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Figure I.J : Secretory Pathway. Newly synthesised proteins are translocated into 
the ER catalysed by BiP {step I}. Cargo proteins are folded before exit from the ER via 
vesicles that fuse to form the PGI {step 2}. The POI sort and concentrate cargo proteins 
before transport to the CON along microtubuJes {step 3}. Cargo is then transported to 
the Oolgi-stack {step 4}. The cargo proteins undergo posttranslational modifications 
during their sequential passage across the Golgi-stack to the TGN {step 5}. Upon 
delivery to the TON, proteins are sorted and packaged into vesicles intended for the 
Plasma Membrane {step 6a} or Endosomes/Lysosomes {step 6b} or as Secretory 
granules in specialised secretory cells {step 6c}. Recycling of transport machinery 
factors and salvage of resident ER proteins occurs via retrograde transport . 
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Figure 1.2 : Eodocytic Pathway. Ligand ( .. ) binds to its receptor (Y) at the cell 
surface, and the receptor-ligand complexes localise to clathrin coated pits {step l}. The 
binding of dynamin {step 2}, leads to vesicle fission {step 3}. After fission the c1athrin 
coat disassembles {step 4} and uncoated PM-derived or TGN-derived vesicles 
(containing hydrolasesObound to MPR~) fuse with early endosomes {steps Sa & 5b}. 
Endosomes then associate with microtubules while receptor and ligand dissociate due to 
low pH. The receptors accumulate in the tubular parts while ligand and hydrolases are 
concentrated in the vesicular part of the matwing endosome {step 6}. Upon fission, the 
receptors are recycled back to the PM or TGN, with concomitant formation of ECVs 
{step 7} which are transported along microtubules (via dynejnldynactin~ ) and then fuse 
with late endosomes/lysosomes {step 8}. [Adapted from Ref 91] '" 
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Fieure I.S : Endosomal Fusion Events in vitro. Reconstituted fusion 
events include homotypic fusion between Early Endosomes or between Late 
Endosomes and the heterotypic fusion of ECVs with Late Endosomes {¢=::::>}. 
Fusion events which cannot be reconstituted include heterotypic interactions of 
Early Endosomes with ECVs or Late Endosomes and homotypic interactions 
between ECVs {~ }. [Redrawn according to Ref. 69] 
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40 K / 3 brs / °c 

Figure 2.1 : Shift of DAB X-Linked material on a continuous 20-70% Sucrose 
(A) Gradient and a Step Gradient (B). A) P388D, mouse macrophages were 
allowed to internalise HRP for 15min at 37°C. Half of the postnuc1ear supernatant 
(PNS) was DAB crosslinked (X-PNS). Samples were overlaid onto a continuous 
20%-70% sucrose gradient, and spun at 130000g for 4 hours in a SW-40 rotor. The 
gradients were then fractionated and the HRP content was measured. B) The 
material of fractions 8, 9, and 10 were pooled and loaded onto a sucrose-step 
gradient [Section 2.2.5.3] and centrifuged at 270000g for 3 hours. [Representative 
of four separate experiments] 
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(A) PNS from 3 min HRP pulsed cells, loaded onto a 15%-Percoll gradient 
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(B) The X-linked fractions (I 6,17,18), loaded onto a 13%-Percoll gradient 
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Figure 2.2 : Purification of X-Endosomes (A) After loading cells for 3 min with l-ffiP, a 
PNS (mixed with eH]-PM PNS) was loaded onto a 15%-Percoll gradient and centrifuged. 
The gradients were tapped from the bottom, and fractions were analysed for marker 
enzymes and rH]-PM. The resultant low-density fractions (fractions 16,1 7,18), which 
represented ~ 37% of the HRP-containing organelles, were pooled and then subjected to 
DAB-X-linklng. (B) The X-linked material was overlaid onto a 13%-Percoll gradient and 
centrifuged. The fractions collected were analysed for marker-enzymes and pH]-PM. 
[Representative of the mean of four separate experiments] 
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2.J.2.2 X-Lysosome i\cceplon 

P388D, macrophages Were loaded wilh HRP (I mg/ml) for 5 min at J7°C, washed, and 

then chased for 60 min at HOC, to allow accumulation of HRP in Iysosomes. The cells 

were then subjected to cell cracking and a pOSlnuciear Supernalant (PN$) produced The 

PNS was loaded onto a 27%-percoll solution and cent rifuged at 35000g for I It; hours in a 

SW-40 rotor The gradients were lapped from lhe bonom as 0 ,5 ml fractions The 

fractions were analysed for marker-enzymes and [lHl PM label The results were as 

indicated in Table 2.2(a) and Figure 23(A) 

The low-density fractions (i e fract ions 19,20,21). which rep resent '" 40% of the HRP· 

containing organelles, were pooled and then subje<:led 10 DAB X-linking [Section 2,2 5 2] 

The X-linked fraction was then overlaid onto a 17%-Percoll solut ion and centrifuged. This 

lower peroo ll concentration was used to improve yields, without sacrilicing purity. The 

resultant high-density fractions (ie fractions 1,2,3) as shown in Table 2.2(b) and Figure 

2 3(D), wtUch contained 23 1% HRP containing organelles corresponding to the 21.7% 

Iysosomes, 7.64% Goigi and 5 4% PM from the original PNS, were pooled and overlaid 

onto a sucrose-step gradient (Section 2 2.5.3] and centrifuged The fraction at lhe 40-50% 

sucrose interface was ooHecled as the enriched X-lysosome acceptor fract ion [Figure 

2.I (Bl] 
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Table 2.2Cb): Fraction analysis for label and marker enzymes lX-Lyon 17%-Percolll 

