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Abstract 

Despite individual autoimmune diseases being relatively rare , col lectively these 

d iseases affl ict 8 % of the population accord ing to the American Auto immune 

Related Diseases Association. With over 75 % of those affected being women, 

autoimmune disease has been recognised , by the World Health Organisation 

and the US National Institutes of Health , as a major global women's health 

issue .  One third of autoim mune sufferers have a rheumatological d isorder, 

which commonly affect the joints , m uscle ,  skin ,  salivary glands and kidneys. 

Antibodies against nuclear antigens are a serological hal lmark of these 

d iseases. Detection of these antibodies is used in the diagnosis and prognosis 

of the d isease . The sensitivity and specificity of the test, of which the antigen is 

a key component, is pivotal to correct d isease d iagnosis and management. 

The relationship between circulating autoantibodies and the target antigen is 

complex. Improving the effectiveness of a test to assist in d iagnosis and 

prognosis comes from characterisation and understanding these complex 

relationships.  

This thesis com pares bovine spl iceosomal U 1 smal l  nuclear ribonucleoprotein 

particle (U1  snRNP)  complex with its human equ ivalent, and examines the 

val id ity of using this bovine derived autoantigen in the diagnosis of the huma n 

autoimmune d iseases, systemic l upus erythematosus and mixed connective 

tissue d isease . 

Differences between bovine and human U 1  snRNP composition were 

characterised using a com bination of electrophoretic, immunoassay and mass 

spectrometry techniques . Although the U 1  C protein could not be identified in  

bovine U1  snRNP,  a l l  other specificities were present. U 1 A  remained intact, 

whilst the U 1  snRNP specific 68K prote in was dephosphorylated and a large C­

terminal domain  was removed , such that 68K migrated as a 30-36 kDa cluster 

on SDS-PAGE.  Bovine SmD proteins ,  present in U 1  and non-U 1 snRNPs, 
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were unaffected , whereas, 5mB'IB was truncated to a 1 2  kDa peptide ,  which 

interestingly, was no longer reactive with anti-RNP sera in western blot. 

The recogn ition of human 5mB'IB protein by anti-RNP sera in western blot was 

further examined . A techn ique was developed to immunoaffin i ty purify tryptic 

d igests of 5mB'IB which could then be analysed by mass spectrometry. 

I nterestingly, the human repl ication element protein (HREP)  was tentatively 

identified , rather than 5mB'IB as expected.  It may be possib le ,  therefore, that 

anti-RNP sera may be reacting with a protein other than 5mB'IB . 

To examine the contribution of the individual U 1  snRN P proteins to anti-RNP 

and anti-Sm sera reactivities, a method was developed to d issociate bovine U1 

snRNP and to pu rify the individual component antigens. It was demonstrated 

both empirically and through anecdotal feedback from a com mercial d iagnostic 

kit producer that patient sera respond better to pu rified Sm-free 68K than the 

recombinant 68K antigen. 

The effect of commercial processing of bovine thymus,  the source for U 1  

snRNP antigen, was determined . I n  this study, variables that may be control led 

during processing , such as temperature , protease activity and pH ,  were 

investigated . Hydrolysis of the intact human 68K protein  with the necrotic 

protease, cathepsin L, produced 38 and 25 kDa fragments, whereas exposure 

to ambient temperature and low pH produced 32 kDa peptide fragments s imi lar 

to those observed in purified bovine 68K. It was therefore proposed that 68K 

protein  may undergo autocatalytic hydrolysis during necrotic cel l  death . 

Thorough characterisation of the bovine spl iceosomal U 1  snRN P proteins has 

not only val idated the ir use as d iagnostic reagents in auto immune disease but 

a lso provided some insight into the inactivation of U 1  snRN P function during 

early cel l  death . 



v 

Acknowledgements 

I would l ike to thank the many people who have encouraged and assisted me 

during this study. 

Special thanks are extended to my supervisors, Dr. G i l l ian Norris of the I nstitute 

of Molecular B ioSciences, Massey U niversity and Dr. Nei l  Cook, AroTec 

Diagnostics L imited ,  for their patient gu idance and support. 

I must also thank some people who have worked with me during the t ime spent 

on th is thesis: T im Catchpole ,  Rebecca Wymer, Erin Boshier and Amel ia Knight 

at AroTec Diagnostics for keeping me sane. A particular mention should go to 

Greta Moraes of Industrial Research Limited for her empathy and 

e ncouragement. Thanks also to those in  the Norris Lab at Massey U n iversity, 

particularly Dr. Santanu Deb Choudhury for h is assistance with the operation of 

the MALDI mass spectrometer and Trevor Loo for h is general helpfulness. 

