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ABSTRACT 

The attachment between Mycopl asma ovipneumoniae organ isms 

and ovine alveolar macrophages was stud ied in culture for a 24 

hour period and antibody-med iated phagocytosis of M. ovipneumonia e  

organisms was observed b y  both scanning and transmission electron 

microscopy. Mycopl a sma ovipneumoniae o rganisms have the ability 

to attach to the alveolar macrophage membrane without inducing 

phagocytosis although they stimulated mitotic division in ear ly 

cultured cel ls. The ad d ition of specific antibody to the 

mycoplasma-macrophage cultures provoked phagocytosis of surface 

attached and surround ing M .  ovipneumoni a e  organisms. Alveo lar 

macrciphages stimulated by specific antibody showed rapid and 

extensive spreading on the glass coversl ip and prominent membrane 

ruffl ing and filopod ia. Many exterior openings and fine cytoplasmic 

pits were also evident which may represent pinocytotic vesicle 

formation sites . With transmission electron microscopy 

M .  ovipneumoniae organisms were observed surrounded by 

macrophage filopod ia 2 hours after the add ition of specific 

antibody and numerous micro-organi sms 'vere seen within phagocytic 

vacuoles. Some of the intracel lular M .  ovi pneumonia e  o rganisms 

appeared normal whi le others appeared partially or compl etel� 

degraded.� Twenty four hours after the add ition of specific 

antibody , intracellular M .  ovipneumonia e  organisms had been 

d igested. 

A new procedure for co l lection of alveolar macrophages was 

developed . The procedure provides an alternative to other methods 

and may be particularly useful for col lecting alveolar macrophages 

from the lungs of large animal species such as sheep and cattl e. 

Acetone was used to dehydrate macrophages for SEM with excellent 

results. 



In conclu sion , it was found that the addit ion of specific 

ant ibody to an M. ovi pneumoniae - ma crophage cul ture st imulated 

phagocytosis of these micro-organisms. This sugges ts that if 

sheep gain high tit res to M. ovipneumoniae, their alveolar 

macrophages will be able to destroy inhaled M .  ovipneumoni a e  

organisms quickly and effec t ively; a possibili ty which should 

be tested further in vivo . 
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INTRODUCTION 

Sheep are of specia l economic impor t ance to Ne'" Zea land, 

and it is generally recognised tha t chronic non-progressive 

pneumonia ( CNP ) is one of the mo s t  prevalent disea ses encountered 

in this species bo th here and overseas (54) (24) (10 1 )  (34) 

(4).  The aetiology of this disea se ha s no t been c learly 

established, but natural and experimental studies under t aken to 

da te have demons trated a c lose asso cia tion between Mycopl a sma 

ovi pneumoniae micro-organisms and CNP (32 ) ( 104) (105 ) ( 2 )  (3) . 

Because of their capacity to clear inhaled par ticles from 

lungs and proces s antigenic ma t e ria l (44 )  alveolar macrophages 

are considered to be one of the mos t impor tant componen t s  of the 

pulmonary ]n®une sys tem .  No studies of the normal ul trastru�ture 

and surface membrane morphology of ovine alveolar macrophages have 

been repor ted up until t he present time . These cells are invariab ly 

seen in early lesions of CNP and are often predominant in the 

a lveolar exuda te of advanced lesions ( 1 ) , }�c rophages, therefore, 

have an impo rtant role in the pa thogenesis of this disea se. 

The interac tion between cer tain species of mycopla smas and 

a lveolar � or peritoneal mac rophages has b een studied in 

considerable det ail (92 ) (55) (56 ) (57 ) . Studies of b o th natural 

and experimen tal Mycopl a sma pneumoni a e  indicate tha t thymic-dependent 

immunity is an important aspec t of hos t  response , so tha t alveo lar 

mac rophages play an es sential role in human mycoplasma pneumonia 

through the pulmona ry cell-mediat ed immune sys tem (92 ) . Since it 

has been shown tha t M .  ovi pneumoni a e  ha s a role in the development 

of chronic non-progressive pneumonia in sheep, the interac tion 

b etween this micro-organism and ovine a lveo lar macrophages deserved 

inves tiga tion using in vi tro methods. Studies of the changes in 

t he macrophage pla sma membrane during infec tion by a livihg 

surface-associated mycoplasma and the fa te of the int racellular 
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o rgani sms in the presence and in the absence of spec ific 

ant ibody were therefore undertaken, 

��en cells are prepared fo r scanning elec tron microscopy 

by c r i t ical point or freeze drying , their surface architec ture 

i s  well preserved and a var iety of different surface structures 

can be recognised (9 1 ) .  Fe\v paper s describing the three-dimensional 

surface membrane changes that t ranspire dur ing mycoplasm-mac rophage 

interac tion have appeared (92 ) (93 )  (91 ) (55 ) .  This study was 

therefore, designed to utilize the three-d imensional qualit ies of 

scanning elec tron micro scopy to examine this  interac t ion in vi tro, 

and follow the even t s  over a 24 hour per i o d. Transmission elec tron 

microscopy was also used to confirm these changes and s tudy the 

intracellular even t s  in detail . 

A further aim of the present work wa s to  add to current 

knowledge of the macrophage plasma membrane and the normal 

ult rast ruc ture of ov ine alveolar macro phages. In ad dit ion, the 

s tudy provided an o ppor tunity to acquire informat ion on the 

surface morphology of M. ovi pneumoniae mic ro-organisms. 
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1 .  INTRODUCTION 

CHAPTER ONE 

GENERA L REVIEW OF LITERATURE 

SECTION ONE 

THE ALVEOLAR MACROPHAGE 

The lung occupies a unique pos it ion among the internal 

o rgans of the body in tha t it i s  more constantly in contac t with 

the external environment than any o ther struc ture . I t  is 

exposed to a variety of dusts , fumes and micro-organisms , many 

o f  \vhich are potentially harmful . The lung is protec ted again s t  

inhaled part icles by a combina tion o f  phagocytosis and the ac t ion 

o f  mucociliary apparatus (30 ) . In add ition,  the mucus lining 

the respiratory tract  possesses antibac terial proper t ies and i s  

particularly r ich in lysozyme . The mucus also provides  a layer 

of insulat ion between trapped par ticles and the respiratory 

epithelial cells (94 ) .  

The most important mechan ism for processing inhaled par ticles 

which reach the lower respira tory tract is the phagocytic ac t ion 

of  alveolar macrophages (43 ) (44 ) .  The alveolar macrophage is  

a highly mo t ile f ree cell , which commonly resides on  the 

alveolar wall . I t  is specialized for  processing inhaled par t icles 

that  reach terminal a irways and alveoli . It  contains phagocytic  

vacuoles , micropinocytic vesicles and possesses numerous processes . 

2 .  ORIGIN OF THE ALVEOLAR MACROPHAGE 

Since the end of the las t  century , the origin o f  the 

alveolar macrophage has been one o f  the maj or preoccupations 

of  pulmonary_his tologists and pathologists . .  }�ny inve s t iga tors 
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have attempted to determine the or igin o f  these cells and unt i l  

recently ,  histologists  have with few except ions , maintained 

that the alveolar macrophage \vas epithelial in na ture ( 7 )  ( 8 ) . 

The concept o f  epi thel ial  origin has led to  a considerable 

confusion in the term inology used to  describ e  these cells (Table 1 ) . 

Betalanffy ( 7 )  and Stuar t ( 1 03 )  have reviewed some o f  the 

d iverse sites of origin for these cell s  proposed by ear l ier 

workers . They may b e  summarized as follows : -

1 .  The endothelial cells of the pulmonary capillaries . 

2 .  Leukocytes which had left  the pulmonary capillaries 
by dia pedes is. 

3 .  Hist iocytes which had emigrated from the pulmonary 
parenchyma in to alveolar spaces . 

4 .  Alveolar epithelial cells ( type I and II ) . 

5. Bronchial  epi thelial cells . 

6 .  The haemopoie tic system . 

In 1 964 Hoore and Schoenberg invest igated the cel lular 

r esponse to Freund ' s  adj uvant  in the lung of rabbits . The ir 

elec tron microscopic observa tions suggested tha t the populat ion 

of cells within the alveolar space was con tributed to by 

monocytes from the circula tion , mesenchymal cells of the alveolar 

wa lls  and epithel ial l ining cells of the alveoli  (82 )  ( 83 ) . 

I t · v.ras Pinke t t  et al ( 9 0 )  who were the first  to provide 

experimental evidenct for the haemopo ietic origin of alveolar 

macrophages . They used chromosome markers in x-irradiated CBA 

mice ,  repopulated wi th T6T6 bone marrow , and showed that two­

thirds of the alveolar macrophages were blood-derived cells  

and one-third \vere of  pulmonary origin . However some CBA 

mouse haemopoiet ic cells survived irrad iation , so that their  

results were not  conclusive . A short  t ime later , Virolainen 

( 1 11)  applied T6T6 genetic marker s in C BA radiat ion chimeras 

and concluded that all dividing f ree macrophages , regard les s  

of  their site  were of haemopoietic origin . The work of 
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Table  1 :  SOME EARLY TERHS FOR THE ALVEOLAR HACROPHAGE 

Term 

Sep tal cell* 

Niche cell* 

Epicytes 

Pneumocyte s,� 

Pneumonocytes* 

Alveolar cell* ) 

Alveolar epi thelial � 
cell* 

Dust cell 

Alveolar macrophage)  

Pulmonary 
macrophage 

) 
) 

Alveolar histiocyte)  

Respiratory 
histiocyte 

Pulmonary 
histiO.cyte 

Alveolar phagocyte 

) 
) 
) 
) 
) 

Dust-laden cell ) 

Heart  fa ilure cell 
) 

Foam cell 

Siderophages 

Comment 

Due to the predominant location 
of macrophages on the alveolar 
septa . 

Because macrophages were of ten 
encountered a t  points o f  
j unc tion . 

Macrophages containing 
foreign ma terial 

Of ten used by pa thologists 

Usually  used by 
cytodiagnosticians 

Alveolar macrophage containing 
blood or haemos iderin 

Vacuolated alveolar macrophages 
are f oamy in appearance under 
the l ight microscope . 

Mac ro phages containing 
haemosiderin 

Author 

Lang , 1 925  

Gro ss , 1 9 2 7  

Clara , 1 9 3 6  

Businco & 

Guin t i ,  1 9 30 

Macklin , 1 953  

Aschof f  & 
o thers 

Von Ins . 1 876  

Briscoe ( 1908 ) 

Het tencheimer 
( 1 86 6 )  and 
Mackl in ( 1 949 )  

Lendrum ( 1 950 )  

* Terms which are  confu sed with a lveolar epithelial cell s . 

5 



Brunst ter e t  a l ,  ( 1 7 )  supported thi s  conclusion . Using a 

pre-albumin esterase marker in the donor mouse , they establ ished 

that alveolar mac rophages were primarily of bone marrow origin . 

Thi s 1vork Has extend ed by Godleski (42 ) 1-1ho utilized an 

antigenic marker to identify cells of haemopoietic origin,  

thus confirming that alveolar macrophages are ent irely o f  

haemopoietic  or igin . The origin and turnover of alveolar 

macrophages in experimental pneumonia was studied by Velo & 

Spec tor (llO) 1-1ho also concluded tha t macrophages in the 

pulmonary inflammatory react ion were  of bone marrow origin . 

3 .  DI STRIBUTION OF MACROPHAGES IN PULMONARY TISSUE 

Macrophages are Hidely dis tributed in pulmonary t i ssue and 

may be found in the following sites  ( 97) :-

1. The interstitial  connec tive t issue of the alveolar wall . 

2. Fixed to the alveolar wall.  

3 .  Free in the lumen o f  the a lveolus . 

Occa s ionally, alveolar macrophages may be f ound extend ing 

through the inter stitium from one alveolar surface to the next 

and may also pas s  through the pores of  Kohn (98). Free cells  found 

in the alveolar spaces however are no t all  true mac rophages  ( 20) . 

From their work with Freund's adj uvant in rabbit s ,  Moore & 

Schoenb�rg (82 )  (83 )  postulated that monocytes migrate  f rom the 

small b lood vessels through the t ight j unc tions of endothel ial 

cells into the intersti tial t i ssue , and then between the cell  

junc t ions o f  the alveolar epithel ial cells into  the air spaces . 

Once macrophages reach the alveo l i  they may per s i s t  there 

for a long period or they may enter the terminal airways and 

eventually be carr ied by the mucociliary apparatus to the 

oropharynx . Alternatively , if  an inflammatory process is 

present they may migrate into the interstitium and thence to 

draining lymph nodes \vhere they u l t imately reside (94 ) . The 
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l ife span of  an alveolar macrophage depend s upon the nature o f  

the particles which it ingests . For example; if  ingested 

particles are chemically iner t , the a lveolar macrophages may 

survive throughou t the life  of  the ind ividual. I f  inges ted 

particles are no t inert but easily digested by lysozomal enzyme s 

the macrophages life  span will be  only slightly shortened . 

Some ma terials , such as  asbestos particles however, are highly 

t oxic to  alveolar macrophage s and they are killed shor t ly 

af ter phagocytosis ( 106 ) . 

4 .  THE ALVEOLAR MACROPHAGE AS PART OF THE MONONUCLEAR PHAGOCYTE 
SYSTEM 

Macrophages regardle ss  of  their situation in the lung are 

all considered to  be par t  of the ' Mononuclear Phagocyte Sys tem ' . 

The terms 'Hist iocytic Sys tem' ,  ' Mononuclear Cell Sys tem ' ,  

'Macrophage system' and ' Ret iculoendothelial Sys tem ' have all been 

used by earlier workers  t6 classify mononuclear cells  and to 

def ine the cell system they are cons idered to form ( 2 0 )  ( 3 5 )  ( 3 6 )  

( 3 8 )  ( 1 03 ) . van Furth (35 ) proposed that the term ret iculo­

endothel ial sys tem ref erred to a heterogenous col lec t ion of  

cells  situated throughout the body and tha t these cells  have 

a dif ferent origin , morphology and function . With these 

considerations in mind macrophages in various sites (Table 2 )  

have'now been grouped together into one sys tem , the ' Mononuclear 

Phagocyte Sys tem '  (MPS )  ( 38 ) . At present cell �ypes accep ted 

as descendan t s  of the promonocytes in the bone marrow are all  

considered to be  members of  the  MPS (Table 3 ) . 