1.788 1.716 0.670 

5 1.256 1.597 1.252 0.670 

6 1.138 1.406 0.775 0.670 

7 1.296 1.264 0.656 0.670 

8 1.355 1.144 0.550 0.670 

9 1.253 1.025 0.457 0.670 

10 1.257 0.882 0.391 0.670 

1 1 1.408 0.930 0.338 0.670 

12 1.238 0.954 0.298 0.670 

13 1.521 1.025 0.391 0.670 

14 1.955 1.049 0.722 0.670 

15 3.482 1.526 1.451 0.670 

16 10.532 3.289 4. 179 19.500 

17 30.371 8.650 8.683 19.500 

18 19.577 6.958 5.822 19.500 

19 4.373 1.669 2.404 3.500 

20 2.200 1.454 2.073 3.500 

21 1.902 1.192 2.100 3.500 

22 1.646 1.454 2.047 3.500 

23 1.604 1.168 1.795 3.500 

24 1.347 0.787 1.477 3.500 

25 1.720 0.835 1.596 3.500 

(Values represent the mean of four separate experiments] 
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(A) PNS tTom 60 min HRP chased cells, loaded onto a 27%-Percoll gradient 
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(B) The X-linked tTactions (19,20,21), loaded onto a 17%-Percoll gradient 
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Figure 2.3 : Purification of X-Lysosomcs (A) After loading cells for 3 min with HRP 
and chasing for 60 min, a PNS (mixed with [3H]-PM PNS) was loaded onto a 27%-percoU 
gradient and centrifuged. The gradjents were tapped from the bottom, and fractions were 
analysed for marker enzymes and [3J-1] _PM. The resultant low-density fractions (fractions 
J 9,20,21), which represented - 40% of the HRP-containing organelles, were pooled and 
then subjected to DAB-X-linking. (B) The X-linked material was overlaid onto a 17%­
percoll gradient and centrifuged. The fractions collected were analysed for marker 
enzymes and PH]-PM . [Re presentative of the mean of four separate experiments] 
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(A) Effect of DAB X-linking on Solubility of [3H]-EN Membrane 
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(B) The Effeciency of ~-Galactosidase Activity 
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Figure 2.4 : (A) The cell surface of cells were labelled with eH]-Galactose and then 
internalised in the presence of HRP for 15 min. The ce])s were then treated with p­
Galactosidase (to remove label not internalised). A PNS was placed onto a 27%­
Percoll gradient, centrifuged, and the low-density fraction isolated. The sample was 
split into two parts and one of them DAB X-linked. Both samples were then Triton x­
lOO solubilised followed by centrifugation. The amount of radioactivity pelleted was 
measured. (B) After labelling the cell surface with eH]-Galactose the ce])s were 
washed extensively before treatment with p-Galactosidase. The cells were centrifuged 
and the activity of p-Galactosidase was analysed by measuring the amount of label 
remaining in the supernatant. [A represents the mean of J separate experiments] 
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(A) Effect of Sonication and SDS on TX-lOO treated [3H]-Acceptor. 
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(B) Retrieval of [3HJ-AcceptorTx-roo after centrifugation through Sucrose 
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Figure 2.5: (A) Triton X-laO treated eH]-Acceptors were subjected either to 
sonication (3 min) or SDS (1 %). The material was then centrifuged and the amount 
of label in the pellet was measured. (B) Triton X-lOa treated pH]-Acceptors were 
loaded onto different sucrose concentrations and then centrifuged. The amount of 
label La the pellet was measured. [Representative of the mean of three separate 
experiments] 
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Fieure 2.6 : Scanning electron micrographs of X-linked acceptors. Triton X-I 00 
treated non-crosslinked PNS and purified X-acceptors were spread onto separate 
0.02 !-lm filters, then fixed sequentially with glutaraldehyde, osmium tetroxide and 
uranyl acetate. Dried samples were mounted onto aluminium stubs and then 
scanned. (A) Triton X-I 00 treated non-crosslinked PNS. (B) Triton X-IOO treated 
X-acceptors. (C) Higher magni fication of a sub area of image B. 
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(A) Amount of label removed by consecutive Salt-washing, Sonication 

and Buffer-washing of 35S-MembraneLf prior Triton X-J 00 solubilisation. 
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(B) Pre-Clearing of 3SS-Cytosol and Triton X-IOO treated 3sS-MembraneLf 
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Figure 3. J : (A) 35S-Membraneu (prior Tri ton X-l 00 sol ubi lisation and pre-clearing) 
was subjected consecutively to salt-washing, sonication (3min) and buffer-washing. 
The material was centrifuged and the amount of label in the pellet was measured. (B) 

35S-Cytosol and Triton X-IOO treated 35S-MembraneLf was pre-cleared by mUltiple 

incubations and centrifugation steps [Section 3.2.2.3]. The amount of label in the 
pellet was measUIed. [Representative of the mean of three separate experiments] 



Univ
ers

ity
 of

 C
ap

e T
ow

n

75 

1 

amount was 

to 

to amounts 

an 90 

was 

a was 

test In 

minutes in an 

1.2 % was 

an was 

upon 



Univ
ers

ity
 of

 C
ap

e T
ow

n

76 

(A) Acceptor titration relative to a fixed amount of pre-cleared 3SS-CytosoL 
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(B) Binding as F(Time) in an ATPR IATPD system with/without Acceptor 
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Fi2llre 3.2: (A) The amount of acceptor was varied relative to a fixed amount pre­
cleared 3sS-Cytosol (30 ~I from a 3 mg/ml stock) in a binding assay perfonned for 90 

min, either in an ATP R or ATPD system. Saturated amounts of label in the pellet was 
reached from 30 III of acceptor onwards. (B) To determine the optimum incubation 
time, a binding assay mix (30 III acceptor, 30 III 35S-cytosol and 30 , .. d binding buffer) 
was incubated as a function of time either in an ATPR or ATPo system. After ~ 2 
hours saturation point was reached. All binding assays were thus perfonned routinely 
for 2 hours. [Values representative of the mean of 3 separate experiments, SD ~ 7% ] 
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(A) A TP Reversible Binding of pre-cleared 35S-Cytosol. 
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(8) X-Endosome vs X-Lysosome Binding as F(Time) in an ATPR system 
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Figure 3.3: (A) To establish whether binding was reversible, acceptors were incubated 
as a function of time first tn an A TP-depletmg system and then in an ATP-regenerating 
system at 37°C [binding assay mixture as described in Figure 3.2(B)]. (B) A comparison 
between the binding capacity of X-endosomes and X-lysosomes was performed as a 
function of time in an A TP-regenerating system at 37°C [binding assay mixture as 
described in Figure 3.2(8)]. The curves for X-endosomes and X-lysosomes were almost 
identical [discussed in Section 3.3.2.4]. [Values representative of the mean of three 
separate experiments] 
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Figure 3.5 : Cytosol binding assay pellets (using BSA or salt-washedfBSA treated X­
acceptors) run on a SDS-PAGE e-radient gel followed by radioactive scanning. BSA or 
salt-washedlBSA treated X-endosomes and X-lysosomes were resuspended in Binding 
buffer. X-endosomes {BSA (lanes 1-2), salt-washedlBSA (lanes 3-4)} or X-lysosomes 
{BSA (lanes 5--6), sait-washedlBSA lanes 7-8)} were incubated at 37°C for 2 hours with 
fully soluble 35S-Cytosol (lanes 1-8), either in an A TP-regenerating system (lanes 
1,3 ,5 & 7 or ATP-depleting system (lanes 2,4,6 & 8). Samples were overlaid onto 25% 
sucrose and acceptors with bound radioactive material collected by centrifugation. The 
pellets were resuspended and run on a 5-13% gradient SDS-PAGE gel followed by 
radioactive scanning. A sample of 35S-Cytosol was run in lane 9. The Mw Marker was run 
in lane 10 and was marked with radioactive ink. Bands were labelled according to their 
molecular weight. [Representative of 3 separate experiments] 
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Figure 3.6 : Cytosol binding assay pellets (using salt-washedfBSA treated X-acceptors 
!only) run on a SDS-PAGE gradient gel followed by radioactive scanning. Salt­
jwashedlBSA treated X-endosomes and X-lysosomes were resuspended in Binding buffer. 
IX-endosomes (lanes 1-4) or X-Iysosomes (lanes 5-8) were then incubated at 37°C for 2 
'Ihours with fully soluble sS-Cytoso], either in the presence GTP (lanes 1-3 & 5-7 with 2 & 
6 additionally in the presence of an ATP-regenerating system and lanes 3 & 7 additionally 