My gratitude a lso to fami ly and friends, particularly my partner Liz Dool in without 

whose love, devotion and sacrifice I could not have completed this thesis. Also 

our gorgeous chi ldren, Gemma , Campbel l  and Matthew, whose cuddles, 

g iggles and smiles make everything worth whi le.  

F ina l ly, many thanks to Technology New Zealand and Arotec Diagnostics 

Limited for thei r  financia l  support. 



vi 



Table of Contents 

Title Page 

Abstract 

Acknowledgements 

Table of contents 

List of Figu res 

List of Tables 

List of Abbreviations 

Abbreviations for amino acids 

Chapter 1 :  General Introduction 

1 . 1 Self-Tolerance 

1 . 1 . 1 T -cel l  tolerance 

1 . 1 .2 B-cel l tolerance 

1 .2 Natura l  Autoimmunity 

1 . 3 Pathoge nic Autoimmunity 

1 .3 . 1  Apoptosis 

1 .3 .2  Aberrant antigen modifi cations 

1 .3 .3  Antigen cross-reactivity 

1 .3 .4 I d iotypic induction 

1 .3 .5  Genetics 

1 .4 Disease Pathology 

Chapter 2: Literature Review 

2 . 1  The Spl iceosome 

vii 

i i i  

v 

v i i  

x i i i  

xvi i  

xviii 

xxi 

1 

2 

3 

5 

6 

7 

7 

8 

8 

1 0  

1 0  

1 2  

1 7  

1 8  

2 . 1 . 1  B iogenesis of the u rid ine-rich small nuclear ribonucleoprotein 

particles (sn RNPs) 1 9  

2.2 S m  Proteins 

2 .3  U 1  snRNP Specific Proteins 

2 .3 . 1  U1 68K protein 

2 .3 .2  U 1 A  protein 

2 .3 .3  U 1 C  protein  

23 

24 

25 

28 

29 



vi i i  

2 .4  snRNP Diagnostic Significance 30 

2 .4 . 1  Diagnostic methods 3 1  

2 .4 . 1 . 1 Ind i rect immunofluorescence ( I I F) 3 1  

2 .4 . 1 .2 Double immu nod iffusion (DID) 31  

2 .4 . 1 .3 Counte rimm unoelectrophoresis (CIE)  32 

2 .4 . 1 .4 Enzyme l inked immunosorbent assay (EL lSA) 32 

2 .4 . 1 .5 Western ( immu no) blotting 34 

2 .4 . 1 .6 Mu ltiplex bead arrays (MBA) 35 

2 .4 .2 Diagnostic serology for MCTD and SLE 36 

2 .5  Autoantibody Fine Specificity 38 

2 .5 . 1 SmD and 5mB'IS autoepitopes 38 

2 .5 .2  U 1 68K autoepitopes 4 1  

2 .5 .3  U 1 A  autoepitopes 43 

2 .5 .4 U 1 C autoepitopes 44 

2.6 Research Aims and Strategy 45 

Chapter 3: General Materials and Methods 47 

3. 1 Materials 48 

3.2 Methods 48 

3.2 . 1  Preparation of bovine thymus extracts 48 

3.2 .2 Partial purification of U1 snRNP 49 

3.2 .3 Human cel l  nuclear extract 49 

3.2.4 Purification of HeLa cel l  U 1  snRNP 49 

3 .2 .5 Enzyme l i nked immunosorbent assay (EL lSA) 50 

3 .2 .6 Determination of protein concentration 5 1  

3 .2 .7 Absorbance spectra 5 1  

3 .2 .8 I mmunoprecip itation 51  

3 .2 .9 SOS-polyacrylamide electrophoresis 52 

3 .2 . 1 0  Immunoblotting 53 

3.2 . 1 1 Immunoblot strips 54 

3 .2 . 1 2  Antibody elution from immunoblot 54 

3 .2 . 1 3  Isoelectric focussing ( IEF) on immobi lised pH gradient 54 

3 .2 . 1 4  Second d imension SOS-PAGE 55 



ix 

3.2 . 1 5  RNA extraction 55 

3 .2 . 1 6  RNA gel electrophoresis 56 

3 .2 . 1 7  I n-gel d igestion 56 

3 .2 . 1 8  MALDI-TOF mass spectrometry of tryptic d igested peptides 57 

Chapter 4: Characterisation of Bovine U1 snRNP 59 

4 . 1  Introduction 60 

4 . 1 . 1  Identification of bovine thymus U 1  snRNP associated 

proteins 60 

4.2 Experimental Procedu res 63 

4 .2 . 1 Preparation of samples for isoelectric focussing ( IEF) 63 

4 .2 .2  Protein dephosphorylation 63 

4 .2 .3  Determination of protein bound phosphate 63 

4 .3 Results 65 

4 .3 . 1 Bovine U 1  snRNP com position 65 

4 .3.2 Identification of p rotein  components in  bovine U1 snRNP 67 

4 .3 .3  Confirming the presence of 5mB 69 

4 .3.4 Comparative immunoreactivity of bovine and human 

