidos is . Some va cuoles contain fib ril lar 

elements ( c.f . Figure 3 . 1 5 ) . 

Vacuoles in a peri cyte of a b l o od capillary in the 

brain of a calf with mannosidos is. 

3 . 31 Vacuoles in two capi l lary endothel ial cells in the 

parotid sal ivary gland o f  a mannos idosis cal f .  

Dark staining sec ret o ry granules are present with in 

exoc rine epithelial c e l ls but very few clear vacuoles 

are obse rved with in the s e  ce lls. 

3. 32 Vacuole s vlithin smooth mus cle fibre s in the external 

muscular layer of the small intest ine of a calf with 

mannosido s is .  A fibroblast containing relatively 

smaller vacuoles i s  p re sent betwee n smooth mus cle 

f i bre s . 
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Figure 

3 . 33 

3 . 34 

4. 1 

Vacuole s  in per inuc lear zones o f  smooth mus c le fibres 

in the exte rnal mus cular layer of the smal l int e stine 

of a calf with mannos idos is. Mitochondria are also 

particularly common in these are as. 

Vacuolation of me sangial cells in a renal gl omerulus 

of a calf with mannosid o s is. 

Distribut ion of plasma a-mannosidas e activit i e s  

showing posi tive skewne ss and c o rrection b y  l ogarithmic 
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transformat i on of values, in a herd of 57 Je rsey c ows. 97 

4 . 2  Dist ribution of p lasma a-mannosi dase activit ie s ,  

expre ssed on a probi t s cale, for normal adult CO\iS 

from twelve Angus he rds. Supe rimposed on e ach probit 

l ine is the 5% fiduc ial limit about the mean. 1 00 

4 . 3 Graphical t reatment of plasma a-mannosidase activities 

in a herd of Angus c ows to determine the probable 

status of individuals with regard to the mannos idos i s  

genotype. 

4. 4 Graphical t reatment of plasma a-mannosidas e activities 

in a herd of Angus c ows t o  determine t he probable 

status of individuals with regard to t he mann osi dosi s 

genotype. 

4 . 5  Variat ion in mean plasma a-mannos idase activity of 

1 8-month male and female progeny from seven s ire s in 

an Angus he rd. 
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Figure 

4 . 6  Seasonal varia tion i n  mean plasma �-mannosidase ac tivi ty 

in a herd of 57 Jersey cows . The 5% fiducial limits are 

included for each mean . The upper curve shovlS seasonal 

milk produc ti on for the he rd . 

4 .7 Dis tribution of plasma �-mannosidase activi tes , a t  

each month of the year , for a herd of 57 Jersey cows , 

with results being expressed on a probit  scale . 

4 . 8  Dis tribution of plasma �-mannosidase ac tivitie s ,  

expressed as probit  or rankit lines , for eight separate 

mobs of adul t Angus cows on the one property. The 5% 

fiducial limi ts about each mean are superimposed on 

each line . 

5 . 1  Kine tic charac teris tics of �-mannosidase in bovine 

lymphocyte extrac ts . 

5. 2 Kinetic charac teris tics of arylsulphatase A in bovine 

lymphocyte extrac ts . 

5 . 3  Kinetic charac teris tics of �-fucosidase in bovine 

lymphocyte extracts . 

5 . 4  Kinetic characteristics of total hexosaminidase i n  

bovine lymphocyte extracts . 

5. 5 pH dependence and time sequence s tudies  of �-
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a.-mannosidase ac tivity of lymphocyte extracts .  1 42 



Figure 

5 . 7  The effect of centri fugation of lymphocyte extrac ts on 

protein concentration and the ac tivities of �­

mannosidase and total hexosaminidase .  

5 . 8  Varia tion in ac tivity of five lysosomal enzymes 

relative to the time interval between collection of 

blood and separation of lymphocytes . 

5 . 9  The effec t of an antigenic s timulus ( Strain 1 9  Brucella 

��tigen ) on the activity of five lysosomal enzymes in 

b ovine lymphocytes . 

