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Protein 
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CHO-Kl 

cells 

B 
Testis ACE 

C 
Somatic ACE 

I Nuclei staining II Cell-surface 
labelling 

III Internal cell 
labelling 

Figure 4.3.1. Cell surface localisation of somatic and testis ACE CHO-KI cells, 
not expressing (row A) or expressing either the eDNA of testis (row 8) or somatic ACE 
(row C) were grown on coverslips before being probed with a rabbit anti-testis ACE 
polyc\onal antibody. The cells were washed before the addition of FITC-labelled goat 
anti-rabbit secondary antibody and the ceUs were fixed to detect cell surface localisation 
of the ACE isoforms (column ll). To detect internal expression of the proteins, the cell 
membranes were permeabilised with cold methanol before probing with the primary 
antibody (column ill). To detect all CHO-Kl cells present on the coverslips, the nuclei 
were stained with propidium iodode (PI) (column I). 
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Figure 4.3.2 Metabolic labelling and pulse-chase analysis of the expression 
and shedding of somatic ACE CHO-KI cells stably transfected with the cDNA of 
human somatic ACE were grown in the presence of eSS]methionine and eSS]cysteine 
for 30 min before the culture medium was removed, the cells washed and grown in fresh 
complete medium in the absence (A, B) and presence (C) ofPDBu to chase the label for 
24 hrs. The culture medium was removed and the cells were detergent-lysed at the time 
points indicated and cell-associated and soluble ACE were purified using affinity 
chromatography, subjected to SDS PAGE and autoradiographed for 1 week (A) or 3 
weeks (B, C). The estimated molecular masses are indicated on the right. 
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the observed mass of 1950.1. In Table 4.3.1, the peptide comprising the reported 

cleavage site at R1137 (Figure 4.3.7), from residue E1133 to Kl143 is indicated with 

the expected mlz 1176.4 (Bel dent et aI, 1993). This peptide was identified in the total 

digest of somatic ACE with the observed mlz of 1175.6, indicating that proteolysis is 

unlikely to occur at R 113 7. Similarly, no peptides C-terminal to R 1203 were 

identified indicating that cleavage at R 1227 was also unlikely. 

kDa 2 3 4 

200 
...... 166 

116 

...... 106 
97 

66 

45 

31 

Figure 4.3.6 Purified somatic ACE resolved by SOS PAGE Somatic 
ACE was purified by affinity chromatography from the culture medium of 
CHO-KI cells (lane 3) and from human seminal plasma (lane 2), 
electrophoresed on a SDS gel, and stained with Coomassie Brilliant Blue. 
Similarly, testis ACE was also purified from the conditioned medium of 
CHO-KI cells and included in lane 4. 
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Figure 5.3.4 '''estern Blot analysis of 2C-domACE, somatic ACE and testis 
ACE CHO-KI cells stably expressing either 2C-domACE (1), testis ACE (D) or somatic 
ACE (III) were grown to confluence in 35 mm dishes and grown for a further 4 hrs in 
the absence (C) or presence of PDBu (P) (1 f-lM) or TAPI (T) (100 ,uM). Aliquots of 
culture medium and cell lysates were removed and proteins were separated by SDS 
PAGE on a 7.5% acrylamide gel before western blot analysis with a testis ACE 
antibody. Aliquots of medium and cell lysate samples of CHO-KI cells expressing testis 
ACE (tACE) and somatic ACE (sACE) and untransfected CHO-KI cells (CHO) were 
included in Figures lA and IB and purified soluble recombinant testis ACE (wt) was 
included on all western blots as indicated. 
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testis ACE as expected from the results discussed in Chapter 4. There was no 

secondary cleavage product visible in the media samples of somatic ACE. Thus 

somatic ACE was cleaved within the stalk region only and not within the bridge 

regIOn. 