U1 snRNP 74 

4 .3 .5  U 1  snRNP heterogeneity 75 

4 .3 .6  Phosphate content of  the bovine 68K protein  76 

4 .3 .7  Bovine U1  snRNP protein  glycosylation 77 

4 .4 Discussion and Future Work 82 

4.4 . 1 RNP components are not a l l  accounted for i n  

bovine U 1  snRNP 82 

4 .4 .2 Sm truncation reveals a useful epitope 86 

4 .4 .3  Post-translational modifications and heterogeneity of 68K 89 

Chapter 5: Purification and Characterisation of Srn-Free U 1  68K 

Antigen 93 

5 . 1  Introduction 94 

5 .2  Experimental Procedures 96 

5.2 . 1 Isolation of Sm-free U 1  68K protein  96  



x 

5.2.2 Determin ing the influence of urea on bovine U1 snRNP 

d issociation 96 

5.2 .3 RNAse d igestion of U1 snRN P 97 

5 .3 Results 98 

5.3 . 1  D issociation of bovine U 1  sn RNP 98 

5.3 .2 U 1 A  separation by serendip ity 1 03 

5 .3 .3 Removal of Sm proteins from U 1  68K in  SPE1  1 06 

5.3.4 Separation of Sm proteins 1 08 

5.3 .5 Identification of Sm proteins in  SPE1 and SPE2 1 1 0 

5 .3 .6 The influence of urea concentration on U 1  snRNP 

d issociation 1 1 2 

5 .3 .7 The influence of MgCI2 concentration on U1 snRNP 

d issociation 1 1 6 

5 .3 .7 Effect of removing denaturant from purified bovine 68K 

prote in  1 1 7 

5 .3 .9 The use of RNAse to d issociate U1 snRNP 1 1 8 

5 .3 . 1 0  Purified bovine 68K versus recombinant 68K (r68K) in EL lSA 1 1 9 

5.4 Discussion and Futu re Work 1 25 

5.4 . 1  CHT facil itates U 1  snRNP d issociation 1 26 

5.4.2 U 1 A  binding with U1  snRNP is d isrupted in 3.5 M MgCb 1 26 

5.4.3 Bovine U 1  snRNP is destabi l ised by the loss of U 1 A  1 29 

5 .4 .4 Non-denaturing U 1  snRN P d issociation 1 30 

5.4.5 68K may ol igomerise by coi led-coil i nteraction 1 30 

5.4.6 Differential  reactivity of fractionated SmD proteins 1 32 

5.4 .7  Pu rified S rn-free 68K is  superior to  the recombinant antigen 1 33 

Chapter 6: Truncation of Bovine U1  68K 1 35 

6 . 1  Introduction 1 36 

6 .2 Experimental Procedures 1 38 

6 .2 . 1  Pre paration of thymus acetone powders 1 38 

6.2.2 Chymotryptic d igestion of 68K 1 38 

6 .2 .3 Purification of bovine kidney catheps in  L 1 38 

6.2.4 Cathepsin L digestion of U1 68K 1 39 

6.3 Resu lts 1 40 



xi 

6 .3 . 1 Effect of thymus thawing time on U 1 snRNP composition 1 40 

6 .3 .2  Chymotryptic digestion of bovine 68K 1 41 

6 .3 .3  Mass spectrometry of 68K 1 44 

6 .3 .4  Effect of RS2 truncation on immunoreactivity 1 46 

6 .3 .5  Possible cathepsin L activity in  bovine thymus 1 47 

6 .3 .6  Modification of human U 1  snRNP with cathepsin  L 1 48 

6 .4 Discussion and Future Work 

6 .4 . 1 Thymus thawing only partial ly responsible for changes in  

U1  snRNP composition 

6 .4 .2 68K is C-terminal ly truncated during cell death 

6 .4 .3 U1 snRN P proteins are sensitive to environment pH and 

temperature 

6 .4.4 U 1 68K is a substrate from cathepsin L 

Chapter 7: Antigenicity of Human 5mB'/B in  Western Blot 

1 53 

1 53 

1 53 

1 55 

1 55 

1 59 

7 . 1  I ntroduction 1 60 

7 .2 Experimental Procedures 1 6 1  

7 .2 . 1 Separation of human U 1  snRNP by reverse phase HPLC 1 6 1  

7 .2 .2 Immunoaffinity isolation of peptide epitopes 1 6 1  

7 .3  Results 1 62 

7 .3 . 1 Reactivity of anti-RN P  serum with U 1  snRNP i n  western blot 1 62 

7 .3 .2  2D-gel e lectrophoresis of human U 1  snRNP 1 62 

7 .3 .3  Separation of U 1 snRNP proteins on RP-HPLC 1 64 

7. 3.4 Mass spectrometry of affinity purified 5mB'IB tryptic peptides 1 66 

7 .4 D iscussion and Future Work 

Chapter 8: Overall  Summary and Future Work 

Supplement 1 :  