J 

lin the presence of an ATP-depleting system) or ATPyS (lanes 4 & 8l' Samples were 
Iprocessed further as described in Figure 3.5. A control incubation with 3 S-Cytosol in the 
:absence of acceptors in an A TP-regenerating system was run in lane 9. The Mw Marker 
Iwas run in lane 10. [Representative of three separate experiments] 



Univ
ers

ity
 of

 C
ap

e T
ow

n

85 

were to some extent UUU,",Ul" to 

or 

if one 

was still 

It 

was 

3 

was common 

as 

was 

or to 

novo or 

two at 35 

cross-

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

It 

are more 

was not 

were 

IS 

it IS 

no 

a 

86 

coat 

was ",v.u,",'"".",y on 

a 

even 

(90 

same 



Univ
ers

ity
 of

 C
ap

e T
ow

n

------------------------------.----------" 

" .. 

, '" 

(42) 

SNAREs (15-35 lOa) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

88 

were 

3 3.9 3.10. 

3.8 a or 

32 

1 

(i.e. 

was 

00 

3 '-'AI 11 VI '"'-''-' a was 

to 

more 

3 6] 



Univ
ers

ity
 of

 C
ap

e T
ow

n

89 

as a COllCO,ffil1ta to u ...... ",,,.,, 

was not an 

were 

3. .1. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Band 
(kDa) 

170 

106 
100 

90 

74 

57 
56 

51 

48 
46 

34 
33 _--tP 

32 

26 

21 

15 

Lane Number 

Acceptor Type 

Nucleotide 

5S-Donor 

X-EndosomesNaCI X-LysosomesNaC' 

35S-MembraneLf + Cold-Cytosol 

8 9 

--
90 

Marker 
(kDa) 
205 

116 

97.4 

- 66 

- 45 

- 36 

...... 29 

- 24 

- 20.1 

".."., 14 

10 

No Marker 

Figure 3.8 : Membrane binding assay pellets (usine 3SS-MembraneLf as donor] run on 
a SDS-PAGE gradient gel followed by radioactive scanning. SaJt-washedJBSA treated 
X-acceptors were resuspended in Binding buffer. The X-endosomes (lanes 1-4) or X­
lysosomes ~Ianes 5-8) were then incubated at 37°e for 2 hours with fully soluble 35S_ 
MembraneL (lanes 1-8), either in an A TP-regenerating system (lanes 1,4 ,5 & 8 with 4 & 
8 additionally in the presence of A TPyS) or A TP-depleting system (lanes 2, 3,6 & 7 with 3 
& 7 additionally in the presence of GTPf. Samples were processed further as described in 
Figure 3.5. A control incubation with 5S-MembraneLf in the absence of acceptors in an 
A TP-depleting system was run in lane 9. The M w Marker was run in lane 10 and was 
marked with radioactive ink. Bands were labelled according to their molecular weight. 
[Representative of 3 separate experiments] 
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Figure 3.9 : Membrane binding assay pellets [using salt-washed/sonicated JSS_ 
MembraneLr as donor) run on a SDS-PAGE gradient gel followed bv radioactive 
scannine. Experimental details as described in Figure 3.8, except that salt-washed and 
sonicated 3sS-MembraneLf was used as donor and that a control incubation with DAB-latex in 
an A TP-depleting system was run in lane 9. The big horizontal arrow (B) shows that the 32 
kDa band was enriched for X-lysosomes (as compared with X-endosomes) under all 
nucleotide conditions, but especially under A TP-depleting conditions. [Representative of 3 
separate experiments] 
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Figure 3.10 : Comparison of bindinl assay pellets of X-endosomes. X-lysosomes. DAB­
latex. and salt-washed/sonicated 3 S-MembraneLf donor. A) Salt-washedlBSA treated 
DAB-latex, X-endosomes and X-Iysosomes were resuspended in Binding buffer. The non­
specific DAB-latex acceptor (lane 1), X-endosomes (lanes 2) Or X-Iysosomes (lane 3; were 
incubaled at 37°C for 2 hours with fully soluble salt-washed/sonicated 35S-MembraneL (lanes 
1-3) in an ATP-depleting system. A sample of 35S_MembraneLf was run in lane 4. The Mw 

Marker was run in lane 5. The big horizontal arrow (~) shows thai the 32 kDa band was 
enriched for X-Iysosomes as compared to DAB-latex and X-endosomes. B) A radioactivity 
plot of the 31-35 kDa region for Janes 2-4, which shows that the intensity of the 32 kDa is 
enriched in terms of relative quantities of the 33 and 32 kDa bands present in the 35S_ 
Membrane Lf donor. 
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A) Isoelectric focussing standards run on an lPG-strip (pI 3-10 NL,180mm) 

B) Standard Plot of Isoelectric pH versus Distance 
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Figure 3.11 : Standard Plot of Isoelectric pH versus Distance. A) Phannacia pI marker 
proteins (0.1 mg) was loaded during reswelling of an {PG strip (pH 3-10 NL, J 80mm) in 
sample buffer (8M urea, 2M Thiourea, 4% CHAPS, 2% pH 3-J 0 carrier ampholytes, 
20mM Tris base, 30mM DTT). lsoelectric focusing was performed al l70e until 
equilibrium (65 kVh) followed by coomassie staining. B) A standard plot of Isoeleclric 
pH versus distance (rrun) migrated. 
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IFigure 3.12 ; 2-Dimensiooal gel of salt-washed and sonicated 35S-MembraneLf bound 
iby X-EndQsomes. Salt-washed/BSA treated X-endosomes were resuspended in Binding 
Ibuffer. The X-Endosomes were incubated at 37°C for 2 hours with fully soluble salt­
Iwashed/sonicated 35S-MembraneLf in an ATP-depleting system. The sample was overlaid 
lonto 25% sucrose and acceptors with bound radioactive malerial collected by centrifugation. 
IThe pellet was loaded during reswelling of an IPO strip (PH 3- LO NL, 180mrn) in sample 
Ibuffer (8M mea, 2M Thiourea, 4% CHAPS, 2% pH 3-10 carrier ampholytes, 20mM Tris 
Ibase, 30mM OTT). Isoeiectric focusing was performed at 17°C until equilibrium (65 kYh). 