5.3.2 Cleavage site determination 

To determine the peptide bond where 2C-domACE was being cleaved, soluble protein 

was purified by affinity chromatography from the culture medium of 2C-domACE­

eRO cells and analysed using SDS PAGE (Figure 5.3.5). Two populations of soluble 

2C-domACE were obtained: A, full length 2C-domACE comprising both C domains 

(~170 kDA) and B, single C domains (~80 kDA). The two protein fractions, A and B 

were eluted from the gel, digested with endoproteinase Lys-C, and the [M+Ht ions 

were determined by MALDI-TOF mass spectrometry (Table 5.3.1). 

2 kDa 

-212 

N - IL--_----'HL-__ --'r-
-116 

N-~I ==~~ 
N- ~ r-

-97 

-66 

Figure 5.3.5 SDS PAGE of purified soluble 2C-domACE The purified 
protein was resolved on a 10% acrylamide gel and stained with coomassie blue 
(lane I). Two protein bands were observed, A, representing full-length soluble 
2C-domACE (170 kDa) and B, comprising the cleaved soluble C domains (80 
kDa). The C domain proximal to the TM is depicted as a grey bar and the open 
bar represents the distal C domain. MW weight marker was included in lane 2. 
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ACE with the corresponding protein sequence from the N domain of somatic ACE 

(M-29 to P 141) did not affect the shedding of testis ACE but affected the ability of 

the chimeric protein to hydrolyse HHL. 

A 

B 

kDa C P T wI CHO C P T wt CHO 

190 
Medium Cell lysates 

120 

85 

r--. DC DP .T 
E 4.0 
---~ 3.0 E 
'-' 
>-- 2.0 ....... 
> 

....... 1.0 u « 
w 0.0 
u 

mediwn cell lysate « -1.0 

Figure 6.3.1 Determination of the sbedding of SomNdomBglII from CHO­
Kl cells CHO-KI cells, expressing the chimeric cDNA, SomNdomBglIl, were grown 

for 4 hrs in the absence (C) and presence of either I ~M PDBu (P) or I 00 ~M T API (T) 
before the culture medium and the cell lysate aliquots were separated on a 10% 
polyacrylamide SDS gel and analysed by western blot analysis with a rabbit anti-testis 
ACE polyclonal antibody (Figure A). CHO-KI cells, expressing testis ACE cDNA (wt) 
and, CHO-KI cells not expressing recombinant protein (CHO) were treated similarly 
and a cell lysate sample and a medium sample were included (Figure A). In Figure B, a 
50 )..d aliquot was removed from the media and cell lysate samples of SomNdomBgJIl, 
and tested for ACE activity using HHL as a substrate. (n=3 +/- SD) 
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6.3.1.2 SomNdomBglII-NheJ 

Shedding of the chimeric protein, SomNdomBglD-Nhel, was examined in Figure 

6.3.2. A protein band corresponding to the MW of testis ACE (wt) was apparent in 

the cell lysate samples, indicating that this protein was expressed by the transfected 

CHO-KJ cells. However, there was no concomitant appearance of a corresponding 

band in the media samples, which would suggest that this protein was not shed into 

the culture medium. Moreover, there was no effect on the cell-associated protein in 

kDa 
C P T w1 CHO C P T w1 CHO 

190- Medium Cell lysates 

120-
85- -. -----

Figure 6.3.2 Determination of the shedding of SomNdomBglII-Nhel 
from CHO-KJ cells CHO-KI cells, expressing the chimeric eDNA, 
SomNdomBglIl-Nhel, were grown for 4 hrs in the absence (C) and presence of 
either I)J.M PDBu (P) or 100 )J.M T API (T) before the culture medium and the cell 
lysate aliquots were separated on a 10% polyacrylamide SDS gel and analysed by 
western blot analysis with a rabbit anti-testis ACE polyclonal antibody. CHO-KI 
cells, expressing testis ACE eDNA (wt) and, CHO-KI cells not expressing 
recombinant protein (CHO) were treated similarly and a cell lysate sample and a 
medium sample were included. 
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the presence of PDBu and T API. No ACE activity was detected in these culture 

medium and cell lysate samples (not shown). In Figure 6.3.2, the chimeric protein 

resolved at a lower position on the gel than testis ACE (wt) and the sharp appearance 

of the protein band suggests reduced glycosylation, which may be indicative of 

incorrect processing of the chimeric protein. Thus, although this chimeric protein 

was not shed, indicating that the testis ACE region deleted in this chimera may 

contain the recognition element for the ACE secretase, the abrogation of enzyme 

activity makes this conclusion equivocal. The lack of enzyme activity indicates that 

the structure of the enzyme was disrupted, which may affect the recognition motif 

such that the ACE secretase can no longer recognize the chimeric protein. 

