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e lephan t  se rum enzyme we have  s tudied  in more  detai l  7, 
a-amylase,  and the  p resen t  group of enzymes  (Table II).  
This  is no t  unexpec ted  since se rum amylase  is pr imar i ly  
of pancrea t ic  and sa l ivary  origin. 

Analysis  of all t he  enzyme resul ts  showed t h a t  there  
was no var ia t ion  due to the  age or sex of the  animals  nor  
any  due to the  season or location.  The serum amino-  
t ransferase  levels have  been  repor ted  to al ter  due to a 
va r i e ty  of env i ronmen ta l  and  o ther  factors  in some 
breeds  of hea l t hy  ca t t le  ~-~'~ b u t  n o t  in others~K These 
include age, weight ,  sex, s tage of lacta t ion,  season and 
env i ronmen ta l  t empera tu re .  However ,  in our p resen t  
results  we found no evidence of such factors  hav ing  an 
effect  in the  Africa~i e lephant ,  a l though  4 individual  
animals  did have  one or more  of the  enzyme levels well 
outs ide  the  95% probabi l i ty  l imits.  All l iver func~cion 
tes ts  (including ALT levels) in these  animals  were normal  
and none of t h e m  had  any  o the r  chemical  evidence of 
disease. In  the  absence of fu r ther  informat ion ,  therefore ,  
the  causes of these high levels m u s t  remain  unknownl i .  
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Summary. The ra te  of hydrolys is  of p ro t e in -me thy l  ester, the  enzymat i c  p roduc t  of S -adenosy lmeth ion ine :  pro te in-  
carboxyl  me thy l t r ans fe ra se  (EC.2.1.1.24) act ing on oxidized r ibonnclease,  was measured  at  p H  7.1 and 8.6 a t  37~ 
The half-life of the  hydrolys is  of t he  ester is 25 min at  p H  7.1, and 4 min at  8.6. The ra te  of hydrolys is  of the  enzy-  
mat ical Iy  formed esters  a t  p H  7.0, in 0.1 M phospha t e  buffer, was a b o u t  25 t imes  faster  t han  t h a t  of esters formed 
chemicalIy by  reac t ion  wi th  m e t h a n o l  in HC1. The labil i ty of the  enzymat ica l ly  synthes ized  p ro te in -methyI  es ter  
suggests  t h a t  the  es ter i f icat ion is specific to sites such t h a t  ionizat ion of ne ighbor ing  amino acid side chains  enhances  
the  ra te  of the  hydrolys is .  

Among  the  various m e t h y l a t e d  amino acid residues in 
pro te ins  (polypeptides)  formed pos t - t r ans la t iona l ly  by  
enzymat i c  m e thy l a t i on l ,  the  one t h a t  is fo rmed by  the  
m e t h y l a t i o n  of ca rboxyl  group is unique  in t h a t  the  
p roduc t  is labile in aqueous alkaline pHK I t  has  been 
indica ted  t h a t  the  m e t h y l  group is l inked as an ester  bond  
a t  the  free carboxyl  groups  of proteinS, ~ To suppor t  the  
con ten t ion  fur ther ,  it  has  been repor ted  t h a t  the  methy l -  
accept ing  capac i ty  of subs t r a t e  pro te in  is lost  af ter  the  
blockage of free carboxyl  groups by  chemical  modifi-  
ca t ion  '5. P ro te in  me thy iase  I I  (S-adenosy lmeth ion ine :  
pro te in  mefhylase  I I  (S-adenosy lmeth ion ine :  prote in-  
carboxyl  me thy l t r ans fe rase ,  EC.2.1.1.24) t h a t  me thy la t e s  
(esterifies) free carboxyl  groups of pro te in  subs t ra te  has 
been puri f ied f rom various m a m m a l i a n  tissues6, L The 
p resen t  communica t ion  repor t s  the  compara t ive  ra te  of 
hydrolys is  of enzymat ica l ly  and chemical ly  fo rmed  
p r o t e i n - m e t h y l  ester.  