I

The second dimension was performed using a 5-13% gradient SDS-PAOE followed by 
radioactive scanning. The boxed regions were enlarged in Fi gure 3.15. 
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Figure 3.13 : 2-Dimensional gel of salt-washed and sonicated 35S-Membraneu bound 
by X-Lysosomes. Salt-washed/BSA treated X-Lysosomes were resuspended in Binding 
buffer. The X-Lysosomes were incubated at 37°C for 2 hours with fully soluble saJt­
washed/sonicated 35S-MembraneLr in an A TP-depleting system. The samples were 
processed further as described in Figure 3.12. The boxed regions were enlarged and 
reproduced in Figure 3.15 to facilitate direct comparisons with what was bound by X­
endosomes. 
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Fif:ure 3.14 ; 2-Dimensional gel of salt-washed and sonicated 35S-MembraneLf used as 
donor in the bindine assays. A sample of the salt-washed and sonicated J5S-MembraneLf 
was loaded during reswelling of an IPG strip (PH 3-10 NL, 180nun) in sample buffer (8M 
urea, 2M Thiourea, 4% CHAPS, 2% pH 3-10 carrier amphoiytes, 20mM Tris base, 30mM 
DTT). Isoelectric focusing was performed at 17°C until equilibriwn (65 kVh). The second 
dimension was performed using a 5-13% gradient SDS-PAGE followed by radioactive 
scanning. The boxed regions were enlarged and reproduced in Figure 3.15 to facilitate 
direct comparisons with what was bound by X-endosomes and X-lysosomes. 
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Figure 3.15 : Comparison of 2-Dimensional patterns obtained for X-acceptors from 
binding assays. The regions (A,B,C) boxed in Figures 3.12-3.14, were enlarged (mainly in a 
vertical direction) to facilitate direct comparison between what was bound by X-Endosomes 
(Figure 3.12) and X-Lysosomes (Figure 3.13) from the salt-washed and sonicated 35S_ 
MembraneLf donor (Figure 3.14). It was evident that X-Lysosomes exhibited enhanced 
binding of spots 32Lb (region A, circles),15Lb (region B, circles) and 74Lb (region C, 
circles), while X-Endosomes exhibited enhanced binding of spot 56Eb (region C, triangles) . 
Both acceptors exhibited similar binding capacity for spots 33b (region A, squares) and 14b 
and (region B, squares). Spots 57 and 68 (region C, hexagons) were examples of the 
numerous spots not bound by both acceptors. The radioactivity plots of spots 33b, 32Lb and 
15Lb were displayed . Their relative intensity ratios were shown within the peak area. 
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Figure 4.1 : Tbe fusogenic bebaviour of paramagnetic bydropbobic and bydropbilic 
latex bead-containing pbagosomes. P388D l macrophages were fed 0.8 J.l.m paramagnetic 
latex beads (possessing hydrophobic or hydrophilic surface properties) for 45 min., washed 
and chased for 2 hours in bead-free RPMI media. HRP was added during the last 45 
minutes and then processed for electron microscopy to observe the fusogenic behaviour of 
the beads [see Section 4.2 for details]. A) Hydrophobic bead-containing phagosomes (PhO) 
displayed a close apposition (arrowheads ~ ) between bead surface and the membrane. 
B) Hydrophilic bead-containing phagosomes (Phi) displayed a loose apposition 
(arrows --+) between bead surface and the membrane (broken line -------). C) Pho fusing 
with an HRP-positive endosome (En+) D) HRP-negative endosome (En-) fusing with an 
HRP-positive endosome (Eo+). E) Pho resisting fusion (lysosomal membrane outlined in 
green box) with a densely stained HRP-positive lysosome (Ly+) F) Phi that has fused with 
an HRP-positive lysosome (LyT). [Representative images] 
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Figure 4.2 : The membrane inte2rity of latex bead-containing phagosomes during their 
purification. P388D[ macrophages were fed 0.8 11m paramagnetic latex beads (hydrophobic or 
hydrophilic) for 45 min., washed and chased for 2 hours in bead-free RPMI media. Phagosomes 
were then purified [as described in Section 4.2.4], and aliquots processed for electron 
microscopy after steps 8 (image A), 13 (image B) and 18 (image C for phago-endosomes and 
image D for phago-Iysosomes). A) red arrowheads show intact phagosomal membrane and 
green arrows indicate other vesicular structures and cell debri. B) maroon arrow point to 
undefined fenestrated material (possibly DNA fragments). C and D) red arrows point to beads 
lacking a membrane (or broken) and blue arrows indicate membrane probably derived from 
beads which have lost their membrane. [Representative images] 
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Figure 4.3 : Cytosol binding assay pellets (using Phagosome acceptors) run on a SDS­
PAGE gradient gel followed bv radioactive scanning. Purified phago-endosomes and 
phago-lysosomes were resuspended in Binding buffer. The phago-endosomes (lanes 1-4; or 
phago-lysosomes (lanes 5-8) were incubated at 37°C for 2 hoUJS with fully soluble sS_ 
Cytosol (lanes 1-8), either in an A TP-regenerating system (lanes 1, 5), or ATP-depleting 
system (lanes 2,3,6 & 7 with 3 & 7 additionally in the presence of GTP), or in the presence 
of ATPyS (lanes 4 & 8). Samples were overlaid onto 25% sucrose and acceptors with bound 
radioactive material collected by a magnetic concentrator. The pellets were resuspended and 
run on a 5-13% SDS-PAGE gradient gel. A control incubation with 3sS-Cytosol in the 
presence of Latex in an ATP-regenerating system was run in lane 9. The Mw Marker was 
run in lane 10. Bands were labelled according to their molecular weight [Representative of 
3 separate experiments] 
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Figure 4.4 : Cytosol binding assay oellets (using Pbagosome acceptors) run on a SDS­
PAGE gradient gel followed by radioactive scanning. Purified phago-endosomes and 
phago-Iysosomes were resuspended in Bi nding buffer. The phago-endosomes (lanes 1-4; or 
phago-lysosomes (lanes 5-8) were incubated at 37°C for 2 hours with fully soluble ss_ 
Cytoso I (lanes 1-8), either in an the presence A TPyS alone (lanes 1 & 5) or A TPySI A TP D 