5. MORPHOLOGY OF THE ALVEOLAR MACROPHAGE 

Although the s tructure of alveolar macrophages of the 

mammal ian species studied to date  is similar , i t  dif fers f rom that 

of ma crophages from elsewhere in the body . This  is  b ecause of  

the spec ialised structure , metabolism and b lood supply of the 
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Table 2 :  THE DI STRIBUTION OF HACROPHAGES IN MAHHALIAN TISSUE ( 9 7) 

Organ or tissue 

Liver 

Spleen 

Lymph node s-Cor tex 

11 11 -Medulla 

Bone marrow 

Thymus 

Lung 

Synonym 

Kupf fer cell  

Dendritic  
macrophage 

Monocyte and 
macrophage 

Alveolar 
macrophage 

Loca tion of macrophages 

Lining hepatic sinuso ids; 
connec tive tissue of portal 
trac t s . 

Lining venous s inuses  and 
enmeshed in Billroth cords of  
red pulp; sca t t ered among 
lymphocyt es of Halpigian 
foll icles in white pule; in 
marginal zones . 

Scat tered in lympho id f o l::_icles 
o f  cortex 

Lining subcapsular and 
medullary sinuses; scat tered 
in medullary pu lp . 

Lining venous s i nuses o f  red 
marrow; scat tered in extra­
sinusoidal tissues . 

Scat tered throughout  cortex 
and medulla . 

Within inter stit ium o f  alveolar 
wall; fixed on alveolar wall; 
in alveolar spaces . 

Central nervous 
sys t em 

Microgl ia; glial Throughout cen tral nervous 
cell; neuroglia ti ssue . 

Pleural and Per itonea l 
peri toneal cav ities macrophage 

Adrenal gland 

Jo in ts  Type A and M 
cells 

Subcu taneous t issue Hist iocyte ) 
Alimentary trac t ) 

Kidney 

Pitui tary gland; 
tes t i s; ovary; 
endometrium 

Blood 

All t i s sues and 
.organs 

Mesangial cell  

Monocyte; 
macrophage 

) 
) 
) 

Pleural and peritoneal fluid 
and milk spo t s . 

Lining sinuso ids o f  cortex; 
scat tered in medulla . 

Par t of  synovial wall; wi thin 
synovial fluid . 

Connective tissue . 

Lining vascular channels 

Monocytea and some macrophages 
c ircula te in the blood s tream .  

Part o f  inflammatory exudate . 

8 



Table 3 :  THE HONONUCLEAR PHAGOCYTE SYSTEM (MPS ) 
Based on van Fur th.et �·(38) 

l Stern cell I 

! Promonocyte� [Macrophages j 
-------- ---- --------� 

Bone marrow 

l Monocytes t Bone marrow and blood 

� [IliStio 

_., I Kupffe 

,. I Alveol 

Free a 
... .. 

lyrn 

I Pleura .. , . 

Microg 

cytes of connec tive tissue l 
r cells of liverj 
ar rnacrophages of lung l 
nd fixed rnacrophages of 

paid tissue 

1 and Peritoneal rnacrophages l 
lial cells of nervous system ! 

Tis sues 

and 

organs 
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pulmonary t issue  in which these cells reside and their high 

level of exposure to inhaled gases and foreign par t icles (89 ) . 

The a lveolar macropha ge in t issue section measures from 

8 to 40 �m in d iame ter and may appear. in the respira tory tissue 

in var ious morphological forms . Both ' granular ' and ' vacuolated' 

types of thes� cells can frequently be distinguished. The cells 

have a var iety of  shape due to their ameboid properties . The 

nucleus has a spher ical or ova l  shape and sometimes an irregu lar 

out l ine . It occupies one-third to two-thirds of the total cel l ,  

i s  eccentric  in pos it ion and measures from 6 t o  8 � m  i n  diameter . 

The cytopla sm is ac idophilic or slightly basophilic and may conta in 

dense , dark , granules and vacuoles of various sizes. Under the 

1 0  

l ight microscope , mitochondria can b e  seen i n  abundance evenly 

distributed throughout the cytoplasm by using the Al tmann technique(7) . 

A perinuclear Golgi zone , containing numerous small  granules 

surround ing the nucleu s is  commonly seen in the c ytoplasm using 

Golgi ' s  silver method .  Application of Perl's rea c t ion and Bes t's 

t echnique usually reveals the presence of both iron and glycogen 

granules  respec tively in mature cells (7) (8) . 

The f ine structure o f  alveolar macrophages has been described 

in detail by Karrer (60 )  (6 1 )  and Low (71 ) .  Comparatively , 

a lveolar macropha ges are larger than per itoneal macrophages o f  the 

same species (68 ) . The ir cytoplasm contains a modera te  amount 

of smooth endoplasmic ret iculum ,  relat ively li ttle  rough endoplasmic 

reticulum , but more lyso somes than peritoneal macrophages . I t  

c on tains a small number of  mitochondria and a well  developed 

Golgi appara tus . Many inc lus ion bodies or  lysosomes are present , 

o f ten containing myel in f igures or ferritin . The cell outline 

is extremely irregular and shows mult iple  processes and 

invag inations . The nucleus appears oval \vith occasional 

indentations or clef t s .  The dis tribut ion o f  the chromat in varies 

somewhat but it usually appears as thin or scattered  dark patches 

at the periphery of  the nucleu s .  One or two·nuc leoli are 



frequen tly present  (4 1 ) .  

The morphology o f  alveolar macrophages from genn-free 

anima l s  is  essen t ially the same as  that of  convent ionally 

reared animal s (6) . Leake & Heise (68), observed f ive maj o r  

morphological differences be tween alveolar and peritoneal 

macro phages of germ-free rat s  (Table 4 ) .  

The morphology of  f ree alveolar macrophages of  the  rat  

( 1 2 ) ,  mouse ( 2 1 )  (79 ) (SO), monkey ( 5 9 ) ,  rabb it (85 ) and 

cattle  ( 3 3 )  have been studied in detail by l ight and electron 

microscopy . 

Three morphological types of mononuclear cel l s  have been 

d istinguished in lavages of human lung by Cohn & Cl ine ( 25 ) ;  

these cells were termed types A ,  B and  C and each type exhib i ted 

various. morphological f eatures as shmm in Table 5 and Figure 1 .  

Wil l iarns ( 1 1 7) studied alveolar macrophages obtained from 

hys terec tomy-der ived pigs and classified them into  three type s ,  

on the basis of  size (Fi g .  1 ) . The propor tion of  each type i s  

shown i n  Figure 1 and a wide var iation from those of  man i s  

eviden t . Under the l ight m icroscope , however , the s truc ture o f  

hysterec tomized p i g  alveolar macrophage s is  almo s t  the same as 

that of man . From these studies it  can be concluded that there 

are two maj or differences be tween alveolar macrophages of man 

and pigs : -

1 1  

1 .  The size  of  the macrophages in each of  the three ca tegories 

is greater in man . Thi s  may be  due to  activat ion of the 

human alveolar macrophage s by various inhaled aerosols 

during life , �ince hysterec tomized pigs  would have had 

only minima l exposure to an t igens . 



Table  4 :  THE MAJOR MORPHOLOGICAL DIFFERENCES BETifEEN ALVEOLAR AND 
PERITONEAL MACROPHAGES OF GERM-FREE RATS .* 

St ruc ture 

Nucl e i  

Rough endoplasmic 
ret iculum 

Golgi appara tus 

Cytoplasmic 
granule s  

Mitochondria 

Alveo lar macrophage 

Round or slightly 
ovoid 

Frequently seen 

Extens ive 

Many and dense 

Large and 
elonga ted 

* Based on Bau er ( 6 )  

Peritoneal macrophage 

Elongated , deeply­
indented 

Rarely seen 

Small  

No t present 

Smal l  and short  
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Tabl e  5 :  THE STRUCTURAL DIFFERENCES BETI-lEEN THE TYPES OF ALVEOLAR 
MACROPHAGES OF }�N (GIEMSA STAIN) . 

Struc ture 

Cytoplasm 

Nuc leus 

Nucleus/ 
cytoplasm 
ratio 

Adherence to 
glass and 
plastic 
surfaces 

Type A 

Dark , contains many 
small ,  dark blue  
granules and 
occas ional 
vacuo les 

Oval to irregular in 
shape and dark blue 
in colour 

1:3 

Adhere 

Type B 

Con ta in s  f ew 
large green 
granule s 

Oval o r  
irregular in 
shap e  and red 
to p ink in 
colour 

1:6 to 1 : 7  

Not mentioned 

Type C 

Contains a 
large numbe r  o f  
vacuoles  

Adhere 
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Cell size (mean) )1 

s M L 

Man 25 30 40 

Pig  1 0  16 30 

100 

0 A B c 

Fig . 1 :  THE PROPORTIONS AND S I ZE OF EACH OF ALVEOLAR MACROPHAGE 
IN THE LAVAGE FLUID FROM MAN AND HYSTERECTOMI ZED PIGS . 

Key : 

D Pig 
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2 .  The predominant type of macrophage in human lavage 

f luid is the smal l  type , followed by the medium and 

then the la rge types . In pigs , however ,  the medium 

size predomina tes , followed by the smaller and then 

larger types . 

. ' 
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1 .  INTRODUCTION 

SECTI ON TW O 

MYCOPLASMA OVIPNEUMONIAE 

Mycoplasmas are widely distributed in nature and have been 

detec ted in man , animals and plants . They are of par ticular 

economic impor tanc e in veter inary medicine as they cause 

infec tion in the res pira tory trac t , mammary gland and geni tal 

trac t in ca ttle , sheep , ca t s ,  mice , ra ts and birds ( 29 ) . 

Mycopl asma ovi pneumoni ae is  on e o f  the large st organisms 

in  the family Myc oplasmaceae , but like o ther mycoplasmas it  has  

no rigid cell wa l l  and is a highly pleomorphic cell . I t  is bound 

by  a tr ilaminar membrane bearing small proj ections ( 7 7 ) . The 

organism ha s been a ssoc iated with chronic respira tory disea ses  

of  sheep in  Au stra l ia (102), New Zealand ( 24 ) , Scotland (54 ) 

and Iraq (4 ) . 

\\Then cul tured on agar , M .  ovi pneumoniae forms slightly 

raised , granular , somewha t c ircular and centreless colonies . 

The organism has the ability to ferment glucose ,.;ri th acid 

produc t ion�nd shows marked haemolytic activity for ovine, 

bovine·and equine erythrocytes . Serologically , i t  has been 

found to be dis tinct from other ovine and caprine mycopla smas 

and because of  this and its a ssocia t ion with pneumonia in 

sheep the name Mycopla sma ovi pneumoniae was proposed by 

Carmichael e t  al . ( 1 9 ) . 

2 .  DISTRIBUTION 

A mycopla sma resembling M .  ovipneumoniae was first  isolated 

in Scotland ( type A)  by Mackay e t  a l . ( 7 2 )  f rom cases of  sheep 

pulmonary adenomatosis . Jones et al. (54 ) ,  later showed that 

this stra in of  mycoplasma could be c la s sif ied as  M .  ovi pneumoniae 

16 



and Has s imilar to the Australian strain . 

In Aus tralia an organism later shown to be  N. 

ovipneumoni ae \vas f irst  isolated from the respiratory tract  

of  pneumonic and apparently heal thy sheep by St  George e t  al . 

(102 ) . Sub sequently M. ovipneumoniae ha s been shown to b e  

widely distributed throughou t Austral ia and has been isola ted 

from lamb s in Tasmania , Vic toria , New South Hales  and Queensland . 

Strains f rom Vic toria and Queensland have been compared and 

found id entical ( 104) (105 ) .  

In New Zealand , Clarke et al . ( 24) were the f irst  to isolate 

and identify  mycoplasmas f rom the respira tory tract of sheep . 

Two groups of organisms were found in the na sal cavity  and lungs 

of normal and pneumonic lamb s and one of these \vas found to be 

m6r�holo�ically and serologically s imilar if no t identical to the 

Austral ian isolate of M .  ovipneumoniae . 

The organism has also been isolated and associated with 

macro scopic or microscopic lesions of  chronic pneumonia in 

lambs from Hungary (101 ) ,  Iceland (34) and recently in Iraq (4) . 

3 , MORPHOLOGY 

The morphology of mycoplasma s depends generally on the 

tonicity and nutritive propert ies of their groHth medium. Of 

par t icular impor tance is the ratio of satura ted to unsa turated 

fatty ac ids which influences the membrane s truc ture of  the 

organisms (29 ) . 

The exponential phase cell i s  roughly spherical and 

measures about L100 to 700 nm in d iamter . The cell is l imited by 

a plasma membrane , 8 to  10 nm thick , with two elec tron-dense 

layers separa ted by a translucent  layer , bearing proj ec tions 

about 12 nm long and arranged vertically to · the surface (77 ) . 

The elec tron lucent part of the membrane represents  lipid s ,  
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while the elec tron-dense part represents pro tein and 

carbohydrate . 

The plasma membrane of this organism is  the s ite of many 

metabolic reactions involving membrane-bound enzymes and 

transport mechanisms (2 9 ) . 

The cytoplasm does no t contain an internal membrane 

(endoplasmic reticulum) or a def ined mesoseme as do bacter ia . 

The cytoplasm is  packed with ribosomes and there is elec tron­

lucen t ,  nuclear ma terial in f ibrillary form centrally  placed 

or dispersed (77) . 

4. PATHOGENCITY 

In Australia, St George et al.  (102)  induced pneumonic 

les ions in caesarian derived lambs experimental l y ,  by the 

intratracheal inoculation of pneumonic lung tissue suspension 

which Ha s ob tained from naturally infected lamb s . The gross  

and histopathological features , they observed in  experimentally 

inoculated lamb s were ident ical to natural ly occurr ing cases and 

consisted of a pro l if era t ive interstitial pneumonia . Hycoplasma 

organisms were i sola ted f rom a su spension of  ground lung tissue 

of the experimental lambs and incrimina teda s the pr imary 

aet iOlogical agent (102 ) . 

Sull ivan et al . ( 1 04 ) s tudied the pa thogenesis of chronic 

pneumonia of sheep . in Australia by sequential c l inical , 

pathological and microb iological inves tigat ions of  naturally 

af fec ted lambs and recovered a mycoplasma similar to that 

18 

described ea rlier ( 1 0 2 ) , which they identif ied as M. ovipneumoniae . 