S 1 . 1  I ntroduction 

Development of a Western Blot-Based 

Autoimmune Diagnostic 

1 68 

1 71 

1 79 

1 80 

S 1 .2 Experimental Procedures 181 

S 1 .2 . 1 Conformation dependence of Ro-SSA antigen epitopes 1 81 



S 1 .2.20ptimising protein separation on SOS-PAGE 1 8 1 

x i i  

S 1 . 3  Resu lts 1 82 

S 1 .3 . 1 Correlation between EL lSA and western b lot methods 1 82 

S 1 .3.2 Optimised separation of 1 2  autoantigens i n  western blot 1 85 

S 1 .3 .3Anti-RNP sera fi ne specificities 1 87 

S 1 .4 Discussion 1 89 

Supplement 2: Development of a Line Blot Membrane-Based 

Autoimmune Diagnostic 1 91 

S2. 1  Introduction 1 92 

S2.2 Experimental Procedu res 1 94 

S2 .2 . 1  Vacuum-assisted blott ing 1 94 

S2 .3 Results 1 95 

S2.3 . 1 Non-specific interaction 1 95 

S2 .3 .2 Primary and secondary antibody incu bation opti misation 1 98 

S2 .3 .3 The influence of NBT/BC I P  su bstrate 200 

S2 . 3 .4 Antigen coating concentration 202 

S2.3 .5 Li ne-blot assay performance characteristics 204 

S2.3 .6 Line-blot reactivity with ANA consensus panel sera 206 

S2 .4 Discussion and Future Work 209 

References 21 1 

Appendix 247 



xi i i  

L ist of F igures 

Figure 1 . 1  T -Iymphocyte central tolerance 4 

F igure 1 .2 Id iotype i nduction mechanism of activating autoreactive 

B-cel ls 1 1  

F igure 2 . 1 Pre-mRNA spl icing reaction 1 9  

F igure 2 .2  U1  snRNP biogenesis 2 1  

F igure 2 . 3  U 1  snRNP structure and composition 22 

F igure 2.4 5mB'/S primary sequence 23 

F igu re 2 .5  Sm core assembly 25 

F igure 2.6 U 1  68K protei n  sequence al ignment 26 

F igure 2 .7  U 1 A primary sequence 29 

F igure 2 .8  Primary sequence of U 1  C protein 30 

F igure 2 .9  5mB' epitopes 38 

Figure 2 . 1 0  Sm01 proposed epitopes 40 

F igure 2 . 1 1  Arg in ine methylation 41  

F igure 2 . 1 2  U 1 68K main autoepitopes 42 

F igure 2 . 1 3  U 1 C autoepitope cluster 44 

F igure 4. 1 Comparison of human and bovine thymus U 1 snRNP 65 

F igure 4.2 Molecular weight profile of bovine thymus U 1  snRNP 66 

F igure 4 .3 Cross-reactivity testing of purified autoantibodies 68 

Figu re 4.4 Identity of bovine U 1  snRNP antigens 68 

F igu re 4 .5  Separation of non-U 1 snRNP 69 

F igu re 4 .6 Specificities of anti-Srn and anti-RNP autoimmune sera using 

bovine non-U 1 snRNP antigen 70 

F igu re 4 .7 Mass spectrum of the bovine 5mB tryptic peptides 7 1  

F igure 4 .8  Human 5mB'  primary sequence 72 

F igure 4 .9 Antibody confirmation of bovine 5mB identity 73 

Figu re 4 . 1 0  Comparison of the ELlSA performance of U 1  snRNP purified 

from bovine and h u man material using a patient sera cohort 

(n=56) 74 

F igu re 4. 1 1  20-gel electrophoresis of bovine U 1  snRN P 75 

F igure 4 . 1 2  Protein-bound phosphate content in  bovine 68K 76 



xiv 

Figure 4 . 1 3 Glycan detection in bovine 68K 77 

Figure 4. 1 4  Detection of bovine 68K glycosylated isoforms by 2D-gel 

electrophoresis 78 

Figure 4. 1 5  Glycan detection in U 1 snRN P components 78 

Figure 4 . 1 6 Glycan detection in the bovine 68K RS domain 81 

Figure 4 . 1 7  Proteolytic cleavage sites on human 68K 83 

