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speak  up  because  I was a  P ro te s ta n t. Then th e y  came fo r me ---------

and  by  th a t  time no one w as le f t to  sp eak  up.

  P a s to r M artin Niemoller



TABLE OF CONTENTS Page

CONTENTS (i)

ACKNOWLEDGEMENTS (iv)

L ist of T ables (v)

L ist of F ig u re s  (vi)

A ppend ices (vii)

L ist of A b b rev ia tio n s  (viii)

SUMMARY 1

1. INTRODUCTION & AIMS 5

1.1 MICROVILLAR MEMBRANE 5

1.2 MICROVILLAR ENZYMES AND FOETAL ABNORMALITY 6

1.2.1 U rin a ry  t r a c t  anom alies 6

1.2.2 G a s tro - in te s tin a l anom alies 6

1.2.3 C ystic  F ib ro sis  8

1.2.4 Chromosomal d is o rd e rs  10

1.3 AIMS OF THE PROJECT 14

2. MATERIALS & METHODS 15

2.1 AMNIOTIC FLUID SAMPLES 15

2.1.1 Q uality  co n tro l pool 15

2.1.2 M atched norm al am niotic f lu id s  16

2.2 PURIFICATION OF MICROVILLAR FRAGMENTS FROM
AMNIOTIC FLUID 17

2.3 PROTEIN ESTIMATION 19

2.4 GAMMA GLUTAMYL TRANSFERASE ASSAY 21

2.5 MALTASE ASSAY 23

2.6 ACID PHOSPHATASE ASSAY 26

2.7 STATISTICAL ANALYSIS 28

(i)



2.7.1 M initab "DESCRIBE” 28

2.7.2 M initab "TWOSAMPLE" 28

2.8 ELECTRON MICROSCOPY 29

3. RESULTS 30

3.1 INITIAL PURIFICATION 30

3.2 PURIFICATION MODIFICATIONS 30

3.2.1 R esu sp en sio n  of p e lle ts  30

3.2.2 Sonication  32

3.2.3 C en trifu g a tio n  32

3.3 EXCLUSION OF LYSOSOMAL CONTAMINATION 32

3.4 ELECTRON MICROSCOPY 35

3.5 QUALITY CONTROL SAMPLE 35

3.6 PROTEIN CONCENTRATION 40

3.6.1 P ro te in  c o n ce n tra tio n  in  norm al an d
triso m y  21 sam ples 40

3.6.2 P ro te in  c o n c e n tra tio n  in  norm al an d
triso m y  18 sam ples 45

3.6.3 P ro te in  c o n c e n tra tio n  in  norm al an d
triso m y  13 sam ples 46

3.7 GAMMA GLUTAMYL TRANSFERASE (GGT) ACTIVITY 46

3.7.1 GGT a c tiv ity  in  norm al and  triso m y  21 sam ples 47

3.7.2 GGT a c tiv ity  in  norm al and  triso m y  18 sam ples 52

3.7.3 GGT a c tiv ity  in  norm al an d  triso m y  13 sam ples 53

3.8 MALTASE ACTIVITY 54

3.8.1 M altase a c tiv ity  in  norm al an d
triso m y  21 sam ples 54

3.8.2 M altase a c tiv ity  in  norm al an d
triso m y  18 sam ples 59

3.8.3 M altase a c tiv ity  in  norm al an d
trisom y  13 sam ples 60

(ii)



3.9 POST MORTEM FINDINGS IN FOETUSES WITH 
AUTOSOMAL TRISOMY 61

4. DISCUSSION 63

4.1 AMNIOTIC FLUID MICROVILLAR ENZYME ACTIVITY
IN AUTOSOMAL TRISOMIES 63

4.2 PURIFICATION OF MICROVILLAR FRAGMENTS FROM
AMNIOTIC FLUID 66

4.3 BIOCHEMICAL ANALYSIS OF PURIFIED FRACTIONS 67

4.4 SYNTHESIS AND PROCESSING OF MICROVILLAR ENZYMES 70

4.5 BIOCHEMICAL SCREENING OF MATERNAL SERUM FOR
PRENATAL DETECTION OF CHROMOSOMALLY ABNORMAL 
PREGNANCIES 71

4.6 MECHANISMS CONTROLLING BIOCHEMICAL VARIATION 73

A ppendix A 77
A ppendix B 78

REFERENCES 79

( iii)



ACKNOWLEDGEMENTS

My th a n k s  go to  P ro f J  Michael C onnor fo r  th e  o p p o rtu n ity  to  u n d e r ta k e  
th is  p ro je c t.

To Dr David A A itken fo r  h is su p erv is io n .

To Mrs M ary Riley, Dept, of V e te rin a ry  Anatomy, U n iv e rs ity  of Glasgow, 
w hose te ch n ica l e x p e r tise  an d  excellen t tu itio n  enab led  me to  ta k e  h igh  
re so lu tio n  e lec tro n  m ic ro g rap h s  m yself. To P ro f W right of th e  same 
d e p a rtm en t fo r  allow ing M ary to  help  me.

To my Mum, Mrs M arg are t S A M onteith, fo r  p roo f read in g .

To Mr G ordon Graham a t  th e  DGI who co v ered  th e  " ro u tin e"  w ork d u rin g  
th e  p re p a ra tio n  of th is  th e s is .

To Mr J  David S tev en so n  a t  th e  DGI fo r  he lp  an d  adv ice  th ro u g h o u t.

To Dr Angelo M adundo Mtambo of th e  Dept, of V e te rin a ry  M edicine, 
U n iv e rs ity  of Glasgow (and M orogoro Tanzania) who helped  w ith  th e  
m y ste rie s  of w ord p ro cess in g .

To Dr C harles Kahwa of th e  Dept, of V e te rin a ry  Anatomy, U n iv e rs ity  of 
Glasgow (and Karagwe T anzania) fo r  h is  en co u rag em en t and  c o n s tru c tiv e  
critic ism  th ro u g h o u t (and  fo r  in tro d u c in g  me to  M ary).

To Dr David F itzp a tr ic k  an d  Dr R eyn ir A rngrim sson  fo r  th e ir  in te re s t ,  
adv ice  an d  encouragem ent.

To M essrs J  A Peel, N M N aftalin  an d  N M M acreath  who h e lped  me to  
make th e  g ra d e  w ith  th e ir  "ap p ea lin g "  sen se  of judgem ent!

To my o th e r  f r ie n d s  and  co lleagues a t  th e  DGI an d  e lsew h ere  who 
p ro v id ed  adv ice , and  en co u rag em en t th ro u g h o u t. T hank  you all.

(iv)



L ist o f T ables

1.1 P u b lish ed  r e p o r ts  of GGT a c tiv ity  in  am niotic 
flu id  from  trisom ies 21, 18 an d  13

3.1 Mean p e rc e n ta g e  to ta l p ro te in  in  in itia l p u rif ic 
a tio n  com pared  to  P o tie r e t al, (1986)

3.2 E ffec t of son ica tion  on GGT a c tiv ity  in  m icrovillar 
f ra c tio n s

3.3 The e ffe c ts  of in c re a s in g  c e n tr ifu g a l fo rce  an d
time on  p ro te in  c o n te n t an d  GGT a c tiv ity  in  micro
v illa r  p e lle ts  of q u a lity  co n tro l sam ples

3.4 Mean p ro te in  co n cen tra tio n  (mg/1) fo r  each  g ro u p  
of sam ples

3.5 Mean GGT a c tiv ity  (U /gm ) fo r  each  g ro u p  of sam ples

3.6 Mean m altase a c tiv ity  (U /gm ) fo r  each g ro u p  of
sam ples

4.1 In v e s tig a tio n s  of GGT a c tiv ity  in  am niotic flu id
from  triso m ies  21, 18 an d  13

4.2 In v e s tig a tio n s  of m altase a c tiv ity  in  am niotic (Facing) 
flu id s  from  trisom ies 21, 18 an d  13

4.3 R elative lev e ls  of p re g n a n c y  a sso c ia ted  m ark e rs  
in  autosom al trisom y p re g n a n c ie s

Page

11

31

33

34

41

48

55

65

66 

74

(v)



18

37

38

39

42

43

44

49

50

51

56

57

58

L ist of F ig u res

P u rifica tio n  of m icrov illar frag m en ts  from 
am niotic flu id

T ransm ission  e lec tro n  m ic ro g rap h s show ing sev e ra l 
’sm ooth’ m icrov illar v esic le s . M agnification, 
above x20,000 : below x40,000)

T ransm ission  e le c tro n  m ic ro g rap h s show ing a  s ing le  
’ro u g h ’ m icrov illar vesic le  w ith  v is ib le  double 
m em brane s t r u c tu r e  an d  e lec tro n  d en se  p ro jec tio n s . 
M agnification, above x20,000 : below x67,000

T ransm ission  e lec tro n  m ic ro g rap h s  of ’ro u g h ’ 
m icrov illar v e sic le s  ; h ig h  m agnification c lea rly  
show s double m em brane M agnification, above x20,000: 
below xl00,000

P ro te in  co n ce n tra tio n s  fo r  each  g ro u p  of 
in itia l sam ples

P ro te in  co n ce n tra tio n s  fo r  each  g ro u p  of 
fin a l s u p e rn a ta n t  sam ples

P ro te in  co n ce n tra tio n s  fo r  each  g ro u p  of 
m icrov illar f ra c tio n s

GGT a c tiv ity  fo r  each  g ro u p  of in itia l sam ples

GGT a c tiv ity  fo r  each  g ro u p  of fin a l s u p e rn a ta n ts

GGT a c tiv ity  fo r  each  g ro u p  of m icrovillar 
fra c tio n s

M altase a c tiv ity  fo r  each  g ro u p  of in itia l sam ples

M altase a c tiv ity  fo r  each  g ro u p  of fin a l 
su p e rn a ta n ts

M altase a c tiv ity  fo r  each  g ro u p  of m icrovillar 
fra c tio n s

(vi)



A ppendices

A S ta tis tic a l a n a ly s is  of GGT d a ta  fo r each  g ro u p
of sam ples 77

B S ta tis tic a l a n a ly s is  of M altase d a ta  fo r  each  g ro u p
of sam ples 78

(vi i)



AF

L ist of A b b rev ia tions 

Amniotic F luid

AFP A lphafoetopro te in

ALP Alkaline P h o sp h a ta se

APM Amino P ep tid ase  M

AST A sp a rta te  tran sam in ase

CF C ystic  F ib ro sis

cDNA com plim entary deoxyribonucleic  acid

DNA D eoxyribonucleic acid

FS Final S u p e rn a ta n t

GGT Gamma glutam yl tra n s fe ra s e

hCG hum an chorion ic  g o n ad o tro p h in

PhCG fre e  fi s u b u n it of hum an chorion ic  g o n ad o tro p h in

hPL hum an p lacen ta l lac to g en

LAP Leucine am ninopep tidase

MV M icrovillar frac tio n

n Number of sam ples

NORM Normal

PAPP-A P reg n a n c y  a sso c ia ted  p lacen ta l p ro te in  A

PBS P h o sp h a te  B uffered  Saline

Q.C. Q uality  C ontrol

S.D. S ta n d a rd  dev iation

SP1 p re g n a n c y  specific  (J-l spec ific  g ly co p ro te in

T21 Trisom y 21

T18 Trisom y 18

T13 Trisom y 13

UE U ncon jugated  o estr io l

U /g U nits  of enzym e a c tiv ity  p e r  gram  of p ro te in

(viii)



SUMMARY

R educed levels of m icrov illar enzym es in  am niotic flu id  have been  

re p o r te d  in  assoc ia tion  w ith  sev e ra l fo e ta l abnorm alities, in c lu d in g  

u r in a ry  t r a c t  an d  g a s tro - in te s t in a l anom alies, chromosomal d iso rd e rs  and  

c y s tic  f ib ro s is . Trisom ies 21, 18 and  13 have  been  re p o r te d , by  sev e ra l 

a u th o rs , to  show re d u c ed  lev e ls  of gamma glutam yl tr a n s fe ra s e  (GGT), 

am inopep tidase  M (APM), a lkaline  p h o sp h a ta se  (ALP) an d  th e  

d isacch a rid ase s ; m altase, su c ra se , tre h a la se  an d  lac tase . The re a so n s  fo r  

th is  a re  n o t u n d e rs to o d . P ossib le  exp lan a tio n s  inc lude; (a) re d u c ed  

am ounts of enzym e on th e  m icrov illar m em branes, (b) re d u c ed  n u m bers 

of m icrovillar frag m en ts , w ith th e  norm al com plem ent of enzym e, reach in g  

th e  am niotic flu id , o r (c) norm al m icrov illar frag m en ts  p re s e n t  in  norm al 

am ount b u t su b je c te d  to  an  abnorm al r a te  of enzym e in ac tiv a tio n  in  th e  

am niotic flu id .

The aim of th is  p ro je c t was to  develop  th e  m ethod of P o tie r e t aL (1986) 

fo r  th e  p u rif ica tio n  of m icrov illar frag m e n ts  from  sam ples of am niotic 

flu id  and  to  in v e s tig a te  p u rif ie d  m icrov illar frag m en ts  from autosom al 

trisom y  p re g n a n c ie s  in  com parison w ith  norm al co n tro ls , w hich w ere 

m atched fo r sample volume, le n g th  of tim e in  s to ra g e , g e n d e r of th e  

fo e tu s  and  g esta tio n a l age.

Confirm ation th a t  p u rif ied  m ateria l w as r ic h  in  m icrov illar frag m en ts  was 

p ro v id ed  b y  exam ination of m ateria l u s in g  tran sm iss io n  e lec tro n  

m icroscopy. M icrovillar v esic le s , as  d e sc r ib e d  b y  o th e r  a u th o rs , w ere 

c lea rly  seen  and  h igh  re so lu tio n  e lec tro n  m ic ro g rap h s  tak en .



In itia l p u rif ica tio n  u tilis in g  a liq u o ts  from  a  la rg e  pool of norm al am niotic 

flu id  p ro d u ced  r e s u l ts  fo r  p ro te in  c o n ten t sim ilar to  th o se  fo und  by 

P o tie r e t al. (1986). However, d e sp ite  im provem ents in  enzym e yield 

ach iev ed  by  re su sp e n s io n  of m icrovillar m ateria l in  p h o sp h a te  b u ffe re d  

saline  and  in c re ase d  sp eed  and  time of c en tr ifu g a tio n , levels  of enzym e 

a c tiv ity  in  p u rif ied  sam ples rem ained  low er th a n  th o se  found  b y  P o tie r 

e t aL (1986).

Each b a tch  of p u rif ic a tio n s  in c lu d ed  an  a liquo t, ta k e n  from  th e  above 

m entioned pool, of norm al am niotic flu id  as a  q u a lity  co n tro l sample. 

Twelve trisom y 21, five  trisom y  18, fo u r  trisom y 13, 34 norm al am niotic 

flu id  sam ples and  36 q u a lity  co n tro l sam ples w ere p u rif ied . Lysosomal 

contam ination was excluded  by  acid  p h o sp h a ta se  a ssa y  of m icrov illar 

f ra c tio n s  w hich rev ea led  neg lig ib le  levels  of th is  lysosom al enzym e. The 

in itia l flu id , fina l s u p e rn a ta n t  and  th e  p u rif ied  m icrov illar f ra c tio n s  w ere 

te s te d  fo r  p ro te in  co n cen tra tio n , gamma glutam yl t r a n s fe ra s e  a c tiv ity  

and  m altase ac tiv ity .

Mean p ro te in  co n ce n tra tio n  in  triso m y  18 sam ples was show n to  be 

s ta tis tic a lly  s ig n ifican tly  re d u c e d  from  norm al in  in itia l an d  fina l 

s u p e rn a ta n t sam ples (p=0.0002 an d  p=0.022 re sp ec tiv e ly ) . This w as no t 

re fle c ted  in  th e  p u rif ied  m icrov illar f ra c tio n  of trisom y  18 sam ples w hich 

showed no s ta tis tic a lly  s ig n ific a n t d iffe ren ce  from norm al (p=0.84). 

Mean p ro te in  co n cen tra tio n  in  triso m y  21 and  13 sam ples show ed no 

s ta tis tic a lly  s ig n ifican t d iffe ren ce  from  norm al fo r  an y  of th e  fra c tio n s  

te s te d  (trisom y 21 sam ples, in itia l flu id  p=0.65, fina l s u p e rn a ta n t  p=0.73, 

m icrovillar frac tio n  p=0.3; trisom y  13 sam ples, in itia l flu id  p=0.47, fin a l 

s u p e rn a ta n t p=0.45, m icrov illar f ra c tio n  p=0.41). T hus p ro te in



co n cen tra tio n  in  p u rif ied  m icrovillar f ra c tio n s  fo r all th re e  form s of 

autosom al trisom y  show ed no s ta tis tic a lly  s ig n ific a n t d iffe ren ce  from 

normal.

GGT a c tiv ity  w as s ta tis tic a lly  s ig n ific an tly  re d u c ed  from  norm al fo r  all 

th re e  fra c tio n s  of triso m y  21 sam ples (in itial sam ple p=<0.0001, final 

s u p e rn a ta n t  p=0.0003, m icrovillar fra c tio n  p=0.028). Trisom y 18 sam ples 

showed s ta tis tic a lly  s ig n ific an t re d u c tio n  in  GGT a c tiv ity  in  th e  in itia l 

sample (p=0.012) and  in  th e  fin a l s u p e rn a ta n t  (p=0.012) b u t n o t in  

m icrovillar f ra c tio n s  (p=0.11) an d  trisom y  13 sam ples show ed no 

s ta tis tic a lly  s ig n if ic a n t d iffe ren ce  from norm al GGT a c tiv ity  fo r  an y  of 

th e  fra c tio n s  te s te d  (in itia l flu id  p=0.23, fin a l s u p e rn a ta n t p=0.13, 

m icrovillar f ra c tio n  p=0.58).

Trisom y 21 sam ples had  s ta tis tic a lly  s ig n ific an tly  re d u c ed  m altase 

a c tiv ity  in  all th re e  f ra c tio n s  (in itia l sam ple p=<0.0001, fina l s u p e rn a ta n t 

p=0.0002, m icrovillar f ra c tio n s  p=0.0014). Trisom y 18 sam ples showed no 

s ta tis tic a lly  s ig n ific an t d iffe ren ce  from  norm al in  m altase a c tiv ity  fo r  any  

of th e  th re e  f ra c tio n s  te s te d  (in itia l sam ple p=0.47, fina l s u p e rn a ta n t 

p=0.7, m icrovillar frac tio n  p=0.25). Trisom y 13 sam ples showed a  

s ta tis tic a lly  s ig n ific an t re d u c tio n  in  m altase a c tiv ity  in  in itia l sample 

(p=<0.0001) an d  m icrovillar f ra c tio n  (p=0.0003) b u t  d e sp ite  hav ing  only  

36.1% of norm al a c tiv ity  in  fina l s u p e rn a ta n t  th is  p ro v ed  no t to  be a 

s ta tis tic a lly  s ig n ific an t red u c tio n  (p=0.13).