Materials and methods. S-Adenosyl-L-(methyl-14C ) me- 
thionine,  60 mCi/mmole  was ob ta ined  from New Eng land  
Nuclear  Corporat ion,  Boston,  Mass., and ~iC-methanol,  
58 mCi/mmoIe f rom Amersham/Sea r l e  Corporat ion,  Ar- 
l ington Heights ,  Illinois. y-Aspar t ic  and  d-glutamic acid 
me thy l  es ters  were ob ta ined  f rom Schwar tz /Mann .  Bovine 
pancrea t ic  r ibonuclease A (5 • crystall ized) was ob ta ined  
f rom Sigma, and o ther  reagents  were f rom local sources 
and of the  bes t  commerc ia l  grade available.  P ro te in  
me thy lase  I I  was purif ied f rom calf t h y m u s  6 and the  
p repa ra t ion  t rans fe r red  6440 picomoles  of me thy l  groups/  
min /mg  pro te in  using dena tu red  calf t h y m u s  cytosol  
pro te in  (F-P-100, ref. ~) as subs t ra ted .  

Enzymatic methylation (esteri/ieation) o~ oxidized ri- 
bonuclease. The general  condi t ions  for the  m e t h y l a t i o n  
were essent ia l iy  the  same as those repor ted  previous lyK 
The incuba t ion  mix tu re  conta ined  20 mg oxidized pan-  
creat ic  r ibonuclease,  0.3 ml of c i t r a t e -phospha te  buffer,  
p H  6.0, 0.3 ml (30 ~ g) of pro te in  me thy lase  I I  arid 
47.8 V moles of S-adenosyl-L-(methyl-14C) me th ion ine  in 
a f inal  volume of 0.6 ml. The mix tu re  was incuba ted  a t  
37~ for 1 h, a t  which  t ime 23.9 ~ moles of S-adenosyl-  
me th ion ine  and 0.1 ml  of pro te in  me thy lase  I I  was added  
again, and  the  incubat ion  was con t inued  for an addi t iona l  
period of 2 h. The reac t ion  was t e r m i n a t e d  by  the  ad- 
di t ion of 10 ml of cold ethanol-1 N HCI (39:1, v/v) and 
the  resul t ing  pro te in  prec ip i ta te  was r emoved  by  cen- 
t r i fugat ion.  The prec ip i ta te  was washed  5 t imes  wi th  the  
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GM 20594-03 from National Institute of General Medics1 Sciences, 
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correcting the red cell defect. Both HS and H E  are 
inherited as an autosomal dominant trait. 

Microspherocytes from HS patients present a num- 
ber of abnormalities, one of them being a characteristic 
increase in osmotic fragility, i.e., when suspended in 
hypotonic solutions, they lyse at higher molarities 
than normal cells 2-4. The normal bidiscoidal erythro- 
cyte has an excess of surface area for a given cell 
volume and, when in hypotonic media, is able to take 
u p  considerable amounts of water until the limiting 
spherical shape is reached at a volume increase of 
60-70%. Any further increase beyond this critical 

hemoly t ic  volume stretches tile membrane and induces 
hemolysis. 

HS cells have usually a normal corpuscular volume 
but a much smaller surface area and as a consequence, 
when suspended in hypotonic media, the critical 
hemolytic volume is reached at a volume increase of 
only about 20%. The cells appear therefore much more 
vulnerable to osmotic hemolysis a. H E  cells have in- 
creased osmotic fragility only in patients with overt 
hemolysis. 