(lanes 2 & 6) or A TPySI A TPoIGTP (lanes 3 & 7) or A TPyS/GTP (lanes 4 & 8). Samples 
were processed further as described in Figure 4.3. Control incubations with 3sS-Cytosol in 
the absence of acceptors in an A TP-regenerating system (lane 9) or A TP-depleting system 
(lane 10) was performed. The Mw Marker was run in lane 11. Bands were labelled 
according to their molecular weight. [Representative of 3 separate experiments] 
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Figure 4.5 : Membrane binding assay pellets iusine Phagosome acceptors) run on an 
SDS-PACE gradient gel folJowed by radioactive scanning. A) Pwified phago­
endosomes and phago-lysosomes were resuspended in Binding buffer. The phago-En 
(lanes 1-2) or phago-Ly .~lanes 3-4) were then incubated at 37°C for 2 hours with fully 
soluble 35S-MembraneLIPI (lanes 1-4), in lhe presence ATP-depleting system. Samples 
were processed further as described in Figure 4.3. The pellets of lanes 2 & 4 were washed 
with Binding buffer. A sample oesS-MembraneLipid was run in lane 5. B) A radioactivity 
plot of the 32-35 kDa region for lanes 2 & 4. The relative intensity ralios for bands 33 and 
32 kDa are shown. [Representative of 3 separate experiments] 
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Fi!!ure 4.6 Comnarjson of membrane banding patterns of nha!!osomes and X­
acceptors observed for ATP-depJeting conditions. The results obtained for phago­
endosomes (lane I), phago-Iysosomes (lane 3), X-endosomes (lane 2) and X-lysosomes 
(lane 4) under A TP-depleting conditions were reproduced [from Figure 4.5 (lanes 2 & 
4) and Figure 3.10 (lanes 2 & 3)] here to facihtate direct comparisons. The horizontal 
arrow (~) showed that the 32 kDa band was enriched for phago-Iysosomes and X­
lysosomes, as compared to both endosome acceptors. 
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(A) 2-Dimensional gel of salt-wasbed Pbago-Endosomes 

Spot Marker 
MW's - • MW's 
(Wo) (Wo) 

45 

34E< e 
36 

34Ec 

-32Ec 32[< 0 -- - 29 - 24 

22Ec 22E< Q -
18E<9 __ • 20.1 lSEc -15Lb .- - 14 

--
pH-Scale 9.5 4 Marker 

Spot No. 34Ec 32Ee 22Ee 18Ee 15Lb 
-

pi-value 8.5 8.4 8.6 8.5 9.4 
'-

(8) 2-Dimensional gel of salt-wasbed Pbago-Lysosomes 

Spot Marker 
MW', MW's 
(kDa) -- (Wo) 

45 

36 

32Lc 32lc!- 1 - 29 

D 22LC 
24 

22Lc 

ISLe - E)18le 20.1 
15Lb -- f- l .# 14b --- - ..:.: - - - - - --c- -- --. 14 -

pH-Scale 9.5 4 Mmer 

Spot No. 32Lc 22Lc 18Le 15Lb 14b 

pi-value 4.6 7.6 8.2 9.4 7.3 

Figure 5.9 : Preparative 2-Dimeosional gels of Phago-Endosomes fA} and 
Pbal!o-L.ysosomes (B). Spots enhanced in Phago-Endosomes (A) are circled and 
spots enhanced in Phago-Lysosomes (8) are boxed. Spots 34Ee, 32Ee, 22Ee, 18Ee, 
32Lc, 22Lc and ISLe were thus successfully scaled up for mass spectrometry. 
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M+H 

1511.7130 
27202/ 

8.59 
30330/ 

7.78 
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Access Protein 
No. 

P161l0 

Rat P08699 Lectin 3) 

Canfa P38486 Lectin 3) 

P17931 Lectin 3) 
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2.50 

O+-------------~------------~------------~------------~------------~-
500 mlz 

13823/7.80 
2 4/6 17% 33880/8.64 Mouse 
3 3/6 l3% 29945/9.75 Rat 
4 3/6 9% 32688 / 11.27 
5 3/6 10% 39837/8.72 

( 

submitted 0/0 
Modifications 

839.4596 0.0065 112 117 
1091.2120 1091.5849 -0.0342 24 32 
1100.9993 1101.4675 -0.0425 112 119 1 Met-ox 
1515.3568 1514.7235 0.0418 66 78 1 Met-ox 

2 unmatched masses: 879.0423 l341.6656 
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5.00 

SwissProt. 
Protein Name 

5/8 22% P70498 
5/8 13% P00326 
6/8 018739 

30% 
2 4/8 12% Human 
3 4/8 10% 33344/8.57 Mouse P14231 Chain 
4 4/8 14% 34014/9.63 Rat 
5 5/8 11% 38152/8.39 Bovin 

The 
Mou 

m/z 
end Modification 

submitted matched 6/0 

738.5677 738.3535 0.0290 60 65 
788.5691 788.4208 0.0188 126 131 
894.4934 894.4685 0.0028 l38 144 
1039.3440 1039.6013 -0.0247 117 125 
1699.9931 1700.7880 -0.0467 66 80 
2162.1008 2164.0735 -0.0912 120 137 
2418.4124 2420.1231 -0.0707 60 80 

1 unmatched mass: 785.4871 
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30% 
22% 
22% 

tide Mass Tolerance +/-
4110 
4110 

3 4110 
4 4110 
5 4110 

1144.9787 
1310.1622 
1310.1622 
1338.0674 
1790.3859 • • 2301.5068 

30% 
30% 
29% 
19% 
19% 

1144.6214 
1309,6826 
l309.6826 
1337,6265 
1790,8l32 
2303.1454 

2 unmatched masses: 

18560/8.22 
18533/8.22 

21493/11.35 
33245/5.25 
33275/5.25 

0.0313 
0.0365 
0.0365 
0.0332 
-0,0236 
-0.0710 
1363.1679 

152 

SwissProt. 
Protein Name 

P32853 
P41414 

Human 
Mouse P32853 
Bovin P41414 

covered 42% 

1 Met-ox 
13 -. AcetN 

34 44 
35 45 -82 92 
133 146 --128 146 ---
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3.00 

Protein Name 

5/6 
5/6 

5 5/6 
b Pe 

5/6 
2 4/6 
3 4/6 13% 
4 4/6 9% 37777 /12.18 
5 4/6 9% 38849/9.45 

The 

m/z 
Modifications 

submitted 0/0 

659.6789 0.0447 67 71 
759.6224 759.4365 0.0245 46 51 
1000.4412 1000.6155 -0.0174 46 
1000.4412 1000.5977 -0.0156 102 
1546.5823 1546.8198 -0.0154 72 84 
1602.2668 1601.8613 0.0253 52 63 

1 unmatched mass: 861.0056 
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1000 mlz 3000 

Protein Name 

28% 
22% 

27% 
23% 

3 4/10 29% 
4 4/10 11% 
5 4/10 11% 

The of 
Thioredoxin Peroxidase 2 

m/z Delta 
submitted matched 11/0 

Mod ifications 

831.5455 831.4576 0.0106 152 158 
894.4386 894.4321 0.0007 121 128 
1006.3337 1006.5362 -0.0201 8 16 
1196.0380 1196.6315 -0.0496 159 168 
1208.0862 1208.6639 -0.0478 141 151 oGlu 
1225.0830 1225.6905 -0.0496 141 151 
1358.8422 1359.8000 -0.0704 129 140 
1982.4981 1983.0187 -0.0263 III 128 