Post mortem re p o r ts  fo r  th e  fo e tu se s  w ith  autosom al trisom y w ere 

examined fo r an y  ev idence  of developm ental anom alies w hich m ight have 

in fluenced  th e  biochem ical f in d in g s  of th is  s tu d y . Of th e  nine re p o r ts



availab le  fo r  th e  Down’s syndrom e fo e tu se s  no ev idence  of a n y  u r in a ry  

t r a c t  anom alies, g a s tro - in te s t in a l b lockage o r  a tre s ia s  w ere found . The 

trisom y  18 an d  13 fo e tu se s  how ever had  a  h ig h  inc idence  of b o th  

g a s tro - in te s t in a l an d  u r in a ry  t r a c t  anom alies.

The f in d in g s  of th is  in v e s tig a tio n  show th a t  in  th e  p re sen c e  of norm al 

p ro te in  c o n ce n tra tio n s  p u r if ie d  m icrov illar frac tio n s  of triso m y  21 

sam ples have  s ta tis tic a lly  s ig n if ic a n t re d u c tio n s  in  m icrovillar enzym e 

ac tiv ity . This s u g g e s ts  th a t  e i th e r  th e re  is  a  s ig n if ic a n t enzym e 

defic iency  in  th e  m icrov illar m ateria l, w hich re a ch e s  th e  am niotic flu id  in  

norm al am ounts, o r  th a t  an  in c re a se d  ra te  of enzym e in ac tiv a tio n  o c cu rs  

in  th e  am niotic flu id  of Down’s syndrom e p reg n an c ie s . In  triso m ies  18 

an d  13 th e  f in d in g s  w ere le ss  conclusive  an d  re f le c t th e  more complex 

p o s t mortem fin d in g s  and  lim ited sam ple n u m bers availab le .



1. INTRODUCTION AND AIMS

1.1 MICROVILLAR MEMBRANE

The sp ec ia lised  s tr ia te d  cell su rfa c e  of th e  small in te s tin e  lum enal 

b o rd e r  was f i r s t  no ted  b y  Henle in  1837. However, th e  lim itations of 

l ig h t m icroscopy m eant th a t  th e  d e ta il of th e  s t ru c tu re ,  as  a  b o rd e r  of 

m icrovilli O.ljim in d iam eter an d  l-2nm  in  le n g th , w as n o t rev ea led  u n til 

1950 w hen G ran g er an d  B aker u sed  e lec tro n  m icroscopy to  reso lv e  its  

t r u e  m orphology.

M icrovillar m em brane was f i r s t  iso la ted  from  in te s tin a l ep ith e lia l cells by  

Miller an d  C rane in  1961 fo r  biochem ical in v es tig a tio n  of d isacch arid e  

h y d ro ly s is . S u b se q u en tly  b ru s h  b o rd e r  v esic le s , d e riv e d  from r a t  small 

in te s tin e , w ere u sed  by  H opfer e t  al. (1973) to  s tu d y  glucose 

tra n s p o r ta tio n . Lacroix e t al. (1984) p u rif ied  b ru s h  b o rd e r  m em branes 

acco rd in g  to  Schm itz e t al. (1973) from  foe ta l in te s tin e . Sam ples from 

e ig h t w eeks g e s ta tio n  to  te rm  w ere u sed  and  su c ra se , a lkaline 

p h o sp h a ta se  (ALP) and  am inopep tidase  a c tiv ity  m easured . B iopsy 

m ateria l from  th e  same p re g n a n c ie s  was also p re p a re d  fo r  scan n in g  

e lec tro n  m icroscopy and  m orphological s t r u c tu r e  an d  enzym atic fu n c tio n  

of fo e ta l in te s tin e  co rre la ted . More re c e n tly , th e  s t r u c tu r e  and  fu n c tio n  

of th e  m icrov illar m em branes an d  th e i r  enzym es have  been  th e  s u b je c t 

of de ta iled  in v es tig a tio n  by  s e v e ra l w o rk e rs  (Sem enza 1986, Cowell 1986 

H unziker e t al. 1986, D anielsen e t  al. 1986, Hu e t  al. 1987, D anielsen 1987 

& 1988, M antei e t  al. 1988, Sem enza 1989, Ruf e t  al. 1990 and  D anielsen 

1990). From th e ir  w ork DNA an d  amino acid  seq u en ces  fo r sev e ra l



enzym es have  b een  d e riv ed  an d  d e ta ils  of th e  q u a r te rn a ry  fo ld ing , 

m em brane in co rp o ra tio n  and  mode of a tta ch m e n t a re  now known.

1.2 MICROVILLAR ENZYMES AND FOETAL ABNORMALITY

In  th e  fie ld  of p re n a ta l  d iag n o sis  m icrov illar enzym es became an a re a  of 

in te r e s t  w hen abnorm al lev e ls  w ere  no ted  in  am niotic flu id s  from 

p re g n a n c ie s  a ffe c ted  by  a v a r ie ty  of foe ta l abnorm alities.

1.2.1 U rin a ry  T ra c t Anomalies

An in c re a se d  tre h a la se  level in  am niotic flu id  ta k e n  from  a  p re g n a n cy  

a ffe c ted  by  p o ly cy stic  k id n ey  d isease  w as re p o r te d  b y  Morin e t  al. 

(1981). The same a u th o rs  a lso  d e sc rib e d  e lev a ted  tre h a la se  a c tiv ity  in 

two p re g n a n c ie s  a ffec ted  b y  con g en ita l n e p h ro s is  (Morin e t al. 1984). 

T hey a t t r ib u te d  in c reased  tre h a la s e  a c tiv ity  to  th e  b reakdow n of th e  

m icrovillar t is su e  in  th e  proxim al tu b u le s  of th e  k id n ey s. This th e o ry  is 

s u p p o r te d  by  th e  norm al level, in  th e  same sam ples, of th e  in te s tin a l 

d isacch a rid ase  p a la tin ase . Szabo e t al. (1990) also  d e sc rib e d  e leva ted  

am niotic flu id  tre h a la se  a c tiv ity  in  p o ly cy stic  k id n ey  d isease  and  in  

ra d ia l- re n a l d isease  b u t  in  a  case  of u re th ra l  o b s tru c tio n  red u ced  

tre h a la se  and  lac tase  a c tiv ity  w ere  found .

1.2.2 G a stro -in te s tin a l Anomalies

I t  has been  show n b y  se v e ra l o th e r  a u th o rs  th a t  g a s tro - in te s t in a l 

o b s tru c tio n s  re su ltin g  in  re d u c e d  p a ssa g e  of meconium a re  asso c ia ted  

w ith  re d u c ed  foeta l in te s tin a l m icrov illar enzym es in  am niotic flu id



(P o tie r e t  al. 1977, Morin e t al. 1980, Van Diggelen e t al. 1983, K leijer e t  

al. 1985 an d  Morin e t al. 1987).

P o tie r e t al. (1977) re p o r te d  defic iency  of d isacch a rid ase s  in  a  sample of 

am niotic flu id  ta k e n  a t  16 w eeks g e s ta tio n  from a  p a tie n t who had a  

p re v io u s  p re g n a n c y  in  w hich th e  fo e tu s  had  a  m eningocoele. A child  

w ith  an  im p erfo ra te  a n u s  and  duodenal a tre s ia  was de liv e red  a t  31 

w eeks g e sta tio n  following spon tan eo u s o n se t of labour. In v e s tig a tio n  of 

th e  s to re d  am niotic flu id  s u p e rn a ta n t rev ea led  ab sen ce  of su c ra se , 

tre h a la se , an d  la c ta se  a c tiv ity  and  s ig n ific an tly  re d u c ed  levels  of m altase 

and  pa la tin ase . These f in d in g s  w ere confirm ed b y  Morin e t al. (1980) who 

re p o r te d  re d u c ed  d isacch a rid ase  a c tiv ity  in  fo u r  cases  of 

g a s tro - in te s t in a l anom alies (one case  of duodenal a tre s ia , one case  of 

m ultiple in te s tin a l a tre s ia  and  two case s  of im p erfo ra te  an u s) w hich w ere 

com pared to  norm al ra n g e s  d e riv ed  from 221 norm al co n tro l flu id s. Van 

Diggelen e t al. (1983) also  re p o r te d  re d u c ed  d isacch a rid ase  a c tiv ity  in  a  

case  of anal a tre s ia . Morin e t al. (1987) show ed re d u c ed  levels of 

in te s tin a l a lkaline  p h o sp h a ta se  and  GGT as  well a s  d isac c h a rid ase s  in 

case s  of im p erfo ra te  a n u s , m ultiple in te s tin a l a tre s ia , duodenal a tre s ia , 

je ju n o -ile a l a tre s ia  an d  in  p re g n a n c ie s  a ffe c ted  b y  g a s tro sc h is is , 

d iaphram atic  h e rn ia  an d  omphalocoele w here  in te s tin a l o b s tru c tio n  had  

o c cu rred . O ther fo e tu ses  a ffec ted  by  g a s tro sc h is is  an d  omphalocoele b u t 

w ith o u t in te s tin a l o b s tru c tio n  showed norm al am niotic flu id  m icrovillar 

enzym e ac tiv itie s . An in v e s tig a tio n  of m altase a c tiv ity  in  am niotic flu id , 

ta k en  betw een 16 and  24 w eeks g e s ta tio n  b y  C laass e t al. (1985) show ed 

th a t  m altase a c tiv ity  is  in te s tin a l in  o rig in  a n d  a ttr ib u ta b le  to  th e  

su crase -iso m alta se  complex of th e  m icrov illar m em brane. T hey fo und  no 

ev idence  of re n a l o r lysosom al c o n trib u tio n s . T his confirm ed P o tie r’s

-7~



e a r lie r  fin d in g  (1978) th a t  amniotic flu id  d isacch arid ase  ac tiv ity  is 

in te s tin a l in  o rig in .

1.2.3 C ystic  F ib ro sis

Van D iggelen e t al. (1983) found  re d u c e d  a c tiv ity  of d isacch arid ases; 

la c ta se , m altase, su c ra se  an d  tre h a la se  in  am niotic flu id  sam ples from 

fo u r  p re g n a n c ie s  a ffec ted  b y  cy stic  f ib ro s is  (CF). K leijer e t al. (1985) 

fo u n d  re d u c ed  levels  of th e  same fo u r  d isac c h a rid ase s  in  am niotic flu id  

from  11 p re g n a n c ie s  a ffec ted  by  CF. S chw artz  and  B ran d t (1985) 

r e p o r te d  re d u c ed  m altase an d  su c ra se  a c tiv ity  in  th re e  o u t of fo u r CF 

sam ples. C laass e t  al. (1986) u sed  m altase an d  alkaline  p h o sp h a ta se  to  

t e s t  57 am niotic flu id s  from  p re g n a n c ie s  a t  a  one in  fo u r r is k  of CF and  

found  re d u c ed  levels  in  88% of a ffec ted  sam ples and  none of th e  sam ples 

from  norm al p re g n a n c ie s  gave fa lse  p o s itiv e  re s u lts . C a rb arn s  e t al. 

(1983) u sed  m icrovillar p e p tid a se s  GGT an d  am inopeptidase  M (APM) to  

in v e s tig a te  a  g ro u p  of 132 am niotic f lu id s  of w hich 16 w ere from 

p re g n a n c ie s  a t  r is k  of CF. Of th is  g ro u p  six w ere su b se q u e n tly  shown 

to  be from  fo e tu ses  a ffec ted  by  CF. T hese six had  levels  of GGT and  

APM s ig n ifican tly  lower th a n  th o se  in  th e  norm al co n tro l g ro u p . B aker 

and  Dann (1983) confirm ed re d u c ed  GGT an d  APM in  five  p re g n a n c ie s  

a ffec ted  by  CF. Brock (1983) ach iev ed  a  d e tec tio n  ra te  fo r CF of 90% 

by  u s in g  re la tiv e  p ro p o rtio n s  of in te s tin a l an d  b o n e /liv e r /k id n e y  

alkaline p h o sp h a ta se  isoenzym es in  p re n a ta l  d iag n o sis  of CF. M uller e t  

al. (1984), in  an  in v estig a tio n  of a lkaline  p h o sp h a ta se  isoenzym es, found  

th a t  in c reased  d iscrim ination  betw een  CF an d  norm al sam ples could be 

ach ieved  if sam ples w ere ta k en  from  17 w eeks g e s ta tio n  o nw ards, th o se  

ta k en  e a r lie r  hav ing  a h ig h e r  fa lse  n eg a tiv e  ra te . This was confirm ed



b y  A itken e t al. (1985) who fo und  th a t  m is-c lassifica tion  of sam ples was 

more lik e ly  a t  g e s ta tio n s  le ss  th a n  17 w eeks. F u r th e r  confirm ation of 

th e  im portance  of g e sta tio n a l v a ria tio n  was show n by  Brock e t al. (1985) 

in  th e  co u rse  of a  com parison of v a rio u s  m icrov illar enzym e a ssa y s  and  

show ed APM an d  in te s tin a l a lkaline  p h o sp h a ta se  had  fa lse  p o s itiv e  r a te s  

of 4% an d  8% re sp e c tiv e ly  b u t  fo r  each  of th e se  a  de tec tio n  r a te  of 96% 

could be  ach ieved  p ro v id ed  sam pling o c c u rre d  a f te r  17 w eeks g esta tio n .

Brock e t  al. (1983) p ro p o sed  th a t  th e  re d u c ed  levels  of p e p tid a se s , 

a lkaline  p h o sp h a ta se  and  d isacch a rid ase  a c tiv ity  in  am niotic flu id  w ere 

all in d ica tiv e  of an  abnorm ality  of th e  m icrovilli a t  th e  fo e ta l s tag e  of 

th e  d isease . C a rb a rn s  e t al. (1983) s u g g e s te d  th a t  abnorm al developm ent 

of m icrovilli o r m icrovillar a tro p h y  would explain  re d u c tio n  in  enzym e 

a c tiv ity  seen  in  am niotic flu id  from  CF p re g n a n c ie s . Van D iggelen e t  al. 

(1983) h y p o th esised  th a t  re d u c ed  g u t m obility may be re sp o n s ib le  fo r  

th e  re d u c tio n  in am niotic flu id  m icrovillar enzym e lev e ls  in  CF. 

Movement of in te s tin a l c o n te n ts  can  be  so re d u c ed  in  a  fo e tu s  a ffe c ted  

by  CF th a t  i t  may r e s u l t  in  to ta l o b s tru c tio n  of th e  small in te s tin e  

known a s  meconium ileus (M uller e t al. 1984 an d  M uller e t  al. 1985).

R educed levels  of am niotic flu id  m icrov illar enzym es in  a sso c ia tio n  w ith  

v a rio u s  in te s tin a l anom alies (P o tie r e t  al. 1977, Morin e t al. 1980, Van 

D iggelen e t al. 1983 and  Morin e t  al. 1987) an d  h ig h e r  th a n  norm al

d isacch a rid ase  a c tiv ity  fo u n d  in  th e  meconium of n eo n ates  w ith  CF, 

re su ltin g  from  accum ulation of d isac c h a r id a se s  in  slow m oving an d  v isc id

meconium, (Antonowicz e t al. 1975) ap p ea re d  to  s u p p o r t  th is  th e o ry .

However, A itken e t al. (1988) u sed  th e  p u rif ic a tio n  m ethod d e sc rib e d  by  

P o tier e t  al. (1986) to  iso la te  m icrov illar frag m e n ts  from  a  s e r ie s  of 

normal am niotic flu id s  an d  th re e  sam ples ta k e n  from p re g n a n c ie s  in



w hich th e  fo e tu s  had  c y s tic  f ib ro s is . The p u rif ied  CF sam ples showed 

re d u c e d  levels  of m altase, in te s tin a l a lkaline  p h o sp h a ta se  and  GGT by  

com parison  to  th e  co n tro l flu id s. However p ro te in  lev e ls  in  th e  p u rif ied  

fra c tio n s  from  th e  th re e  CF sam ples w ere w ith in  th e  same ra n g e  as 

th o se  seen  in  th e  norm al f lu id s  su g g e s tin g  th a t  th e re  w as no defic iency  

in  th e  am ount of m icrov illar m aterial p re s e n t  in  th e  o rig in a l sample.

1.2.4 Chromosomal D iso rd ers

Ja lan k o  and  Aula (1982) a n a ly sed  GGT a c tiv ity  in  259 am niotic flu id  

sam ples, of w hich 31 w ere from  chrom osom ally abnorm al p re g n a n c ie s . The 

rem ain ing  228, from  norm al p re g n a n c ie s , p ro v id ed  norm al co n tro l ra n g e s  

fo r  GGT a c tiv ity  a t  15, 16 an d  17 w eeks g esta tio n . Autosomal trisom y 

p re g n a n c ie s  show ed s ig n if ic a n tly  re d u c ed  levels  of GGT a c tiv ity , most 

no tab ly  in  trisom y 18 sam ples, w here  seven  o u t of n ine sam ples had 

levels  below th e  25th p e rc e n tile  of th e  norm al ra n g e . S ev era l o th e r  

a u th o rs  have confirm ed re d u c e d  am niotic flu id  GGT a c tiv ity  in 

assoc ia tion  w ith autosom al trisom ies. Each g ro u p  of a u th o rs  re p o r te d  

v e ry  h igh  p e rc e n ta g e s  of autosom al trisom y  sam ples w ith  GGT a c tiv ity  

below th e  norm al m edian. For all in v e s tig a tio n s  a n d  each  form  of 

trisom y  betw een 84% an d  100% of sam ples w ere fo u n d  to  be in  th is  

ca teg o ry . T heir f in d in g s  a re  sum m arised in  tab le  1.1.