JAcoB 4 a t t r ibutes  the spherical shape of HS cells 
to a deficiency in surface area, in other words, the 
cells would have less membrane material. Reports on 
a decreased total lipid content in HS cells 6 support 
this view but since that  would only partially account 
for the loss in area, membrane protein is probably 
also decreased. As yet there are no available data on 
the amount of membrane protein in HS cells. The 
tendency of HS cells to loose pieces of membrane 
during in vitro incubation might be significant. When 
incubated in the absence of glucose, HS cells hemolyze 
sooner than normal cells. Prior to hemolysis the mem- 
brane is budding assuming a blistered appearance and 
whole pieces of membrane are eventually lost 2. The 
loss of lipid is symmetrical involving all lipid classes. 
There are no data as to the extent of loss in membrane 
protein. As ~or the osmotic fragility, the incubation 
fragility of HS cells is increased only in the hemolytic 
form of the disease. Another characteristic abnormali ty 
of HS erythrocytes is their diminished deformability, 
this being a critical property in assisting the passage 
of red cells through narrow capillaries and openings 
in the basement membranes. 

There are more than one known causes leading to 
diminished red cel! deformability. One is a corollary 
of the spheroidicity or decreased surface area/volume 
ratio 7. Another cause might be the alteration of a 
membrane component causing intrinsic rigidity as 
induced by  ATP depletion or by  calcium s. Since red 
cell ghosts from HS cells are intrinsically stiffer than 
normal 4 the rigidity of HS cells might be the result of 
both mechanisms. I t  is noteworthy that  also stromas 
from H E  cells remain elliptical in shape 9. 

In addition to the defects described above, a basic 
functional deficiency of HS cells is their increased 

permeability to Na ions as demonstrated by a signifi- 
cant Na+ accumulation during incubation. In normal 
cells permeability to Na + is low enough to allow 
maintenance of an important  chemical gradient against 
the high plasma concentrations by means of active 
Na+ outward transport. HS cells oppose the equilibra- 
tion of Na + by an increased rate of active transport  
coupled with increased ATP generation by glycolysis. 
The survival of HS cells is therefore critically depen- 
dent on the energy supply. When glucose supply is 

l imi ted  and ATP becomes depleated, Na+ accumulates 
within the cell and colloid-osmotic hemolysis follows. 
Such a situation may  occur in the stagnant circulation 
through the spleen or upon in vitro incubation. 

Investigating the metabolism of HS erythrocytes in 
peripheral blood and in splenic pulp ~V~AYMAN and 
ZIPURSKY 10 demonstrated that  the re~l cells in peri- 
pheral  blood have a normal Na+ pump with increased 
activity as a response to changes in environmental ion 
distribution. The pump ATPase of these cells is also 
normal. The splenic cells however have a decreased 
Na + pump as well as ouabain sensitive ATPase activ- 
ity. I t  is of interest that  permeability to Na+ does not 
increase in either splenic or in vitro incubated HS 
cells as compared to the peripheral ones. The failure 
of the Na+ pump in splenic cells was accompanied by  
alteration in glycolysis but the levels of ATP were 
found normal. Thus, the authors support the assump- 
tion of a reduced Na + pump activity in these cells 
being the consequence of structural changes in the 
membrane. 

The HS characteristics such as spheroidicity, in- 
creased osmotic fragility, autohemolysis and excessive 
permeability to Na + point to a pr imary structural 
defect of the membrane. The earliest investigations on 
the defective HS membrane focused on the lipid com- 
ponents. Their exclusive association with the red cell 
membrane and a well developed methodology allowed 
their s tudy well before that  of the membrane proteins. 
The lipid distribution in HS cells was found normal, 
but the total lipid content slightly decreased lm~. 
Splenectomy rises the total  lipid content to normal 
values which however are lower than the post-sple- 
nectomy levels in patients without HS 6. The fact that  
HS cells continue to present even after splenectomy 
their specific characteristics in spite of a normal lipid 
content, pointed to a factor other than the lipid 