5 . 1 0  Distribution of lymphocyte extract �-mannosidase 

activities per mg protein of 1 47 individual bulls .  

Information c oncerning known mannos idoGis genotype 

is superimposed . 

5 . 1 1 Dis tribution of �-mannosidase activities per ml of 

lymphocyte ex trac t in relation to the mean relative 

activity of four othe r lysosomal reference enzymes 

per ml of extract (Li ) from 1 1 5  individual bulls . 

Information concerning known mannosidosis genotype 

is superimposed.  

5 . 1 2  Dis tribution of �-mannosidase ac tivities per ml of 

lymphocyte extrac t in relation to the mean relative 

activity of hexosaminidase per ml of extract (Eh/Eh ) 
from 1 1 5  individual bulls . 
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Figure 

5 . 1 3  Dis tribution of �-mannosidase ac tivities per mg protein 

in relation to the mean relative ac tivity of four 

lysosomal reference enzymes per mg protein (Li' ) in 
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lymphocyte extracts from 11 5 individual bulls . 1 68 

6. 1 

6. 2 . 

pH dependence of �-mannosidase ac tivity in cul tured 

bovine fibroblas ts . 

�-I'1annosidase activi ty in cuI tured bovine fibroblasts. 

6. 3 pH dependence of �-mannosidase ac tivity in bovine 

granulocyte extracts . 

6. 4 Dis tribution of �-mannosidase ac tivi ties  in granulocyte 
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extrac ts from 52 mixed-aged male and female cattle . 1 83 

6. 5 Dis tribution of �-mannosidase ac tivi ties in thrombocyte 

extracts from 38 mixed-aged male and female cattle .  1 84 

7 . 1  

7 . 2a 

7 . 2b 

7 . 3a 

pH dependence of �-mannosidase ac tivity in various 

tissues . 

Medullary area of a lymph node from the chimeric calf 

shOwing rela tively mild vacuolation of re ti culo­

endothelial cells and free macrophages .  

Medullary area  of a lymph node from a calf with 

mannosidosis showing highly vacuolated reticulo­

endothelial cells and free macrophages . 

Medullary area of a lymph node from the chimeric calf 

showing relatively mild vacuolati on of re ticulo­

endothelial cells and free macrophages. 

1 92 

1 93 

1 93 

1 94 



Figure 

7 . 3b· Medullary area of a lymph node from a calf with 

mannosidosis showing highly vacuolated reticulo­

endothelial cells and free macrophages . 

7 . 4a Liver from the chimeric calf. None of the Kupffer 

cells in this field contain clear vacuoles . 

7 . 4b 

7 . 5a 

7 . 5b 

7 .6a 

7 . 6b 

7 . 7a 

7 . 7b 

Liver from a calf wi th mannosidosis . The cytoplasm 

of Kupffer cells is packed wi th clear vacuoles .  

Pancreas from the chimeric calf showing relatively 

mild vacuolation of exoc rine epithelial cells . 

Pancreas from a calf wi th mannosidosis showing 

severe vacuolation of exocrine epithelial cells . 

Pancreati c  exocrine epithelial cells from the chimeri c 

calf containing a small number of relatively clear 

vacuoles less than 2 �m in diameter .  

Pancreatic exocrine epi thelial cells from a calf with 

mannosidosis containing a larger number of vacuoles 

up to 4 . 5 � in diameter. 

Lacrimal gland from the.chimeric calf showing 

relatively  mild vacuolation of exocrine epithelial 

cells . 

Lacrimal gland from a calf with mannosidosis showing 

severe vacuolation of exocrine epithe lial cell s .  
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Figure 

7 . 8a 

7 . 8b 

Medulla of the brain of the chimeric calf showing 

severe vacuolati on of neurones .  

Medulla of the brain of a calf with mannosidosis 

showing severe vacuolation of neurones . 
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