2 unmatched masses: 1290.8818, 1806.9224 
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m " 

OL--------,--------L=d-------
1000 mlz 3500 

submitted 0/0 

986.1723 0.0708 123 
1004.4588 -0.0094 195 
1028.4822 1028.6104 -0.0125 115 
1361.1352 1361.6741 -0.0396 124 
1440.1842 1440.8062 -0.0432 76 
1553.2176 1553.8651 -0.0417 109 
1742.7883 1743.8818 -0.0627 203 
2l39.3293 2140.0728 -0.0347 90 
2521.7844 2523.2381 54 
2531.7283 

7 unmatched masses: 
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16 

o~------------~------------~----------~------------~------------~ 
1000 mlz 3000 

Protein N arne 

submitted % 
870.4275 0.0078 301 308 

• 912.3465 913.4856 -0.0947 117 123 
• 1009.1378 1008.5478 0.0585 50 57 
1841.6955 1840.9571 0.0401 201 214 
2252.4673 2252.1142 0.0157 242 259 1 Met-ox 
2266.3995 2268.1092 -0.0754 242 259 2Met-ox 
2267.5388 2268.1092 -0.0251 242 259 2Met-ox 
2481.3304 2481.2408 0.0036 24 
2481.3304 

3 unmatched masses: 
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5.00 

o~--------~------------~--------------,-------------~----·················~~--~ 
1000 mlz 300 0 

2 5/8 25% 27429/8.58 Mouse 52851 
3 3/8 18% 30174/9.82 Human 539695 
4 3/8 12% 3488017.12 Human 4507305 

of Mouse 

submitted matched '% 
1298.7663 1298.7109 0.0043 213 223 
1511.6997 1511.7200 0.0014 197 209 
1884.7341 1883.9292 0.0427 197 212 
1924.8292 1924.9816 -0.0079 224 239 
2570.1020 2570.3248 -0.0087 240 263 

3 unmatched masses: 883.4320. 935.l664, 1863.7467 
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7.00 
164 

o~------------~------------~------------~------------~----------~ 
1000 mlz 3000 

SwissProt. 
Protein Name 

51% 5070662 
46% 7019877 

Mouse 387403 

Min. No. ofPe 
32% P21796 

2 28% 
3 42% Human 
4 6/22 27% Rabit 
5 5/22 21% 

Mouse 

Modificati 
matched % ons 
854.4776 0.0088 21 28 

1174.1798 1173.6156 0.0481 AcetN 
1214.l 000 1213.6217 0.0394 164 
1374.8206 1374.6582 0.0118 64 74 
1400.7600 1400.6156 0.0103 225 
1456.7143 1456.7549 -0.0028 162 
1487.7174 1487.7858 -0.0046 1 AcetN 
1528.5482 1528.7647 -0.0142 97 
1816.9683 1817.9146 -0.0521 202 
1944.8292 1946.0096 -0.0607 201 
1960.7860 1959.8783 0.0463 35 
2101.5647 2103.1814 -0.0769 237 
2126.4219 2128.0133 -0.0748 121 
2174.2484 2176.0522 -0.0829 75 93 
2598.l215 2600.1905 -0.0796 175 
2786.1637 2788.3125 

6 unmatched masses: 962.4170, 
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7.00 165 

OL-------------~------------~------------~------------~----------~ 
1000 m/z 3000 

SwissProt. 
Protein Name 

4 4/6 18% 
5 4/6 17% 

The of 

matched % Modifications 

962.5536 -0.0142 42 49 
976.4582 976.5692 -0.01l4 136 142 
1190.1642 1190.6421 -0.0401 12 21 
2041.0070 2039.0933 0.0939 142 157 
2382.3474 2380.0563 0.0963 22 41 L) 

I unmatched mass: 1659.3088 

cover 

matched % Modifications 

961.4954 0.0958 101 108 
1190.1642 1190.6381 -0.0398 99 108 
1659.3088 1660.8982 -0.0957 99 112 
2041.0070 2040.0586 0.0465 92 108 
2382.3474 2381.1659 0.0496 49 69 
2382.3474 2383.1862 -0.0352 159 177 2Met-ox 

I unmatched mass: 975.3977 
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4.50 

OL-________ ~----------~----------~----------~----------~-- ---____ ~ 
1000 m Iz 

SwissProt. 
Protein Name 

15% 
14% 

tide Mass Tolerance +/- 0.05 
3/6 15% 39868 I 8.1 0 

2 3/6 16% 32003/5.18 56649 
3 3/6 14% 31438/8.83 Rat P20974 
4 3/6 11% 36749/8.62 Mouse P55097 
5 3/6 8% 35132/5.96 Human 7022306 

submitted % 
Modification 

891.5340 0.0151 51 
1841.7161 1842.0125 -0.0161 75 
2152.9516 2154.0442 -0.0500 90 1 Met-ox 
2572.5345 109 2Met-ox 

2 unmatched masses: 111 1671.8226 

of 

matched % 
end 

891.5304 0.0004 124 131 
1671.8226 1671.7293 0.0056 315 329 
1841.7161 -0.0105 291 305 
2152.9516 0.0873 296 314 

2 unmatched masses: 1 11 2572.5345 
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Rank n -" o Ige I Spel:u::!> Accession Protein Name • "PUWI'" MW 
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a) Peptide Mass Tolerance (+/-) 0.1 %, Min. No. of Peptides to Match (7) 

,,)F~i), JO[X'4"'" 19%""'" 72422/$:07 ll'~'b. :.:. P20{)29 '1'1)" ~;;;, r ·}lljrJ;;:ZSJ: 
2 10/14 19% 70931 15.22 Human 6470150 BiP protein 
3 lOl14 19% 72116/5.03 Human P 11 021 iBiP Glucose-regulated protein precursor (Grp 78) 
4 7114 18% 56574/8.60 Mouse P35562 G-Protein activated potassium channel 

I 5 8114 l2% 84032/5.64 Human 075330 Hyaluronan mediated motility receptor (intracell) 
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1 10114 19% 72422/5.07 Mouse P20029 ;3iP Gh ~Qulated protein 1-'1\;\,;UI:>Vl (Grp 78) 
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3 8/l4 17% 72116/5.03 Human P 11 021 HiP Glucose-regulated protein precursor (Grp 78) 
4 4/14 10% 58778/8.39 Human P49643 DNA Primase (large subunit) 
5 4/14 5% 96583 /8.18 Mouse P35329 la-Cell Receptor 

submitted 0/0 

830.5147 0.0080 282 
929.6095 929.5532 0.0061 289 
119l.6837 119l.6374 0.0039 466 
1237.8163 1237.7632 0.0043 437 
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1397.7150 1397.7892 -0.0053 623 
1798.8966 1798.9915 -0.0053 355 
1926.9346 1927.0864 354 
2086.7711 2087.0409 558 
2315.9411 2316.1433 26 
2315.9411 
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J83 