The infec tivi ty and predilec t ion of  the organism for the lung 

has been studied experimentally by Sull ivan et al. ( 105 ) who 

produced pulmonary lesions af ter intranasal and intravenous 

inoc ul a t ion , but  failed to  recover the or&anism from the 

exposed lambs , 



Following the isolation of the organism in New Zealand, 

Alley et al . (1) undertook a survey of pneumonic and normal lungs 

collected from abattior sources. They found a marked difference 

between both the proportion of positives and the titre of 

M .  ovipneumoni ae in normal and pneumonic sheep Hhich suggested 

that the organism may have a role in the pathogenesis of chronic 

non-progressive pneumonia of lambs in Ne\v Zealand. 

Although these studies have demonstrated a close association 

betHeen M .  ovipneumoni ae and chronic pneumonia of sheep in Britain, 

Australia and New Zealand they have not succeeded in establishing 

whether the organism is a primary or secondary pathogen. 

Since it Has first discovered, Australian investigators have 

considered M .  ovipneumoni a e  as a primary aetiological agent for 

chronic pneumonia in young lambs (19) (104) (105 ) ,  but NeH Zealand 

investigators have differed in interpreting the role of this 

organism. The pneumonic lesions produced by Alley e t  al.  (2 ) ,  

using an inoculum of pneumonic lung homogenate Hith a high titre 

of M .  ovipneumoniae Here identical to natural forms of sub-acute 

and chronic non-progressive pneumonia Inoculation of a pure 

culture of M .  ovipneumoniae hoHever, failed to produce lesions that 

corresponded to those induced by homogenized pneumonic lung. 

These results were similar to those obtained by Foggie e t  al . (32 ) 

in Britain who produced mild macroscopic and microscopic lesions 

19 

in only 50% of specific pathogen free ( SPF) lambs inoculated 

endobronchially with a pure broth culture of Mycopl asma ovipneumonia e .  

For these reasons the NeH Zealand investigators have suggested 

that M, ovipneumoni a e  is not the sole infective agent of chronic 

non-progressive pneumonia of young sheep in New Zealand and that 

a second factor or agent, is essential for the full development 

of lesions. 

/ 



1 ,  INTRODUCTION 

SEC TION T H REE 

PHAGOC YTOSIS 

Phagocytosis is the term used t o  describe the pro cess by 

which cells are able to engulf or int�riorize a solid par ticle 

( 9 7 ) . The mechanism by which cells ingest extracellular so luble 

ma teria l ,  submicroscopic pa r ticles or fluid droplets is termed 

pinocytosis or microphagocyt osis (89 ) . The mechanisms o f  bo th 

processes have been shown to  be identica l and dif fer caly in the 

content of the vesic le formed. For this reason the term 

endocyt osis is now o f t en used to  encompass bo th o f  these processes 

( 9 7 ) . 

The so lid ma terial or f l uid dr oplets tha t are t aken up by the 

cell are surrounded by a membrane formed by the interioriza tion of 

par t o f  the plasma membrane . Hhen the vesicle f ormed contains 

solid ma t ter it is cal led a phagosome but if i t  contains f luid it 

is cal led pinocyto tic vesic le o r  pinosome (9 7 ) . 

Al though many kinds o f  epithelial, mesenchymal and tumour 

cells can display the ability to engulf particl es under c er tain 

physio logical and pa thological condi tions , macrophages and 

polymorphonuclear leuko cytes have a special capacity to per form 

endocytosis . Only mac rophages, however , have a highly devel oped 

ability to discrimina te be tween various types of pa r ticle ( 9 8 ) . 

2 .  THE MECHANISM OF PHAGOCYTO S IS 

Particles adhere to the surface  of mononuclear phagocytes 

either by being trapped a gainst a suitable sur face or by specific 

a t tachment to receptors. The abi lity of macrophages to  

phagocytose virulent bac teria such a s  encapsulated pneumococci 

without the assistance o f  opsonin depends upon the physica l  
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factor for promo ting phagocytosis  ( 1 2 0 ) . 

Regardl ess of how par t icle s  adhere to macrophages t he 

mechan i sm of the phagocyt ic proce s s  i s  the same and may be 

arbi trar i ly div ided into four s tages , namely , chemo tax i s ; 

attachment ; ingestion and de s truct ion or digest ion ( 8 6 )  ( 106 ) . 

A .  Chemo taxis 

Chemotaxis is the dir ect movement of cell s  under the influence 

of an external chemical s t imulus ( 106 ) . I t  is often regarded as 

being po s i t ive or negative according to \vhe ther the movement of 

the cel l s  is t mvards or away from the substance act inf as a 

chemo tact ic fact or . 

Any mononuclear phagocyte no t firmly fixed in place may be 

re spons ive to a chemo tactic s t imulus . The fixed macrophage s of 

the MPS \vhich l ine the sinuso ids of the liver , spleen, lymph no d e s  

and bone marrow re spond t o  for eign part icles carried by the 

turbulent flow of blood and lymph but do not actively undergo 

chemo tax i s  ( 8 6 )  ( 106 ) , 

Many subs tance s including po lysacchar. ide s, polypept ide s 

and pro t e ins have been found t o  exert a chemo tact ic act ivity for 

macrophages in vi tro (Table 6 ) . }fucrophages are chemo tact ical ly 

a t t racted t o  many bacterial product s ,  t o  factors l iberated from 

damaged ce l l s , to cer tain product s  generat ed as a result  of 

ant igen-ant ibody interaction and some lymphokines released by 

sensit ised l ymphocytes ( 106) . 

Chemo tac t ic agents do no t necessarily have a direct effect 

on cel l s . Boyden ( 1 1 )  showed tha t ant igen-ant ibody complexes 

are no t chemo tactic per se , but exert their effect by inducing 

forma t ion of chemo tactic factors in fresh serum .  Ke l ler e t  al . 

(63) have shown tha t many biochemical and biological agents act 

indirectly in a s imilar way to ant igen-ant ibody complexes. Other 
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Table 6 :  SOME AGENTS CHEMOTACTIC FOR MACROPHAGES IN VITRO* 

AGENT 

Plasma 

Ant igen/Ant ibody + plasma 

Normal serum 

Antigen/Ant ibody + serum 

Plasmin + serum 

Granules f rom neutrophils + serum 

Granules f rom alveolar macrophages 
+ serum 

Pos t-granular supernate f rom 
neutrophils 

Post-granular supernate from 
neutrophils + serum 

Guanosine + serum 

Sensitized lymphocytes + ant igen 

Pneumococcal chemotactic fac tor 

Filtrates from Escherichia col i  

and Staphylococcus al bus 

E. col i and Staph . a l bus bacteria 

+ serum 

Casein 

* based on Sorkin e t  al . ( lOO) 

CHEMOTACTIC 
EFFECT 

+ 

+ 

± 

+ 

+ 

+ 

+ 

+ 

+ 

AUTHOR 

Borel & Sorkin ( 1 969 )  

ibid 

Wilkinson et al . ( 1 969 )  

Sorkin � t al . ( 19 70 )  

Ward ( 1 968)  

Sorkin et al . ( 1 9 70 )  

ibid 

ibid 

ibid 

ib id 

War d  ( 1 969)  

Ward ( 1 968)  

Keller & Sorkin ( 1 96 7b )  

ibid  

Keller & Sorkin ( 1967a)  



substances were found to b e  chemotactic w i thout serum, because 

they exer t a d i rect effect on the cells. In general two types 

of chemo tact ic sub s tances have been studied ; tho se whi ch exer t 

a direct effect on cell s  and those mate r ials wh ich induce 

forma t ion of chemo tac t ic factors v1h ich act indirectly . 

Sorkin et al . ( l O O )  class ified chemo tax i s  inducing subs tance s 

accord ing to their mod� of act ion. Those with a direct effec t 

on cel l s  were termed cyto t axins and tho se inducing format ion 

of cytotaxins were termed cyto taxigens . 

B .  At tachmen t 

The second s tage in the phagocyt ic process invo lves the 

firm a ttachmen t of the part i cle to a phagocytic cell. Nel son 

(86 ) defined at tachment as an associa t ion between the plasma 

membrane of the phagocyte And the part icle,  sufficien tly s trong 

to resist  mild mechanical trauma such as shaking or washing. 

To date , two types of receptors have been recogn i sed on the 

plasma memb rane of macrophages. One for the Fe por t ion of 

immunoglobul in-G, termed Fe receptor and the o ther one for the 

cleaved third component of complemen t ,  termed C3b recep tor (99) . 

On murine macrophages there are at least two dist inct classes 

of Fe recep tor . These are : 

1) tryp s in sens i tive Fe receptors that b ind monomeric 

mouse immunoglobul ins of subclass IgG2 a ,  and 

2 )  t ryps in-res i s tan t Fe recep tors that wi l l  b ind aggregated 

IgG from several other species ( 109 ) . 

The funct ion of the tryps in-sen s i t ive IgG2a recep tor has 

not yet been resolved. However , the tryps in-resis tan t  Fe 

recept or i s  invo lved in �he phagocyto s i s  of IgG-coated par t icles 

(9) . Macrophages have no recep tors for the Fe por t i on s  of 

pentamer ic IgM or for IgA , so that part icles coated with these 

l igands ( immunoglobul in molecules ) will not b ind to macrophage 

membranes . 

\. . 
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Macrophage s express receptors for the cleaved third 

componen t of comp lement ,  C 3b .  The funct ion of C3b r eceptors 

varies with the phys iological s t a t e  of the macrophage s . 

Thioglycollate-el icited macrophages pl a ted on surface s coa ted 

by complement shm¥ a marked r educt ion in binding and inge s t ion 

of compl ement-coated red cell s . In contras t ,  normal macrophages 

exhib i t  no reduct ion in complement -recep tor act ivity when 

pla t ed on complemen t -coa ted su rface ( 8 1 ) .  

Recen tly, Gr iffen et al . (45) and Michl et al . ( 81) found 

tha t although the Fe and C3b  r ecep tor sys tems are capable of 

media t ing similar func tions , they are not coupled to one another 

and tha t s ignals generated by l igands in teract ing with the C3b 

receptors are not transmit ted to the F e  receptors , and vi ce versa . 

C .  Engu lfment 

S ilver s t ein et al . (99 ) , have taken advantage of the ease 

with wh ich the macrophage p la sma membrane receptor s can be 

manipulated exper imen tally to study the inge st ion pha se of the 

phagocyt ic proce ss. They demonstra t ed tha t the macrophage 

responds segmentally to a phagocyt ic s t imu lus. Thi s  s egmental 

nature of the macrophage membrane response indicat e s  that the 

molecules which couple receptor s on the external surface of the 

cell ,  to the cytoske l e tal sys tem ,  do not diffuse readily within 

the cytoplasm . Ins tead , the coupling factors interact 

s toichiome tr ically with cytopla smic proteins loca ted a t , or very 

near to, the s i te of �eceptor-l igand in teract ion . 

The movement of the macrophage plasma membrane i s  governed by 

the sequen t ial and circumferent ial interact ion of rece ptors on 

the surface of the phagocyt e  with l igands distr ibu ted over the 

surface of the particle . Gr iffin et al . (45) have termed this 

the l z ipper mechanism ' of phagocytosis (Fig. 2 ) , Such a model 

predicts that l igands mus t  be distributed uniformly over the 

surface of a particle for i t  to be completely phagocytosed (99 ) . 
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------------------ L igand 

Par t icle 

Surface --- Receptor 

l 

Fig . 2 :  THE 1 1ZIPPER MECHANISH11 OF PHAGOCYTO S IS. THE INTERACTION 
OF PARTICLE-BOUND LIGANDS WITH RECEPTORS ON THE SURFACE 
OF THE PHAGOCYTE DIRECTS THE MOVEHENT OF MEHBRANE OVER 
THE SURFACE OF THE PARTICLE (99 ) . 
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Gribben et al . (46 ) no t iced that the port ion of macrophage 

cytoplasm directly adj acent to the part icle undergo ing digestion 

contains a thick meshwork of f i lamen ts from which virtually all 

cytoplasmic organel les are excluded. TI1ey have suggested that the 

ini tial in teract ion of l igand with receptor,  generates a 

transmembrane signa l that promo tes the aggrega t ion o f  con tract i le 

pro teins in the adj acen t cyt opasm . 

Harttvig e t  al . ( 48 )  have shown that actin-binding pro tein is 

released from the macrophage plasma membrane during phagocytosis. 

Act in-binding pro tein acts sto ichiometrically and is a part icularly 

at tract ive candidate for a molecule able to cause the assemb ly of 

con tractile pro teins within a restricted zone of cytoplasm. 

According to S ilverstein e t  al . (99 ) ,  receptor-l igand interact ion 

st imulates the release of act in-binding protei n .  TI1is i n  turn causes 

cross-l inking of act in filamen ts and the assemb ly o f  an ordered 

array of contract ile proteins. This structure promotes pseudopod 

extension, thereby bringing addit ional receptors into opposi t ion 

with part icle-bohnd Jigands. The process cont inues unt i l  the 

part icle is enclosed within a phagocyt ic vacuole . 

D .  Destruct ion and Digest ion 

A part icle enclosed within the cytoplasm of a macrophage finds 

i tself in a space knmm as a phagosome. The format ion of the 

phagosome
�

in i t iates the digest ive phase of  intracellular events . 

The fate of the ingested part icle depends on its physical composi tion, 

the state of the macrophage and the nature of the opsonins init ially 

st imul ating i ts phagocytosis (86) . 

Destruct ion of the part icle occurs when lyosomes containing 

hydro lytic enzymes fuse with the phagosome to form a vacuole known 

as a phagolysosome . The lysosomal enzy�es of macrophages are a 

complex mixture ( Table 7) . This mixture of lysosomal enzymes is 

lethal to most · micro-organisms ( 1 06 ) . 
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Table 7 :  HYDROLYTIC ENZYMES O F  MACROPHAGE LYSOSOMES ( 10 6 )  

HYDROLYTIC ENZYMES 

Lysozyme 

Acid phisphatase 

L ipa se 

Cathesin 

Acid ribonuclease 

Acid deoxyribonucl ease 

Neuraminidase 

B glucuronidase 

Hyaluronidase 

Aryl sulf atase 

Nonspecific e sterase 

Pho spho lipases  

2 7  



The interac tion between different  types of  micro-organisms 

and macrophages has been studied in considerable detail . In 

general , it can be  said that some viruses are broken down in 

phagolysosomes and thus nucle ic acid may be released to direc t the 

s ynthesis of  new virus at  least  in cases where the virus is 

capable of mult iplying within the macrophage s .  