Figure 4 . 1 8  Apoptotic cleavage site i n  U 1  snRNA 85 

Figure 4. 1 9  5mB primary sequence 87 

Figure 4.20 O-GlcNAc detection by �-el im ination and Michael add ition 

with OTT (BEMAD) 92 

Figure 5.1 Purification of U 1  snRNP on ceramic hydroxyapatite (CHT) 98 

Figure 5.2 Purification of U1 snRNP CHT elution on Q-Sepharose FF 99 

Figure 5.3 Effect of u rea on the purification of U1 snRNP on CHT 1 00 

Figure 5.4 Effect of u rea on the purification of CHT elution on 

Q-Sepharose 1 00 

Figure 5 .5 UV a bsorbance spectra of d issociated RNP on 

SP-Sepharose 1 02 

Figure 5 .6 Separation of RNP prote ins on S P-Sepharose 1 02 

Figure 5 .7 Loss of U 1 A  from U1  snRNP as a consequence of 

dissociation 1 03 

Figure 5 .8 Separation of U 1 A  popu lations on Q-Sepharose 1 04 

Figure 5 .9 Separation of U 1 A on Sephacryl S200 1 05 

Figure 5 . 1 0  Separation of 68K from S m  by size exclusion 

chromatography 1 07 

Figure 5 . 1 1 Reactivity of S m-l i ke proteins separated on S P-Sepharose 1 08 

Figure 5 . 1 2  Correlation of patient sera cohort (n=26) reactivity with 

Sm antigen a nd the Sm-l ike proteins isolated from SPE1  and 

SPE2 1 09 

Figure 5 . 1 3  Confirmation of Sm protein  identities i n  SPE 1 1 1 1  

Figure 5 . 1 4  Confi rmation of Sm protein  identity in  SPE2 1 1 2  

Figure 5 . 1 5  U rea induced d issociation curve for bovine U 1  snRNP 1 1 4 

Figure 5. 1 6  Relationsh ip between �G and U 1  snRN P d issociation as a 

function of u rea concentration 1 1 5 



xv 

F igure 5 . 1 7  I nfluence of u rea concentration o n  Q-Sepharose purified U 1  

snRNP 1 1 7 

Figure 5 . 1 8  The effect of removing urea from purified bovine 68K 1 1 8 

F igure 5 . 1 9  Ribonuclease induced U 1  snRNP d issociation 1 1 9 

F igure 5 .20 Optimal  purified 68K coating concentration in  ELlSA 1 20 

F igure 5 .2 1 Reactivity of anti-Sm sera with bovine and recombinant 68K 1 21 

F igure 5 .22 Reactivity of anti-RNP sera with bovine and 

recombinant 68K 1 23 

F igure 5 .23 Relationsh ip  between purified 68K and the U 1 A1U 1 C  snRNP 

components 1 24 

F igure 5 .24 Flow diagra m  for the purification of bovine 68K protein  1 25 

Figure 5.25 U 1  snRNA hairp in 11  i nteraction with U 1 A  1 27 

Figure 5 .26 Paired coi l structure of 68K 1 3 1 

F igure 5 .27 Putative coi led-coil regions i n  68K 1 32 

Figure 6 . 1 Effect of thymus thawing time on bovine U 1  snRNP 1 40 

Figure 6.2 Effect of thawing t ime on SmD purification 1 4 1  

F igure 6 .3 Chymotryptic cleavage of 68K 1 42 

F igure 6.4 Digestion of 68K with increasing amounts of chymotryps in  1 42 

F igure 6 .5  T ime course of 68K digestion with chymotrypsin 1 43 

F igure 6 .6 Potential truncation sites of bovine 68K 1 43 

F igure 6 .7 MALDI spectrum of 68K tryptic peptides 1 44 

F igure 6 .8 Coverage of tryptic peptides matched to U 1 68K 1 45 

F igure 6 .9  Chymotryptic d igestion of bovine and recombinant 68K 1 46 

F igure 6 . 1 0  Immunoreactivity of 68K chymotryptic fragments 1 47 

Figure 6 . 1 1  Necrotic polypeptide fragment i n  bovine 

DNA topoisomerase I 148 

F igure 6 . 1 2  The effect of pH and catheps in  L on U 1  snRNP composition 1 49 