As in  CF, a  v a r ie ty  of m icrov illar enzym es d if fe r  from  norm al in  

assoc ia tion  w ith chrom osom al d iso rd e rs . Ja lanko  an d  Heikinheimo (1983) 

a ssay ed  173 m id -trim este r am niotic flu id  sam ples fo r  a lk a lin e  p h o sp h a ta se  

a c tiv ity . Mean alkaline  p h o sp h a ta se  from 19 p re g n a n c ie s  a ffe c ted  by  

trisom y 21 and  e ig h t p re g n a n c ie s  a ffe c ted  by  trisom y  18 was ha lf of
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th a t  seen  in  norm al co n tro ls . B rock e t al. (1984) u sed  APM, GGT and  

isoenzym es of a lkaline  p h o sp h a ta se , in  an  in v e s tig a tio n  of chromosomal 

anuep lo id y , w ith  54 trisom y 21, 14 trisom y  18 an d  3 T u rn e r  syndrom e 

sam ples. S ig n ifican tly  re d u c ed  levels  of th e se  enzym es w ere seen  in  all 

th re e  form s of an eu p lo id y  in v e s tig a te d . K leijer e t  al. (1985) te s te d  

d isacch a rid ase s ; m altase , su c ra se , tre h a la se  an d  lac ta se  an d  re p o r te d  

re d u c ed  a c tiv ity  in  am niotic flu id  from  fiv e  trisom y  13 p re g n a n c ie s , 

th re e  o u t of five  trisom y  18 p re g n a n c ie s  an d  19 o u t of 22 trisom y  21 

p reg n an c ie s . M uller e t al. (1986) te s te d  am niotic flu id s  from 54 trisom y

21, 11 trisom y  18, th re e  trisom y  13 an d  th re e  T u rn e r  syndrom e

p re g n a n c ie s  and  fo u n d  s ig n ific an tly  re d u c e d  levels  of GGT, amino

p e p tid a se  M an d  in te s tin a l alkaline  p h o sp h a ta se  in  all fo u r  g ro u p s  of

sam ples. They p ro p o sed  th a t  foetal g row th  re ta rd a tio n  may acco u n t fo r

th is . Morin e t  al. (1987) confirm ed re d u c e d  m icrovillar enzym es in

am niotic flu id s  from  p re g n a n c ie s  a ffec ted  by  aneup lo idy , u s in g

d isacch arid ases; m altase, su c ra se , p a la tin ase , tre h a la se  and  la c tase , GGT 

and  alkaline  p h o sp h a ta se  ac tiv itie s . They fo u n d  re d u c ed  m icrov illar

enzym e a c tiv ity  in  sev en  o u t of 21 triso m y  21 p re g n a n c ie s , e ig h t o u t of 

te n  trisom y 18 p re g n a n c ie s  an d  one o u t of fo u r T u rn e r  syndrom e

p reg n an c ie s . However all sev en  of th e  trisom y  21 an d  five  of th e

trisom y 18 sam ples w ere a ffec ted  b y  in te s tin a l o b s tru c tio n  an d  Morin 

and  co lleagues concluded  th a t  th is  w as th e  re a so n  fo r th e  o b se rv e d  

re d u c tio n  in  enzym e a c tiv ity  and  n o t th e  p re se n c e  of an eup lo idy  p e r  se. 

No au to p sy  was availab le  in  th e  case  of th e  T u rn e r  syndrom e p re g n a n c y  

and  no exp lanation  was o ffe red  fo r re d u c e d  a c tiv ity  in  th re e  triso m y  18 

sam ples w ith o u t in te s tin a l o b s tru c tio n . G iddy e t  al. (1989) in  a  s tu d y  

of am niotic flu id  from  239 women, of whom 26 had  triso m y  21

p reg n an c ie s , u sed  leucine am inopep tidase  (LAP), GGT, a sp a ra te



tran sam in ase  (AST) and  isoenzym es of a lkaline  p h o sp h a ta se  (ALP) to  look 

fo r  th o se  p re g n a n c ie s  a ffe c ted  b y  trisom y  21 and  id en tified  LAP as  th e  

m ost re liab le  p re d ic to r  of an  a ffec ted  p re g n a n c y . T hey s u g g e s t th a t  

enzym e a s sa y  of am niotic flu id  ta k e n  fo r non-chrom osom al in d ica tio n s, 

could  be u sed  to  sc re e n  sam ples an d  in  th is  way to  h ig h lig h t th o se  

sam ples w hich should  th a n  p ro ceed  to  foeta l k a ry o ty p in g . Szabo e t aL 

(1990) u sed  132 norm al am niotic f lu id s  to  p ro v id e  norm al ra n g e s  fo r 

tre h a la se , la c tase , a lkaline  p h o sp h a ta se  an d  GGT ac tiv ity . They re p o r te d  

re d u c e d  a lkaline p h o sp h a ta se  in  am niotic flu id  from  trisom y 21 and  

re d u c ed  tre h a la se  a c tiv ity  in  trisom ies 21, 18 and  13. A sam ple from  a  

K linefelter syndrom e p re g n a n c y  had  re d u c e d  levels  of ALP an d  GGT. 

They no ted  th a t  none of th e  autosom al trisom y  fo e tu se s  had  any

ev idence  of in te s tin a l o b s tru c tio n .

T hus am niotic flu id  sam ples from  p re g n a n c ie s  a ffec ted  by  chromosomal 

d iso rd e rs  have  been  show n by  sev e ra l a u th o rs  to  have  re d u c ed  lev e ls  of 

v a rio u s  m icrovillar enzym es. To d a te , how ever, no s tu d y  h as  been  

u n d e r ta k e n  to  explain w hy th is  shou ld  be so an d  no m echanism  w hich 

exp lains re d u c tio n  in  m icrov illar enzym e a c tiv ity  in  am niotic flu id  from

th e se  p re g n a n c ie s  has b een  in v e s tig a te d . I t  is  n o t know n if m icrov illar

frag m en ts  a re  p re s e n t  in  th e  same c o n ce n tra tio n  in  th e se  sam ples o r if 

re d u c ed  num bers of su ch  frag m en ts  re a c h  th e  am niotic flu id  of

autosom al trisom y p re g n a n c ie s  o r  if th e  lo ss  of enzym e a c tiv ity  is  th e  

r e s u l t  of d is ru p tio n  of enzym e p ro d u c tio n  an d  in co rp o ra tio n  in to  th e  

m icrovillar m em brane o r  to  in c re a se d  d e g ra d a tio n  of enzym e once i t  has 

reach ed  th e  amniotic flu id .



1.3 AIMS OF THIS PROJECT

1. To in v e s tig a te  re d u c ed  levels  of m icrov illar enzym es in  amniotic

flu id  from  autosom al triso m y  p re g n a n c ie s  b y  d ire c t  exam ination of 

m icrov illar m ateria l p u r if ie d  from am niotic flu id  sam ples.

2. To a s s e s s  th e  p u rif ica tio n  of m icrov illar frag m en ts  from amniotic

flu id  u s in g  th e  m ethod d e sc rib e d  b y  P o tie r e t  al. (1986).

3. To exclude lysosom al contam ination  of p u rif ied  f ra c tio n s  u s in g  acid

p h o sp h a ta se  a c tiv ity  as  a  lysosom al m arker.

4. To confirm  th e  p u r i ty  of th e  m icrov illar f ra c tio n s  u s in g

tran sm issio n  e lec tro n  m icroscopy.

5. To com pare p ro te in  c o n cen tra tio n , GGT and  m altase a c tiv ity  in

am niotic flu id s , p r io r  to  p u rif ica tio n  and  in  p u rif ie d  frac tio n s , from 

autosom al trisom ies 21, 18 an d  13 m atched norm al co n tro ls .



2. MATERIALS AND METHODS

2.1 AMNIOTIC FLUID SAMPLES

Amniotic flu id  sam ples from th e  West of Scotland , o b ta in ed  by  

tran sab d o m in al am niocen tesis  fo r  a  v a r ie ty  of in d ica tio n s, a re  s e n t  to  th e  

D uncan G u th rie  In s t i tu te  of Medical G enetics fo r foe ta l chromosome 

a n a ly s is  and  biochem ical an a ly s is  (approxim ately  1,500 sam ples p e r  y ea r).

A fter c e n tr ifu g a tio n  fo r th e  rem oval of th e  am niotic flu id  cells, u sed  to  

e s ta b lish  foeta l cell c u ltu re s  fo r  u se  in  determ in ing  foe ta l k a ry o ty p e , th e  

s u p e rn a ta n t  f ra c tio n  (av e rag e  volume 10 -  20mls) is  d iv id ed  in to  two 

p a r ts : a  1.0ml p o rtio n  fo r  immediate biochem ical an a ly s is  (A lpha-

fo e to p ro te in  an d  A cetyl ch o lin e s te ra se  te s t in g )  and  th e  rem a in d er w hich 

is  s to re d  in  u n iv e rsa l c o n ta in e rs  a t  -20°C.

2.1.1 Q uality C ontro l Pool

Period ically , a f te r  th e  outcom es of p re g n a n c ie s  have been  confirm ed, 

b a tch e s  of norm al am niotic flu id  s u p e rn a ta n t  (as d e sc rib e d  above) a re  

pooled and  s to re d  fro zen  in  bu lk . One five  l i tr e  c o n ta in e r of pooled 

norm al flu id s  co llected  o v e r a  one y e a r  p e rio d , was a liq u o ted  in to  

volum es com parable to  th a t  of in d iv id u a l sam ples e.g . 10 15 an d  20mls 

w hich w ere th e n  u sed  to  develop  th e  m icrov illar p u rif ic a tio n  p ro to co l 

and  su b se q u e n tly  a s  a  q u a lity  c o n tro l sam ple in  each  b a tc h  of 

p u rif ica tio n s .



2.1.2 M atched Normal Amniotic F lu ids

Each sam ple of flu id  from  a  chrom osom ally abnorm al p re g n a n c y  was 

p u rif ie d  in  p a ra lle l w ith  a  sample from  a  norm al p re g n a n c y  m atched , as 

f a r  as p o ssib le , fo r  le n g th  of time in  s to ra g e , sample volume, g esta tio n a l 

age an d  g e n d e r  of th e  fo e tu s .



2.2 PURIFICATION OF MICROVILLAR FRAGMENTS FROM AMNIOTIC FLUID

U sing th e  m ethod d e sc rib e d  b y  P o tie r e t al. (1986) m icrovilli w ere 

p u rif ie d  from b o th  pooled sam ples of am niotic flu id  an d  ind iv id u a l

am niotic flu id s.

Sam ples of betw een  10ml an d  30ml w ere  f i r s t  d ia ly sed  o v e rn ig h t a g a in s t

5 l i t r e s  of d is tilled  w a te r a t  4°C. The following day  each sam ple was

d ilu ted  w ith  an  equal volume of T ris  m annitol b u ffe r  (lOOmM m annitol 

and  4mM T ris. a t  pH7) an d  th e  a p p ro p r ia te  am ount of calcium ch lo ride  

re q u ire d  to  b r in g  th e  co n cen tra tio n  to  lOmM was ad d ed  to  each . This 

was th e n  s t i r r e d  fo r  10 mins a t  4°C a f te r  w hich i t  was sp u n  in  a  4°C 

c e n tr ifu g e  a t  3000# fo r  15 mins. S u p e rn a ta n t was rem oved an d  sp u n , 

in in itia l p u rif ic a tio n s , a t  27,578# fo r 45 mins a t  4°C. In  su b se q u e n t 

p u rif ica tio n s  th e  c en tr ifu g a tio n  p ro toco l was m odified in  an  a tte m p t to  

in c re a se  th e  y ield of enzym e a c tiv ity  in  th e  m icrov illar fra c tio n s ,

co n seq u en tly  two f u r th e r  b a tch e s  of p u rif ic a tio n s  had  fina l 

c en tr ifu g a tio n  of 32,566# an d  39,410# and  re sp e c tiv e  tim es of 1 an d  1.5 

h o u rs . The re s u ltin g  m icrovillar p e lle ts  w ere re s u sp e n d e d  in  P h o sp h a te  

B uffered  Saline pH7.2 and  s to re d  a t  -20°C.

At each  s tag e  of th e  p u rif ica tio n  p ro c e ss  a  fra c tio n  of th e  sam ple was 

re ta in e d  and  s to re d  fo r  fu tu r e  u se . T hus, fo r  each  sam ple, p re -d ia ly s is , 

p o s t d ia ly sis , calcium ch lo rid e  p e lle t, calcium ch lo rid e  s u p e rn a ta n t, final 

s u p e rn a ta n t an d  m icrovillar f ra c tio n s  w ere all re ta in e d  an d  s to re d  a t  

-20°C u n til re q u ire d  fo r an a ly s is . The p u rif ica tio n  p ro c e ss  can  be 

schem atically  re p re se n te d  a s  seen  in  Fig. 1.1
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AMNIOTIC FLUID

d ia ly sed  o v e rn ig h t

lOmM CaCl2 

3000g  fo r  15 mins

CALCIUM" SUPERNATANTIf CALCIUM" PRECIPITATE

31000g“

MICROVILLAR PELLET FINAL SUPERNATANT

Fig. 1.1 P u rifica tio n  of m icrovillar frag m en ts  from am niotic flu id



2.3 PROTEIN ESTIMATION (Modified Lowry estim ation)

R eagen ts

Solution A 2% Na2C03 in  0.1M NaOH

Solution B1 1% CUSO4 in  d is tilled  w a te r 

S olution B2 2% Na K T a r tra te  in  d is tilled  w a ter

S olution C 98% of Solution A p lu s  1% of Solution B1 p lu s  1% of Solution 

B2. T his so lu tion  w as f r e s h ly  made fo r  u se  each day.

S ta n d a rd  C urve

A s ta n d a rd  so lu tion  of 500 mg/ml of Bovine Serum  Albumin was 

p re p a re d . U sing d is tilled  w a te r th is  s ta n d a rd  was d ilu ted  in  a s e r ie s  of 

d ilu tio n s  from  500 to  50 mg.

Folins re a g e n t

Folins re a g e n t w as d ilu ted  1:1 w ith  d is tilled  w ater.

A ssay p ro c e d u re

S ta n d a rd  c u rv e  an d  te s t s  w ere done in  dup lica te . D istilled w a te r  was 

u sed  as a  zero  p o in t in  th e  s ta n d a rd  cu rv e .

800 |l 1 of so lu tion  C was ad d ed  to  all tu b e s .

80 fil of s a m p le /s ta n d a rd  w as a d d ed  to  a p p ro p r ia te  tu b e s .

T ubes w ere v o rtex ed  an d  le f t to  s ta n d  fo r  10 m inutes.

While hold ing  each  tu b e  on th e  v o rte x  80 Jll of d ilu ted  Folins R eagen t 

was added .



T ubes w ere p laced  in  th e  d a rk  fo r  a t  le a s t 45 m inu tes to  allow colour to  

develop.

T hese w ere th e n  re a d  a g a in s t  a  re a g e n t  b lank  a t  0  D 750 nm. The 

s ta n d a rd  c u rv e  was p lo tte d  on a  g ra p h  and  u sed  to  ca lcu la te  th e  te s t  

re s u lts .

In  each  b a tch  of te s t s  a  q u a lity  co n tro l sample of pooled am niotic flu id  

was ru n  a s  a  m easure  of a ssa y  perform ance.



2.4 GAMMA GLUTAMYL TRANSFERASE ASSAY

Gamma Glutam yl tr a n s fe ra s e  (GGT) a c tiv ity  was estim ated  u s in g  a  

m odified Sigma d ia g n o s tic s  k it.

A ssay  Reaction

This u tilis e s  th e  co n v ers io n  of th e  a rtif ic ia l s u b s tr a te  gamma glutam yl 

p -n itro a n ilid e  (w hich is  co lourless) in  th e  p re se n c e  of g lycy lg ly c in e  in to  

gamma g lu tam y lg ly cy lg ly c in e  and  p -n itro an ilin e  w hich a b so rb s  lig h t 

s tro n g ly  a t  405 nm. The ra te  of in c rease  in  a b so rb an ce  is d ire c tly  

p ro p o rtio n a l to  GGT a c tiv ity  in  th e  sample.

A ssay R eagent

GGT re a g e n t  is  re c o n s ti tu te d  w ith d is tilled  w a te r p ro v id in g  a  so lu tion  of

4.4 mmol/1 gamma glu tam yl p -n itro an ilid e  and  75 mmol/1 g lycy lg lyc ine  in  

2-am ino-2-m ethy l p ro p an d io l b u ffe r  (0.2M) a t  pH8.2 . T his is  w arm ed to  

betw een  37°C an d  50°C an d  w hen com pletely d isso lv ed  th e  re a g e n t is  

cooled to  a ssa y  te m p e ra tu re  (30°C) b e fo re  use.

A ssay P ro ced u re

1 ml of GGT re a g e n t was d isp en sed  in to  a  sem i-m icro g la ss  c u v e tte  and  

mixed w ith  0.02 ml of sam ple. This was p laced  in  a Pye Unicam SP8-100 

UV/VIS sp ec tro p h o to m ete r w ith  te m p e ra tu re  co n tro l c u v e tte  cham ber and  

in te g ra l c h a r t  re c o rd e r . One m inute p re - in c u b a tio n  a t  a s s a y  te m p e ra tu re  

(30°C) was allowed to  en ab le  th e  in itia l "lag p h a se ” to  p a ss  b e fo re  th e  

c h a r t  re c o rd e r  w as u sed  to  tra c e  th e  lin ea r in c re a se  in  ab so rb an c e , a t  

405 nm, o v e r a  p e rio d  of 1-3 m inutes of reac tio n  time.



S u b se q u e n tly  th e  ch an g e  in  a b so rb an ce  o v e r time w as u sed  to  calcu la te  

th e  GGT a c tiv ity  in  th e  sam ple u s in g  th e  following form ula.

A PER MIN x TV x 1000 
GGT ACTIVITY U/L = 9.9 x SV x LP

A PER MIN = change  in  ab so rb an ce  p e r  min a t  405 nm

TV = Total re a c tio n  volume (1.02 ml)

SV = Sample volum e (0.02 ml)

9.9 = Millimolar a b so rp tiv ity  of p -n itra n ilin e

a t  405 nm 

LP = L ight p a th  (1 cm)

1000 = C onverts u n its  p e r  ml to  u n its  p e r  l i t r e

A q u a lity  co n tro l sample of pooled am niotic flu id  w as in c lu d ed  in  each  

b a tch  of te s t s  as a m easure  of a s sa y  perform ance.