6.3.1.3 SomNdomNbeI 

The expression and shedding of the chimeric protein, SomNdomNheI, is shown in 

Figure 6.3.3. Culture medium samples from CHO-KJ cells grown in the absence (C) 

and in the presence of either PDBu (P) or T API (T), indicated the appearance of a 

soluble form of the chimeric protein. This soluble form was upregulated by PDBu 

and down-regulated by T API. The cell lysate samples showed a band corresponding 

to the cell-associated form but no concomitant decrease or increase in band intensity 

was observed in the presence of PDBu or T API, respectively, as would be expected 

if shedding was upregulated or inhibited in the presence of these compounds. In 

Figure B, the enzymatic activity of the media and cell lysate samples are indicated. A 

slight increase in ACE activity was detected in the media samples in the presence of 

PDBu and a decrease was detected in the presence of T API, as expected. However, 

the cell lysate samples had no detectable enzyme activity under these assay 

conditions using HHL as a substrate. Thus substitution of L395 to K557 for testis 

ACE LA 17 to Q579 does not abrogate ectodomain shedding and SomNdomNheI was 

still shed. 
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Figure 6.3.3 Determination of tbe sbedding of SomNdomNhel from 
CHO-Kl cells CHO-KJ cells, expressing the chimeric eDNA, 
SomNdomNheI, were grown for 4 hrs in the absence (C) and presence of 
either 1).tM PDBu (P) or 100 ).tM T API (T) before the culture medium and 
the cell lysate aliquots were separated on a 10% polyacrylamide SDS gel and 
analysed by western blot analysis with a rabbit anti-testis ACE polycJonal 
antibody (Figure A). CHO-KJ cells, expressing testis ACE cDNA (wt) and, 
CHO-KJ cells not expressing recombinant protein (CHO) were treated 
similarly and a cell lysate sample and a medium sample were included 
(Figure A). In Figure B, a 50).t1 aliquot was removed from the media and cell 
lysate samples of SomNdoml%eI, and tested for ACE activity using HHL as 
a substrate. 
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Figure 6.3.4 Confocal microscopy of CHO-KJ cells expressing the chimeric proteins 
CHO-Kl cells transfected with the cDNA of SornNdomBglll (row B), SornNdomBgllI-NheI (row 
C) and SomNdomNhel (row D) were grown to confluence on coverslips and probed with a 
primary rabbit anti-ACE polyclonal antibody and secondary goat anti-rabbit FITC-Iabelled 
antibody either before (column D) or after (column Ill) membrane permeabilisation with methanol 
to obtain cell surface or internal cell labelling of the expressed recombinant proteins, respectively. 
In addition the cells were stained with propidium iodide (PI) after membrane permeabilisation for 
nuclei staining (column I) and the cells indicated, correspond to the cell-surface labelled cells in 
column II. To control for the specificity of the primary antibody, CHO-KJ cells not transfected 
with cDNA, were treated similarly (row A). 
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Figure 6.4.1 Position of chimeric sequences within the native conformation of 
testis ACE The ribbon representation of the crystal structure of testis ACE is shown 
above (Natesh et aI, 2003) with the testis ACE sequences that were replaced in the 
construction of the testis ACE-N domain chimeras coloured differently: 
SomNdomBglll shown in cyan, SomNdomBglIl-NheI shown in green, 
SomNdomNheI depicted in pink and SomNdomBcU shown in red. The chloride and 
zinc ions are shown as the red and black spheres, respectively. Lisinopril is shown in 
yellow. The blue ribbon indicates the sequence L580-TS82, which encodes the Bel J 
site and was not replaced in the construction of SomNdomNheI or SomNdomBcU, as 
the Bel I site was used for sub-cloning of the constructs into pLEN. 
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Figure 7.3.7 Confocal microscopy of CHO-KI ce]Js expressing ACE-JMtIX CHO­
KI cells transfected with the eDNA of wild-type testis ACE (WT-ACE) and ACE-JMflX were 
grown to confluence on coverslips and probed with a primary rabbit anti-ACE polyclonal 
antibody and secondary goat anti-rabbit FITC-Iabelled antibody either before or after (ACE­
lMfIXpenn and WT -ACEpenn) membrane penneabilisation with methanol to obtain cell 
surface or internal cell labelling of the expressed recombinant proteins, respectively. 
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Figure 7.3.9 3-dimensional structures of the disulfide-linked domains The similarity 
between the structures of the EGF-like domains of factor IX (JMfIX) and the LDL-R 
(JMEGF), as well as the compact structure of the synthetic domain, min23, are indicated. 
F653 and G652 of the third disulfide loop of JM-EGF and F654 and F656 of JMfIX are 
shown as a ball-and-stick representation. The blue ribbon and blue arrows represent the 13-
sheet structures and the orange lines represent the disulfide bonds. The yellow arrows 
indicate the positions of the cleavage sites. 
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Figure 7.3.10 Comparison of the orientation of the am.iJlo acid residues proximal to 
the cleavage site Figure A demonstrates the orientation of the aromatic side chain ofF653 
of the third disulfide loop of lMEGF and JMEGFLl3 and the orientation of F654 and F656 
of lMflX. Figure B indicates the cleavage site of JMEGFLl3 (red arrow) at the C647-L648 
bond and the corresponding region of lMflX, showing the orientation of the aromatic side 
chain of W651. The blue ribbon and blue arrows represent the j:}-sheet structures and the 
orange lines represent the third disulfide bonds. 
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Column Wash Buffer 
[0.5 M 20mM 
29.22 g NaCl was dissolved in 980 ml to which 20 ml I M (pH 7.5) was and then 
sterilised by 