F igure 6 . 1 3  Catheps in  L d igestion of human U 1  snRNP 68K 1 50 

Figure 6 . 1 4  Progression of 68K fragment formation b y  cathepsin L 1 51 

F igure 6 . 1 5  Degradation of U 1  snRNP proteins by cathepsin L 1 52 

Figure 7 . 1  Reactivity of some anti-RNP sera with U 1  snRNP western 

strips 1 62 

F igure 7 .2 2D-gel electrophoresis of human U1 snRNP 1 63 



xvi 

Figure 7 .3  SmS'IS purification by RP-H PLC 1 64 

Figure 7 .4 Reactivity of anti-RN P serum with purified human 5mB'IS 1 65 

Figure 7 .5  U 1 A  tryptic peptides identified i n  anti-U 1 A  affinity elution 1 66 

Figure 7 .6 Identifying anti-RNP serum autoantigen i n  human U 1  snRNP 1 67 

Figure S 1 . 1  Autoanti body detection using EL lSA and western blot 1 82 

Figure S 1 .2 Time-dependent response of anti-Ro-SSA to denatured 

Ro-SSA 1 83 

Figure S 1 .3 Influence of Ro-SSA a mount on detection by western blot 1 84 

Figure S 1 .4 Detection of anti-Ro-SSA on western blot 1 85 

Figure S 1 .5 I nfluence of total acrylamide and cross-l inker concentration 

on antigen separation 1 86 

Figure S 1 .6 Mu lt iple antibody specificity detection on western blot strips 1 87 