2.5 MALTASE ASSAY

T his m ethod w as d e sc rib e d  b y  C laass e t al. (1985) in  "C h ara c te ris tic s  of 

M altase in  am niotic flu id "  an d  u se s  th e  a rtif ic ia l s u b s tr a te  

4 -M ethylum bellifery l ap h a-D -g lu co p y ran o sid e  w hich in  th e  p re se n c e  of 

m altase is  c leaved  to  re lease  f lu o re sc e n t m ethylum belliferone. The 

co n ce n tra tio n  of m ethy lum belliferone so re le a se d  is  com pared w ith  a 

s ta n d a rd  so lu tion  of m ethylum belliferone an d  th e  f ig u re s  u sed  in  th e  

ca lcu la tion  show n.

R eagen ts

Sodium Maleate B uffer

0.1M Solution of Sodium Maleate (BDH) pH6.0 

S u b s tra te  Solution

2.2mmol of 4 M ethyl um bellife ry l a lp h a -d -g lu c o p y ra n o s id e  (Koch L igh t 

L td.) in  10 ml Sodium M aleate B uffer.

S topp ing  B uffer

0.5M B icarbonate  /  C arbonate  B uffer pH 10.7

A small volume of 0.5M sodium  b ica rb o n a te  so lu tion  w as t i t r a te d  to  

pH10.7 w ith  0.5M sodium c a rb o n a te  so lu tion . (S tock  may be s to re d  fro ze n  

a t  -20°C fo r fu tu re  use .)

M ethylum belliferone S ta n d a rd

2|lm olar m ethylum belliferone (Koch L igh t L td .) in  0.4M sodium p h o sp h a te



b u ffe r  w ith  0.5M g lycine was made and  d isp en se d  in to  1 ml a liq u o ts , 

s to re d  a t  -20°C. A f r e s h  a liquo t of s ta n d a rd  w as u sed  fo r  each  assay .

A ssay M ethod

Each a s s a y  in c lu d ed  a  w a ter b lank  and  a  q u a lity  co n tro l sample (an 

a liq u o t of pooled am niotic flu id ). Each estim ation  was done in  tr ip lic a te . 

A so lu tion  of 2 microm olar m ethylum belliferone (Sigma) in  s to p p in g

b u ffe r  w as u se d  as  a  s ta n d a rd  a g a in s t  w hich  th e  flu o rescen ce  in  te s t  

sam ples was com pared.

20 | i l  of s u b s tr a te  so lu tion  was ad d ed  to  e v e ry  tu b e

10 p i  of w a te r was ad d ed  to  b lank  tu b e s

10 p i of co n tro l was ad d ed  to  th e  co n tro l tu b e s

10 p i of sam ple w as ad d ed  to  th e  a p p ro p r ia te  sam ple tu b e s

T ubes w ere cap p ed  an d  v o rtex ed  u s in g  a  m u lti- tu b e  v o r te x e r  (2601 

S cien tific  M anufac tu ring  In d u s tr ie s )  an d  in c u b a ted  a t  37°C fo r 1 h o u r in  

a  w a te rb a th  (G ran t in s tru m e n ta l, Cam bridge, L td .).

The reac tio n  was s to p p ed  by  th e  ad d itio n  of 0.5 ml of 0.5M

B icarb o n a te /C arb o n ate  s to p p in g  b u ffe r  pH 10.7 to  each  tu b e .

R eadings of th e  flu o rescen ce  w ere  made in  a  P e rk in  Elmer MPF-44B 

F luo rescence  S p ec tropho tom eter a t  365 nm ex cita tio n  w av elen g th  448 nm 

em ission w aveleng th .

U sing an  em pty c u v e tte  th e  m achine was s e t  to  zero , re a d in g s  of a  

w a ter b lank  and  s ta n d a rd  m ethylum belliferone so lu tion  w ere  made. S e ts



of tr ip lic a te  re a d in g s  w ere ta k en  w ith  re fe re n c e  to  th e  

m ethy lum belliferone s ta n d a rd  and  an y  te n d en c y  fo r th e  m achine to  d r if t  

w as c o rre c te d  b e fo re  each  s e t of tr ip lic a te s  w as read . The v a lu e  of th e  

w a te r b lan k  w as s u b tra c te d  from th e  mean of th e  tr ip lic a te  re a d in g s  and  

M altase a c tiv ity  w as ca lcu la ted  as  follows.

F lu o rescen ce  -  b lank  1000 30 2
X X X 

1 10 S
M altase a c tiv ity  U /l

60(m inutes)

F lu o rescen ce  = th e  c h a r t  re a d in g  of th e  sample

b lank = th e  c h a r t  re a d in g  of th e  b lank

1000 = u n it co n v ersio n  fa c to r

30 = th e  fina l a ssa y  volume(fll)

2

10 = th e  sample volum e(nl)

= th e  s ta n d a rd  m ethylum belliferone value(jlM )

S = th e  c h a r t  re a d in g  of th e  s ta n d a rd

A q u a lity  co n tro l sample of pooled am niotic flu id  was in c lu d ed  in  each  

b a tch  of te s t s  as a  m easure of a s sa y  perfo rm ance.



2.6 ACID PHOSPHATASE

Acid p h o sp h a ta se  w as m easured  u s in g  a  B o eh rin g er Mannheim GmbH 

d iag n o stica  k i t  d e s ig n ed  fo r  u se  w ith  serum . I t  w as n e c e s sa ry  th e re fo re  

to  a d ju s t  th e  volum es u sed  to  allow fo r  th e  d iffe ren c es  in  co n cen tra tio n  

betw een  serum  an d  am niotic flu id .

A ssay p rin c ip le

p -n itro p h e n y lp h o sp h a te  p lu s  w a te r r e a c t  in  th e  p re se n c e  of acid  

p h o sp h a ta se  to  g ive  p h o sp h a te  an d  p -n itro p h en o l.

R eagen ts

B uffer -  c i t ra te  b u ffe r  50m m ol/litre pH4.8

S u b s tra te  -  sodium  p -n itro p h e n y lp h o sp h a te  5 .5m m ol/litre in  ta b le t  form  

P rep a ra tio n  an d  s ta b ility  of so lu tions

B uffer was p re p a re d  by  d ilu tin g  re a g e n t p ro v id ed  w ith  100 mis of 

re -d is til le d  w a ter. This is s tab le  fo r  1-2 y e a rs  a t  p lu s  8°C.

One ta b le t of s u b s tr a te  w as d isso lved  in  10 ml of b u ffe r . This is  s tab le  

fo r  1 week a t  2-8°C.

100 mis of 0 .02m o l/litre  sodium hyd ro x id e  so lu tion  was a lso  p re p a re d . 

A ssay P ro ced u re

A sample b lank  is  p re p a re d  fo r  com parison  w ith  each  sam ple reac tio n  

tu b e .

100 ft 1 of s u b s tr a te  w as d isp en se d  in to  bo th  "b lan k "an d  " te s t"  tu b e s .

20 (ll of sam ple was ad d ed  to  " te s ts "  only.

T ubes w ere in cu b a ted  a t  37°C in a  w a te r b a th  fo r  30 m inu tes exactly .



1 ml of sodium  hyd ro x id e  w as th e n  ad d ed  to  each  tu b e . F inally  20 Jll of 

sample w as ad d ed  to  "b lank" tu b e s .

A bsorbance  in  "b lan k s"  an d  " te s ts "  was re a d  a t  405 nm in  a  PYE 

UNICAM SP8-100 UV/VIS sp ec tro p h o to m ete r. The v a lu e  o b ta in ed  fo r  

"b lank" tu b e s  w as s u b tra c te d  from  th a t  of th e  " te s t"  in  each  case. The 

a b so rb an ce  f ig u re s  th u s  o b ta in ed  w ere m ultip lied  by  101 to  c o n v e r t  to  

U /l th u s :-

A bsorbance  x 101 = U /l (37°C)

A q u ality  co n tro l sam ple of pooled am niotic flu id  w as in c lu d ed  in  each  

b a tch  of te s t s  as a  m easure  of a ssa y  perfo rm ance.
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2.7 STATISTICAL ANALYSIS

The M initab so ftw are  p ro g ram  was chosen  fo r  s ta t is tic a l an a ly s is  of d a ta  

b ecau se  of th e  re la tiv e ly  small num bers  invo lved  in  a n y  d a ta  se t, no 

g ro u p  h av in g  g re a te r  th a n  40 in d iv id u a l re s u lts .

2.7.1 M initab "DESCRIBE"

U sing th e  m initab "DESCRIBE" command m initab will p ro v id e  a  mean, 

s ta n d a rd  dev ia tion , trim m ed mean, s ta n d a rd  e r ro r ,  m edian, low est and  

h ig h e s t va lue  in  an y  g iv en  d a ta  se t. The s ta tis tic a l p e ram e te rs  u sed  in  

th is  s tu d y  w ere d e riv e d  in  th is  way.

2.7.2 M initab "TWOSAMPLE" ( s tu d e n ts ^  t  te s t )

M initab p rog ram  "TWOSAMPLE" w as u sed  fo r s tu d e n t  t  te s tin g . This 

p rog ram  u se s  th e  d iffe ren ce  betw een m eans of u n p a ire d  d a ta  and  does 

n o t assum e equal v a rian ce  fo r  th e  pop u la tio n s  com pared. U nless 

o therw ise  spec ified  a  confidence  in te rv a l of 95% is  u sed . The form ula 

u sed  fo r d e riv a tio n  of th e  t  va lue  is  a s  follow s:-

(xi-X2)
t=

n l  n 2

si^
+

Where x th e  g ro u p  mean

s th e  g ro u p  s ta n d a rd  dev iation

n th e  num ber of sam ples in  th e  g ro u p



On com pletion of "TWOSAMPLE" an a ly s is  M initab p ro v id e s  fo r  each  d a ta  

s e t  a  l is t  of th e  num ber of sam ples, mean, s ta n d a rd  dev iation , and  

s ta n d a rd  e r r o r  mean fo r  each  s e t of da ta . I t  a lso  show s th e  D egrees of 

Freedom  an d  T an d  p  v a lues.

2.8 ELECTRON MICROSCOPY

To exam ine th e  m orphology of th e  m ateria l p re s e n t  in  th e  p e lle t o f th e  

p u rif ie d  f ra c tio n s  tran sm iss io n  e lec tro n  m icroscopy w as used .

P e lle ts  of m icrovilli w ere  sc rap e d  in to  cacody la te  b u ffe r  co n ta in in g  2% 

g lu te ra ld e h y d e . The m ateria l th u s  fixed was th e n  held  in  K ranow sky’s 

b u ffe r . Clumps of p e lle t m ateria l w ere th e n  d e h y d ra te d  th ro u g h  a 

g rad ed  s e r ie s  of ace to n es  an d  em bedded in  EMIX (epoxy re s in )  

em bedding ag en t.

"Thick" (approxim ately  1 m icron) sec tio n s  w ere c u t  from  th e se  b locks 

and  exam ined by  l ig h t m icroscope to  v e r ify  a lignm ent of th e  block 

b efo re  p ro ceed in g  to  c u t  " th in "  (500 A ngstrom ) sec tio n s . T hese " th in "  

sec tio n s  w ere th e n  s ta in ed  w ith  u ra n y l a ce ta te  an d  lead  c i tra te ,  m ounted 

on co p p er g r id s , an d  exam ined u s in g  a P h ilips 200CX E lectron  

M icroscope.

G rids w ere scanned  a t  xl4,000 m agnification an d  c lo se r exam ination of 

fe a tu re s  from  x20,000 u p  to  xl40,000 m agnification.

P h o to g rap h s  of ty p ica l fie ld s  an d  s t r u c tu r e s  a t  b o th  low and  h ig h  

m agnification w ere tak en .



3. RESULTS

3.1 INITIAL PURIFICATION

U sing th e  m ethod d esc rib e d  b y  P o tie r e t al, (1986), frag m en ts  of 

m icrovilli w ere  e x tra c te d  from  th re e  pools of am niotic flu id  s u p e rn a ta n ts  

w hich had  been  s to re d  a t  -20°C. The p ro te in  c o n te n t of each  of th e  

fra c tio n s  in  th e  in itia l p u rif ica tio n  gave sim ilar r e s u l ts  to  th o se  of P o tie r 

e t al, (1986) see  tab le  3.1. The level of gamma glutam yl tr a n s fe ra s e  

(GGT) a c tiv ity  in  th e  m icrovillar p e lle t w as, how ever, co n s id e rab ly  lower 

th a n  th a t  found  by  P o tier e t  al, (1986). In  th is  s tu d y  th e  mean GGT 

a c tiv ity  in  in itia l sam ples was 58.3 U /g  (S.D.=29.6, n=3) and  in  th e  

m icrovillar fra c tio n  89.7 U /g  (S.D.=60.5, n=3) w ith  a  mean p ro te in  

c o n ten t of 2.25 mg (S.D.=0.68, n=3) w hich re p re s e n ts  2.7% re c o v e ry  of 

o rig in a l to ta l GGT a c tiv ity , com pared to  10.9% re c o v e ry  fo u n d  by  P o tie r 

e t al, (1986). M odifications to  th e  p ro toco l w ere  in tro d u ce d  in  an  

a ttem p t to  im prove th e  enzym e y ield  in th e  p u rif ied  m icrov illar fra c tio n s .

3.2 PURIFICATION MODIFICATIONS

M odifications su ch  as  re su sp e n d in g  th e  m icrovillar p e lle t in  p h o sp h a te  

b u ffe red  saline (PBS), son ica tin g  p e lle t m ateria l an d  in c re as in g  

c en tr ifu g a tio n  sp eed  and  time fo r  p e lle tin g  m icrovilli w ere  made in  an  

e ffo r t  to  im prove enzym e re c o v e ry .

3.2.1 R esuspension  of p e lle ts

In itia l p u rif ica tio n s  of n ine pooled sam ples re s u lte d  in  m icrov illar p e lle ts



I n i t i a l  p u r i f i c a t i o n P o t i e r  e t  al, ( 1 9 8 6 )

In itia l pool 100.0% 100.0%

Calcium p re c ip ita te  0.4% 0.9%

Calcium s u p e rn a ta n t  84.0% 88.0%

Final s u p e rn a ta n t  85.0% 75.0%

M icrovillar f ra c tio n  2.0% 0.6%

Table 3.1 : Mean p e rc e n ta g e  to ta l p ro te in  in  in itia l p u rif ic a tio n  com pared  

to  P o tie r e t  aL (1986)



w hich  had  a  m ean GGT enhancem en t of 1.6 tim es th e  o rig in a l GGT 

a c tiv ity . The u se  of PBS in s te ad  of fina l s u p e rn a ta n t  fo r  re su sp e n s io n  

of p e lle t m ateria l in  th e  following p u rif ic a tio n  of th re e  pooled sam ples, 

re s u lte d  in  m icrov illar p e lle ts  w ith  a  mean enzym e en h an cem en t of 3.2 

tim es th e  o rig in a l a c tiv ity  i.e. 100% in c re a se . This m odification w as

ad o p ted  fo r  all f u r th e r  p u rif ica tio n s .

3.2.2 Sonication

Sonication of th e  re su sp e n d e d  m icrovillar p e lle t b e fo re  enzym e a ssa y  did 

no t p ro v id e  a  c o n s is te n t in c re a se  in  enzym e a c tiv ity  and  w as n o t u sed  

in  fu tu r e  enzym e a s s a y s  (Table 3.2).

3.2.3 C en trifu g a tio n

In c re a s in g  c e n tr ifu g a tio n  fo rce  from  27,578g th ro u g h  32,566^ to  39,410^ 

and  time from 45 m inu tes th ro u g h  one h o u r  to  one an d  a  ha lf h o u rs  

p ro v id ed  in c re ase d  mean p ro te in  y ield  from  1.3% to  1.7% to  2.1% and  

im proved enzym e re c o v e ry  in  m icrov illar p e lle ts  from  x3.0 to  x6.8 to  x8.7 

in  q u a lity  co n tro l sam ples (Table 3.3). T hese  in c re a se s  in  c e n tr ifu g a l 

fo rce  and  time w ere th e re fo re  ad o p ted  a s  m odifications to  th e  

p u rif ica tio n  pro tocol.

3.3 EXCLUSION OF LYSOSOMAL CONTAMINATION

In  th e  co u rse  of p u rif ic a tio n  lysosom al m ateria l was rem oved by  

p rec ip ita tio n  w ith calcium  ch lo ride . To e n su re  th a t  th is  p ro c e ss  had



GGT ACTIVITY (U/L)

s a m p le
w i t h o u t

s o n i c a t i o n
w i t h

s o n i c a t i o n
p e r c e n t a g e
d i f f e r e n c e

POOL 8 213 240 +12

POOL 9 247 316 +28

POOL 10 206 206 0

POOL 11 282 344 +22

873983 240 186 -23

874302 234 164 -30

Table 3.2 : E ffect of son ica tion  on GGT a c tiv ity  in  m icrov illar f ra c tio n s



BATCH 1 BATCH 2 BATCH 3
27,578g  32,566g 39,410^
45 mins. 1 h o u r 1.5 h o u rs

P ro te in
re c o v e re d  1.3% 1.7% 2.1%

GGT
enhancem en t x3.0 x6.8 x8.7

No of Sam ples n=7 n=10 n=7

Table 3.3 : The e ffec ts  of in c re a s in g  c e n tr ifu g a l fo rce  an d  time on 
p ro te in  c o n ten t and  GGT a c tiv ity  in  m icrovillar p e lle ts  of q u a lity  con tro l 
sam ples



been  su c c e ss fu lly  com pleted m icrovillar p e lle ts  w ere te s te d  fo r  th e  

lysosom al enzym e acid  p h o sp h a ta se . Tw enty fo u r  sam ples from  six 

p u rif ic a tio n s  g av e  m ean acid  p h o sp h a ta se  a c tiv ity  of 2.8 U /gm  of p ro te in  

(S.D.=2.1, n=24) in  m icrov illar frac tio n s , in d ica tin g  n eg lig ib le  lysosom al 

contam ination .

3.4 ELECTRON MICROSCOPY

P u rified  m ateria l from  th e  q u a lity  co n tro l sam ple was p re p a re d  fo r 

tran sm iss io n  e le c tro n  m icroscopy  a s  d e sc rib e d  in  m ateria ls  an d  m ethods 

(section  2.8). Exam ination of th is  m ateria l confirm ed th e  p re se n c e  of 

m icrov illar v esic le s  a s  d e sc r ib e d  b y  P o tie r e t al. (1986) an d  Schm itz e t  

al. (1973). Both sm ooth an d  ro u g h  v esic les  of v a ria b le  c ircu m feren ce  

w ere seen  w ith  c lea rly  defin ed  double m em brane s t r u c tu r e  a n d , on 

ro u g h  v esic le s , th e  o u te r  e le c tro n -d e n se  s t r u c tu r e s  re sp o n s ib le  fo r  th e  

’’cogw heel” a p p ea ra n ce  d e sc rib e d  b y  P o tier e t al. (1986). 