5 j .  H .  JANDL, Blood 26, 367 (1965). 
6 R. A. COOPER a n d  J .  H .  JAiqDL, J. clin.  Inves t .  48, 736 (1969). 
7 p .  F. LEBLOND, A. DE BOISFLEURY a n d  M. BESSIS, NOLIV. R e v u e  

ft. H e m a t .  73, 873 (1973). 
s R. I.  WEED, P. L. LA CI~LLE a n d  E. W.  ]VfERILL, J .  clin. Inves t .  Z8, 

795 (1969). 
9 j ,  W. REBUCK a n d  E. J .  VAN SLYKE, Am.  J .  cl in.  P a t h .  49, 19 

(1968). 
10 D. 3/fAVM•N a n d  A. ZIPURSKY, Br ,  J .  H a e m a t .  27, 201 (1974). 
11 C. F. REED a n d  S. N. SWISHER, J .  e l im Inves t .  43, 1704 (1966). 
12 G. B. PHILLIPS a n d  N. S. ROOME, Proe.  Soe. exp.  Biol.  Med. 709, 

360 (1962). 
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deficiency per se as a primary defect. However, a 
difference in lipid composition has been recently dem- 
onstrated in HS ceils, namely the disappearance of 
the long chain fa t ty  acids in the lecithin, sphyngomye- 
lin and phosPhatidyl serine fractions 13. This difference 
in fa t ty  acid ~ ~ n p o s i t i o n  has been linked with the 
increased osmotic fragility of HS cells 13. 

For the study of the membrane proteins a number 
-of difficulties such as preparation of hemoglobin-free 
membranes, solubilization and fractionation of the 
material had to be solved. One of the first such at- 
tempts has been made by SCHNEIDERMANN 14. Stromas 
were solubilized in a mixture of Triton x-100, urea 
and /3-mercaptoethanol and subjected to electro- 
phoresis on polyacrylamide gels at basic pH. Staining 
for protein revealed a number of bands which, in the 
case of stromas derived from HS and HE cells, de- 
viated grossly from the normal pattern. A different 
conclusion was reached by ZAIL and JOUBERT 15. 
Analyzing partially solubilized stromas by starch-gel 
electrophoresis they observed no qualitative differ- 
ences between the patterns of normal, HS and PNH 
ceils. However, total solubilization of membranes by a 
mixture of phenol, urea and acetic acid followed by 
electrophoresis on acrylamide gel without sodium do- 
decyl sulfate (SDS) led LIMBER et al. 16 to the finding 
that  a specific protein band which is constant in 
normats, varies greately in HS cells. Similar r esu l t s  
were reported by HAYASHI et al. 17 following analysis 
of the erythrocyte membrane proteins from 15 patients 
with hereditary spherocytosis. Polyacrylamide gel 
electrophoresis in 0.1% SDS buffer revealed almost 
complete deficiency in protein band IV b of a Mol. wt. 
~75,000 in 4 cases and a small but  significant de- 
crease in most of the other cases. Because of differ- 
ences in gel composition it is difficult to ascertain 
whether the band IVb of HAYASttI and the band C of 
LIMBER represent the same or different membrane 
proteins. NOZAWA et al. 18 who studied a HS pa t i en t  
with severe anemia confirmed the absence of protein 
band IVb and clarified the conflicting results reported 
from various laboratories who used acrylamide gel 
electrophoresis in presence of SDS. It  appears that  the 
absence of band IVb can be demonstrated only in 
0.1% SDS while in the presence of 1% SDS there is 
no difference between normal and pathological mem- 
branes. The IVb protein of hereditary spherocytes 
might be more resistant to dissociation by SDS than 
that  of normal cells. 