Many bac teria Hhich are susceptible to lysozyrnes are 

rapidly des troyed by macrophages (e . g .  Escheri cia col i , Baci l l u s  

subti l i s ,  Mycobac terium l ysodeiktic u s ,  Staphyl ococcus albu s ,  

Staphyl ococcus a ureu s ,  strains  of Salmonell a  typhimuri um (2 6) 

Pa steurel la haemol y ti ca ( 7 8 )  and Sa lmonel l a  cholera -sui s ( 13 ) . 

Other bacteria such as  Li steria monoc y togenes may survive and 

mult iply in macrophage s of non-immune animals Lecause the 

organisms are  highly resistant  to the lethal effec ts  of the 

lysosomal enzymes ( 8 7 ) ( 88 ) . Mycobac teri um tubercul osi s also 

survives wi thin macro phages after phagocytosis by b locking the 

fusion of lyso somes Hith the phagosome ( 1 0 6 ) . The phagocytosis  

of  mycopla sma s will be  discussed separa tely in the next section . 

Adeno sine triphosphate (ATP ) is thought to provide the 

chemical energy for phagocytosis , Support  for this concept i s  

derived from two types of experimental evidence : 
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1)  �hagocyto sis is  accompanied by increases in 02 consump t ion ,  

glycolysis  and hexo se monophosphate shunt ac t ivity ; 

processes that are assoc iated with ATP generation ( 5 9 ) . 

2 )  Inhib itors of  ATP biosynthes i s  such a s  sodium and 

iodoacetate also inhib it  phagocytosis ( 5 8 ) . 

Recently , however , Silver s tein et a l . (99 ) examined the rate 

of ATP turnover during particle ingest ion . They compa red the 

incorpora tion of 3�P04 into ATP , in phagocytosing and resting 

macrophages . The 32P04 was-incorporated into the ATP of resting 

macrophages at  a faster rate than into the ATP of phagocytosing 

macrophages . These f indings led to a search for  o ther pos s ible 



sources  of energy for phagocytosis . Macrophages contain 

creat ine phosphat e  in 2 to  5 fold molar excess  of  ATP , and 

Silverste in  et al . (99 ) were able to show tha t creatine pho sphate 

consump tion increased during phagocytosis . They therefore 

sugges ted tha t the ATP content of phagocytosing  mac rophages is 

ma intained at least  in part , by rephosphoryla t ion of ADP by 

the cell ' s  creat ine pho sphate reserves .  

2 9  



SEC TION F OUR 

MYCOPLASMA-MACROP HAGE INTERACTION 

The intereac t ion of  some spec ies of mycoplasma with 

macrophages has been s tudied in considerable detail (Table 8 ) . 

Jones ( 1 9 7 1 )  (55 ) ( 53 )  examined the at tachment and ingest ion 

of Mycopl a sma pulmoni s by mouse macrophages with the elec tron 

microscope and t ypical membrane-bound mycoplasmas were seen 

associated wi th the macrophage membrane . The unit  membrane of  

the  mycoplasma i s  usually clearly separated from the plasma 

membrane of the cell by approximately 1 0  nm � Several factors 

whi ch influence the kinetics of attachment of mycoplasmas to  

macrophages were defined by Jones (53 ) . They are :  

1 )  Mycoplasmas do not attach to macrophages in suspension . 

This  wa s conf irmed by a search for  organ isms using 

phase and elec tron microscopy and by assay of colony­

forming units  in a tumble suspens ion system . 

2 )  The rate of  attachment of  mycoplasmas to macrophages 

spread on a glass surface is dependent on the length 

of  t ime the macrophages remain in culture . 

3 )  The rate of  a ttachment o f  mycoplasmas is  greater the 

more extens ively spread the macrophages are over the 

glass surface . 

4 )  The rate o f  a ttachment o f  mycoplasmas i s  greater if  

macrophages are  in  horizontal stationary cultures rather 

than ver t ical ro tated cul tures . 

Attachment o f  l iving mycoplasmas to spread macrophages in 

culture may occur at any s ite on the exposed surface of the cell . 

Af ter a t tachmen t ,  the mycoplasmas are moved centripetally b y  a 

wave-l ike mo tion of  the macrophage membrane surface a t  a rate  o f  

4 �m/min (27 ) .  rhe mechanism and functional significance o f  this 
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Table 8 :  STUDIES OF MYCOPLAS��-MACROPHAGE INTERACTION 

Mycoplasma 
spec ies 

M.  pul moni s 

1 1  

1 1  

1 1  

Source  
of  

macrophages 

Method of  
s tudy 

Mouse peritoneal 1 )  Phase-contrast 
macrophages microscopy 

" 

1 1  

, ,  

2 )  Time-lapse 
cinematography 

3 )  T . E .M . *  

4 )  Radio autography 

T . E .M .  

Biochemistry 

S . E . M . t 

Mouse peri toneal Radio-isotopes 
macrophages 

M. pneumoniae Guinea p ig 
alveolar 
macrophages 

1 )  Phase-contrast 
microscopy 

2) T . E . M .  

1 1  

" 

1 1  

M .  di spar and 
M .  a gal actiae 
sub sp . bovi s 

Guinea pig 
peri toneal 
macro phages 

Gunea pig 
alveolar 
macroph ages 

" 

Bovine a lveolar 

macrophages 

3) Rad io-isotopes 

Pho to-microscopy 

S . E .M .  

Labelled-ant ibody 

Immunochemistry 

* 

t 

Transmi ssion el ec tron microscopy 

Scanning el ec tron microscopy 

Author 

Jones & Hirsch 
( 1 9 7 1 )  

Jones ( 1 9 75 )  

Jones et al . 
( 1 9 7 7a)  

Jones et al . 
( 1 9 7 7b )  

Hm..rard & Taylor 
( 1 9 7 9 )  

, .  Powell  e t  al . 

( 19 7 4 )  

Bredt ( 1 9 75 )  

Powell  & Muse  
( 1 9 7 7 )  

Erb & Bredt 
( 1 9 7 9 )  

Howard e t  al . 

( 19 7 6 )  

3 1  



movement are not understood ( 53 ) , 

Immunoglobul ins have been shmvn to have a s ignif ican t effect  

on the phagocytosis of some mycoplasmas . When mycoplasmas are 

cultiva ted on the surface of mouse per itoneal macrophages , as 

little  as , 10 � g /ml of  anti-mycoplasma ant ibody , induces ingest ion 

of surface organisms . Ingest ion of  mycoplasma is preceded by 

an increase in macrophage membrane ac tivity , the appearance of  

ruf fles surround ing the mycoplasma and the di sappearance from 

the ma crophage surfac e ,  of  the lawn o f  organisms 'vithin 10  

minutes af ter the addition of antimycoplasma ant ibody (53 ) . 

Mycoplasmas may be  seen intracellularly within phagocytic 

vacuoles under two cond itions . Firstly , in the absence of 

ant imycoplasma antibody , degenerate forms o f  organisms are seen 

inf requently by electron microscopy , wi thin the macrophages . 

This  could reflect a very slow rate of  inges tion of  normal 

mycoplasmas under these cond itions , or it may reflect engulfment 

of  damaged mycoplasmas . Secondly , in the presence of  

ant imycoplasma antibody , surface organisms are read ily 
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phagocyt ized and then d igested within lysosomes of macrophages ( 5 5 ) . 

Complement does no t augment either the effect of  anti­

mycoplasllla ant ibody on the ingestion phase of  phagocyto sis or 

increase the rate of ingest ion induced by antibody ( 53 ) . 

However , Bredt et al . ( 1 5 )  found that complement in guinea pig 

serum exer ted a toxic effect on . M. pneumoniae cells . In a 

second paper , Bredt ( 3 1 )  reported that macrophages alone are 

no t able  to eff iciently  phagocyt ize normal M .  pneumoniae 

cells . Complement activated either via the classical or  alternate  

pathway was found to induce phagocytosis and complement alone 

caused severe damage to M . pneumoniae cell� . 



1 .  ANIMALS 

CHAPTER TWO 

MA TERIA L S AND MET H OD S  

Six , Romney or Romney-cross sheep , aged 6 to 1 2  months of 

both sexes \vere used as a source of lung s .  The sheep were 

killed by intravenously administered pentobarb ital sodium* and 

the lungs , trachea and larynx ,,1ere removed immediately after  

death . Macrophage collect ion was under taken a t  room temperature 

and commenced wi thin 1 0  minutes of  the time of death . 

2 .  COLLECTION OF MACROPHAGES 
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The macrophages were obtained asept ically by an intrapulmonary 

washing procedure . A sterile intratracheal tub e ,  modified by 

the connec tion of  a p lastic  adap tor to  the cuff end , (Figure 3 )  

was int roduced into the trachea through the larynx and inser ted 

as  far as the bronchial bifurca tion . The lungs \•le re gradually 

and completely f illed with sterile normal saline solution vi a 

the intratracheal tube using a 50 ml sterile plas tic syringe . 

The lungs wer e then gen tly massaged and the washings were 

collected in a siliconized flask by suction with the syringe . 

Twelve to s ixteen hundred millilitres of  sterile normal 

sal ine solut ion were used and about  two-thirds of  this was 

usually recovered . 

The washings were then centrifuged at  1000 g for 10  minutes 

within an hour of collection . The pelle ts obtained \vere  washed 

with sterile normal saline solution . Some pellets were f ixed 

immediately after  wa shing and used for elec tron micro scopic 

studies o f  normal ovine alveolar macrophages . O ther pellets 

* Euthesate (Willows Francis ) . 
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Figure  3 

The intrapulmonary Ha shing proc edure . No te  the 
intra tracheal tube is mod if ied by the connec t ion 
of  a pla s t ic adaptor to i t s  cuff end . 
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were resuspended , pooled and cultured in TC 199  med ium for 

various time intervals (see experimental design for  detai ls)  

before  f ixation for elec tron microscopy . 

3 .  CUL1URE MEDIA 

The macrophages �-lere cul tured in TC1 9 9  medium to which 

antibio tics and foetal bovine serum were added ( see append ix 

I ) . The cells were counted in a haemocytometer chamber and 

suspens ion was dilu ted to give 3 x 1 06 macrophages per ml . 

4 .  MYCOPLASMA OVIPNEUMONIAE 

The isolate of  Mycopl asma ovipneumoniae u sed  ,.,ras strain 

5 of a New Zealand isolate wh ich was kindly supplied by 

Dr J . K .  Clarke . It  was originally isola ted from the lungs o f  

a lamb with chronic non-progress ive pneumonia . The organism 

was propagated and grm.,rn to late exponential phase in mod if ied 

FM4 broth , then subdivided into al iquots  and stored at -7ooc .  

The t itre o f  culture used wa s approximately 1 09 CFU/ml 

The mod ified FM4 med ium in which the organism was 

cultured is detailed in the append ix II . The yeast autolysate 

was omitted from the medium and the swine serum and phytone 

were replaced to avoid cros s-react ions with M .  ovipneumoni a e  

propagated in s tandard FM4 medium ( 7 6 ) . Thallium acetate was 

excluded because of i t s  toxicity to M .  ovipneumoniae in cell 

cu lture ( 7 6 ) . 

5 .  PREPARATION OF ANTISERA 
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Ant i-mycoplasma ant ibody was made by intramuscular inoculation 

of 0 . 3  ml of M. ovipneumoniae suspension with 10% adj uvant into 

rabbi t s .  �o further inocula tions o f  0 . 3 ml o f  antigen suspens ion 

were given by the same route at monthly intervals .  After which 

the rabbi ts \vere bled weekly and serum was collected . 



6 .  EXPERIMENTAL DESIGN 

A� PRELIMINARY EXPERIMENTS 

Alveolar macrophages were obta ined from 3 sheep and 

36 

used in preliminary studies for . both scanning and t ransmiss ion 

elec tron mic roscopy (SEM and TEM) . In these ini tia l studies an 

estimat e  of  the number of macrophages which it was poss ible  to 

collect was obta ined and the collect ion and processing techni ques 

were ref ined . 

B- IN VITRO STUDIES OF MYCOPLASMA-MACROPHAGE INTERACTION 

The design of the experiment is sho\� in Table  9 .  Because 

of  the d i f f iculty in obtaining large enough numbers of 

macrophages  for sequential s tudies of  phagocytosis from one 

anima l only and the problems of processing samples collected 

at  close time interval s ,  it  was necessary to divide this study 

into 2 par ts ; SEM and TEM. The source of macrophages in both 

cases were healthy, Romney sheep aged approximately one year . 

For the study o f  the surface morphology of  normal ovine 

alveolar macrophages , a 2 mls suspens ion of ovine alveolar 

macrophages in TC 1 9 9  medium was cul tured on coverslips in 

35 x 1 0  mm plast ic t issue petrie  d ishes (Falcon) and incubated 

at  37oc (Table 9 ) . 

Observations were also made  on infected alveolar macrophage 

cultur e s .  Suspensions o f  ovine alveolar macrophage s in TC 1 9 9  

medium mixed with a suspens ion of M .  ovipneumoniae were made . 

The mixed suspension was either cul tured alone or d iluted wi th 

rabbit  ant imycoplasma ant ibody and cultured on coverslips  in 

35 x 1 0  mm t is sue c ulture d ishes (Falcon) at 3 7°C for  variable 

t ime intervals (Table 9 ) . 



TABLE 9 :  EXPERIMENTAL DESIGN OF IN VITRO ALVEOLAR 
MACROPHAGE - MYCOPLASMA INTERACTXON STUDY 

Time intervals  

3 7  

o f  macrophage Norma l Macrophages infec ted with M .  ovi pneumoniae 
culture in macrophages 
hours with ant ibody without  antibody 

SEM* TEMt SEM TEM SEM 

0 . 5  X X X X X 

1 

2 

6 

1 2  

24  

X 

X 

X 

X X X 

X X X 

* Scanning elec tron microscopy ( SEM) 
tTransmis s ion electron microscopy (TEM) 

X 

X 

X 

X 

X 

For the study of the intracellular morphology of  normal 

ovine a lveolar macrophages a 5 mls suspension of ovine alveolar 

macrophages in TC 199  med ium was cul tured in T-f lasks and 

incuba�ed at 3 7 °C for 12 hour s . 

Suspensions of ovine alveolar macrophages in TC 1 9 9  were 

also mixed \vith a suspens ion of M. ovipneumoniae to give 

3 x 1 06 macrophages per ml . with and wi thout the addi tion o f  

rabb it antimycoplasma antibody (Table 9 ) . There were also 

cultured in plastic T-flasks at 3 7°C .  