Galectin-3 

Figure 7.3 : Proposed model for explaining the preseot observations and for the possible 
role of Galectin-3 along the endocytic pathway. 1) Galectin-3 can undergo self-aggregation 
and appears to cause blebbing of the plasma membrane resulting in its release within 
extracellular vesicles [388]. 2) By inference, galectin-3 could therefore also be involved in 
the formation of luminal vesicles of multivesicular bodies. The luminal galectin-3 might 
become degraded upon transfer to lysosomes. Thus, at steady state, endosomes would exhibit 
a higher abundance of gaJectin-3 as observed in this study. 3) Since the N-tenninal domain is 
required for translocation of galectin-3 to the plasma membrane [389,390], it possibly 
associates (either directly with lipid or via the interaction with a membrane protein"") with 
the plasma membrane and early endosomes via its N-terminal domain. Furthermore, since 
galectin-3 was found to specifically bind to X-lysosomes but not to X-endosomes, it is 
proposed that the C-terminal domain instead is involved in the association of galectin-3 with 
lysosomes. According to the diagram, so1ubilisation of galectin-3 by detergent (3a) or 
sonication in the presence of excess liposomes (3b), will free the C-terminal domain but, not 
the N-terminal domain. 4) Galectin-3, specifically associated with matured endosomes, could 
target these to Iysosomes andJor be directly involved in the fusion process after docking. Also 
shown are the interactions of Mac2 and CRD antibodies that may interfere with the binding of 
galectin-3, thereby preventing fusion as observed in this study. 



Univ
ers

ity
of 

Cap
e Tow

n
and 

and 

This 

15-35 

well 

the 

to 

be 

ER-BiP and 

ao~;onJes were enriched for 

were enriched 

that are known to 

(;::; 24 pI 

range 15-35 

184 

two it 

or to late 

two In 

was observed. 

soluble 

VAIU"'-"" II 

a 

of 

remam 

to appear in the 

as 

are 

factors 



Univ
ers

ity
of 

Cap
e Tow

n

1. (1 

2. 

3. 

to 

5. 1. 

6. 

7. 

Cell 

8. 

1. 

9. 

10. 

11. 

12. 

13. 

15. 

14. 

17. 

(1988) A 

to 

B(1 

1. 

A 

185 

15. 

1. 

across 

interaction 

1. 

" J. 

1.(1 

concentration qf 

_E'rJ,rtW'FI vesicles. 81 



Univ
ers

ity
of 

Cap
e Tow

n

186 

(I 

15. 

81 

16. a 

17. 

18. 

maturatioll 

19. at exit 

site 

A 

movements 1. 

21. M. (1 A 

( 1) 

Ann. 101. 

1. (1983) 

79, 61 

171. 

(1 

J. 



Univ
ers

ity
of 

Cap
e Tow

n

187 

28. P. , (l 

(l 

1. 

by 3 5 1, 41 1-414. 

31. 

a 

a 

33. (l 

mutant 

9] 

35. 

in nerve 

37. 

38. 

1. 

route in rat 

21, 



Univ
ers

ity
of 

Cap
e Tow

n

41. J HF., 

1141. 

46. 

47. 

51. 

52. 

J. . 1 1301-1316. 

vivo an 

188 

(1 

pathway 

(l 

J. 

LDL 

of 



Univ
ers

ity
of 

Cap
e Tow

n

(1 

55. 

1. 

58. 

ill two 

61. 

62. 

mail/lOse ()-l~'no.Sl)lCla 

in mutant 

3 

"'''''''',H1 carcinoma A 

rtLIlIIc)l,t:f ovary 1. 

1. 

189 

of 

in 

occurs 

to 

1. 

, no " .. r'" to two 

1, 



Univ
ers

ity
of 

Cap
e Tow

n

190 

(1 1) 

1) 

(1 

to maturation 117, 

10. 

N J. (1993) 

,'''",,,,,,.,,,".,. 1. 

70. 

71 n, ... /w/.~." maturation 

121, 1011-1 

on 

74. 

A llnJ·e-lafJ.',e 

movements J. 

(1 

carcinoma 

1.(1 

1. 

movement in 

J. 1 



Univ
ers

ity
of 

Cap
e Tow

n

81. 1., (1 

87. T (1979) 

88. 

91. 

(1 

J. 

1. 

115, 1 

191 

to 

to 

1. 

is a minus 

event 

81. 

rat 

monensin 

1650. 



Univ
ers

ity
of 

Cap
e Tow

n

M., 

1, 11-18. 

carrier 

rat 1182. 

Iysosomes contents. 1. 

101. 

103. 

a 1. 

s., 

a 

10. 

1.(1 

881 

192 

(1 

1. 

(1 

in 

12. 

lusion in 

qf 



Univ
ers

ity
of 

Cap
e Tow

n

s., 

105. 

1 

1. 

1. 

110. 

111. 

21, IS. 

112. 

113. 

114. 

115. 

116. 

(1 1) 

1355. 

Mycobacterium 

or 

(1 maturation 

1) events in 

(1 

successive 

193 

in 

16. 

stomatitis virus 



Univ
ers

ity
of 

Cap
e Tow

n

194 

117. (1 

in a 1. 

118. 

in 

a Cell 39, 511 

119. 

carrier not to contain /'1[" ....... , 

171-1 

121. S.A (1990) 

151-171. 

122. B. S., Malhotra 

(1 in 

(1989) 

by 

A TTlI' TI'" '" 

in 



Univ
ers

ity
of 

Cap
e Tow

n

195 

130. A., lE. 

131. intra-

1 

1. 

1 I. (1 

-713. 

1 139, 

11 1195. 

A 

3 

135. a 

to 

136. (1 

137. 

12. 

138. , and 

139. 

(1 non-

140. 

coalomer to 1. 

1. 



Univ
ers

ity
of 

Cap
e Tow

n

144. 

1 . 

1 

151. 

1 

1 

(1 

1 

J., 

Domain structure 

196 

101 

(1 

is 

1. 

1. 

A in 

(1993) 

in 



Univ
ers

ity
of 

Cap
e Tow

n

155 

ATP is 

156. 

3 

1 

158. 

in 

160. 

161. 

10117. 

I.e., and 

1. 

164. 

165 

BioI. 

91 

s., 

18. 

55. 

(l 

are 

197 

(1 

355-

(l 

cisternae are 

P. (1 

active 

(l 

7 

J 



Univ
ers

ity
of 

Cap
e Tow

n

198 

1 lE. (1989) an 

a 

1 

(l 

1 

1 

170. 