Further proof for an abnormal protein in membranes 
of HS erythrocy~es has been provided by the studies 
of GOMPERTS et a1.!9,20. These authors compared re- 
sults obtained by using two different solubilization 
techniques: an acetic and extraction, which Solubilizes 
about 30% of the membrane protein, and a butanol/ 
water partition which yields about 80% of the protein 
in solution. Protein characterization was achieved by 

starch and polyacrylamide gel electrophoresis in the 
presence of urea. Whereas following the more exten- 
sive butanol solubilization, there were no differences 
in the pattern of extracted protein from normal and 
HS membranes, the protein extracted by acetic acid 
showed that two of the slowest moving bands were 
absent in all the HS cases investigated. Applying the 
acetic acid extraction to HE membranes, the authors 
found that  a protein pattern alteration consisting in 
the absence of either 2 or 4 of the slowest moving 
bands appeared only in those cases associated with 
severe hemolysis. The nonhemolytic H E  cases had a 
normal protein pattern. Protein patterns similar to 
HS were also found in cells from autoimmune hemo- 
lytic anemias. 

The authors further found that  both the sulfhydril 
inhibitor PMB applied to red ceils and the reducing 
agent 2-ME applied to the membrane protein affected 
mainly the slowest moving group of protein bands, 
suggesting that  they have a significant sulfhydril com- 
ponent. 

The findings of GOMPERTS et al. 19,~0 strongly suggest 
that  the abnormal electrophoretic patterns in HS and 
HE may not result from the in vivo absence of certain 
membrane proteins but rather from their different 
solubility properties. The same possibility was also 
considered by LIMBER et a1.1% In confirmation of this 
view are the results of KITAO et al. 21 and of BOlVlN 
and GALAND 22. Using a standard method of ghost 
preparation which minimizes the loss of water soluble 
membrane protein followed by total solubilization of 
the membranes, the protein pattern of HS membranes 
on SDS-acrylamide gel electrophoresis in 1% SDS 
buffer appeared normal. Moreover, proteolytic diges- 
tion of the major protein components revealed no 
significant difference in electrophoretic pattern be- 
tween normal and HS cells 2a. Interestingly, a patient 
suffering from a mild hemolytic anemia of unknown 
causes presented an altered protein pattern indicating 
extensive proteolysis. 

13 p. j .  C. KUIPER and  A. LIVNE, Biochim. biophys.  Ac ta  260, 755 
(1972). 
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wtdc~Tig-acqirired and'not ~herikM, ~e vari;ed. The 
, i ' ; ; ; - ' :  : a3V ' ; ; b ' 7 ' : :%v ,< -~L  :',; , ~c ' ,G '  i i "  . ,;i~ @3 ,~; . ' i : : ] i  (~" ~$s ica l  #Tksen-tation o f / h e  ~ s e ~ e ,  Which is however 

obs~rVe~!i~n, a ~mnty  of eases,"ls ffemogtobmur~a 
+~5:'" p?~',. ~ ~ "  ' G  p " - '  'd~ '7 ~ ~ : ' ] ~ Z.'~. ~ ' -  ,< . :CC f6Uowmg-sleep.-Thecause of the>'noCl~al  variation, 
~ c h  was thought to be the aeli:liflcafion of  {he 
,s ; ? .  74Y.. :~,1~': , i - V  (, c C ' /  . : , 'r .. gettfni dui~ng-sleep,,-wa~ not completely confirmed. 

If the red cells from patients with PNH are sub- 
~cted'  t 6 t t  ~f~si for hemolysis in presence of antibody 

tT0~j_~q!3-.sN-are re, yealgd_ ;r .qo~p,l<eme~tN ~gi~3".ti~e 

~ s ~  ~r~d: the~.cgr0_ la~em~n~v,'in, sensitive o~es~ ~hj.c~,r~, 

~ e ~ e ~ t  ~ n s j t ~ e  :c,~l]s. ~e,als~lyse~by< nolo, ~ :  ,~r 

- ~ ~ o ~ : t h e  membrane defect~ .m ~he ~ns~tJv,@ 
~ . i s Y ~ r g ~ l ~  unSOwn.  ~;alt<erafiom~o~;;the:,red;iCeU~ 
l~ttS:!l~s ~ postulatedZl:-Z,~:<aJl~,.~g~eaterTlendert~ys 
~ L ~ d ~ , t ~ . ~ O ~  peroxides m t ~ . ~ p o s u r e ; t  ~l~its 
, % ~ : f l L ~ h t v  ~ : ~ 0  ~., h a~s, ~ , l : i ~ n  ~x!~ p 0 ~  ~ o ~ i 5 ' , .  