Lo!ml)lete medium 
Ham's F-I2/50% DMEM supplelllerLteowith 20 mM 20mM -ghltanrine and 10 

% heat-inactivated foetal calf serum (FCS)] 
22 ml Ham's F-I2, 22 ml 5 ml heat inactivated FCS for 30 and I ml 1 M 

was in a 50 ml tube and filter sterilised. 

Ip,.,.,p ... t,>ri with 20 mM 2 % FCS (70°C, 15 nrin heat-

I ml heat inactivated FCS (70°C for 15 1 ml 1 M 
was nrixed in a ml tube and filter sterilised. Ham's F-I2 and DMEM 

while FCS from Gibco Life 

Tissue Culture Medium 
nrw<>tr.'''', stocks were used for CHO cells. DMEM was 

2054, South Africa] in a and filter sterilised. 
G. Virology 8, ( 12, 185 

NaCI (6400), KCl (400), (200), 
( 124), 

NaHC03 (3700), 
(0. (110), Phenol Red (15), 

(42), L-Isoleucine (105), L-Leucine (lOS), 
(48), L-Glutamine (580), 

(146), L-Methionine (30), 
(66), L-Threonine (95), (1 (72), L-Valine (30), L-Serine 
(42), Choline Chloride (4), Folic Acid (4), I-Inositol Nicotinanride (4), D-Ca-Pantothenate 

(4), Riboflavin Thianrine.HCI (4). 

in to 

O.SM 
Dissolve 37.2 g EDTA in ISO ml to 8.0 with 10 M then the volume to 200ml 
with Autoclave and store at RT. 

5mM 
Add 500 III of 0.5 M EDTA to 50 ml PBS. Filter sterilise and store at 4°C. 

(IOOOx stock 
Dissolve 5 mg of ethidium bronride E8751] in 10 ml Cover with foil and store at RT. 

Foetal calf serum was heat inactivated at 56°C for 30 nrin. to use in 
medium. For use in induction the FCS was further heat inactivated to 70°C for 15 nrin. 