Figure S 1 .7  Reactivity of some anti-RN P  sera with E NA western strips 1 88 

Figure S2 . 1  D istribution of true-negative and true-positive responses 1 92 

Figure S2.2 Non-specific interaction of normal donor seru m with l ine-blot 1 95 

Figure S2.3 Effect of antibody di l ution buffer on non-specific b ind ing 1 97 

Figure S2.4 Effect of wash buffer composition on non-specific b inding 1 98 

Figure S2 . 5  Serum i ncubation time 1 99 

Figure S2.6 Secondary anti body concentration and incubation time 200 

Figure S2.7 Effect of NST/SCIP substrate on ENA detection 201 

Figure S2.8 Stabil ity testing of NBT/SCIP ready-to-use formu lations 202 

Figure S2.9 Determin ing optimum antigen coating a mount 203 

Figure S2 . 1  0 Line-blot strips probed with anti-ENA patient sera 205 

Figure S2 . 1 1 Line-blot assay anti-ENA response 205 

Figure S2.1 2 Anti-Ro-SSA 60 patient sera compared to donor sera 206 



xvi i  

L ist of Tables 

Table 1 . 1  Disease association of the most common extractable nuclear 

antigen specificit ies 1 5  

Table 4 . 1 Observed molecu lar weights of the human U 1  snRNP 

component proteins 66 

Table 4.2 Potential O-GlcNAc mod ifications and O-GlcNAc/O-phosphate 

reciprocal sites 80 

Table 5. 1 RNP p is taken from Swiss Prot 1 01 

Table 5 .2  Purification yields of Sm-free 68K protein  1 06 

Table 5 .3  Analysis of transition region from the U1  snRNP u rea 

d issociation curve 1 1 5 

Table 6 . 1  68K observed tryptic peptides 1 45 

Table S 1 . 1  Antigen loading for SOS-PAGE 1 87 

Table S2 . 1  Buffer composition of antibody di lution buffer 1 96 

Table S2 .2 Wash buffer composition 1 97 

Table S2.3 Optimum amount of a ntigen to coat n itrocel lu lose 202 

Table S2.4 Line-blot reproducibi l ity and repeatabi l ity 204 

Table S2.5 M ixing protocol for the CDC consensus sera 207 

Table S2.6 Line-blot response and specificity to consensus sera 207 

Table A1 A260/280 nuc leic acid conversion 247 



xvi i i  

List of Abbreviations 

2A2MP 

2D 

aDMA 

ANA 

BCIP 

BCR 

BSA 

CD 

CHAPS 

CHT 

C I E  

Da 

D ID  

D IG 

DNA 

DTT 

E DTA 

E IA 

E LlSA 

E NA 

FN 

FP 

HeLa 

H EPES 

H PLC 

H RE P  

H RP 

HT 

I E F  

I g  

2-amino-2-methylpropanol 

two d imensional 

asymmetrical d imethyla rg in ine 

anti-nuclear antibody 

5-bromo 4-chloro 3-indolylphosphate 

B-cel l  receptor 

bovine serum a lbumin 

cl uster designation 

3-(3-cholamidopropyld imethyl ammonio) propanesulfon ic 

acid 

ceramic hydroxyapatite 

cou nterimmunoelectrophoresis 

dalton 

double immunodiffusion 

digoxigen in  

deoxyribonucle ic acid 

d ithiothreitol 

ethylenediaminetetraacetic acid 

enzyme-l inked immu noassay 

enzyme l i nked immunosorbent assay 

extractable nuclear antigen 

false-negative 

false-positive 

cervical carcinoma cel l  l ine (Helen Lane) 

N-(2-hydroxyethyl ) p iperazine N ' (2-ethanesulfonic acid ) 

high performance l iqu id chromatography 

human repl ication element protein  

horse radish peroxidase 

hydroxyapatite 

isoelectric focussing 

immunoglobu l in 



I I F  

IPG 

kOa 

m7G 

MALDI-TOF 

M CTD 

M FG-E8 

MHC 

m RNA 

N BT 

N MWCO 

nt 

O-GaINAc 

O-GlcNAc 

PBS 

PBST 

p i  

P IE  

PMSF 

PP 

r68K 

RA 

RNA 

RNAse 

RNP 

RP-HPLC 

RRM 

sOMA 

SOS 

SOS-PAGE 

SF-A 

SLE 

5mBtrunc 

indirect immunofluorescence 

immobi l ised pH gradient 

ki lodalton 

monomethylguanosine 

matrix assisted laser desorption ionisation t ime of fl ight 

mixed connective tissue disease 

mi lk  fat globule epidermal g rowth factor-8 

major h istocompatib i l ity complex 

messenger ribonucleic acid 

nitrobenzamidine triazine 

nominal  molecular weight cut off 

nucleotides 

O-l i nked p-N-acetylgalactosamine 

O-l i nked p-N-acetylglucosamine 

phosphate buffered sal ine 

xix 

phosphate buffered sal ine contai n ing 0 .02 % v/v Tween 20 

isoelectric point 

polyadenylation inh ibitory e lement 

phenylmethylsulfonyl fluoride 

protein  phosphatase 

recombinant 68K protein  

rheumatoid  arthritis 

ribonucleic acid 

RNA n uclease 

r ibonucleoprotein particle 

reverse phase HPLC 

RNA recognition motif 

symmetrical d imethylarg in ine 

sod ium dodecyl sulfate 

SOS-polyacrylamide gel electrophoresis 

U 1  snRNP-free U 1 A  

systemic l upus erythematosus 

truncated 5mB protei n  



S M N  

snRNA 

snRNP 

SPE 

TBE 

TCR 

TEMED 

TLR 

TMG 

Topo I 

Triton x1 00 

Tween-20 

UV 

v/v 

w/v 

survival of motor neuron complex 

smal l  nuclear ribonucle ic acid 

smal l  nuclear ribonucleoprotein  particle 

SP-Sepharose column elution 

tris borate EDTA 

T -cel l  receptor 

N , N , N', N '-tetramethylethylened iamine 

tol l-l i ke receptor 

trimethylguanosine 

DNA topoisomerase I 

4-( 1 , 1  ,3 ,3-tetramethylbutyl )phenyl-polyethylene glycol 

polyethylene glycol sorbitan monolaurate 

ultra violet 

volu me/volume 

weight/volume 

xx 



xxi 

Abbreviations for amino acids 

Amino acid Three-letter abbreviation One-letter symbol 

a lan ine ala A 

arg in ine a rg R 

asparagine asn N 

aspartic acid asp 0 
cysteine cys C 

g lutamine gin Q 

g lutamic acid glu E 

glycine gly G 

h istid ine h is H 

isoleucine iso 

leucine leu L 

lysine Iys K 

methionine met M 

phenyla lan ine phe F 

prol ine pro P 

serine ser S 

threon ine thr T 

tryptophan trp W 

tyrosine tyr Y 

val ine val V 



xxi i 



1 

C hapter One 

General Introduction 



2 
Chapter 1 :  I ntroduction 

Autoimmunity can be defined as immune recogn ition and reaction against an 

i ndividual 's own tissues. I n  simple terms, autoimmune disease results from 

the breakdown of the ind ividual's self-tolerance mechan isms lead ing to 

u ncontrol led , pathogenic self-reaction .  Exactly how and why th is happens 

remains largely u nanswered.  