7 .  SCANNING ELECTRON MICROSCOPY 

On each o ccasion when samples were taken , covers l ips  

were removed f rom the cul ture and washed twice in sterile 

normal sal ine solut ion to remove the non-adherent macrophages 

TEM 

X 

X 



and mycoplasams . The coverslips were placed in modif ied 

Karnovsky ' s  f ixat ive (see append ix I l l )  for  one hour at 

4°C and then washed twice with cold 0 . 1 M phosphate buf fer , 
0 

pH 7 . 2 for one hour at 4 C .  Dehydrat ion of  the f ixed coverslips 

was carried ou t in a graded ace tone series at room temperature , 

for  10  minutes  each in 25 , 50 , 7 5  and twice in 100% , af ter 'vhich 

they were i�med iately air dried . Small pieces of  coverslip were 

then cut with a diamond pencil and glued , face up , to aluminium 

stubs with s ilver conduct ing paint . The preparations were 

coated with gold  by rout ine methods and examined under a 

c,..rikscan/ 100 f ield emission scanning electron microscope . 

8 .  TRANSHI SSION ELECTRON HICROSCOPY 

The suspension of TC 1 9 9  medium containing ovine alveolar 

macrophages and M .  ovipneumoni ae with or without rabbit 

ant imycoplasma ant ibody wa s removed from plas tic T-flasks . The 

flasks were wa shed wi th 0 . 25 %  tryps in (Difco 1 : 250)  in Hank ' s  

basic salt solution (see append ix IV) at pH 7 . 6 to  remove the 

macrophages and mycoplasmas adherent to the bot tom surface of  

the �lasks and these washings were added to the suspension . 
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The suspension was placed in 10  mls  conical tubes and centrifuged 

at 1000 g for 10 minutes . The superna tan t was drawn o f f  and 

the cell pelle ts were fixed for  two hours , at 4°C ,  in mod if ied 

Karnovsky 1 s f ixa t ive (appendix I I I )  • The pellets '..re re then 

resuspended in 0 . 3 mls of modified Karnovsky ' s  solut ion and 

drawn into ca pillary tubes which were centrifuged by micro­

capillary c entr ifuge , *  for 10 minutes . The pellets were then 

removed f rom the capillary tubes , washed twice with pho sphate 

buffer ,  f ixed second arily in 1 %  o smium tetraoxide ,washed again 

twice , dehydrated for  10  minutes each in 2 5 % ,  50% , 7 5%  and 

95%  alcohol and twice in 1 00% alcohol before inf il tration and 

embedding in plast ic capsules ( see appendix V) . 

* Model MB , International 



C HAPTER THREE 

1 ,  PRELIMINARY EXPERIHENTS 

R E S U L T S  

In these s t u dies an e s t imate o f  the number o f  macrophages 

which could be obta ined per '"ash '" a s  made , The number and 

size  of the ma crophages ob tained varied with the age , size 

and health status  o f  sheep  used (Tabl e  1 0 ) . I t  wa s also found 

tha t  the number of alveol a r  macrophages obtained when s terile 

Hank ' s  balanced sal t  solut ion '..ras used was much lm..rer than that 

ob tained by us ing normal saline solut ion . For this reason 

normal saline solu t ion w2 s used as a lavage f luid for the 

remaining experiments . 
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TABLE 1 0 :  PRELIMINARY STUD IES OF NACROPH.AGE RECOVERY FROH OVINE LUNGS 

Sheep Amount of  fluid>'� Amount of f luid Number of 
No . needed to f il l  recovered from macro phages 

the lungs the lungs per millilitre 

1 1200 mls 830 mls 8 . 700 . 000 

2+ 1 400 " 900 1 1  1 2 . 500 . 000 

3 1 350 " 850 " 9 . 200 . 000 .. .  

* Normal saline solut ion 

+ The lungs '..rere  inf ec ted by Dictyocaul us fi l ari a ( lungworm) 

These  experiment s  also included · prel iminary scanning and 

t ransmission elec tron microscopy s tudies of the in fec t ive 

abi lity o f · M. ovipneumonia e  organisms to,..rard ovine alveolar 

macrophage cultures and the macrophage-mycoplasma interaction 

af ter 24 hours o f  incubation , The a t tachment between 

M .  ovipneumoniae organisms and macrophage plasma membrane was 



apparent at multiple points ,  par ticularly at the base of  the 

cel ls  and through short  and long filopodia . 

2 .  NORMAL OVINE ALVEOLAR MACROPHAGES 

A .  SURFACE MORPHOLOGY 

Af ter 12 hours incubat ion in TC 1 9 9  med ium , ovine 

alveolar macropha ges were found as single cells  or aggregates 

of cells grouped together and adherent to the underlying glass 

coverslip (Fig . 4 ) . These cells  were generally rounded in 

shape and measured 8 to 1 7  �m in diameter . The plasma membrane 

was characterized by the presence of numerous microprojections , 

r idge-l ike elevations and large f lange-l ike processes (Figs . 
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5 and 6 ) . Mos t  of the cells had started to spread over the 

coverslip by means of transparent veils of cytoplasm -v1hich spread 

beneath the nuclear pole (Fig . 7 ) . The nuclear pole was often 

dome- shaped and covered by a relatively large number of  ridges 

and short  ruf fles (Figs . 5 and 6 ) . The cytoplasmic veils had an 

undu la ting surface with scattered ridges . Elongated f ilopodia 

or  pseudopodia were occas ionally visible (Fig . 8 )  and f iner 

pits  60 to 200 nm in diame ter were seen in mos t cel l s  (Figs . 

5 and 6 ) . Intracytoplasmic spherules 0 . 4 and 0 . 6  �m were also 

evident and may have represented lyosome s or l ipid droplets  

(Fig . 7 ) , 

B .  ULTRASTRUCTURE 

Normal macrophages s tudied af ter 24  hours varied in shape 

and size and measured between 5. 5 to 14 �m in diameter wi th a 

mean 9 . 6  �m . These cells  possessed a wel l  defined plasma 

membrane which displayed many surface microvilli and finger­

l ike projections radia ting in various direct ions (Fi g .  9 ) . 

Invagina tions of  the plasma membrane were also common and 

these extended appreciable distances  into the cytoplasm and 
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Figure  4 

The distribution of  normal ovine alveolar macrophages 
on a glass coversl i p .  The cells  are  d istributed 
s ingly or form small groups of 2 to 6 cells . x 1000 . 

Figur e  5 

The plasma membrane of  an ovine alveolar macrophage . 
I t  is charac terised by micro pro j ec tions (m) , ridge­
l ike elevations (� ) and f lange-l ike processes (f ) . 
X 1 2 , 000 . 

Figure 6 

High magnification of  the pla sma membrane of  a normal 
macrophage .  Not e  the surface indentat ions ( I ) , 
openings (L)  and f ine pits  (P) . x 1 6 , 000 . 





0 

Following page 4 1  

Figure 7 

A small  group o f  5 normal alveolar ma crophages . The 
cells are attached to the underlying cover slip by 
cytoplasmic veils which spread beneath a raised dome­
shaped nuclear pole . No te the undulating surface of  
the cytoplasmic veils with sca ttered ridges and many 
spherules . x 6 , 000 . 

Figure  8 

A group of 3 or 4 normal alveolar macrophages , The 
largest cell is beginning to form elonga ted f ilopodia . 
X 4 , 000 . 
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Figure 9 

A normal ovine alveo lar macrophage . Thi s cell measured 
14 �m in diame ter and possessed a well-def ined plasma 
membrane which displayed many surface microvilli (V) , 
f inger-like proj ec tions (F) and invagina tions ( I ) . 
The nucleus ( N )  is  roughly oval in shape and contains 
a large amount of  euchromatin . The cytoplasm is extensive 
and contains  few mi tochondria (M) , rough (R) and smooth 
( S )  endoplasmic ret iculum and Golgi apparatus (G) x 8 , 1 00 . 





could therefore be confused wi th cytoplasmic vacuoles (Fig . 1 0 ) . 

The complexi ty of the cytopla sm varied bet\ve en cells . 

They contained few or  numerous mitochond ia , strips  o f  rough and 

smoo th endoplasmic reticulum and granules and inclusions of  

various shapes and s izes . Although the per ipheral cytoplasm 

con ta ined elements  of the endoplasmic reticulum; the cytoplasm 

of the proj ections or microvilli  \vas devoid of membranes of the 

ret iculum and consisted of f ine granular material (Figs . 9 and 

1 0 ) . The intern al cytoplasm contained a variety o f  s tructures , 

most  o f  which had membranous components . The membranes of  the 

reticulum were characteris t ically dot ted with r ibonucleoprotein 

(RNP) particles . The se par t icles were no t all a t t ached to the 

membrane ; most in fac t "VJere free wi thin the cytoplasm . They 

were vi s ible as dark sta ining granules embedded in an amorphous 

ma trix (Figs . 9 and 1 3) .  

The mitochondr ia were cyl indrical in form and mea sured about 

0 . 3  to 0 . 4 9 �m in d iame ter and 0 . 6  to 1 . 1  �m in length . The 

number of mi tochondria seen per cell was relatively small when 

compared to other cell types (Figs . 9 and 1 1 ) . 

The Golgi appara tus \va s  very extensive and occupied a 

large par t of the cytoplasm . It  was composed of vesicles and 

moderately dense osmiophilic material \vhich formed membranous 

struc tures (Fig.  9 ) . 

Ves icles enclosed by  a unit membrane "Vlere very common and 

· dark osmiophilic inclus ions with variable densit ies were not  

uncommon (Fig . 1 1 )  . 

. The nuclei \vere oval o"r irregular in shape with one or  

more indentations . Two unit membranes  enclosed the nucleus 

and these were f requent ly in t errupted to form pores . The 
• 

external nuclear membrane invariably had RNP par t icles attached 

to i t . Heterochromat in was d istributed on the nuclear margins 
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Figure 1 0  

A group o f  normal alveolar macrophages . The plasma 
membrane o f  these cells contains invaginations ( I )  
which e xtend a n  appreciable distance into the 
cytoplasm . x 8 ) 100 . 

Figure 1 1  

High magnif i cation of  a normal ovine alveolar 
macrophage . The cytoplasm contain s a large number 
of mitochrondria (M) together with s trips of  
smooth ( S )  and �ough (R) endoplasmic reticulum . 
Vesicles o f  variable size are common and dark 
osmiophil ic inclusion s (D ) were  occasionally seen . 
The nuclei  (N ) are irregular in shape with more 
than one invagina t ion . Note that the two uni t  
membrane enclosing the nucleus con tains many nuclear 
pores (P ) . The external nuclear membrane has RNP 
particles a t tached to it . x 1 0 , 500 .  
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and occasionally formed clumps elsewhere in the nucleu s . 

The central portion of the nucleus contained a large amoun t 

of euchromat in or interchroma tin and nucleoli were sometimes 

observed (Figs . 9 ,  1 0  and 1 1 ) . 

3 .  OBSERVATIONS ON HACROPHAGE-HYCOPLASMA INTERACTION 

A. HALF HOUR POSTINOCULATION HITH M. OVIPNEUMONIAE 

Hhen examined b y  the scanning elec tron microscope , the 

macrophages were d istributed mos tly  as  single cells , adherent 

to  the glass coverslip  surface . The cells  were roughly 

s pherical and occas ionally proj ected short  f ilopodia (Figs . 1 2  

and 1 3 ) . Most o f  them measured between 8 . 4  to  1 2 . 1 3  �m . 

Macrophage surface membranes exhibited  extensive ruf f l ing and 

displayed ridge-l ike profiles . Occas ional , single , randomly 

d istributed M. ovipneumoniae organisms were seen around some 

macrophage s .  Cel lular a t tachment be tHeen M. ovipneumoniae 

organisms and the plasma memb rane of macrophages  wa s not 

observed at this s tage (Fig . 1 2 ) . 

Smooth cord-l ike extensions , measuring 1 . 75 to 4 �m in 

thicknes s ,  interconnecting two macrophages were  rela t ively 

f requent f indings (Fig . 1 3 ) . Since these extensions appeared 

to  be par t  of bo th cells  it seemed probable that  these 

macrophages were undergoing cellular division . 

B .  HALF HOUR POSTINOCULATION HITH M .  OVIPNEUMONIAE AND ANTIBODY 

46  

Af ter � hour of  incubation with M .  ovipneumoni ae and 

rabbit antimycoplasma an tibody , the macrophages measured be bveen 

8 to 1 1 . 7 5 �m in diameter and mos t  cells  had spread extensively 

over the glass coverslip  and become flattened . They were 

at tached to the covers l ip by means of transparent veils o f  

cytoplasm which spread beneath a raised dome-shaped nuclear 

pole (Fig . 1 4 ) . The nuclear pole was relat ively smooth and 
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Figure 1 2  

An alveolar macrophage cul tured with M .  o vi pneumoniae 
for � an hour . I t  i s  roughly spherical in shape and 
a ttached to the subs tra turn by short filopodia ( f ) . 
The plasma membrane exhibits  extensive ruf f l ing ( r )  
and displays r idge-like profiles ( i ) . There is  no 
interac tion between the macrophage and the 
M. ovi pneumoniae organism (o ) . x 3 , 600 . 

Figure. 1 3  

Mitot ic division of  an  alveolar macrophage cul tured wi th 
M .  ovi pneumoniae for  � an hour . x 3 , 600 . 

. .., 

Figure 14  

Macrophage cultured for  � an  hour wi th M .  ovipneumoniae 
and specific antibody . The formation of  extensive 
cytoplasmic veils (c ) was a charac teristic  _fe ature of  
the cells  in  this cul ture . Intracytoplasmic spherules 
( s )  can be seen within the ve ils . x 8 , 000 . 
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covered by fewer ridges  than the spec imens incubated without 

ant imycoplasma ant ibody . The cytoplasmic veils were 

extensively expanded and had an undulating surface with 

scattered ridge s .  Intracytoplasmic spherules measuring between 

0 . 4  to 1 lJm in diamt er were evident Hithin the cytoplasmic 

veil s and short filopodia sometimes extended f rom their margins 

(Fig . 1 4 ) . 

M .  ovipneumoniae organisms '"ere not seen attached to the 

macrophages ,  bu t the intracytoplasmic spherules seen beneath 

the cytoplasmic veils were compa tible in size  to these micro­

organisms . 

C .  ONE HOUR POSTINOCULATION HITH M .  OVIPNEUMONIAE 
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After one hour  of  incubat ion the macrophages were 

morpholog ically similar to cells from the � hour cul ture . 

HoHever , al though they Here generally rounded and measured 

between 5 . 2  to 1 2 . 9  llm in d iameter Hith a mean of 9 llm (Fig . 