171. 

1 

1 . structure of 

a 

117, 

both vesicle 



Univ
ers

ity
of 

Cap
e Tow

n

181. 

3 

eDNA 

19. 

neurotoxin 

neurotoxin 

1996) 

1. 

s., 
(J 

A, 

199 

s., 

A 

1.H.P. (1 

in 

<H , """ '''" .... , S., 

neurotoxin A 

163 

active zones. 

1. 



Univ
ers

ity
of 

Cap
e Tow

n

200 

P., (l 

nrV'.VYlI in 

191. 

192. 

(l 

Nat. 

(l 

S., 

tetanus toxin not 

(l 

structure 

a 

1., an 

in 

J. 12, 



Univ
ers

ity
of 

Cap
e Tow

n

201. 

209. 

210. 

211. 

(l 

Ungermann 

v-t-SNARE .... Vl" ... /f·,,, .... 

SNARE 

to 

s 

(l an 

19. 

N., 

V., 

SNARE complex 

8. 

a 

201 

are 

14. 

v-

M. (l 



Univ
ers

ity
of 

Cap
e Tow

n

212. 

213 

21 

215. 

216. 

217. 

218. 

219. 

(l 

l. 

1. 

l. 

7. 

202 

to 

trarlSlJGirt to 

nervous 

(1990) 

lS., 

to 



Univ
ers

ity
of 

Cap
e Tow

n

with 

230. 

1. 

2. 

17783. 

on 

Lim 

of 

to 

Brown MJ., 

1. 

9, I 

1. 

203 

1. 

(1 

1. 

6 

is 

non-

L., 



Univ
ers

ity
of 

Cap
e Tow

n

204 

of majrnmaJ 

8. 

65. 

trans 

1. measurements 

5. 

Novick 

. 9, 496-504. 

attenuate.'; rat 

364, 



Univ
ers

ity
of 

Cap
e Tow

n

205 

M. 

(l 

is a 

8 

1. 

' .. ..,HUH". 1. (l 

71,1131-11 

1. 

r V.,,'I§V,' on a 

1309. 

(1 1 

J. . 135, 913-

a 

are ras-

9. 

N (1 

133, 1 o. 



Univ
ers

ity
of 

Cap
e Tow

n

1. 

a ,,,,1.171"10 

10. 

1. 

I., 

A 

266. 

1-1080. 

cerevisiae is 

10, 

and Novick 

in 

(l 

(1 

3 

206 

is a 

is an 

is a 

is an 

1. 18, 

in 



Univ
ers

ity
of 

Cap
e Tow

n

1. 

280. 

1. 

Cell 

(TAP)/p115 is a 

(1991) A 

140, 1013-1 1. 

13 13 

(1 

61. 

cerevisiae. J. 

a 

at 

1. 

207 

a 

A 

1. 

M. 

4, 

P., 

in a 

l. 

1.(1 

1. 



Univ
ers

ity
of 

Cap
e Tow

n

208 

s (1 A 

15. 

I. 

117,101-112. 

in 

I. 

60, 

292. 

of 

in . 15, 6-10. 



Univ
ers

ity
of 

Cap
e Tow

n

(1 1) 

J. 

constitutive '·,U"'oU' 

301 

3 

3 . 

3 

3 . 

308. 

(1 1) 

is an 

15 

CDC48p 

209 

(1991 ) 

of 

muscarinic (MJ 

to 



Univ
ers

ity
of 

Cap
e Tow

n

3 

310. 

311 

312. 

313. 

31 

315. 

316. 

317. 

318. 

319. 

1. 

(1 

vCP, isa 

A 

(1 

two 

210 

vcP is a a 

L.E. 

a 

a new Hn:TTlI'<'-

1. 

v. 

events. 



Univ
ers

ity
of 

Cap
e Tow

n

211 

(1 

recruitment. 1. 

1 

13 

J. (1 

in 

o. 

1. rat 

1. 

181-1 

to 



Univ
ers

ity
of 

Cap
e Tow

n

212 

335. Hall (1 

J. 

3 

41 1. 

8. 

1-601. 

1. 

in rat 

in 

(1 

rat tissues in 

51-61. 

of 



Univ
ers

ity
of 

Cap
e Tow

n

213 

murine 

thymocyte.\' 

1 138. 

3 

351 

J. 

3 M., 

81. 

16. 

3 (1 in 

1. 

3 (1 

355. 

(2000) 

3 

3 of 

358. (1984) Gel 

stain. 



Univ
ers

ity
of 

Cap
e Tow

n

214 

3 (1 on 

M. (1994) 

1. 

(1 

interactions 

A., 

1. 

(1 

112. 

(1 

(1 

mass 

90, 11 15. 



Univ
ers

ity
of 

Cap
e Tow

n

3 

371. 

3 

373. 

3 . 

3 

379. 

3 

381. 

3 

3 

3 

mass 

2 

8. 

10. 

2iS 

(1 

58-64. 

mass 

(1 by 

ion extraction in a 

mass )Ut::(;ln"JfmC:ICf 

mass "'U.IJU" 

structures. 

(1 

11 11 



Univ
ers

ity
of 

Cap
e Tow

n

216 

3 S (1 must so 

3 

1. 

3 asa 

13-1217. 

3 (l vesicular 

3 

3 

1. 

3 

and 

1. 

1. 

8. 

nature 

1. Immuno!. 

in esters is an be 

L 

397. 

81, 



Univ
ers

ity
of 

Cap
e Tow

n

3 

401. J ahrau s 

s 

nature 

is 

(l 

410. 

411. 

von 

18. 

161. 

(1 

( 1999) 

217 

A new 

in 

not A 



Univ
ers

ity
of 

Cap
e Tow

n

218 

412. U.U"4"""" J J., (I 994) 

413. 

414. 

415. A 

416. is 

1 

417. 

8. 

418. 

419. (l 

UIY"'VYII turnover in 

(1 

turnover: 

1. 

in 

12. 

a 

J. 18. 



Univ
ers

ity
of 

Cap
e Tow

n

conservation 

1. 14. 

5. 

11 

(I 

mutant with 

219 

1) 

a 

in actin 



Univ
ers

ity
of 

Cap
e Tow

n

220 

7. structure 

13 

8. 

consensus UHf'"'' 

I. 

9. 

1. 

440. 

441. 

annexins in 

1213. 

movements. A 

VS()'SOlllW movements 1. 

in mouse 

1. 90,1 



Univ
ers

ity
of 

Cap
e Tow

n

(1 

449 

is aC(~OnlfJarflle 

M.K., Klip 

2,3, 

annexin 

1. 

J 

221 

14. 

maturation 

in 

on 

of 

maturation 

S (l 