P ho tom icrographs of ty p ic a l fie ld s  can  be seen  in  f ig u re s  3.1, 3.2 and

3.3 .

3.5 QUALITY CONTROL SAMPLE (EXCLUSION OF NORMAL GROUP BIAS)

The q u a lity  co n tro l sam ple, d e riv ed  from  a  pool of a t  le a s t  500 norm al 

am niotic flu id  s u p e rn a ta n ts ,  w as in c lu d ed  in  each  b a tch  of p u rif ica tio n s . 

Using s tu d e n t’s t - t e s t  th e  q u a lity  co n tro l sample d a ta  w ere com pared 

w ith  th e  norm al am niotic flu id  g ro u p . Mean p ro te in  co n ce n tra tio n  fo r  th e  

qu a lity  co n tro l g ro u p  w as 5,240 mg/1 (S.D.=761, n=36) an d  fo r  th e  norm al 

sample g ro u p  was 5,285 mg/1 (S.D.=1,644, n=34), mean GGT a c tiv ity  fo r  

th e  q u a lity  co n tro l g ro u p  was 67.7 U /g  (S.D.= 9.4, n=31) a n d  fo r th e



norm al sam ple g ro u p  was 67.5 U /g  (S.D.=34.1, n=35) an d  mean m altase 

a c tiv ity  fo r  th e  q u a lity  co n tro l g ro u p  w as 44.2 U /g  (S.D.= 14.4, n=17) 

an d  fo r  th e  norm al sample g ro u p  w as 58.3 U /g  (S.D.=32.4, n=24). P 

v a lu es  fo r  each  of th e se  p a ram ete rs  w ere  0.66, 0.98 an d  0.068

re sp e c tiv e ly  confirm ing th a t  th e re  was no s ta tis tic a lly  s ig n ific a n t 

d iffe ren ce  betw een  th e  two g ro u p s  an d  in d ica tin g  th e  ab sen ce  of 

selec tion  b ias  in  th e  norm al sam ple g roup .
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Fig 3.1 T ran sm iss io n  e le c tro n  m ic ro g ra p h s  show ing  s e v e ra l  ’sm ooth’ 

m ic ro v illa r  v e s ic le s . M agn ifica tion , ab o v e  x20,000 : below x40,000
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Fig. 3.2 T ran sm iss io n  e le c tro n  m ic ro g ra p h s  sh o w in g  a  s in g le  ’ro u g h ’ 

m ic ro v illa r  v e s ic le  w ith  v is ib le  d o u b le  m em brane s t r u c t u r e  an d  electron  

d e n se  p ro je c tio n s . M agn ifica tion , ab o v e  x20,000 : below  x67,000

*11! 11 
I



Fig. 3.3 T ran sm iss io n  e le c tro n  m ic ro g ra p h s  of ’r o u g h ’ m ic ro v illa r 

v e s ic le s , h ig h  m ag n ifica tio n  c le a r ly  show s d o u b le  m em brane s t r u c tu r e  

a n d  e le c tro n  d en se  p ro je c tio n s .  M agnifica tion , a b o v e  x20,000 : belcw 

xl00,000

- 3 9 -



3.6 PROTEIN CONCENTRATION

Means an d  s ta n d a rd  d ev ia tio n s  of p ro te in  co n cen tra tio n  in  th e  in itia l 

sam ples, fina l s u p e rn a ta n ts  an d  m icrov illar f ra c tio n s  fo r  each  g ro u p  of 

am niotic flu id  sam ples (q u a lity  co n tro l, norm al, trisom y  21, tr iso m y  18 

and  triso m y  13) a re  show n in  tab le  3.4

S ca tte rg ram s com paring th e  d is tr ib u tio n  an d  ra n g e  of p ro te in  

c o n cen tra tio n s  fo r  each  of th e  above g ro u p s  w ere  d raw n fo r in itia l flu id  

(Fig. 3.4), final s u p e rn a ta n t  (Fig. 3.5) an d  m icrov illar f ra c tio n s  (Fig. 3.6).

3.6.1 Protein concentration in  normal and trisom y 21 samples

In itia l p ro te in  co n cen tra tio n  in  norm al f lu id s  h ad  a  mean of 5,285 mg/1 

(S.D.=1,644, n=34). Trisom y 21 f lu id s  fa ll w ith in  th is  norm al ra n g e  

hav ing  a  mean va lue  of 5,068 mg/1 (S.D.=1,351, n=12). A p va lue  of 0.65 

confirm s th a t  th e re  is  no s ta tis tic a lly  s ig n if ic a n t d iffe ren ce  betw een 

th e se  re s u lts .

A sim ilar p a t te rn  was found  in  th e  fina l s u p e rn a ta n t  w ith , fo r  norm al 

flu id s , a  mean of 2,319 mg/1 (S.D.=813, n=34) an d  fo r trisom y  21 f lu id s  

a mean value  of 2,418 mg/1 (S.D.=856, n=12). T h ere  is  no s ta tis tic a lly  

s ig n ific an t d iffe ren ce  betw een  th e se  d is tr ib u tio n s  (p=0.73).

M icrovillar f ra c tio n s  had  a  mean p ro te in  c o n te n t of 709 mg/1 (S.D.=469, 

n=34), fo r  norm al sam ples, an d  578 mg/1 (S.D.=333, n=12) fo r  trisom y 21 

flu id s. Again th e re  is  no s ta tis tic a lly  s ig n if ic a n t d iffe ren ce  betw een 

norm al an d  trisom y 21 flu id s  (p=0.3).



INITIAL FLUID

Sam ples MEAN S.D. n

Q.C. 5420 761 36

NORMAL 5285 1644 34

TRISOMY 21 5068 1351 12

TRISOMY 18 3706 490 5

TRISOMY 13 6440 2782 4

FINAL SUPERNATANT

Sam ples MEAN S.D. n

Q.C. 2458 298 36

NORMAL 2319 813 34

TRISOMY 21 2418 856 12

TRISOMY 18 1687 414 5

TRISOMY 13 3050 1680 4

MICROVILLAR FRACTION

Sam ples MEAN S.D. n

Q.C. 720 299 36

NORMAL 709 469 34

TRISOMY 21 578 333 12

TRISOMY 18 678 279 5

TRISOMY 13 500 406 4

Table 3.4 Mean p ro te in  c o n ce n tra tio n  (mg/1) fo r  each  g ro u p . 

(S .D .= standard  dev ia tio n , n=num ber of sam ples, Q .C,=quality 

co n tro l)



-  +------------------ +----------------- +----------------- +----------------- +----------------- +------- QC AF

-  -\-------------------- H------------------- 1-----------------—I------------------- 1------------------ H------- NORM AF

-  +------------------ +----------------- +----------------- +----------------- +----------------- +------- T21 AF

» •  •  •  •

-  +------------------ +----------------- +----------------- +----------------- +----------------- +------- T18 AF

-  +------------------ +----------------- +----------------- +----------------- +----------------- +------- T13 AF
3 2 0 0  4800  6400 8000  9600 11200

Fig. 3.4 P ro te in  c o n ce n tra tio n s  (mg/1) fo r  each  g roup  of in itia l sam ples 

(AF=initial am niotic flu id , NORM=normal sam ples, T21=trisomy 21 sam ples, 

T18=trisom y 18 sam ples, T13=trisomy 13 sam ples, Q .C.=quality con tro l 

sam ples)
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+-----------------+----------------- +----------------- +----------------- +----------------- +------QC FS

+-----------------+----------------- +----------------- +----------------- +----------------- +------NORM FS

+-----------------+----------------- +----------------- +----------------- +----------------- +------T21 FS

+-----------------+----------------- +----------------- +----------------- +----------------- +------T18 FS

 +----------------- +----------------- +----------------- +----------------- +----------------- + T13 FS
1400  2100 2800 3500 4200  4900

Fig. 3.5 P ro te in  co n cen tra tio n  (mg/1) fo r each g roup  of fina l s u p e rn a ta n t 

f rac tio n s  (FS=final s u p e rn a ta n t frac tio n , NORM=normal sam ples, 

T21=trisomy 21 sam ples, T18=trisomy 18 sam ples, T13=trisomy 13 sam ples, 

Q .C.=quality co n tro l sam ples)
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+  LLL+LL-LLL— +---1---------- + -------------------- + -------------------- + ----------------q c  mv

•  • » * • » • • • • • • • •  •  * •  *

+------------------ +-----------------+------------------+------------------+------------------+------------NORM MV

+-----1 - 1 - 1 -  +----- 1 ---------- +------------------+------------------+------------------+------------T21 MV

+-------------- - -  +-----------------+----------------- +------------------+------------------+------------T18 MV

+------------------ +-----------------+------------------+------------------+------------------+------------T13 MV
0 500 1000 1500 2000  2500

Fig. 3.6 P ro te in  co n ce n tra tio n  (mg/1) fo r each  g ro u p  of m icrovillar 

f ra c tio n s  (MV=microvillar f rac tio n , NORM=normal sam ples, T21=trisomy 21 

sam ples, T18=trisomy 18 sam ples, T13=trisomy 13 sam ples, Q.C.=quality 

con tro l sam ples)
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T hus no s ta t is tic a lly  s ig n ific an t d iffe ren ce  in  p ro te in  co n cen tra tio n  

betw een  norm al am niotic flu id s  an d  th o se  of trisom y  21 sam ples was seen  

in  a n y  of th e  f ra c tio n s  te s te d .

3.6.2 Protein concentration in  normal and trisom y 18 samples

Five triso m y  18 sam ples had an  in itia l p ro te in  co n cen tra tio n  betw een

3,000 mg/1 an d  4,000 mg/1, w ith  a  mean of 3,706 mg/1 (S.D.=490, n=5). 

This is  73.1% of th e  norm al mean of 5,285 mg/1 (S.D.=1,644, n=34) an d  is  

a  s ta t is t ic a lly  h ig h ly  s ig n ific an t re d u c tio n  (p = 0.0002).

F inal s u p e rn a ta n t  sam ples show a  sim ilar re la tio n sh ip  betw een  norm al 

a n d  triso m y  18 sam ples w ith a  m ean v a lu e  fo r  trisom y  18 sam ples of 

1,687 mg/1 (S.D.=414, n=5). T his is  72.7% of th e  norm al mean of 2,319 

mg/1 (S.D.=813, n=34) an d  is  a  s ta tis tic a lly  s ig n if ic a n t re d u c tio n

(p=0.022). T his d iffe ren ce  is n o t seen  in  th e  m icrov illar f ra c tio n s  of 

tr iso m y  18 sam ples. No re d u c tio n  in  p ro te in  co n cen tra tio n  is  a p p a re n t  

w hen  triso m y  18 m icrov illar f ra c tio n s  a re  com pared w ith  th e  norm al 

m ic rov illa r fra c tio n s . Mean p ro te in  co n cen tra tio n  fo r  triso m y  18 

m icrov illa r f ra c tio n s  w as 678 mg/1 (S.D.=279, n=5) w hich is  95.6% of th e  

norm al m ean w hich was 709 mg/1 (S.D.=469, n=34). T h ere  is  no 

s ta t is t ic a lly  s ig n ific a n t d iffe ren ce  (p=0.84) betw een  th e  two g ro u p s  of 

sam ples.

T h e re fo re  a lth o u g h  p ro te in  co n cen tra tio n  p r io r  to  p u rif ic a tio n  an d  in  

fin a l s u p e r n a ta n t  show s a  s ta tis tic a lly  s ig n ific a n t re d u c tio n  from  norm al, 

th e re  is  no su ch  s ta tis tic a lly  s ig n if ic a n t re d u c tio n  in  p u rif ied  m icrov illar 

f ra c tio n s  of triso m y  18 sam ples.



3.6.3 Protein concentration in normal and trisom y 13 samples

The fo u r  trisom y 13 sam ples showed no co n sis te n cy  re g a rd in g  p ro te in  

c o n ce n tra tio n  in  th e  in itia l sam ple, each  sample being  w idely se p a ra te d  

from  th e  o th e rs , sometimes b y  g re a te r  th a n  1,000 mg/1. The m ean of 

6,440 mg/1 (S.D.=2,782, n=4) is 27% h ig h e r  th a n  th e  norm al mean of 5,285 

mg/1 (S.D.=1,644, n=34) b u t n o t s ta tis tic a lly  s ig n ific an tly  d if fe re n t 

(p=0.47) from  it.

In  th e  fin a l s u p e rn a ta n t  frac tio n , th e  mean of th e  trisom y  13 sam ples, 

3,050 mg/1, (S.D.=1,680, n=4) is  31.5% h ig h e r th a n  th a t  of th e  norm al 

mean 2,319 mg/1, (S.D.=813, n=34). This is  n o t a  s ta tis tic a lly  s ig n if ic a n t 

d iffe ren c e  (p=0.45).

In  th e  m icrov illar fra c tio n s , th e  norm al mean is  709 mg/1 (S.D.=469, n=34) 

a n d  th e  trisom y  13 mean is  500 mg/1 (S.D.=406, n=4) w hich is 29.5% low er 

th a n  norm al b u t th is  is  n o t a  s ta tis tic a lly  s ig n ific a n t re d u c tio n  (p=0.41).

T hus, a s  w ith  trisom y  21 sam ples, no s ig n ific a n t d iffe ren ce  in  p ro te in  

c o n c e n tra tio n  betw een  norm al am niotic flu id s  an d  th o se  of triso m y  13 

sam ples is  seen  in  an y  of th e  fra c tio n s  te s te d  a lth o u g h  in  triso m y  13 

th e  n u m b er of sam ples is  small an d  th e  s ta n d a rd  dev iation  is w ide.

3.7 GAMMA GLUTAMYL TRANSFERASE (GGT) ACTIVITY

Means an d  s ta n d a rd  d ev ia tions of GGT a c tiv ity  in  th e  in itia l sam ples, 

fin a l s u p e rn a ta n ts  an d  m icrovillar fra c tio n s  fo r  each  g ro u p  of am niotic



flu id  sam ples (q u a lity  co n tro l, norm al, trisom y  21, trisom y 18 an d  trisom y  

13) a re  show n in tab le  3.5.

S ca tte rg ram s com paring th e  d is tr ib u tio n  an d  ra n g e  of GGT a c tiv ity  fo r  

each  of th e  above g ro u p s  of sam ples w ere d raw n  fo r in itia l flu id  (Fig, 

3.7), fina l s u p e rn a ta n t  (Fig. 3.8), an d  m icrovillar frac tio n  (Fig. 3.9).

3.7.1 Gamma glutamyl tran sferase  a ctiv ity  in normal and trisom y 21 

samples

All tw elve trisom y  21 am niotic flu id  sam ples had  in itia l GGT a c tiv ity  

w hich was le ss  th a n  th e  norm al g ro u p  mean of 67.5 U /g  (S.D.=34.1, 

n=35). The h ig h e s t GGT a c tiv ity  in  a  trisom y  21 sam ple w as 44.3 U /g . 

The trisom y 21 g ro u p  mean w as 30.1 U /g  (S.D.=10.0, n=12) w hich is  44.6% 

of th e  norm al g ro u p  mean and  is  s ta tis tic a lly  a  h ig h ly  s ig n ific a n t 

red u c tio n  (p=<0 .0001).

Trisom y 21 fin a l s u p e rn a ta n t  sam ples show th e  same p a t te rn  of 

d is tr ib u tio n  re la tiv e  to  norm al sam ples a s  th a t  seen  in  th e  in itia l 

sam ples. All tw elve trisom y  21 sam ples had  le ss  GGT a c tiv ity  th a n  th e  

norm al g ro u p  mean of 52.3 U /g  (S.D.=36.2, n=35). The h ig h e s t a c tiv ity  in  

a  trisom y 21 sample was 46.0 U /g . The trisom y 21 g ro u p  mean w as 24.8 

U /g  (S.D.=11.0, n=12) w hich is  47.5% of th e  a c tiv ity  seen  in  th e  norm al 

g roup . This is  s ta tis tic a lly  a  h ig h ly  s ig n ific an t re d u tio n  (p=0.0003).

Com parison of trisom y 21 m icrov illar f ra c tio n s  w ith  th o se  from  norm al 

p re g n a n c ie s  ag a in  show a  sim ilar p a t te rn  of GGT a c tiv ity . Only two



INITIAL FLUID

Sam ples MEAN S.D. n

Q.C. 67.7 9.4 31

NORMAL 67.5 34.1 35

TRISOMY 21 30.1 10.0 12

TRISOMY 18 29.8 21.6 5

TRISOMY 13 41.1 33.0 4

FINAL SUPERNATANT

Sam ples MEAN S.D. n

Q.C. 51.7 11.6 31

NORMAL 52.3 36.2 35

TRISOMY 21 24.8 11.0 12

TRISOMY 18 19.7 18.6 5

TRISOMY 13 25.8 25.4 4

MICROVILLAR FRACTION

Sam ples MEAN S.D. n

Q.C. 412.7 210.9 31

NORMAL 330.1 226.1 35

TRISOMY 21 216.4 110.7 12

TRISOMY 18 200.7 133.3 5

TRISOMY 13 417.0 268.0 4

Table 3.5 Mean GGT a c tiv ity  (U /g ) fo r  each  g ro u p  of sam ples 

(S .D .= standard  d ev ia tio n , n=num ber of sam ples, Q .C.=quality 

c o n tro l sam ples)



+------------------+------------------ +----------------- +----------------- +----------------- +------------ QC AF

+------------------+------------------ +----------------- +----------------- -I------------------ +------------ NORM AF

+------------------+------------------ +----------------- +----------------- +----------------- +------------ T21 AF

•  •  •  •

+------------------+------------------ +----------------- +----------------- +----------------- +------------ T18 AF

+------------------+------------------ +----------------- +----------------- +----------------- +------------ T13 AF
0 30 60 90 120 150

Fig. 3.7 Gamma glutam yl tra n s fe ra s e  a c tiv ity  (U /g) fo r  each  g ro u p  of 

in itia l sam ples (AF=initial am niotic flu id , NORM=normal sam ples, 

T21=trisom y 21 sam ples, T18=trisomy 18 sam ples, T13=trisom y 13 sam ples, 

Q .C .=quality co n tro l sam ples)
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+------------------+----------------- +----------------- +------------------ +----------------- +----------- QC FS
•  •  •

• •  » » * # « ♦ * *  » • •  » * * •  •  •  » •

+------------------+----------------- +----------------- +------------------ +----------------- +----------- NORM FS

+------------------+----------------- +----------------- +------------------ +----------------- +----------- T21 FS

+------------------ +----------------- +----------------- +------------------ +----------------- +----------- T18 FS

+------------------ +----------------- +----------------- +------------------ +----------------- +----------- T13 FS
0 30 60 90 120 150

Fig. 3.8 Gamma glutam yl t r a n s fe ra s e  a c tiv ity  (U /g) fo r each  g ro u p  of 

fin a l s u p e rn a ta n t  f ra c tio n s  (FS=final s u p e rn a ta n t  frac tio n , NORM=normal 

sam ples, T21=trisom y 21 sam ples, T18=trisomy 18 sam ples, T13=trisom y 13 

sam ples, Q .C.=quality co n tro l sam ples)
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+------------------ +----------------- +------------------+----------------- +------------------+-------------T18 MV

0 200 400  600 800 1000

Fig. 3.9 Gamma glu tam yl tra n s fe ra s e  a c tiv ity  (U /g) fo r  each g roup  of 

m icrov illar f ra c tio n s  (MV=microvillar frac tio n , NORM=normal sam ples, 

T21=trisom y 21 sam ples, T18=trisom y 18 sam ples, T13=trisom y 13 sam ples, 

Q .C.=quality c o n tro l sam ples)

-------------QC MV

-------------NORM MV

-------------T21 MV
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(16.6%) trisom y  21 m icrov illar sam ples have GGT a c tiv ity  h ig h e r th an  

th e  norm al g ro u p  mean of 330.1 U /g  (S.D.=226.1, n=35). The trisom y 21 

g ro u p  mean of 216.4 U /g  (S.D.=110.7, n=12) is  65.6% of th e  norm al mean. 