1 5 ) . The cytoplasmic cord-like extensions between cells were 

longer , thinner and approximately 2 . 3  llm in thickness  (Fi g .  1 6 ) . 

Mycopl asma ovipneumoniae organisms were distributed as single 

cells and occas ional sma ll aggrega t ions of cells around 

adherent macrophages (Fig . 1 5 ) . 

D .  ONE HOUR POSTINOCULATION WITH M . OVIPNEUMONIAE AND ANTIBODY 

Most of the macrophages in this preparation measu red 

be tween 1 2 . 3  to 20 . 5  lJm in diameter but in contrast  to the 

extensive expansion of cytoplasmic ve ils characterizing the 

� hour culture preparation , mos t cells were attached to the 

glass substra tum by much smaller cytoplasmic veils . A large 

number of shor t  and f ine f ilopodia extended f rom the edges 

of the cell (Fig . 1 7 ) . These f indings gave the impress ion 

that the cells were in a contractile position ra ther than 

in expansion as seen in the � hour culture . The plasma 
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Figure 1 5  

Macrophages cultured f o r  1 hour with M .  ovipneumoniae 
were similar to cells f rom the � hour culture . Note the 
dis tribution of M .  ovipneumoniae organisms surrounding 
the cell. x 7 , 000 . 

Figure 1 6  

Mito tic d ivision of  an alveolar macrophage af ter one hour 
o f  incubation with M .  ovipi neumonia e . x 3 , 400 . 

Figure 1 7  

Af ter one hour of incubation with M .  ovi pneumoni a e  and 
spec ific an tibody ,  alveolar macrophages appeared in 
a contrac tile position . No te the large extensive 
opening (L) and the f ine pits  on the surface membrane . 
X 6 , 000 





membrane of  the macrophages could b e  differen t ia ted from the 

� hour preparat ion by  two distinc t fea tures . Firstly , it  

was covered by a greater number of ridge-like profiles and 

secondly ;  it contained numerous indentations . The indentat ions 

consisted of exterior openings measuring about 1 to 2 . 5 �m in 

diameter as well as finer pits measuring 1 60 to 200 �m in 

d iameter  (Fig . 1 7 ) . 

M .  ovipneumoniae organisms were not seen either at tached 

to the macrophage plasma membrane or over the glass subs tratum 

surrounding the macrophage . The absence of micro-organisms and 

the contract ile s tate  of the macrophages indica ted that 

phagocytosis had occurred earlier . 

E :  nm HOURS POSTINOCULATION WITH M .  OVIPNEUMONIAE 

Af ter two hours of incubation , macrophages appeared as 

single cells or small clusters of cells , attached to the glas s 

coverslip surface . They were almos t spher ical and measured 

1 0 . 5  to  16 �m in d iameter (Fig . 1 8 ) . A few f ine filopodia 

protruded from these cells in various direc tions . They 

had some micro-proj ec tions and exhibi ted very pronounced 

membrane ruf f l ing (Figs . 18  and 1 9 ) . At this stage the cells 

were surround ed by glass adherent  M. ovi penumoniae randomly 

d istributed either as single organ isms , small aggrega tions or 

occasional micro-colonie&. Contac t points  between macrophage 

plasma membrane and M. ovipneumoniae organisms were apparent 

at the base of  the cells . The micro-organisms \vere attached 

to the cell by f ine filopodia and some micro-organisms were 

clumped together and a ttached to the base portions of  the 

cell ' s  surface membrane (Figs . 1 8  and 1 9 ) . The presence o f  

f ilopodia extending o n  the glass substratum gave the impression 

that no . contractile pull was being exer ted on the attached 

micro-organi sms . 

At this stage the M .  ovipneumoniae organisms were 
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Figure 18  

The macrophage in this  preparat ion has  sent a few f ine 
f ilopodia (F) towards some randomly distr ibuted 
M. ovi pneumoniae organisms (0) . x 5 , 000 . 

Figure 1 9  

At tachment be tween M .  ovi pneumoni a e  organisms and the 
base por tion of the plasma membrane of an alveolar 
macrophage (arrow) af ter 2 hours of incubation without 
ant ibody . No space is visible between the macrophage 
plasma membrane and the cellular membrane of the 
M .  ovipneumoniae organism . x 1 2 , 000 . 





some,.,rhat pleomorphic with a b iconcave or  spherical surface 

and measured 1 to 2 �m in diame ter . No folding of the 

macrophage plasma membrane over or around the micro-organi sms 

was seen . 

F .  THO HOURS POSTINOCULATION 1.JITH M .  OVIPNEUMONIAE AND ANTIBODY 

After 2 hours of incubat ion , the macrophages measured 

be tween 8 to 1 2 . 5  pm in diameter and were more or less 

spher ical in shape . These cells were attached to the glass 

coverslip by cytoplasmic ve ils which were smaller than those 

seen in the � hour preparat ion but wider than those seen a t  
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one hour . The cytoplasmic veils  did  not  contain intra­

cytopla smic spherules but filopodia extended from their margins 

(Fig . 2 0 ) . The macrophage plasma membrane exhib ited moderate 

ruffling , displayed a r idge-l ike prof ile and contained micro­

proj ect ions and numerous f ine sur face indentat ions (Fi g . 2 1 ) . 

No M .  ovi pneumoniae organisms ,.,ere present on either the 

macrophage plasma membrane or the surrounding sub s t ratum in 

this preparat ion . In contrast to the well shaped , glisten ing , 

surface membrane character i s t ic of the micro-organisms in the 

preparat ions ,.,rithout antimycoplasma ant ibody , the M .  ovi pneu­

moniae cells elsewhere in this prepara tion were dull in 

a ppearance and flattened onto the underlying sub s t ratum 

(Fig . 2 2 ) . 

In the spec imens f ixed for TEM a marked change in the 

macrophage-mycoplasma associat ion \oJas observed . Mycopl asma 

ovi pneumonia e  organisms were mainly located intracellularly 

enclosed by the unit membrane of a phagocyt ic vacuole ,  

al though a few were located on  the macrophage plasma membrane . 

The phagocytic vacuoles wer e  var iable in s ize and measured 

between 0 .  7 and 2 .  7 �m (Figs . 24 and 2 5 )  • Some vacuoles 

contained M. ovipneumoni a e  organisms which appeared normal 

(Fig . 2 4 ) , whereas in o thers most  of the membrane and 
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Figure 20 

An alveolar macrophage cultured for  2 hours  with 
M .  ovi pneumoni ae and spec ific antibody . It  has a 
rela tively smooth surface and occasional f ilopodia (F)  
are extend ing f rom its  margins . x 8 , 000 . 

Figure 2 1  (le f t )  

High magnification o f  the plasma membrane o f  the 
macrophage in f igure 20 . Note the moderate ruffling 
and f ine surface indentations ( I ) . x 20 , 000 . 

Figure 22  (right ) 

Mycopl asma ovipneumoniae organisms cul tured for 2 hours 
with spec ific ant ibody . The organisms have a dull 
appearance and are flattened onto the surface of  the 
sub s tra tum . x 2 0 , 000 . 
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Figure 23  

An alveolar macrophage cul tured for 2 hours with 
M .  ovipneumoniae organisms and specific antibody . 
The cell  possesses a \vell-def ined plasma membrane 
which displays moderate numbers of microvilli (V) , 
f inger-l ike proj ect ion s (F)  and invaginations ( I ) . 
The cytoplasm contains a large number of vacuoles of 
variable  sizes . Note tha t two of vacuoles contain 
M .  ovipneumoniae organi sms (o ) . The endoplasmic 
reticulum is poorly represented and a small number  of  
r ibonuclear protein (RNP ) particles are attached to 
their membranes . The cytoplasm contains a large number 
of free RNP par t icles . The nucleus contains more 
heterochromat in than normal . x 10 , 500 . 

Figure 24 

High magnif icat ion of  the c ytoplasmic con tents  of the 
cell in figure 2 3 .  A large phagocytic vacuole 
containing a viable M. ovi pneumoni ae organism is 
vis ible . x 6 1 , 000 . 





intracellular structure of the micro-organisms had di sappeared 

or become par t ially degraded as indicated by a clearing of  the 

contents  of  the central region (Fig . 25 ) . The phagocytic 

vacuoles were very large and an obvious space existed between 

the vacuolar membrane and the M .  ovipneumoniae cell wa ll . This 

space contained varying amount s  of  moderately stained amorphous 

materia l (Figs . 24 and 25 ) . 

The macrophages varied in shape and size and measured 

between 1 0 . 6  to 13 �m in diameter . They possessed a well 

defined plasma membrane which displayed moderate microvilli and 

f inger-like proj ect ions , Plasma membrane invaginat ions were 

also common (Fig . 2 3 ) . 

The cytoplasm conta ined a large number o f  vacuoles and 

ves icles of variable size (Fig . 2 3 ) . The endoplasmic reticulum 

was poorly represented and a small  number of RNP particles 

were seen at tached to their membranes al though a very large 

number of  free RNP par t icles were also observed . The Golgi 

apparatus was extensive and occupied a large area o f  the 

cytoplasm . The mitchond ria were moderate in number with 

variab le size and shape . The nuclei tended to be  oval or 

kidney shaped and conta ined more heterochroma t in than normal 

macrophages (Figs . 9 and 2 7 ) . 

The ul trastructure of normal M .  ovipneumoniae organisms 

located on the macrophage plasma membrane was not s ign if icantly 

different from tha t describ ed by others (:7 6 ) . The 

micro-organisms were some\vhat  pleomorphic , but u sually appeared 

as round bod ies mea suring between 0 .  7 to 0 .  8 �m in d iame ter . The 

cells  were limited by a typical trilaminar membrane consis ting 

of  two electron dense zones separated by an elect ron lucent area . 

The t rilaminar membrane appeared to be covered b y  micro­

proj e c t ion s .  The cytoplasm conta ined many ribosomes , with 

amorph·ous densit.ies and electron lucent areas·. No specific 
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Figure 25 

A large phagocytic vacuole containing three 
M .  ovipneumonia e  organisms in dif ferent stages 
of des truc tion is present within a macrophage 
2 hours af ter the addition of specific antibody . 
X 82 , 500 . 

Figure 26 

An M.  ovipneumoniae organism surrounded by finger­
like proj ections of macrophage plasma membrane 2 
hours after  addition of  specific ant ibody . Note  
the clear space between the micro-organisms and 
the macrophage plasma membrane . x 8 1 , 000 . 
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Figure 27  

The cytopla smic conten t s  of an  alveolar macrophage cultured 
for 2 hours \vith M. ovipneumoniae organisms and spec ific  
ant ibody . The cell  appears highly active and contains 
large numbers of  mitochondria (M) , rough (R) and smooth ( S )  
en d o plasmic reticulum and extensive Golgi apparatus (G) . 
X 7 , 500 . 
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organelles were seen . Generally the M .  ovi pneumonia e  

organisms were seen in close oppo sit ion to  the plasma membrane 

of the macrophages , and there was no spec ial morphological 

feature evident at  the site of the a t tachment . TI1ere was a 

clear space mea sur ing 0 . 04 �m separat ing the micro-organism 

cell membrane and the macrophage plasma membrane but the space 

between the micro-proj ect ions of  the o rganisms and the p lasma 

membrane of  macrophages measured 0 . 0 1 6  �m {Fig . 2 6 ) . 

G .  SIX AND TivELVE HOURS POSTINOCULATION WITH M .  OVIPNEUMONIAE 

Ovine alveolar ma.crophages cultured with M .  ovipneumoni a e  

for  6 hours  were either rounded o r  expanded and f lattened onto 

the glass subs tratum sur face thus displaying a greater 

var iat ion and irregularity in shape than seen earlier (Figs . 

28 and 2 9 ) . The cytoplasmic membrane of these cells exhib ited 

prominent ridge-l ike profiles with f requent long f ilopodia . 

Pronounced cytoplasmic ve ils were visible for the f irst  t ime 

5 8  

in the preparations without ant i-mycoplasma ant ibody (Fig.  2 8 ) . 

The attachment of macrophages t o  M .  ovipneumoniae by means o f  

f ine f ilopodia were developed a t  thi s stage (Fig . 2 9 ) . Mycopl a sma 

ovipneumoniae organisms were d i stributed as micro-colonies , 

small aggregat ions and occasional single cells surround ing 

adherent macrophages . The presence of mycoplasma micro-colonies 

indicated that M. ovip!:leumoni a e  repl icat ion 1vas occurring in 

the culture at the time of f ixa tion . 

After 1 2  hours of  incuba t ion with M .  ovipneumoniae 

organisms , macrophages appeared round ed and measured 1 2  �m in 

diameter . The cells in thi s preparat ion showed a large number 

of  f ilopodia pro j ec t ing in various direct ions (Fig . 30 ) . The 

a t tachment o f  clusters of  micro-organisms to the macrophage 

membrane and around the base of the cell was very c lear (Fig . 3 1 ) . 

A f ew small openings and p i t s  were seen on the macrophage 

membran e ,  particularly at the base of the cell . The presence 
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Figure 28 

Af ter 6 hours  of  incubation with M. ovi pneumoniae 
mycoplasma-macrophage attachment has developed and 
the macrophage plasma membrane displays prominent ridge­
like profiles  ( i ) . x 7 , 000 . 

Figure 29  

Str iking irregularity in  the shape of an  alveolar 
macrophage after 6 hours cul ture with M .  ovipnuerooniae.  

X 8 , 000 . 
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Figure 30 

At tachmen t between a cluster of  M. ovipneumoniae 
organisms and the base of  a macrophage af ter 1 2  hours 
of incubat ion in the absence of  ant ibody . x 1 0 , 000 . 

Figure 3 1  

High _ magnification of the cell  in  figure 30 showing 
a t tachment between the mi cro-organsism and the alveolar 
macrophage . Not only are mycoplasmas at tached to the 
base of the cell but also to the macrophage membrane 
(A) . x 1 6 , 000 . 

Figure 32  

Af ter 12  hours of  incubat ion , M .  ovi pneumoni a e  

o rganisms show a high degree of pleomorphism . 
X 1 6 , 000 , 
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of more filopodia on the cells in this preparation than a t  

2 hours  indicated that the cells were  still expanding and 

strengthened the impression that no contrac t ile pull was 

being exerted on the at tached or surrounding M. ovipneumoni a e  

organisms . 

At twelve hours post inoculation the M .  ovipneumoniae 

organisms sho>ved a high degree of pleomorphism (Fig . 32 ) .  These 

changes suggested that the M .  ovi pneumoniae was in the death 

phase of  its growth curve ( 76 ) . The presence of large numbers 

of f ilopodia and the replicat ion of  M .  ovi pneumonia e  organisms 

provided fur ther evidence that lit tle or no phagocytosis of the 

organisms had taken place in the preceding 12 hour s . 