6M 
[6M 

mM 

buffer 
0.1 M 8.5] 

UI-U.LJL'-L, 146 in 10 ml filter sterilise. 
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was dissolved in 5 ml 0.025 M with Once 

3750 Jll 2 M NaCI and ml were added. Stored at 4 0C. 

1 mM 

(l 

29.22 g NaCl was dissolved in 980 ml and then 
sterilised When the 
the wash buffer was further with 10 ml Triton X-IOO (1 % final) and 10 ml 100 mM 
PMSF (1 mM The columns are stored in wash buffer with the addition of 0.02% Sodium azide. 

were made by Yeast Extract (2 NaCI (4 g) and 
(6g) to 400 ml olUe-cam)ea bottle. This was autoclaved at 121°C 

and allowed to cool to SO°C in a water bath. 
but The agar was 

were dried in a tissue culture 

was added and the solution 
into 20 sterile Petri dishes. After the 

Im('_wrl'ln and stored at 4°C. 

rvr.t/"HIP (S Yeast Extract g) and NaCI (5 g) was dissolved in 500 ml This was allocated 
into 20 ml Universals (S or foil 500 ml flasks (SO and autoclaved at 121°C for 30 
minutes. 1.0 IllJml of the stock (100 was added when the broth. Bacteria 
were grown in inoculated LB at 37°C 

to 2 g MOWIOL and mix. Add 4 ml 
at RT. Add 8ml 0.2 M Tris, 8.5, and incubate at 50°C with intermittent "H~'J\.H'l'. 

.5 for 15 minutes at SOOO )( g, collect and add 
to a final concentration of 2.5% (0.2S g in 10 ml). Store 2 

S7907] in 10 ml 
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in mt~(naml)J 
in 5 rnl methanol. 

[I 
Dissolve 80 g 2 g 7.7 g 

and make up to I L. Autoclave. 

(1 
+ 1 mM + ImM 

14mM 
and 2 g 

Dilute 100 rnl lOx PBS in 800 rnl of and add 147 mg 
Make up to 1 L with 

P" ... ...:·t,..lP.n stock 
[10000 U!rnl 10000 J-lg!rnl ctTp·nt",."",.m 

Mix 1 rnl NovoPen with 3 rnl and 96 rnl PBS. 

in -800 rnl Adjust the to 

and 200 mg 

freeze in 5 rnl 

Add 8 g Warm to 60DC, then check - should be 
acidic. Neutralise with 1 M stir until dissolved always remains insoluble). Cool to 

volume to 100 filter """"UU"'" 0.22 Jlm filter. Store in 5 rnl at -20°e. 

PFA in 
Thaw one 5 rnl aliquot of 8% PFA to 60°e. Mix 3.75 rnl 8% 
fume hood. 

Tris- Buffered 

I rnl lax PBS and 5.25 rnl in 

Mix 500 rnl or melted of redistilled at with 0.5 g 8-
mlr,,.n'nln--'-_l. __ - 2 L water and 500 rnl 50 mM 8 and stir at RT for 10 min. Allow 

remove aqueous and 8 and until 
8. Add 250 rnl 8 and decant into tubes "J,.~.n""·rI 

PMSF 
348 mg pm:nylme:m)!lsuuon) flouride 

2 Iodide 
A I :2500 dilution of a 5 mM stock of 
the dark. 

Iodide stock 
5mg 

was dissolved in to 20 rnl methanol. 

iodide was made. Invert on 50 III 

was dissolved in 1.5 rnllC()1nro·n,," Store at _20DC in foil. 

in 

tln)m,)otlenlol Blue and 

0.0025% t5fomopne:nOl 
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Mix 1.563 ml of 2 M Tris 5 ml of !lg of J::Sf()mIOprlenOl Blue and 10 
ml 