T his r e p re s e n ts  a  s ta tis tic a lly  s ig n ific an t re d u c tio n  (p=0.028).

T hus fo r  all th re e  f ra c tio n s  te s te d , in itia l sam ple, fina l s u p e rn a ta n t an d  

m icrov illar f ra c tio n , triso m y  21 sam ples show s ta tis tic a lly  s ig n ifican t 

re d u c tio n s  from  norm al in  GGT a c tiv ity .

3.7.2 Gamma glu tam yl tr a n s fe ra s e  a c tiv ity  in  norm al an d  trisom y 18 

sam ples

All five  trisom y  18 sam ples have  GGT a c tiv ity  w hich is  low er th a n  th e  

norm al g ro u p  mean of 67.5 U /g  (S.D.=34.1, n=35). The h ig h e s t trisom y 18 

sam ple had  GGT a c tiv ity  of 57.0 U /g . The trisom y  18 g ro u p  mean was

29.8 U /g  (S.D.=21.6 , n=5). This r e p re s e n ts  44.1% of norm al GGT ac tiv ity

an d  is  a  s ta tis tic a lly  s ig n ific a n t re d u c tio n  (p=0.012).

The same p a t te rn  is  seen  in  fina l s u p e rn a ta n t  sam ples w here  th e  h ig h e s t 

triso m y  18 sam ple had  GGT a c tiv ity  of 50.3 U /g . The norm al g ro u p  mean 

w as 52.3 U /g  (S.D.=36.2, n=35) an d  th e  trisom y 18 g ro u p  mean w as 19.7

U /g  (S.D.=18.6, n=5). This r e p re s e n ts  37.7% of norm al GGT a c tiv ity  and

is  a  s ta t is tic a lly  s ig n if ic a n t re d u c tio n  (p=0.012).

A lthough  all five  sam ples of trisom y  18 m icrovillar f ra c tio n s  have  GGT 

a c tiv ity  w hich is  le ss  th a n  th e  norm al sam ple mean of 330.1 U /g  

(S.D.=226.1, n=35), th e  triso m y  18 g ro u p  mean was 200.7 U /g  (S.D.=133.3, 

n=5) w hich  is 60.8% of norm al. This is n o t s ta tis tic a lly  s ig n ific an tly



d if fe re n t (p=0 .11) from  norm al.

T hus triso m y  18 sam ples show a  s ta tis tic a lly  s ig n ific a n t re d u c tio n  in  GGT 

a c tiv ity  in  th e  in itia l flu id  an d  fin a l s u p e rn a ta n t  sam ples b u t a lth o u g h  

a c tiv ity  is  a lso  re d u c e d  in  th e  m icrov illar f ra c tio n s  th is  re d u c tio n  is  n o t 

su ffic ie n t to  be  s ta t is tic a lly  s ig n ifican t.

3.7.3 Gamma glutam yl transferase  a c tiv ity  in  normal and trisom y 13 

samples

Only one triso m y  13 sam ple h as GGT a c tiv ity  h ig h e r th a n  th e  norm al 

g ro u p  mean in  th e  in itia l am niotic flu id  sam ples. The mean GGT a c tiv ity  

in  triso m y  13 am niotic flu id  sam ples was 41.1 U /g  (S.D.= 33.0, n=4) th is  

is 60% of th e  norm al am niotic flu id  g ro u p  m ean of 76.5 U /g  (S.D.=34.1, 

n=35) b u t  is  n o t a  s ta tis tic a lly  s ig n if ic a n t re d u c tio n  (p=0.23).

Again in  f in a l s u p e rn a ta n t  sam ples on ly  one trisom y  13 sample h as  GGT 

a c tiv ity  h ig h e r  th a n  th e  norm al g ro u p  mean. The mean GGT a c tiv ity  in  

fina l s u p e rn a ta n t  of trisom y  13 sam ples was 25.8 U /g  (S.D.=25.4, n=4) 

w hich is  49% of th e  norm al fin a l s u p e rn a ta n t  m ean of 52.3 U /g  (S.D.=36.2, 

n=35). However th is  is  no t a  s ta t is tic a lly  s ig n ific a n t re d u c tio n  (p=0.13).

Mean GGT a c tiv ity  in  m icrov illar f ra c tio n s  of trisom y  13 sam ples was

417.0 U /g  (S.D.=268, n=4) w hich w as 26% h ig h e r  th a n  th a t  of th e  norm al 

g ro u p  m ean of 330.1 U /g  (S.D.=226.1, n=35) b u t  th is  is  n o t a  s ta tis tic a lly  

s ig n ific a n t d iffe ren c e  (p=0.58).

T hus no s ta t is t ic a lly  s ig n ific a n t d iffe ren ce  w as found  in  GGT a c tiv ity



betw een  triso m y  13 an d  norm al sam ples fo r  an y  of th e  f ra c tio n s  te s te d . 

This may be a  re fle c tio n  of th e  small num ber of triso m y  13 sam ples 

availab le  an d  th e  w ide s ta n d a rd  dev ia tio n s  fo r  p ro te in  co n cen tra tio n  in  

th e se  sam ples.

3.8 MALTASE ACTIVITY

Means an d  s ta n d a rd  d ev ia tio n s  of m altase a c tiv ity  in  th e  in itia l sam ple, 

fin a l s u p e rn a ta n t  an d  m icrov illar f ra c tio n s  fo r  each  g ro u p  of am niotic 

flu id  sam ples (q u a lity  co n tro l, norm al, trisom y  21 , triso m y  18 an d  trisom y 

13) a re  show n in tab le  3.6.

S c a tte rg ra m s  com paring  th e  d is tr ib u tio n  and  ra n g e  of m altase a c tiv ity  

fo r  each  of th e  above m entioned g ro u p  of sam ples w ere  d raw n  fo r  in itia l 

sam ple (Fig. 3.10), fin a l s u p e rn a ta n t  (Fig. 3.11) an d  m icrov illar f ra c tio n s  

(Fig. 3.12).

3.8.1 Maltase ac tiv ity  in  normal and trisom y 21 samples

P rio r to  p u rif ic a tio n  all 12 trisom y  21 sam ples had  m altase a c tiv ity  w hich 

w as le s s  th a n  th e  norm al sam ple g ro u p  mean of 58.3 U /g  (S.D.=32.2, 

n=24). The h ig h e s t  va lu e  fo r  a  trisom y  21 sam ple was 47.0 U /g . The 

triso m y  21 g ro u p  mean w as 21.2 U /g  (S.D.=14.5, n=12) w hich is  36.3% of 

th e  norm al g ro u p  mean an d  is  a  s ta tis tic a lly  h ig h ly  s ig n if ic a n t re d u c tio n

(p=<0.0001).

The same p a t te rn  is  seen  in  fin a l s u p e rn a ta n t  sam ples w h ere  th e  h ig h e s t 

trisom y  21 sam ple had  m altase a c tiv ity  of 14.0 U /g  w hich is low er th a n
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INITIAL FLUID

Sam ples MEAN S.D. n

Q.C. 44.2 14.4 17

NORMAL 58.3 32.2 24

TRISOMY 21 21.2 14.5 12

TRISOMY 18 45.9 32.0 5

TRISOMY 13 9.4 8.4 4

FINAL SUPERNATANT

Sam ples MEAN S.D. n

Q.C. 14.9 6.2 17

NORMAL 16.6 11.9 24

TRISOMY 21 5.2 3.9 12

TRISOMY 18 14.8 8.8 5

TRISOMY 13 6.0 10.1 4

MICROVILLAR FRACTION

Sam ples MEAN S.D. n

Q.C. 599.9 381.5 17

NORMAL 457.0 385.3 24

TRISOMY 21 154.2 119.9 12

TRISOMY 18 300.5 221.4 5

TRISOMY 13 84.7 77.7 4

Table 3.6 Mean m altase a c tiv ity  (U /g ) fo r each  g ro u p  

(S .D .= standard  d ev ia tio n , n=num ber of sam ples, Q .C.=quality 

co n tro l sam ples)



+ -------------------+ ------------------- + ------------------- + ------------------- +------------------- + --------------- NORM MV

+ --------------------- + ----------------------+ ----------------------+ ----------------------+ ----------------------+ ----------------- T 1 8  MV

+  +   +   +  T13  MV
0 300 600 900 1200 1500

Fig. 3.10 M altase a c tiv ity  (U /g) fo r each g ro u p  of in itia l sam ples 

(AF=initial am niotic flu id , NORM=normal sam ples, T21=trisomy 21 sam ples, 

T18=trisom y 18 sam ples, T13=trisomy 13 sam ples, Q.C.=quality con tro l 

sam ples)

~ 5 6 “



-  + ------------------+----------------- +----------------- +------------------ +----------------- +------- QC FS

-  +------------------+----------------- +----------------- +------------------ +----------------- +------- NORM FS

_ +------------------+----------------- +----------------- +------------------ +----------------- +------- T2 1 FS

-  +------------------ +----------------- +----------------- +------------------ +----------------- +------- T18 FS

_ +------------------ +----------------- +----------------- +------------------ +----------------- +------- T1 3 FS
0 12 24 36 48 60

Fig. 3.11 M altase a c tiv ity  (U /g) fo r each  g ro u p  of fina l s u p e rn a ta n t  

f ra c tio n s  (FS=final s u p e rn a ta n t  frac tio n , NORM=normal sam ples, 

T21=trisom y 21 sam ples, T18=trisomy 18 sam ples, T13=trisomy 13 sam ples, 

Q .C.=quality co n tro l sam ples)
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+ ----------------- +----------------- + ------------------- -̂-----------------+----------------- + ----------- QC AF

+----------------- +----------------- +------------------+------------------+------------------+----------- NORM AF

+----------------- +----------------- +------------------+----------------- +----------------- +----------- T21 AF

+----------------- +------------------+------------------+------------------+------------------+----------- T18 AF

+----------------- +----------------- +------------------+------------------+------------------+----------- T 1 3 AF
0 25 50 75 100 125

Fig. 3.12 M altase a c tiv ity  (U /g ) fo r each g ro u p  of m icrovillar frac tio n s  

(MV=microvillar fra c tio n , NORM=normal sam ples, T21=trisomy 21 sam ples, 

T18=trisomy 18 sam ples, T13=trisomy 13 sam ples, Q .C.=quality con tro l 

sam ples)
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th e  norm al g ro u p  mean of 16.6 U /g  (S.D.=11.9, n=24). The trisom y 21 

g ro u p  mean fo r  m altase a c tiv ity  in  fin a l s u p e rn a ta n t sam ples was 5.2 

U /g  (S.D.=3.9, n=12), th is  r e p re s e n ts  31.1% of th e  norm al g ro u p  mean and  

is  s ta tis tic a lly  a  h igh ly  s ig n if ic a n t re d u c tio n  (p=0 .0002).

Sim ilarly trisom y  21 m icrov illar f ra c tio n s  all have le ss  m altase ac tiv ity  

th a n  th e  norm al g ro u p  mean of 457.0 U /g  (S.D.=385.3, n=24). The h ig h e s t 

trisom y 21 value  was 400.0 U /g . The trisom y 21 g ro u p  mean was 154.2 

U /g  (S.D.=119.9, n=12) w hich is  33.7% of th e  norm al g ro u p  mean and  is 

s ta tis tic a lly  a  h ig h ly  s ig n if ic a n t re d u c tio n  (p=0.0014).

T hus trisom y  21 sam ples show a s ta tis tic a lly  h ig h ly  s ig n if ic a n t red u c tio n  

from norm al m altase a c tiv ity  in  all th r e e  f ra c tio n s  te s te d .

3.8.2 M altase a c tiv ity  in  norm al an d  triso m y  18 sam ples

Trisom y 18 sam ples had  a  mean m altase a c tiv ity , p r io r  to  p u rif ica tio n , of

45.9 U /g  (S.D.=32.0, n=5), th is  is  78.8% of th e  norm al g ro u p  mean w hich 

was 58.3 U /g  (S.D.=32.2, n=24). T h e re  is  no s ta tis tic a lly  s ig n ific a n t

d iffe ren ce  betw een th e  g ro u p s  (p=0.47).

The fin a l s u p e rn a ta n t  mean m altase a c tiv ity  fo r  trisom y  18 sam ples was

14.8 U /g  (S.D.=8.8 , n=5) w hich is  88.8% of th e  norm al g ro u p  mean 16.6 

U /g  (S.D=11.9, n=24). T his is  n o t a  s ta t is tic a lly  s ig n ific a n t d iffe ren ce  

(P=0.7).

The m icrov illar fra c tio n  m ean m altase a c tiv ity  fo r  trisom y  18 sam ples was 

300.5 U /g  (S.D.=221.4, n=5) w hich is 65.8% of th e  norm al g ro u p  mean of



457.0 U /g  (S.D.=385.3, n=24). This is no t a  s ta t is tic a lly  s ig n ific an t 

d iffe ren ce  (p=0.25).

T hus, in  all th re e  fra c tio n s  te s te d , trisom y  18 sam ples show ed no 

s ta tis tic a lly  s ig n if ic a n t d iffe ren ce  from  norm al sam ples fo r  m altase 

ac tiv ity .

3.8.3 Maltase ac tiv ity  in  normal and trisom y 13 samples

Even th e  h ig h e s t  m altase a c tiv ity  seen  in  a  triso m y  13 sample had  le ss  

th a n  ha lf th e  a c tiv ity  of th e  norm al g ro u p  mean. The h ig h e s t trisom y  

13 sam ple had  m altase a c tiv ity  of 21.0 U /g  an d  th e  norm al g ro u p  mean 

was 58.3 U /g  (S.D.=32.2, n=24). The trisom y 13 g ro u p  mean w as 9.4 U /g  

(S.D.=8.4, n=4). T his r e p re s e n ts  on ly  15.4% of norm al a c tiv ity  an d  is  

s ta tis tic a lly  a  h ig h ly  s ig n ific a n t re d u c tio n  (p=<0 .0001).

Mean m altase a c tiv ity  in  fina l s u p e rn a ta n t  sam ples fo r  trisom y  13 was

6.0 U /g  (S.D.= 10.1, n=4) w hich is 36.1% of th a t  seen  in  fina l s u p e rn a ta n t  

of norm al sam ples w hich was 16.6 U /g  (S.D.=11.9, n=24), how ever th e re  is  

no s ta t is tic a lly  s ig n if ic a n t d iffe ren ce  betw een  th e  two g ro u p s  (p=0.13).

As seen  in  in itia l sam ples ev en  th e  h ig h e s t triso m y  13 sam ple h a s  le ss  

th a n  half th e  norm al g ro u p  mean m altase a c tiv ity . The h ig h e s t  triso m y  

13 sam ple had  194.4 U /g  of m altase a c tiv ity  a n d  th e  norm al g ro u p  mean 

w as 457.0 U /g  (S.D.=385.3, n=24). The m ean m altase a c tiv ity  in  th e  

m icrov illar f ra c tio n s  of trisom y 13 sam ples w as 84.7 U /g  (S.D.=77.7, 

n=4), th is  is  18.5% of th e  norm al g ro u p  mean a n d  is  s ta tis tic a lly  a  h ig h ly  

s ig n if ic a n t re d u c tio n  (p=0.0003).



T hus triso m y  13 sam ples have  a  s ta tis tic a lly  h ig h ly  s ig n if ic a n t re d u c tio n  

of m altase a c tiv ity  in  in itia l sam ple an d  p u rif ied  m icrovillar fra c tio n s .

3.9 POST MORTEM FINDINGS IN FOETUSES WITH AUTOSOMAL TRISOMY

All availab le  p o s t mortem (PM) re c o rd s  fo r  fo e tu se s  a ffe c ted  by  

autosom al triso m y  u se d  in  th is  s tu d y  w ere  ch eck ed  fo r  ev id en ce  of 

g a s tro -  in te s tin a l o b s tru c tio n  o r  developm ental anom aly w hich m ight 

c o n tr ib u te  to  re d u c e d  m icrovillar enzym e levels  in  am niotic flu id .

Of th e  tw elve triso m y  21 fo e tu se s  PM re p o r ts  w ere av ilab le  fo r  n ine. 

Two re c o rd e d  c a rd iac  d e fe c ts  an d  two o th e rs  w ere no ted  to  have  " tin y "  

o r "sm all" M eckel’s d iverticu lum . For th e  o th e rs  no developm ental 

anom alies w ere  n o ted  an d  none of th e  n ine had  re c o rd ed  b lockage of 

in te s tin a l c o n te n ts  o r  a n y  g a s tro - in te s t in a l  a tre s ia s .

Of th e  fiv e  triso m y  18 fo e tu se s  PM re p o r ts  w ere availab le  fo r  th re e . 