H .  1\-.TELVE HOURS POSTINOCULATION WITH M .  OVIPNEUMONIAE AND ANTIBODY 

After 12 hours of incubation , the macrophages were 

moderately expanded and their cytoplasm contained very large 

numbers of spherules of  similar size to M .  ovipneumoniae 

organisms (Fig . 33 ) . In contras t to the macrophages in the 

previous specimens , the nuclear poles did no t show ruffles , 

display ridge-l ike profiles or form micro-proj ec t ions (Fig . 34 ) . 

Typically , they were dome-shaped ,  covered by a smooth plasma 

membrane and contained intracytoplasmic spherules of variable 

size , Surface indenta t ions , large openings and fine pits were 

frequently seen (Yig . 35 ) .  Groups of spherical bodies of 

similar size to M. ovipneumoniae organisms were si tuated at  

the base of the cell wi thin the  cytoplasm and had  the 

appearance of  being pulled toward  the nuclear pole (Fi g .  34 ) .  

The macrophages in this preparat ion appeared to form 

large clusters consisting of  large numbers  of  cells of  

variable size , shape and density (Fig . 36 ) . 
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Figure 33 

Af ter 12 hours  of  incubat ion wi th M. ovipnuemoniae and 
spec ific antibody , the cytoplasm of an alveolar macrophage 
contains a large number of spherules comparable in size  
with M.  ovipneumonia e . x 6 , 000 . 

Figure 34 

High magnification of the nuclear pole of  the cell shown 
in figure 33 . The p lasma membrane is smooth and contains 
intracytoplasmic spherules of variable size . The 
M .  ovipneumoniae organisms appear to be  being pulled 
towards the nuclear pole . x 1 6 , 000 . 
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Figure 35 

The plasma membrane of an alveolar macrophage cul tured 
f or 1 2  hours  in the pre sence of M. o vi pneumoni a e  and specific 
antibody .  I t  shows surface indenta t ions ( I ) , large openings 
(L) and numerous fine p i t s  (P) which indicate high pinocytic 
act ivi ty . x 1 6 , 000 . 

Figure 36 

An alveolar macrophage cul ture infec ted \vith M. ovipneumoniae 
12 hours af ter the addit ion of speci f ic an tibody . Large 
numbers of  cells  of variable shape , size and density have 
accumulated in one area . x 600 . 
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I .  TWENTYFOUR HOURS POSTINOCULATION WITH M .  OVIPNEUMONIAE 

Ovine alveolar macrophages cu ltivated for 2 4  hour s with 

M. ovi pneumoniae were extensive ly spread and flattened over the 

underlying glass coverslip  f requently reaching 1 2 . 4  to 34 . 7  �m 

in d iameter (Fig . 3 7 ) . Some cells showed cord-like extens ions 

of their cytoplasm up to 4 �m in length (Fig . 39 ) . 

Charac teristically the cells had broad cytoplasmic transparent 

veils and some cells proj ected very long f ilopod ia up to 37  �m 

(Figs . 37 and 40 ) . The cytoplasmic veils had an undulat ing 

surface with very prominent ridges and f ilopodia sometimes 

extend ing from their edges (Fig .  3 7 ) . 

At this t ime interva l ,  the macrophages also showed 

prominent pits , ruf f les , ridge-l ike prof iles and numerous 

f ilopod ia . Cytoplasmic perforations and spherules were commonly 

seen . Interconnections b e tween cel l s  though f ilopodia were 

of ten encountered (Figs . 37 and 39 ) . 

A prominent feature of  M .  ovipneumoniae - macrophage 

relationship not seen in earlier prepara t ions was the 

clustering of M .  ovipneumoniae organisms in the central region 
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of the c ells (Fig . 3 7 ) . Under high magnificat ion , heal thy 

mycopla smas of variable shape and s ize could be identif ied clumped 

together and attached to the surface membrane (Fig . 38 ) . The 

organisms measured between 0 . 5  to 1 �m> were round and b iconcave , 

and had the appearance of typical viable mycoplasmas .  

Spec imens of  macrophage-mycoplasma culture examined by TEM 

24 hour s  post inoculat ion showed the M .  ovipneumoniae organisms 

located on the plasma membrane of the macro phages .  There \vere 

no spec ial morphological features at the site  of  attachment 

except a clear space measuring 0 . 04 �m between the 

micro-organism and the macrophage plasma membrane (Fig . 4 1 ) . 
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Figure  3 7  

Alveolar macrophages cul tured for 2 4  hours with 
M .  ovipneumoniae organ isms . The cells have spread 
over the underlying substratum . They show broad 
cytoplasmic veils ( C )  with prominen t ridges (r ) 
and occasional filopod ia (F ) extend from their margins . 
M .  ovi pneumoniae organisms (o ) are clustered in the 
c entral region of the lower cell . x 3 , 400 . 

Figure  38 

High magnification of the M.  ovipneumoni a e  
organisms on  the cell  surface of  f igure 37 . x 8 , 000 . 

Figure 3 9  

• 

Two macrophages f rom a 24 hour cul ture ,.;rith M .  ovipneumoniae 
only . These cells appear to be trying to J 0 1n each o ther 
with cord-l ike extensions (E) of variable  length and 
thickness . x 1 2 , 000 . 
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Figure 40 

These macrophages are from a cul ture 24 hours after the 
addi t ion of  M .  ovipneumoniae . Not e  the very long f ilopodia 
measuring 35 . 4  �m in leng th . x 4 , 800 . 





The plasma membrane o f  the macrophages displayed high 

surface proj ec tions and invaginations . These cells appeared 

more irregular in ou tline than macrophages from normal 

preparations (Fig . 9 and 4 3 ) . The endoplasmic ret iculum was 

poorly represented and had a very small number of RNP par ticles 

a ttached to its  membranes , hmvever , the cytoplasm contained 

very lnrge amount s  of free RNP particles (Fig . 4 2 ) . The 

mi tochondria were few in number and poorly def ined . The 

cytoplasm contained large numbers of membrane-bound vesicles 

which Here lightly stained or sometimes contained very dense 

mat erial . Large numbers of vacuoles were presen t and completely 

occup ied by amorphous material . Dark osmiophilic inc lusions 

were  also present  (Fig . 4 3 ) .  

Ultrastruc turally , the M .  ovipneumoniae organisms were 

very pleomorphic and had large electron lucent zones 'vhich 

ind ica ted that most  of the cytoplasm had been los t . Mo st of 

the micro-organisms had a typical trilaminar limi t ing membrane 

b u t  the surface proj ec t ions were poorly def ined (Fig . 4 1 ) . 
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J .  TWENTYFOUR HOURS POSTINOCULATION WITH M .  OVIPNEVMONIAE AND ANTIBODY 

Af ter 24 hour s of incubation,  macrophages observed by SEM 

appeared to reshape into spherical forms and cluster in groups , 

consis ting of a sma ll number of  cells (Fig . 44 ) . The plasma 

membrane exhib ited moderate ruf fling , displayed r idge-like 

profiles and formed microproj ec tions . Surface indenta t ions o f  

variable size and intracytoplasmic spherules were s t ill  evident 

(Fig . 45 ) .  No M .  ovipneumonia e  organisms were seen . 

Specimens of macrophage-mycoplasma culture examined by  

TEM displayed prominent changes . The mos t  signif icant change 

was that phagocytic vacuoles containing distinc t micro-organisms 

were  no longer detec table  (Fig . 4 6 ) . Surprisingly hmvever , 
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Figure 4 1  

An alveolar macrophage cultured for 24 hour s  with 
M .  ovi pneumonia e  organisms . Note  the c lear space 
b e tween the plasma membrane of the macrophage and the 
micro-organisms (0 . 04 �m in width) . The M .  
ovipneumoniae organisms are pleomorphic in shape and 
have a large elec tron -lucen t  zone indicat ing that 
mos t  of the cytoplasm has been lost . . These  micro­
o rganisms have a tr ilaminar membrane but show few 
surface proj ect ions . x 25 , 000 . 

Figure 42 

High magnification of  the cytoplasm of a macrophage 
a f ter 24  hours cul ture with M. ovipneumonia e  organisms . 
Note  that the endoplasmic ret iculum has a very small 
number of RNP par t icles  whereas the cytoplasm contains 
a large number of  free RNP par ticles . x 34 , 000 . 
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Figure 43 

An alveolar macrophage cultured with M .  ovipneumoniae 
organisms for 24 hour s . The pla sma membrane of  this 
cell  is wel l  defined and displays high surface proj ect ions 
(P )  and invaginations ( I ) . The cytoplasm contains large 
numbers of vacuoles and vesicles .  The vacuoles are 
c ompletely filled with amorphous material . No te the 
dark osmiophilic inclusions (D) in the cytoplasm . 
X 8 , 1 00 . 
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some extracellular organisms were s till present . 

The macrophages in thi s preparat ion were rounded in shape 

and the outline of these cells appeared more regular than 

macrophages from normal prepara t ions (Fig . 4 7 ) . The plasma 

membrane exhib ited very few surface proj ect ions and 

invaginat ions . These  cells had large electron lucent areas 

which sugges ted that par t  of the cytoplasm · was los t .  The 

intracellular struc tures were very poorly represented . The 

cytoplasm contained structureless ,  round organelles which 

were variable in size and were probably mitochondria (Fig . 4 7 ) . 

Ribonuclear pro tein part ic les with variable densities were 

also scat tered throughout the cytoplasm . The nuclei were 

intac t and exhibi ted large areas of electron opac i ty which 

suggested an increase in intranuclear heterochroma tin .  The 

nucleolus zone was prominen t  (Fig . 4 7 ) . 
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Figure 44 (Top lef t )  

Alveolar macrophages , 2 4  hours af ter the add i t ion o f  
M .  ovipneumoni a e  and specific antibody . In contrast  to 
the 12 hour culture , these cell s  appeared to reshape 
into spheres and clus ter into groups consi s t ing of a 
small  number of cel ls .  x 600 . 

Figure 45  (Top right )  

TI1e plasma membrane of  an alveolar macrophage cultured 
for 24 hours  in the presence of M. ovi pneumoniae and 
specific antibody . The membrane exhib its moderate ruffling, 
d i splays ridge-l ike pro f i les and microproj ect ions . Note 
the surface invaginat ions ( I )  and in tracytoplasmic 
spherules (s )  which are s t i ll evident . x 1 6 , 000 . 

Figure 46  (Bot tom lef t )  

Transmission electromicrograph o f  the cytoplasmic contents 
o f  a cell cultured for 24  hours with M. ovi pneumoniae 
and specif ic ant ibody . In this cell , phagocy t ic vacuoles 
containing distinct M. ovipneumoniae organi sms could not 
b e  detec ted . x 25 , 000 . 

Figure 4 7  (Bot tom right ) 

An alveolar macrophage cul tured for 24 hours with 
M .  ovipneumoniae and spec if ic antibody . The cell  is 
rounded in shape and the plasma membrane exhib i t s  few 
proj ect ions and invagina t ions . Distinct intracytoplasmic 
s t ruc tures have been lost  but some round organelles which 
are probably mitochondria can be seen . The nucleus contains 
a large amoun t of heterochroma tin with a very prominent 
nuc l ear zone and the nuclear membrane is intact .  x 10 , 500 . 





CHAPTER FOUR 

D I S CUS SION 

Macrophages have a characteris t ic surface and u l tras truc tural 

morphology which allows them to  be differentiated from other types 

of cell . In this study, the surface proper ties of glass adherent 

ovine alveolar macrophages were observed in striking three 

d iment ional deta il by SEM and the intracellular struc ture by TEM 

techniqu es . Thi s  provided an oppor tunity to study an d compare 

resting non-stimulated mac rophages >vi th cells stimula ted by  

mycoplasma s with and withou t the pre sence of ant ibody . 

The plasma membrane of  normal c ells studied by SEH shm..red 

morphological ev idence of a high level of membrane ac tiv i t y  

includ ing numerous ridge-like prof iles , ruf fles and long c ytoplasmic 

extensions . The ultras truc ture of the ovine alveolar macrophages 

observed in this study was similar t o  that described for o ther 

mammals but differed from tha t of  rabb it  alveolar macrophages by 

the ab sence of mult ilamellated inclusions (89 ) . 

Using SEH,  the surface morphology of  the macrophage s 

s t imula ted by  M .  ovipneumonia e  organisms a lone or wi th the addi t ion 

of ant imycoplasma an tibody wa s f ound to di ffer from norma l ,  non ­

s t imula ted c ells  in two general respec ts . Firstly ; the membrane 

activ i ty >.Jas  grea tly enhanced in the s t imu lated macrophage s as 

shown by mor e  extensive spreading , a larger surface area with more 

prominent membrane undula t ions and the more  f requent occurrence of 

large ruf fles  and filopodia . Secondly;  cellular mito tic  divisions 

were observed in macrophages as early as � an hour after  the 

addi t ion of M .  ovipneumoni ae organisms alone , whereas in 

uns t imulated and ant ibody s t imulated cells , mitosis >vas no t 

observed , In s tudies by o ther workers (22) , mito t i c  f igures have 

been ob served during the first  f ew days of the cul t ivation period . 

Jones ( 5 3 )  found that M .  pulmoni s a t taches to the surface  of mouse 

peritoneal macrophages bu t the ingest ion phase of the organism wa s 

inhibi ted . I t  is possible that a t tachmen t of M .  ovi pneumoniae 
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organisms inhibited the inges tion phase o f  ovine alveolar macrophages 

but stimula ted cellular division as a compensa ting a c t ion . The 

d ivision of macrophages in response to M .  ovipneumoniae and in the 

absence of  ant ibody has important implications with regard to the 

development of le sions in chronic non--progressive pneumonia of 

lamb s .  It may account for the presence of the c lumps of macrophages 

which are invariably seen in early lesions or the predominance of 

macrophages in the alveolar exudate of many advanced lesions ( 1 ) . 

There w�s l i t tle evidence of  intera c t ion be tween M .  o vi pneumoniae 

organisms and ovine alveolar macrophages in the absence o f  antibody 

in the spec imens cultured for less  than t�vo hours . Attachment 

between the micro-organisms and the plasma membrane of  the macrophage 

was ob served by SEH in regions \vhere they were both adherent to the 

73  

gla ss  cover slip surfac e ,  a feature which is simila r to the M .  pneumoniae ­

macrophage interac tion ob served by Powell  ( 93 ) . In addition , 

M .  ovi pneumoniae organisms were found to be a t tached to the plasma 

membrane over the whole of the a lveolar macrophage surface 

particular ly af ter 2 and 24 hours  of  incuba t ion and it  seemed that 

the micro-organi sms were randomly d istr ibuted . 