~ r a s ~ t l ~ _ _  t c t h ~ a u s 6  ~ ofeth~xex!, ~e!~ _.~anodn~----~y~i~ 
~ ~ h ~ g ,  chang~e<,in the, memb~asx61 l~Or :i~ G 
: : b : T ~ y b f :  0bt aining,~PNH:lik~, o e l l ~ ~ s ,  
~ 7 ~ ) ~ : t ~ e ~ m e n t s  _has :;becl~z largg)ySMsed ~in: 

P~N<~-~s pTf6~li'ce21~by ~reat~!n~o~Jiiil  
r  t~tuT:ed: <glut athi~nev(G SH) - Z f l i ~ t 0 i m d ,  

i F ~ H n ~ i i t l ~ ,  a/r21e [egs~irt:l~NI-~,.,4ike eeUs- a~fi0in*~: 

~ ' s T z ~ a ~  iw~l I~+=hU3f~fh ;6 ,  same' 
or higher in PNH-like cells as compared to normal 
0~ls~b~J~_.B]~',2~lls also different from P N H  cells in 
exhib i t in~on-soec i f ic  hemolysis and a ~reater in= 
crease m: N a*.UptaKe. ~'L~H cens nnlere~l Irom no n~.~ - 

�9 " ~ ~=7~; "~ ,Z~.~. ~ "  )<(_:-LC~ : ~ 2 L 5 "  : ' ~ ( ~ 7 ~  ~ _ i ~ < ~ , , ~  < 
~ - p b I 3 / a c ~ ~ s  an~ m slilNydn~ c o n t e n ~  

A~ety~hbIinesferase in PNH 

The enzyme acetylcholinesterase is an integral com- 
ponent of the human erythrocyte membrane, located 
a ~ l s v ~ U t ~ 9 / ~ ~ i P / i 6 h g h  its function in the red 
ce~ m~_mbran~ ~_is o b s ~ e , ~ h ~ ! ~ L d y  ~fi. ~ _ t ~ O i O f i ~ l  

~ ' W :  D:"~l~Rl~rETrlr :R'and ~ CITE. MEIqGI~L, Nat t t re .  ~ n a .  2 1 0 , 0 1  
!~ ('i:~66) ::.7_~ ~ :z~ ,  ~ we  ~ , -- : ~ : . ~ :  e !.,. :n~| t ~ e : ~ -  
~ ;J~ .~ro~# ~ an~ ~ .  ~C~o~V,, . ~ i b ~ . ~ o ~ : ~ : m ' ~ , .  

O. 5 7 )  ' . ~ , - " ~  .~z . . . . . .  . v  " . . . . . . . .  
C...E, MEI~GEL, H. E.  ,KANN" a n d  ~VCT. D. MERIW~THER, ~. clin~ 

~-"~ . .  , ~-:'-. '~..; ~:-~ tP %::~s ~= ~ L  ~ .  ~ - . .~ .  ~ ~2.~.;3:_~ : 

: L '  ";~l_23~;ks - , ~ '  L~:~2 ~ 7:.?~-i!~r2 : &crc 7N ~ 

~ S ~ :  ~ ,~e~-~ :~sso~; -~  ~ I h z z r ~  " ~., Ev:V~cs;n: '~. 
�9 p. BiOY. Med. 147,  273 (1974). 
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ones 4~. This correlates with the existence of two cell 
populations in PNH, a short lived, deficient one and 
another with longer survival. A striking difference 
appears in this respect between PNH cells and cells 
from patients affected by autoimmune hemolytic 
anemia. In the latter case the cells are also ACHE 
deficient, but the enzyme activity declines sharply 
with the cell age 4~. 