25% 0.0025% 12.5% ~-

~-rrlercaptloetlhanol to 3.5 ml 5x SDS buffer. Mix and use 

[1.125 M Tris 0.3% 
Dissolve 34.07 g of Trisma Base and 0.75 g ofSDS in 200 ml 
the volume to 250 ml with 

the to 8.8 with HC] and 

0.3% 
Dissolve 11.36 g of Trisma Base and 0.75 g of SDS in 200 ml 
the volume to 250 ml with 

the to 6.S with HCI and 

[1% 
Dissolve 15.14 g of 

IOMNaOH and 
the to S.3 

uPIlIerneIlltea with 4 ruM -gllitarrllne and 100 

5x aliquots of 200 were added to 10 m1 starvation medium. 500 III 
of this was added to confluent cells in 6-well dishes for metabolic 50 per 

2M 
Dissolve 3.28 g Sodium Acetate (NaAc) in 10 m1 to 4.0 with pure Glacial 
Acetic then 20 ml with Autoclave. Store at RT. 

3M "'".., ........ 
Sodium Acetate in about 10 ml the to 5.2 

Make up to 20 ml with Autoclave. Store at RT. 

in -I 

B 
[0.1 % TFA in acetonitrile] 

20x (1 
[3 M NaCl, 0.3 M sodium 7.0] 
Dissolve 175 g of NaC] and 88 g of sodium citrate [Sigma, S4641] in SOO ml 

Autoclave and store at RT. the to 7.0 with then the volume to 1000 ml with 

TBE (1 
ruM Tris 89 ruM boric 

remainder is used for metabolic 
are - 500 !ll of mixture per well. 

2.5 ruM 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Add 100 ml lOx TBE to 900 ml 

TBE 
mM Tris 89 mM boric 2 mM EDTA and O.S 

Add 1 ml O.S mg/l Ethidiuril Bromide Stock to 1 L ofTBE. 

2SmM 
lOx TBE (1 
[890mM Tris 
Dissolve 108 g 
concentrated HCI. 

boric acid and EDT A in 800 ml Adjust the to 8.0 with 
the to 1000 ml with autoclave. 

O.S% Difco Bacto Yeast '-''''<La,." 0.4% 

100mM SOmM 30mM 

TFB2 
10mM MOPS 

O. 2M Tris 
Dissolve 2.42 g Tris in -70 ml 
Autoclave. 

2M Tris 
Dissolve 24.2 g Tris in -70 ml 
Autoclave. 

rn,r>n_.",,,,.,,, buffer 
Triton X-ISO mM 

Mix 29.5 ml H20, 2.5 mll M 
mM PMSF. Store at RT. 

0.1 % Triton X-IOO 
Dilute 100 !J.I Triton X-I 00 in 100 ml 

Triton 1 

10mM IS% ~l •• ~~ __ ' 

15% 

to 8.5 with concentrated 

Adjust to 6.8 with concentrated 

0.5M 
7.5, 12.5 ml 2 M 

[11% final in I 7.5,150mM 
Dissolve Triton XI14 in 980ml on ice. Place the clear solution at RT 

10mM 

and 100ml with 

and IOOml with 

and allow it to stand until the have Remove the aqueous and with fresh 
Triton extraction buffer and allow it to stand this 3 and remove the aqueous 

thereafter. This results in an 11 % solution of Triton X 114 which can then be diluted to 2 % for 

Trisma base (121.1 and 1 g NaCl in 160ml the 
and make up to 200ml. 

2% Triton X-114 
Triton X-I 10mM 150mM 
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Dilute 18.2 ml Triton X-I (11%) in 100 ml Triton X-114 extraction buffer [10 mM 
ISO mM NaCl]. 

inSmM 

O.S M 
29.22 g NaCI was dissolved in 980 ml to which 20 ml 1 M was and then 
sterilised 

Western ... u"'",,,,,,,,. 

Skim 
25 ml of I M Tris 

in 800 ml then add 200 ml methanol. This should 

M 
Dissolve 682 mg ZOI 136.3 in 50 ml Add a 10 of -cone. HCl to 
aid dissolution. Filter sterilise. 

z-PHL 
Dissolve 220 mg of z-PHL in 2 ml 0.28 M NaOH and add water to a fmal volume of 20 ml and store 

(2 at to obtain a mM 
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71. 
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~n .... L". (200 1). 
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