Und er high magnification , SEM shmved there was no change in the 

plasma membrane of macrophages a t  the site of attachment of 

M .  ovi pneumoniae organisms , The clear space b et\veen the micro­

organisms and macrophage plasma membrane which >vas observed by 

TEM in bo th this study and by o ther s ( 5 5 )  was no t observed under 

high magnif ica tion with SEH .  This observa tion suggests that the 

space is an artifac t rather than a charac ter istic f ea ture of  the 

mycoplasma-macrophage interac t ion a s  suggested by Jones et al . ( 55 ) . 

Shrinkage is  more l ikely to occur in the TEH than SEM specimens 

because of the lengta of processing and the reagents  u s ed for 

dehydra t ion . 

Scanning elec tron microscopy a l so provided evidence that 

M .  ovipneumoniae organisms a t tached more readily· to the coverslip 



surface than to the plasma membrane of the macrophage , a f ea ture 

which d iffer s  from report ed observa t ions of M. pulmoni s  (5 6 ) ( 5 7 ) . 

The a t tachment of  the strain of M .  o vipneumonia e  organisms used 

in this s tudy to the glass coverslip was similar to tha t of  

M .  pulmoni s (5 6 ) ( 5 7 )  and M .  pneumoniae ( 9 3 )  which are  pa thogens 

for mic e and man respec tively . Sinc e this s train of P1 . ovipneumoni ae 

has been shmvn to have only mild pathogenici ty for sheep ( 2 ) , this 

feature may have no signif icance in rela t ion to mycopla sma 

pa thogenic ity . Morphologically , the M .  ovipneumoni ae organisms 

appeared healthy and were  often biconcave par t icularly in early 

cul tur es . Within 6 hours of incubation they replica ted , displayed 

irregularities in shape and formed micro-colonies .  

Mycopl a sma ovipneumoniae organisms observed by TEM \vere similar 

in struc ture to the earl ier descrip t ion by Maj or ,  et al . ( 7 7 ) . I t  

therefore a ppears there i s  no significant difference in the ul tra­

s truc ture of M. ovi pneumoni ae in cell- as socia ted and broth med ium . 

Ul tras truc turally,  the a t tachment of  M .  ovi pneumoniae to the 

alveolar ma crophage plasma membrane in the absence of antibody 

showed no s triking morphological f eatur es . The unit membrane of 

M.  ovi pneumoniae \·laS separated from the plasma membrane of the 

macrophages by a clear space measuring 0 . 1 6  �m . This  space was 

rela tively constant , and there was no evidence of fusion or 

j unc t ional zones between the micro -organi sms and macrophage plasma 

membrane , l ike that observed with M .  pneumoni a e  ( 5 5 ) . No 

M .  ovi pneumoni ae organ isms \vere ob served free within the cytoplasm 

ground substance as reported with M .  pneumoniae ( 1 19) . In the 

absence of speci f ic antibody , there were no intracellu lar micro­

organisms or even degenerate  forms  of  M .  ovipneumoni ae seen . This 

contras ts  with the results  obtained wi th M. pneumoni a e  organisms by 

Jones et al . (5 5 ) . These ob servat ions indicate that  M .  ovipneumonia e  

organisms are not phagocytosed unless antibody i s  present . 

The addition of  antimycoplasma ant ibody to  the macrophages 
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cul tured with M .  ovipneumoniae organisms evokes a sequence of 

char ac ter i s t ic morphological alterations lead ing to the phagocytosis 

of  a ttached and surround ing micro-organisms . The mos t  str iking 

change ob served on the macrophage plasma membrane by SEH ,  \vas  the 

format ion of extensive expanded cytoplasmic veils and the apparen t  

contractility  of the cells . These cytoplasmic expansions differed 

from tho se of cells cul tured with M. ovipneumoniae alone by an 

exten s ive undula t ing surface and the present of more spherules . 

A further no table change was an increase in the number , length and 

contrac t il ity of exist ing f i lopod ia . Thi s  second f ind ing has also 

been ob served in SEM studies of  M. pneumoniae (93) and in studies 

of  Bacil l u s  ce.reu s ,  Staphyl ococcus a ureus and Cryptococcus 

neoformans ( 1 13) .  

Af ter the add it ion of antimycoplasma ant ibody , the macrophages 

became f la t tened and developed a marked increa se in the number of  

f i lopodia . The ir appea rance contras ted marked ly to  macrophages 

cul tured Hith M. ovipneumoniae alone , where the cells were  spherical 

and showed regular surface r idges wi th a few shor t or long fi lopodia 

a t tached to the glass substratum . 

From the t irr,e sequence of the observat ions made by SEH ,  

macrophages in  the presence of an tibody appeared to  be  exertin g  a 

contrac t ile act ion on the glass coverslip . i.Jithin: !.z an hour of 

incubation the cells \vere flat tened and expanded by the forma t ion 

of the cytoplasmic veils , but by 1 hour the cytoplasmic veils 

appeared to be di sappear ing and f ilopodia began to develop . 

In tho se cul tures to which ant ibody was added , alveolar 

macrophages aggregated in small or large groups of cell s ,  the 

most  drama tic of which were seen at 12 hours .  This may be due to 

an offensive by ant ibody sensi t i zed macrophages agains t  glass 

adherent micro -colonies of  M. ovipneumonia e  \vhich were well formed 

in the 1 2  hour cul tures . However , this is a simple explanat ion 

for  an experimental ob servation whi ch needs more investigat ion . 
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A fur ther effec t  observed with SEM after the add i t ion of 

spec ific ant ibody , was the appearance of a granular surface on 

the plasma membrane of the alveo lar macrophages ,  similar to that 

described in thioglycolla te-elic i ted cells (9 1 ) . This was as sumed 

to represent enhanced pinocytic ac tivity by the se stimulated cells 

(9 1 ) . It has been recorded previously tha t the an tigen-antibody 

interac tion at the cell surface is a potent pinocy tic stimulus ( 28 ) . 

The f ir s t  no table event seen in the TEM s tudies Has the 

presence of a fe�v rema ining M .  o vi pneumonj_ae  micro-organisms on 

the sur face of alveo lar macrophages 2 hours a f ter the addition of 

antimycoplasma antibody . In previous studies o f  mycoplasmas 

cul tured on the surface of  mouse peritoneal macrophages , f ixed 
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2 hours  a f ter the addit ion of  specif ic antibody , no  organisms were 

seen on the cel l surface ( 53 ) . There were two maj or differences  

be tween cells at  2 and 24 hours  af ter the addition o f  spec ific 

an tibody . Fir stly;  in the t\vO hour spec imens viable  M.  o.vipneumoni a e  

organisms were observed intracellula rly a n d  secondly ; the plasma 

membrane at 2 hours was very ac tive and d isplayed grea ter ruffling 

and more finger and micro-projections than the 24 hours specimens . 

By u sing radiolabelled thymidine , Jones , e t  al . (55 ) found that 

af ter a pproxima tely 3 hours  of  M .  pneumoni ae phagocytosis , there Ha s 

a rapid movemen t of the radiolabel from ac id-insoluble to acid­

soluble ma terial , indica ting tha t degradation of the organisms 

wi thin phagosomes was occurring . Thus the in terce llular surviva l 

of M .  ovi pneumoniae organisms seen in this s tudy is likely to be 

a reflec tion of recent ingestion . 

The proj ections \vhich cover M .  ovipneumoniae micro-organisms 

have no t been sho\VD to b e  par t  of its  struc tural component but may 

be hos t  or med ia const i tuents . The observations made by  TEM and 

SEM in this study have sho\VD that ovine alveolar macrophages have 

the ab ility to phagocytose M .  ovipneumoniae organisms within 30 

minutes  after  the add i t ion of antimycopla sma ant ibody d irec ted 

specif ically agains t the micro-organisms . This provides evidence 



that these proj ec t ions could be par t of the s truc tural component 

o f  the organisms . 

The me thod used in the preparation of macrophages for  SEH in 

thi s  study differed from those used by o ther s  in that alcohol was 

replaced by ace tone as agent for  dehydra tion . The excellen t  

results  ob tained , with minimal ar tifac t ,  ind icate that this 

method could perhaps be more widely adopted . 

The procedure developed for  pulmonary lavage aff ords an 

al terna t ive to the me thods used by o ther s (85 ) .  I t  allows 

effec t ive and comple te fil ling of the lungs with s terile f luid 

in  add it ion to ease of  collect ion by suc tion and provides 

suf f ic ient flu id from one f il l ing to obta in adequate numbers of 

macrophage s .  The rela t ively large proportion o f  washing f lu id 

recovered was probably  rela ted to the procedure used and the 

anatomical structure of  the ovine lungs . Informat ion i s  

ava ilable  o n  the collec tion of  alveolar mac rophages from the 

lungs of ra ts  ( 1 2 ) , mice ( 2 1 )  ( 7 9 )  ( 50 ) , monkeys ( 5 9 ) , r abb i ts 

( 85 ) , cat tle ( 3 3 ) and p igs ( 1 1 7) . The procedures used by mo st  of  

these workers were based on  the technique described by Myrvik, 

e t  al . (85) for rabb its  and are probably no t prac t icable for 

large lungs such as those o f  ovine and bovine spec ies which 

require greater f illing pressure and fluid volume . This  is 

probably the reason behind the relat ively poor propor tion of 

washing fluid recovered from calves by  Wil liams ( 1 1 7 )  al though 

the d i s t inc t lobula� anatomy of the bovine lungs may have been 

a contributing factor . 

The monovalent normal saline solution used in this study 

was found to be a satisfac tory pulmonary lavage and cell-transport  

medium . In the preliminary experiments , i t  was observed that the 

number of alveolar macrophages obtained decreased when s terile 

Hank ' s  balanced sal t solution was u sed . Nevertheless , it has 

been repor ted by o thers ( 1 2 )  that pulmonary lavage solutions 
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containing dival ent cations reduce markedly the number o f  alveolar 

mac rophages which can be ob tained from washing lungs . 

In conclusion , the work undertaken has c learly demons trated 

that the add i t ion of an timycopla sma antibody to an M. ovipneumoni a e ­

macrophage culture stimulates phagocytosis . This  suggests  that 

i f  sheep a t tain high t i tres to M .  ovipneumoni ae they will  be able 

to deal quickly and effec tivel y  with an M. ovipneumoni a e  

infection ; a possibility  which should be tested i n  vi vo . The 

st rain of micro-organisms used in this study was a t tenua ted 

through laboratory cu l ture over a long period . Further 

comparat ive in vi tro stu dies with more virulent strains of 

M .  ovi pneumoniae are therefore essential to  gain more  complete 

understand ing of the mycoplasma -mac rophage intera c t ion . 
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APPENDIXES 

APPENDIX 1 .  

TC 1 9 9  med ium 

TC med ium 1 9 9  powder (\.Jellcome) 

Tr icine 

NaHC03 
Bovine foe tal serum* 

Penic ill in 

S treptomyc in 

Fungizone ( Squibb ) 

1 0  gm 

1 . 8 gm 

1 . 5  gm 

200 ml 

105 units  

100 rug 

50 mg 

Volume made up to 1000 ml with water and steril ized 
by  filtra tion . 

APPENDIX I I  

Mod if ied FH4 medium 

Na Cl 

KCl 

MgS04 . 7H20 

NaPH04 . 12H20 

KH2P04 
Glucose 

Phyto Peptone 

NAD 

L-Cysteine HCP 

Eagle ' s  vi tamin soln x 100  ( see b elow) 

0 . 4 % phenol red 

Penicillin 

1 . 0  m NaOH to pH 

Dis tilled wa ter to 

The basal medium was supplemented 
bovine serum before u se . 

* Laboratory Service (Auckland ) 

with 

5 gm 

0 . 4 gm 

0 . 2  gm 

4 . 03 gm 

0 . 1 gm 

1 0  gm 

10  gm 

0 . 1 gm 

0 . 1 gm 

25 ml 

2 . 5  ml 

1 06 units  

7 , 8  

1 000 ml 

150 ml of unheated 
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Notes on preparation : 

A) the medium was clarified by filtra t ion through non 

sterile 0 . 45 �m and 0 . 22 �m pore s ize filters and 

subsequently sterilized b y  fil tra tion through a 

s terile 0 . 2 2 �m f il ter . 

B) The vitamin supplement used (Ea gle ' s  Vi tamin Solution 

x 100)  was as follows : 

D-Bio tin 20 mg Myo-Iodositol  40 mg 

Calcium panto thena te 20 mg Niac inamide 

Choline chloride 20 mg Pyridoxine 

J?ol ic acid 20 mg Thiamine HCl 

Ribof lavin 2 mg Dis tilled water to 

The solut ion '"a s sterili zed by f il tra tion through 

membrane f ilter . 

APPENDIX Ill  

Mod ified �arnovsky ' s  f ixa tive 

Paraforrnaldehyde 

Glutera ldehyde 

Na2HP04 . 1 2 H20 

KHzPo4 

2 . 0  gm 

1 2  ml 

2 . 5 1  gm 

0 . 4 1 gm 

20 mg 

20  mg 

20  mg 

200 ml 

a 0 . 2 2 �m 

A )  The paraformaldehyde (2 . 0 g in  80  mls dis til led ,,rater) \vas 

heated ·to be tween 60 and 70°C . 

B )  1 . 0N NaOH was slmvly added , drop-.;vise until the solut ion 

cleared . 

C )  The buf fer sal ts  (Na z HP04 . 1 2H20 )  and gluteraldehyde 

were then added . 

D )  The solut ion was mad e up t o  100  mls and s tored at  4°C .  
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APPENDIX IV 

Trypsin  solu tion 

Trypsin (Difco 1 : 250 )  was di ssolved in Hank ' s  basic salt  

solut ion to make a 0 . 25%  concentrated solu t ion then adjus ted 

to pH 7 . 6  wi th NaHC03 . 

Penic illin 2 x 1 05 units  and Strep tomycin l OO mg were added . 

The solu t ion \vas steril ized by f iltra tion and stored at  -2ooc .  

APPENDIX V 

Osmium tetroxide 

O smium tetroxide  wa s made up as  a 1% aqueous solution in O . lM 

phosphate buffer and kept a t  4°C in a dark bot tle . 
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