One had  h o rse sh o e  k id n ey  b u t  no o th e r  developm ental anom alies, one 

was re c o rd e d  a s  h av in g  a  small M eckel’s d iverticu lum  an d  th e  th i r d  had  

a  je ju n a l a tr e s ia  w ith  th e  d is ta l segm ent of bowel la rg e ly  u n ex p an d ed . 

The fo u r th  fo e tu s  fo r  w hich no PM re p o r t  w as availab le  had  show n 

ev id en ce  of exom phalos on u ltra so u n d  scan n in g  d u rin g  p re g n a n c y .

Of th e  fo u r  triso m y  13 fo e tu se s  one had  no availab le  PM r e p o r t  an d  th e  

rem ain ing  th re e  all show ed ev id en ce  of g a s tro - in te s t in a l d iso rd e r . One 

had  a  low a n o -re c ta l  a t r e s ia  w ith o u t fis tu la , one had  an  im p e rfo ra te  a n u s  

an d  a lso  a  v e n tr ic u la r  se p ta l d e fec t of th e  h e a r t ,  th e  th i r d  had



m alro tation  of th e  g u t  an d  la rg e  d y sp la s tic  k id n e y s  w hich lacked  

co rticom edu llary  defin ition .



4. DISCUSSION

4.1 AMNIOTIC FLUID MICRO VILLAR ENZYME ACTIVITY IN AUTOSOMAL 

TRISOMIES

S evera l p re v io u s  s tu d ie s  have no ted  re d u c e d  m icrovillar enzym e a c tiv ity  

in  am niotic flu id  in  assoc ia tion  w ith  autosom al trisom y  (Ja lanko  an d  Aula 

1982, Ja lan k o  an d  Heikinheimo 1983, B rock e t  al. 1984, Baumah e t  ah 

1984, K leijer e t  al. 1985, M uller e t  al. 1986, Morin e t al. 1987, Macek e t  

al. 1987, Jo n es  an d  E vans 1988, Zeitune e t al. 1989, G iddy e t al. 1989 an d  

Szabo e t  al. 1990).

A tten tion  was f i r s t  d raw n  to  re d u c e d  GGT a c tiv ity  in  asso c ia tio n  w ith  

trisom y  18 an d  21 b y  Ja lanko  an d  Aula (1982). T hey re p o r te d  th a t  n ine  

trisom y  18 sam ples had  mean GGT a c tiv ity  w hich w as 33.3% of th e  norm al 

co n tro l g ro u p  mean an d  19 triso m y  21 sam ples had  mean GGT a c tiv ity  

w hich w as 53.8% of th e  norm al co n tro l g ro u p  mean. Baumah e t  al. (1984) 

r e p o r te d  six triso m y  21 sam ples w ith  mean GGT a c tiv ity  w hich w as 38% 

of th e  norm al co n tro l mean. Zeitune e t  al. (1989) re p o r te d  37 triso m y  21, 

six triso m y  18 and  two triso m y  13 sam ples all of w hich had  g ro u p  mean 

GGT a c tiv ity  w hich w as 44% of th e  norm al g ro u p  mean.

GGT a c tiv ity  fo r  am niotic f lu id s  from  autosom al triso m ies , as re p o r te d  in  

th is  th e s is ,  is  in  ag reem en t w ith  th e se  f in d in g s; 12 triso m y  21 sam ples 

had mean GGT a c tiv ity  w hich w as 44.6% of th e  norm al g ro u p  m ean, five  

trisom y  18 sam ples had  44.1% of th e  norm al g ro u p  mean an d  fo u r  

trisom y 13 sam ples had  60% of th e  norm al g ro u p  mean.



In  all p re v io u s  s tu d ie s  of GGT a c tiv ity  84-100% of triso m y  21 sam ples, 

83-100% of triso m y  18 sam ples an d  91-100% of trisom y  13 sam ples had  

v a lu es  below th e  m edian. R esu lts  of th is  s tu d y  com pare fa v o u ra b ly  w ith  

th e se  f in d in g s , a s  show n in  tab le  4.1 . (Median v a lu e s  a re  g iven  in  

append ix  A).

Only two o th e r  a u th o rs  p re v io u s ly  in v e s tig a te d  m altase a c tiv ity  in  

am niotic flu id  from  autosom al triso m y  p re g n a n c ie s . K leijer e t  al. (1985) 

re p o r te d  re d u c e d  m altase a c tiv ity  in  19 of 22 triso m y  21 sam ples, th re e  

of five  triso m y  18 sam ples an d  five  trisom y  13 sam ples. A g ro u p  of 

sam ples w ith  ex trem ely  low m altase a c tiv ity  was a lso  id en tified . These 

had  le ss  a c tiv ity  th a n  an y  of th e  norm al co n tro l sam ples. Within th is  

c a te g o ry  w ere  n ine  of th e  22 trisom y  21 sam ples (40.9%), one of th e  five  

trisom y  18 sam ples (20%) and  fo u r  of th e  five  trisom y  13 sam ples (80%). 

Morin e t  al. (1987) m easured  m altase a c tiv ity  in  21 trisom y  21 an d  13 

trisom y  18 am niotic flu id  sam ples. E igh t of th e  trisom y  21 sam ples (38%) 

and  fiv e  of th e  triso m y  18 sam ples (38%), had m altase a c tiv ity  w hich was 

le ss  th a n  an y  of th e  norm al co n tro l sam ples, how ever, all of th e se  

sam ples w ere  from  p re g n a n c ie s  in  w hich th e  fo e tu s  had  in te s tin a l 

o b s tru c tio n . D ata fo r  th e  rem ain ing  sam ples, uncom plicated  b y  in te s tin a l 

o b s tru c tio n , had  v a lu es  w ith in  th e  norm al co n tro l ra n g e  b u t  of th e se , 

n ine of th e  triso m y  21 sam ples an d  th re e  of th e  trisom y  18 sam ples had 

m altase a c tiv ity  below th e  norm al m edian. T hus in  to ta l 17 of th e  21 

trisom y  21 sam ples (80.9%) an d  e ig h t of th e  13 triso m y  18 sam ples 

(61.5%) h ad  m altase  a c tiv ity  w hich w as below th e  norm al median.

Com parable d is tr ib u tio n s  fo r  trisom y  21 an d  trisom y  18 sam ples w ere 

found  in  th e  c o u rse  of th is  s tu d y  a s  show n in  tab le  4.2 . All 12 trisom y
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21 sam ples (100%) in v e s tig a te d  had  m altase a c tiv ity  w hich was le ss  th a n  

th e  norm al m edian an d  five  (41.7%) had a c tiv ity  w hich was le ss  th e  

low est co n tro l va lue. T hree  of th e  five  triso m y  18 sam ples (60%) had  

m altase a c tiv ity  w hich w as le ss  th a n  th e  norm al m edian while one of th e  

fiv e  triso m y  18 sam ples (20%) an d  th re e  of th e  4 trisom y  13 sam ples 

(75%) had  a c tiv ity  w hich was le ss  th a n  th e  low est co n tro l va lue. (Median 

v a lu es  a re  show n in  append ix  B).

4.2 PURIFICATION OF MICROVILLAR FRAGMENTS FROM AMNIOTIC FLUID

The re d u c tio n  in  GGT an d  m altase a c tiv ity  found  in  am niotic flu id  

sam ples from  autosom al trisom ies in  th is  s tu d y  th e re fo re  confirm  

p re v io u s  r e p o r ts  b y  o th e r  a u th o rs . To d a te , how ever, no s tu d y  of 

m icrov illar t is s u e  its e lf , as  fo u n d  in  am niotic flu id , from  autosom al 

trisom y  p re g n a n c ie s  h as  been  made. The p u rp o se  of th is  p ro je c t  w as to  

in v e s tig a te  p u rif ie d  m icrov illar m ateria l from  autosom al trisom ies in  

com parison  w ith  norm al am niotic flu id s.

An in itia l p u rif ic a tio n  a lth o u g h  hav in g  sim ilar p ro te in  c o n te n t a t  each  

s tag e  of p u rif ic a tio n  to  th o se  of P o tie r e t  al, (1986) fa iled  to  y ie ld  th e  

same level of enzym e a c tiv ity  in  th e  m icrov illar m ateria l. Some 

im provem ent w as made by  u s in g  p h o sp h a te  b u ffe re d  saline  in  w hich  to  

re s u sp e n d  th e  m icrov illar m ateria l an d  in c re a se d  sp eed  a n d  d u ra tio n  of 

c e n tr ifu g a tio n  a lso  show ed in c re a se s  in  enzym e yield .

Acid p h o sp h a ta se  a c tiv ity  w as u sed  a s  a  m ark er of lysosom al 

con tam ination  in  p u r if ie d  m icrov illar m ateria l. P o tie r e t al. (1986)

re p o r te d  8.2 U /g  (S.D.=5.0, n=4) of a c tiv ity  in  m icrov illar f ra c tio n s . In
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th is  s tu d y  acid  p h o sp h a ta se  a c tiv ity  w as 2.8 U /g  (S.D.=2.1, n=24) an d  so 

lysosom al contam ination w as co n sid e red  to  be neg lig ib le .

Confirm ation th a t  p u rif ied  m ateria l w as r ic h  in  m icrov illar frag m en ts  w as 

p ro v id ed  by  tran sm issio n  e lec tro n  m icroscopy w hich rev ea led  ty p ica l 

m icrov illar v esic les  of bo th  ro u g h  and  smooth a p p ea ra n ce  w ith  c le a rly  

v is ib le  double m em brane s t r u c tu r e  an d  on ro u g h  v esic les  p ro je c tio n s  of 

e lec tro n  d ense  m ateria l g iv ing  them  th e ir  c h a ra c te r is t ic  "cogw heel’' 

ap p ea ran ce . Com parison of ph o to m icro g rap h s of ty p ica l fie ld s  w ith  

th o se  of o th e r  a u th o rs  (Schm itz e t al. 1973, Ja lan k o  e t al. 1985. an d  

P o tie r e t al. 1986) show id en tica l m icrovillar vesic le  m orphology.

4.3 BIOCHEMICAL ANALYSIS OF PURIFIED FRACTIONS

P u rifica tio n  of m icrovillar frag m en ts  from  am niotic f lu id s  h as  n o t 

p re v io u s ly  been  re p o r te d  in  th e  in v e s tig a tio n  of autosom al trisom ies and  

so th is  is th e  f i r s t  in v e s tig a tio n  to  show s ta tis tic a lly  s ig n if ic a n t 

re d u c tio n s  in  th e  enzym e a c tiv ity  of m icrovillar m ateria l found  in  th e  

am niotic flu id  of th e se  p reg n an c ie s .

By exam ining th e  specific  a c tiv itie s  (U /g  of p ro te in ) fo r  b o th  GGT an d  

m altase in  th e  co u rse  of p u rif ica tio n  of norm al am niotic flu id  sam ples an  

im p o rtan t d iffe ren ce  betw een th e  c h a ra c te r is t ic s  of th e se  enzym es can  

be seen . By com paring th e  level of a c tiv ity  in  th e  fin a l s u p e rn a ta n t  

fra c tio n  to  th a t  in  th e  in itia l flu id  i t  is  seen  th a t  GGT a c tiv ity  in  th e  

fin a l s u p e rn a ta n t  of norm al sam ples h as  a  specific  a c tiv ity  w hich is  78% 

of th e  o rig in a l sample. The same f ig u re  fo r  m altase a c tiv ity  is  29%. The 

s u b se q u e n t in c re a se  in  spec ific  a c tiv ity  in  th e  m icrovillar f ra c tio n  fo r



GGT is  500% while fo r  m altase i t  is  790%. This show s th a t  a  la rg e r  

p ro p o rtio n  of m altase a c tiv ity  is  a sso c ia ted  w ith  m icrovillar t is su e  th a n  

is  t ru e  fo r  GGT. Removal of m icrov illar frag m en ts  from  fina l s u p e rn a ta n t  

f ra c tio n s  leaves only  minimal m altase a c tiv ity  in  th is  f ra c tio n  b u t  s till 

leaves su b s ta n tia l GGT a c tiv ity . This confirm s th a t  m altase is  a

m em brane bound enzym e while GGT o c cu rs  to  a  g re a te r  e x te n t in  a  

soluble form. This is in  k eep in g  w ith  th e  f in d in g s  of Ja lan k o  e t al.

(1983) an d  Muller e t  al. (1988) who show ed h ig h  levels  of GGT in  foe ta l 

bile, a  r ic h  so u rce  of so lub le  enzym e. M altase how ever, is  know n to  be

alm ost exclusively  from  th e  b ru s h  b o rd e r  m em brane of th e  small

in te s tin e  and  i t  is  from frag m en ts  of th is  m em brane th a t  th e  m altase 

a c tiv ity  of am niotic flu id  is  d e riv ed  (C laass e t  al. 1985).

The re s u lts  from th e  in v e s tig a tio n  of trisom y  21 p u rif ie d  m icrov illar 

f ra c tio n s  show th a t  th e re  is a  s ta tis tic a lly  s ig n ific an t re d u c tio n  from  

norm al GGT and  m altase a c tiv ity  in  th e  m icrovillar t is su e  of p re g n a n c ie s  

in  w hich th e  fo e tu s  has Down’s syndrom e. However no s ta tis tic a lly  

s ig n ific an t d iffe ren ce  from norm al was seen  fo r p ro te in  c o n te n t in  an y  

of th e  f ra c tio n s  te s te d . In  th is  s tu d y , of th e  n ine Down’s syndrom e

fo e tu se s  fo r  w hich p o s t mortem f in d in g s  w ere availab le , no ev id en ce  of 

b lockages o r a tre s ia s  w ith in  th e  g a s tro - in te s t in a l t r a c t  was found  an d  so 

i t  seem s u n lik e ly  th a t  m echanical o b s tru c tio n  of in te s tin a l c o n te n ts  

p ro v id e s  an  exp lanation  of enzym e defic iency  seen  in  th e se  p re g n a n c ie s . 

Normal p ro te in  c o n ten t in  th e se  sam ples p ro v id e s  f u r th e r  ev id en ce  to  

s u g g e s t th a t  th e  ro u te s  by  w hich m icrov illar frag m en ts  re a c h  th e  

am niotic flu id  in  trisom y  21 p re g n a n c ie s  w ere un im paired  an d  th a t  e i th e r  

th e  m icrovillar frag m en ts  from  th e  Down’s syndrom e fo e tu se s  lacked  

enzym e a c tiv ity  o r an  abnorm ally  ra p id  d eg rad a tio n  of enzym e o c c u rs



w ith in  th e  am niotic flu id  of th e se  p reg n an c ie s . In  view of th e  d if fe re n t 

so u rces  and  c h a ra c te r is t ic s  of th e  two enzym es a lre ad y  d e sc rib e d  th e  

defic iency  of b o th  enzym es in  fo e tu se s  w ith  Down’s syndrom e may 

s u g g e s t d is ru p tio n  of a  common co n tro lling  m echanism  w hich re s u l ts  in  

dep letion  of bo th . GGT h as  a  key  ro le in  tra n s p o r ta tio n  of amino ac id s  

(N em esanszky and  L ott 1985) an d  u tilise s  g lu ta th io n e  a s  an  a cc e p to r in  

th e  t r a n s p o r t  of amino ac id s  a cc ro ss  m em branes (Moniz e t  al. 1984). 

L ejeune e t al. (1992) re p o r te d  an  im balance in  norm al serum  levels  of 

amino ac id s  of 79 a d u lt Down’s syndrom e p a tie n ts . The d efic iency  seen  

in  p u rif ied  m icrovillar frag m en ts , a s  p u rif ied  from  am niotic flu id , in  

Down’s syndrom e p re g n a n c ie s  may be th e  f i r s t  ev idence  of th e  same 

p ro c e ss  seen  in  a d u lt p a tie n ts .

A lthough re s u lts  from  trisom y  18 and  13 sam ples show s ta tis tic a lly  

s ig n ific an t d iffe ren ces  betw een  th e se  g ro u p s  an d  norm al co n tro ls  th e  

small num ber of sam ples availab le  fo r th e se  two g ro u p s  of sam ples (five 

and  fo u r re sp ec tiv e ly ) re q u ire  cau tion  to  be o b se rv ed  in  a n y  

conclusions w hich m ight be d raw n from  th e se  d a ta  se ts . F u r th e r  

in v e s tig a tio n  of g re a te r  n u m b ers  would be needed  b efo re  an y  

su b s ta n tiv e  conclusion  could be reach ed . Also, th re e  o u t of fo u r  

trisom y  13 fo e tu ses  show ed ev idence  of g a s tro - in te s t in a l d iso rd e rs  w hich 

may have in flu en ced  th e  movem ent of in te s tin a l m icrovillar frag m e n ts  

in to  th e  am niotic flu id  an d  of th e  th re e  trisom y  18 fo e tu se s , fo r  w hich 

PM re p o r ts  w ere availab le , th e y  too show ed developm ental anom alies 

w hich may have in flu en ced  m icrovillar enzym e levels. T h e re fo re  cau tio n  

is  ag a in  re q u ire d  in  in te rp re ta tio n  of re d u c e d  levels  of enzym e a c tiv ity  

seen  in  th e se  sam ples.



4.4 SYNTHESIS AND PROCESSING OP MICROVILLAR ENZYMES

The m echanism s w hich u n d e rlie  th e  defic ienc ies  seen  in  th is  s tu d y  of 

th e  p u rif ie d  m icrov illar fra c tio n s  of autosom al trisom ies as  y e t rem ain 

o b scu re . However, m uch h as p re v io u s ly  been  re p o r te d  re g a rd in g  th e  

sy n th e s is  an d  p o s t tra n s la tio n a l p ro c e ss in g  of enzym atically  ac tiv e  

p ro te in s  a n d  th e i r  in c o rp o ra tio n  in to  m icrovillar m em branes (Reviewed 

Sem enza 1989). M altase a c tiv ity  is  a  common p ro p e r ty  of all b u t one 

a lp h a -g lu co s id a se  (G ray 1978) how ever C laass e t  al. (1985) u s in g  

m onoclonal an tib o d ie s  an d  h e a t in ac tiv a tio n  s tu d ie s  show ed th a t  in  

am niotic f lu id s  from  16-24 w eeks g esta tio n  m altase a c tiv ity  o rig in a te d  

solely  from  th e  fo e ta l in te s tin e  and  was a ttr ib u ta b le  to  th e  

su c rase - iso m alta se  (SI) complex of th e  in te s tin a l b ru s h  b o rd e r  m em brane. 