JACKSON and WmTTAKER 44 confirmed both the low 
acetylcholinesterase activity of PNH cells, as well as 
their abnormally low density previously observed by 
LEWIS and VINCENT 45. The low density could not be 
correlated with either a change in lipid content, which 
was found normal, or with increased permeability, 
their osmotic fragility being also normal 4a. 

An abnormal membrane protein pattern obtained 
by SDS-polyacrylamide gel electrophoresis was found 
in a PNH patient which was severely aplastic. Other 
PNH cases, as well as the same patient in a tlyper- 
plastic phase, gave normal protein patterns 44. 

Electron microscopy in PNH 

Numerous efforts have been made to visualize the 
initial acquired lesion in PNH cells by electron micro- 
scopy, but these attempts have produced conflicting 
results with some investigators claiming to find lesions 
and others finding essentially normal red cell mem- 
brane ultrastructure. WEINSTEIN and WILLIAMS 46 

criticize the technique used in these studies as pro- 
ducing drying artifacts, and studied the membrane in 
intact PNH cells and in the ghosts derived from them 
by the freeze cleaving technique. Their results failed 
to confirm previously reported lesions, and the authors 
suggest that they were either artifacts of drying, Or 
they reflect structural differences revealed by drying. 

Hemolysis associated with altered phospholipid composi- 
tion of the erythrocyte 

A familial nonspherocytic hemolytic anemia asso- 
ciated with abnormalities in membrane lipids was 
described by JAFFE and GOTTrRIED in  196847. The 
patient's erythrocytes showed an absolute increase in 
lecithin content while the plasma lipid distribution 
was normal. The unusual lipid abnormality seemed to 
be related to the hemolysis. Later, SHOHAT et al. 4s 
studied the mechanism of lecithin accumulation in the 
erythrocytes of such patients and concluded that 
lecithin increases because a defect in the catabolism of 
actively incorporated lecithin fat ty  acids. This defect 
appears to be a block in the transfer of fa t ty  acids 
from lecithin to phosphatidyl ethanolamine prior to 
final release from the cell. The passive exchange path- 
ways and the active anabolic acylase in the erythro- 
cytes of such' patients were not abnormal ~s. 

This familial hemolytic disease with abnormal lipid 
composition results from an inherent membrane de- 
fect and differs from other similar states in which the 
primary defect is in the serum. 

~3 F. HERZ, E. KAPLAN and E. S. SctlEYE, Clin. chim. Acta 38, 301 
(1972). 

44 D. JACKSON and M. WHITTAKER, Clin. chim. Acta 41,299 (1972). 
45 S. M. LEwis and P. C. VINCENT, Br. J. Haemat.  74/, 513 (1968). 
46 R. S. WEIgSTEIN and R. A. WILLIAMS, Blood 30, 785 (1967). 
4~ F. R. JAI*FE and E. L. GOTTFRIED, J. elin. Invest.  47, 1371 (1968). 
4s S. B. S~OHET, B,M. LIVERMORE, D. G. NATHAN and E. R. JAFFE, 

Blood 39, 445 (1971). 
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Summary. The early development and implantation of the mammalian egg is described for various species and the 
differing and often contradictory solutions proposed by different authors for the many problems arising from their 
investigations are exposed, compared and discussed. 

The early development and implantation of the 
mammalian egg has received much attention and an 
immense quanti ty of literature has been accumulating, 
continuously increasing during the last decades. 
Nevertheless many problems are still not clear and 
for most of them the solutions proposed by different 
investigators differ widely and are often contra- 
dictory. It  would be quite impossible to give an overall 

survey of the work dealing with the subject. The pre- 
sent review, which is far from complete, attempts to 
expose some of the problems and their solutions. 

There are great differences between species, and 
even between strains, and although the mouse has 
been my main experimental animal, observations in 
other species will be cited when necessary. 