S u c rase -iso m alta se  com prises 8-10% of in te s tin a l b ru s h  b o rd e r  m em brane 

p ro te in  c o n te n t (K essler e t al. 1978) an d  b ecause  of i ts  im portance  in  

th e  d ig e s tiv e  p ro c e ss  h as  been  th e  s u b je c t of d e ta iled  in v estig a tio n . 

The DNA seq u en ce  w as determ ined  b y  H unziker e t al. (1986) who cloned 

th e  gene; from  th e  cDNA seq u en ce  th e  com plete amino acid  seq u en ce  was 

d e riv e d  w hich en ab led  confirm ation  of th e  q u a r te rn a ry  s t r u c tu r e  and  

o rie n ta tio n  of th e  molecule on th e  m icrov illar m em brane.

D anielsen e t  al. (1984) u se d  tun icam ycin , an  N -g lycosy lation  in h ib ito r , to  

in d u ce  fa ilu re  of p o s t tra n s la t io n  g lycosy la tion  in  su c rase -iso m alta se  and  

am inopep tidase  N w hich re s u lte d  in  n o n -in c o rp o rta tio n  of th e  enzym es 

in to  th e  m icrov illar m em brane and  to  th e ir  in tra c e llu la r  p e rs is te n c e . 

S u c ra se -iso m a lta se  a lso  re q u ire s  m odification by  p a n c re a tic  p ro te a se s , 

a f te r  in c o rp o ra tio n  in to  th e  m icrov illar m em brane, to  p ro v id e  th e  fina l 

form  of th e  enzym atica lly  ac tiv e  molecule (Sem enza 1989). F a ilu re  of



e ith e r  co -tra n s la tio n a l g lycosy la tion  o r p o s t m em brane in co rp o ra tio n  

h y d ro ly tic  m odification r e s u l t  in  re d u c ed  levels  of ac tiv e  m altase 

m olecules on th e  m icrovillar m em brane.

F u r th e r  in v estig a tio n  of th e se  m echanism s in  tis su e  from  Down’s 

syndrom e fo e tu ses  m ight h ig h lig h t w h e th e r fa ilu re  of th e se  o r  a t te n d a n t  

e v en ts  in  co - an d  p o s t- tra n s la t io n a l m odifications of enzym e m olecules 

a re  re sp o n sib le  fo r  th e  re d u c e d  levels  of m icrovillar enzym es seen  in  

m icrovillar frag m en ts  p u rif ied  from  th e  am niotic flu id  of Down’s 

syndrom e p reg n an c ie s .

4.5 BIOCHEMICAL SCREENING OF MATERNAL SERUM FOR PRENATAL 

DETECTION OF CHROMOSOMALLY ABNORMAL PREGNANCIES

Biochemical d iffe ren ces  betw een  trisom y  21 and  norm al p re g n a n c ie s  have  

become in c re as in g ly  im p o rtan t fo r  u se  in  sc ree n in g  of ex p ec ta n t m others 

in  th e  hope of id en tify in g  th o se  women a t  h ig h  r is k  of c a r ry in g  a  

Down’s syndrom e fo e tu s . M erkatz e t ah (1984) w ere f i r s t  to  no te  an  

assoc ia tion  betw een low m aternal serum  a lp h afo e to p ro te in  (AFP) an d  

fo e ta l chromosome abnorm ality . This allowed ex istin g  sc re e n in g  

program m es fo r n eu ra l tu b e  d e fec ts  in  w hich h ig h  lev e ls  of m aternal 

serum  AFP in d ica ted  an  a t  r is k  p re g n a n c y , to  be a d ap te d  to  p ro v id e  an  

estim ate  of th e  in d iv id u a l r is k  fo r  each  woman of c a r ry in g  a  ch ild  

a ffec ted  b y  autosom al trisom y  (Cuckle e t aL 1987, Zeitune e t al. 1991 and  

K night e t al. 1988). S uch  sc ree n in g  program m es u se  a  p a t ie n t’s 

popu la tion  r is k , ca lcu la ted  from  h e r  age, com bined w ith  a  r is k  f ig u re  

(likelihood ra tio ) d e riv ed  from  th e  m aternal serum  AFP level to  p ro v id e



an  ind iv id u a l o v era ll r is k  of a  p re g n a n cy  being  a ffec ted  b y  autosom al 

trisom y.

P rev io u sly , p a tie n ts  w ith no fam ily h is to ry  o r know n p red isp o sitio n  to  

autosom al trisom y, su ch  a s  tran s lo ca tio n  c a r r ie r s ,  could on ly  u se  th e

in c re ase d  r is k  asso c ia ted  w ith  in c re a s in g  m aternal age  to  p ro v id e

inform ation  on w hich to  base  th e  decision  w h e th e r o r n o t to  seek  

d iag n o stic  te s t in g  of th e ir  p re g n a n cy , b y  e i th e r  am niocen tesis  o r  

chorion ic  v illu s  sam pling, fo r  foe ta l k a ry o ty p in g . Within th e  U.K. by

o ffe rin g  te s t in g  to  o ld e r m others (^35 y e a rs )  only  30% of a ffec ted

p re g n a n c ie s  could be d e tec ted  (A itken an d  C rossley  1992). The 

in tro d u c tio n  of a  biochem ical p a ram ete r (AFP) can  im prove p o ssib le  

de tec tio n  of a ffec ted  p re g n a n c ie s  to  37% (Zeitune e t al. 1991), an d  

re d u c e  th e  age a t  w hich d iag n o stic  te s t in g  could be o ffe red  to  25 y e a rs .

O ther p re g n a n c y  asso c ia ted  an a ly te s  have been  in v e s tig a te d  in  th e  hope 

th a t  more d e fin itiv e  sc ree n in g  can  be o ffe red . These in c lu d ed  hum an 

chorion ic  g o n ad o tro p h in  (hCG) (B ogart e t al. 1987 and  P e tro c ik  e t  al. 

1989) and  i ts  su b u n its  a lp h a  an d  b e ta  hCG (Macri e t  al. 1990a), 

u n co n ju g a ted  o estr io l (UE) (Canick e t  al. 1988 an d  Canick 1990), 

p ro g e s te ro n e , hum an p lacen ta l lac to g en  (hPL) (K night e t  al. 1989), 

p re g n a n c y  specific  p -1  g ly co p ro te in  (SP1) (B arte ls  an d  Lindem ann 1988 

an d  Graham e t  al. 1992), p re g n a n c y  a sso c ia ted  p lacen ta l p ro te in -A  

(PAPP-A) (rev iew  S tabile  e t  al. 1988). From th e se  in v e s tig a tio n s  m a rk e rs  

w hich p ro v id ed  th e  h ig h e s t d e tec tio n  r a te  fo r  th e  low est fa lse  p o s itiv e  

r a te  w ere se lec ted  as ad d itio n a l a n a ly te s  to  AFP, fo r  p re n a ta l  

s c ree n in g . On th is  b asis  th e  fo e to -p lacen ta l p ro d u c ts  hum an chorion ic  

g o n ad o tro p h in  (hCG) and  u n c o n ju g a ted  o estr io l (UE) have b o th  b een



u sed  as  add itiona l a n a ly te s  in  m aternal serum  sc ree n in g  program m es. 

A lthough th e re  is c lea r ev idence  th a t  hCG p ro v id e s  an  im proved 

estim ation  of r is k  of autosom al trisom y, an d  in d eed  can  p ro v id e  

d iffe ren tia l r is k  being  e lev a ted  in  Down’s syndrom e an d  re d u c ed  in  

E d w ard s’ syndrom e, opinion re g a rd in g  th e  u se fu ln e ss  of UE, a s  an  

ad d itio n a l an a ly te  d iffe rs  (Wald e t  al, 1988, M acri e t  al. 1990b an d  

C rossley  e t al. 1991).

C u rre n t u se  of m aternal serum  sc reen in g  fo r  autosom al trisom y

p re g n a n c ie s  o ccu rs  in  th e  second  tr im e s te r  of p re g n a n c y , ty p ica lly

betw een  15 an d  21 w eeks g esta tio n . For women who chose te rm in a tio n  

of an  abnorm al p re g n a n c y  th e  la te n e ss  of th e  d iagnosis  c o n tr ib u te s  

su b s ta n tia lly  to  th e ir  d is tre s s .  The u se fu ln e ss  of m ark e rs  in  th e  f i r s t  

t r im e s te r  has been  exp lored  and  hCG (van  Lith 1992) f r e e  0-hCG

(S p en ce r 1991) and  PAPP-A (Wald e t al. 1992) have b een  id en tified  as

p o ten tia l sc ree n in g  an a ly te s  in  e a r ly  p re g n a n cy .

4.6 MECHANISMS CONTROLLING BIOCHEMICAL VARIATION

The m echanism s w hich m odulate th e  level of v a rio u s  p re g n a n c y  m ark e rs  

in  chrom osom ally abnorm al p re g n a n c ie s  a re  p oo rly  u n d e rs to o d . Complex 

p a t te rn s  of v a ria tio n  in  d if fe re n t t is s u e s  an d  betw een  d if fe re n t ty p e s  of 

abno rm ality  a re  b eg in n in g  to  em erge (tab le  4.3) K ro n q u is t e t  al. (1990) 

have p re s e n te d  ev idence  th a t  in  trisom y  21 re d u c e d  lev e ls  of AFP 

sy n th e s is  may o ccu r in  th e  foe ta l liv e r , while K ra tze r e t al. (1991) 

found  no ev idence  of a lte re d  hCG b io ac tiv ity  in  trisom ic p re g n a n c ie s .



Second T rim este r F ir s t  T rim ester

T21 T18 T13 T21 T18 T13

MS d d d d N N AFP

AF d N N d - -

MS + d N N d d hCG

AF + d - - - -

MS + d - + - - FphCG

AF - - - - - -

MS d d N d - - UE

AF d - - - - -

MS + N N d - - SP1

AF - - - - - -

MS + - - d - - hPL

AF - - - - - -

MS - - - d - - PAPP-A

AF - - - - - -

Table 4.3 R elative levels  of p re g n a n c y  asso c ia ted  m ark e rs  in  

autosom al trisom y  p re g n a n c ie s  in  M aternal Serum  (MS) an d  Amniotic 

F lu id  (AF) (d= decreased , N=normal, += increased)

-74-



By p u rify in g  availab le  foe ta l t is su e  in  th e  form  of m icrov illar frag m en ts  

from  am niotic flu id , th is  s tu d y  h as shown th a t  u se fu l in form ation  can  

be d e riv ed  from su ch  tis su e . A more ex ten siv e  in v e s tig a tio n  of o th e r  

foe ta l p ro te in s  p u rif ied  from  am niotic flu id  in  th is  way may h ig h lig h t 

o th e r  defic iencies o r im balances w hich may be u sed  in  p iecing  to g e th e r  

a  more com plete p ic tu re  of th e  d iffe ren ces  fo und  betw een  norm al an d  

trisom y  p reg n an c ie s . The fin d in g s  of th is  s tu d y  also s u g g e s t  th a t  more 

d ire c t  in v es tig a tio n  of fo e ta l t is s u e s  e.g . small in te s tin e , may p ro v id e  a  

u se fu l av en u e  of fu tu re  re se a rc h .

I t  is  hoped th a t  by  p u rs u in g  f u r th e r  re s e a rc h  in to  foeta l an d  p re g n a n c y  

a sso c ia ted  m etabolites in  foeta l an d  m aternal blood, am niotic flu id , 

p lacen ta l an d  foe ta l t is su e s , some of th e  m echanism s w hich will 

d iffe re n tia te  autosom al trisom y  p re g n a n c ie s  from norm al p re g n a n c ie s  will 

be h ig h lig h ted  and  by  in v e s tig a tio n  of th e se  m ateria ls  in  th e  f i r s t  

tr im e s te r , th is  may lead to  im proved sc ree n in g  m ethods an d  e a r lie r  

d iag n o sis  of autosom al trisom y. By th is  m eans i t  is  hoped to  re d u c e  th e  

num bers  of fa lse  po sitiv e  te s t s  in  sc ree n in g  and  th u s  th e  num ber of 

women (and  th e ir  fam ilies) who a re  exposed  to  u n n e c e ssa ry  anx ie ty . The 

a llev ia tion  of th is  anx ie ty  an d  th e  sound  b asis  of r e -a s s u ra n c e  g iven  by  

n eg a tiv e  f in d in g s  a re  th e  aims w hich im proved sc ree n in g  a c c u ra cy  seek s  

to  ach ieve.

Im proved  p re n a ta l sc ree n in g  will notj p re v e n t  th e  b ir th  of in d iv id u a ls  

w ith  Down’s syndrom e. Some a ffe c ted  p re g n a n c ie s  will rem ain u n d e te c te d , 

some women will p re s e n t  too la te  in  p re g n a n c y  to  allow in te rv e n tio n , fo r  

some th e  co n cep t of sc ree n in g  is  n o t accep tab le  an d  fo r o th e rs  a lth o u g h  

a le r te d  by  sc ree n in g  th e y  will chose to  co n tinue  w ith autosom al trisom y



p re g n a n c ie s . I t  is  know n th a t  in d iv id u a ls  w ith  Down’s syndrom e a re  a t  

in c re a se d  r is k  of sev e ra l d isease  p ro c e sse s  in c lu d in g  leukaem ias (Rowley 

1981) in  w hich i t  has been  show n th a t  chromosome 21 is  invo lved  in  th e  

leukaem ic p ro c e ss  (R osner an d  Lee 1972) and  p re m a tu re  sen ile  dem entia  

(O liver an d  Holland 1986 an d  V assipoulos 1990) in  w hich re c e n t  

in v es tig a tio n s  b y  Goate e t  al. (1989) m apped th e  familial form  of 

A lzheim er’s d isease  to  chromosome 21. In v e s tig a tio n  of basic  biochem ical 

d iffe ren c es  betw een  in d iv id u a ls  w ith  autosom al trisom y  an d  norm al 

in d iv id u a ls  may p ro v id e  inform ation  lead ing  to  im proved u n d e rs ta n d in g  

of d isease  p ro c e sse s  n o t on ly  fo r  Down’s syndrom e in d iv id u a ls  b u t  fo r  

o th e rs  too.



N MEAN MEDIAN TRMEAN STDEV SEMEAN
QC AF 31 67.66 69.30 67., 75 9.41 1 .69
QC FS 31 51 .74 53.40 52.02 11 .55 2.07
QC MV 31 412.7 387.0 405.4 210.9 37.9
NORM AF 35 67.54 60.80 66. 05 34 .07 5.76
NORM FS 35 52.29 44 . 10 49.34 36.22 6. 12
NORM MV 35 330. 1 288.0 314 .8 226. 1 38.2
T21 AF 12 30. 13 31.20 30. 12 10.03 2.90
T21 FS 12 24.83 24.20 24 .22 11.02 3.18
T21 MV 12 216.4 169.5 203. 3 110.7 32.0
T18 AF 5 29.82 37. 50 29.82 21 . 57 9.65
T18 FS 5 19.66 9.80 19.66 18.61 8.32
T18 MV 5 200.7 263.3 200. 7 133 . 3 59.6
T13 AF 4 41.1 38. 7 41.1 33. 0 16. 5
T13 FS 4 25.8 17.4 25.8 25.4 12.7
T.1.3 MV 4 417 367 417 268 134

MIN MAX Q1 Q3
QC AF 51 .00 86.20 59.00 76. 50
QC FS 21 . 80 78.20 46.00 58.30
QC MV 68.3 910.0 256.4 583.0
NORM AF 13 . 50 150.60 39.50 95 . 00
NORM FS 5. 40 164.20 27. 70 69.00
NORM MV 21 .9 980.0 188 .6 463.0
T21 AF 16. 10 44.30 20.37 38. 53
T21 FS 9 . 70 46.00 14. 48 33.93
T21 MV 108.6 455.0 135.0 292. 7
T18 AF 6.50 57.00 7 . 75 48.05
T18 FS 5.00 50.30 7.00 37.25
T18 MV 32.7 313.0 57.6 312.5
T13 AF 8.4 78.6 11.0 73.6
T13 FS 6.8 61.6 7.2 52.8
T1.3 MV 181 750 191 691

APPENDIX A : S ta tis tic a l an a ly s is  of GGT d a ta  fo r each  g ro u p  of sam ples 

(m edian v a lu es  u sed  in com parison of th is  d a ta  w ith o th e r  a u th o rs )



N MEAN MEDIAN TRMEAN STDEV SEMEAN
QC AF 17 44.21 45.30 45.47 14.39 3.49
QC FS 17 14 .85 13.00 14 .37 6.15 1 .49
QC MV 17 599.9 454.0 572.3 381 .5 92. 5
NORM AF 24 58.26 56. 50 57 .34 32. 19 6.57
NORM FS 24 16.62 13.95 15.28 11.86 2.42
NORM MV 24 457 .0 350.3 424.9 385. 3 78. 7
121 AF 12 21 . 17 16.50 20.30 14 . 50 4.18
T21 FS 12 5. 17 5. 50 4 .80 3.92 1 . 13
T21 MV 12 154 .2 113.5 142. 1 119.9 34 .6
T18 AF 5 45.9 55.6 45.9 32.0 14 . 3
T18 FS 5 14 . 76 15.10 14 . 76 8.81 3.94
T18 MV 5 300.5 288.0 300. 5 221 .4 99.0
T13 AF 4 9.37 7 .05 9.37 8.43 4 .22
T13 FS 4 6.00 1 .50 6.00 10.10 5.05
T13 MV 4 84 . 7 66. 7 84 . 7 77.7 38.9

MIN MAX Q1 Q3
QC AF 4.60 64 .90 36.95 56.00
QC FS 5. 80 31 . 10 10.95 17 .05
QC MV 181.0 1432.5 312. 1 863.3
NORM AF 11 .80 125.00 32.33 81 .20
NORM FS 4 . 60 58.00 8.68 22.40
NORM MV 88.3 1530.6 197.2 667 . 8
T21 AF 4 . 10 47.00 11.07 33.4 5
T21 FS 0.00 14.00 1 .85 7 .30
T21 MV 30.0 400.0 53.0 243.7
T18 AF 10.4 76.3 11.9 75. 1
T18 FS 4.50 24 .20 5.95 23.4 0
T18 MV 58.0 617.6 98.0 509.3
T13 AF 2.40 21 .00 2.80 18.27
T.13 FS 0.00 21 .00 0.00 16. 50
T13 MV 11.0 194. 4 24.3 163.0

APPENDIX B : S ta tis tic a l an a ly s is  of M altase d a ta  fo r each  g ro u p  of sam ples 

(m edian v a lu es  u sed  in com parison of th is  d a ta  w ith o th e r  a u th o rs )
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