1 . 1 S elf-T ole r a n c e 

The adaptive immune system is central to mainta i n ing hea lth by destroying or 

removing potential ly harmful agents. Receptors expressed on the surface of 

antibody producing B-cells (BCR) and cytokine producing T-cel ls (TCR) are 

col lectively so d iverse that they can recognise a lmost any molecu le or antigen .  

By various means, these BCR and TCR are capable of  targeting the antigen for 

destruction or clearance from the body. Natural ly this recognition wi l l  i nclude 

antigens which a re expressed with in an i ndividual 's own tissues (autoantigens). 

At the turn of the n ineteenth centu ry Ehrl ich coined the term "horror autotoxicus" 

to describe the recognition of self-tissues by the immune system ,  and he 

observed that mechanisms must be in place to prevent this autoreactivity. He 

real ised that regu lation or stopping autoantibody production was the key to self­

tolerance (Digh iero and Rose , 1 999). 

Gradual ly over the next century key research by Lederberg (Lederberg ,  1 959) ,  

Bretscher (Bretscher and Cohn, 1 970) and Latterty (Latterty and Ronald ,  1 993) 

revealed some of the l ikely tolerance strategies. However, it has been the use 

of transgenic and knock-out systems in the last few decades that has helped to 

fine tune our knowledge of tolerogenesis, in mice at least (Amagai  et al., 2000; 

Stol l  and Gavalchin ,  2000) .  

Nature it seems is not content with one mechanism of tolerance. Four major 

processes have evolved to prevent autoreactive B- and T-Iymphocytes from 

responding to their "cognate" autoantigens: clona l  deletion ; clonal abortion; 

anergy; suppression . The method adopted depends on a number  of factors 

includ ing the maturity of the Iymphocyte, the nature and concentration of the 

autoantigen,  tissue d istribution and co-expression with the major 
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h istocompatib i l ity complex (MHC) molecules. Most is known a bout T-ce l l  

tolerance with the mechanisms of 8-cel l  tolerance remain ing sketchy. 

1 . 1 . 1 T -cel l  tolerance 

Precursor thymic Iymphocytes (T-cel ls) u ndergo what is known as central toler­

ance. F igure 1 . 1 is a schematic representation of how thymic central tolerance 

is  thought to occur. Precursor T -cel ls express both £Iuster gesignation cel l  

surface markers CD4 and COB, which later define whether they become helper 

T-cel ls (CD4+) or cytotoxic T-cel ls (CDB+) .  In the thymus cortex, T-cel ls 

encounter thymic epithelial cells which express MHC class I and class 11 
molecules. T-cel ls which engage with either MHC class 11 or MHC class I 

molecules through their TCR and CD marker are positively selected for surviva l .  

Non-interacting cells, however, undergo apoptosis or program med cel l  death . 

This positive selection is also known as MHC class restriction and ensures that 

T-cel ls only recognise cognate antigen presented with MHC.  

Dendritic cel ls are special ised antigen presenting cel ls found mostly i n  the 

lymph tissues, thymus and spleen. The role of the dendritic cel l  is critical to 

central tolera nce . Surface MHC molecules of dendritic cel ls  d isplay or present 

peptide fragments of self-proteins .  Precursor T-cel ls ,  expressi ng TCR for self­

protein , encounter and interact with cel ls  presenting their cognate peptide,  thus 

in itiating apoptosis. Self or autoreactive T-cel ls are removed from the T-cel l  

repertoi re by clonal deletion , whi lst non-self T -cells survive to enter the mature 

pool by negative selection (Goodnow et al. , 2005) .  

Less than 3 % of the precursor T -ce l ls  entering the thymus make it to the 

mature T-cel l  pool . A proportion of these wi l l  be autoreactive cel ls that have 

escaped deletion either through poor M HC-autoantigen presentation or lack of 

exposure to the cog nate autoantigen .  Therefore , alternative mechan isms must 

be i n  place to preserve immune tolerance .  Col lectively, these mechanisms a re 
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Figure 1 . 1 T -Iymphocyte central tolerance 
A, I n  the cortex, T-cells engaging with MHC class molecules are selected for survival .  Cells 
which do not engage with MHC undergo apoptosis.  B, T-cells in medul la encounter dendritic 
cells presenting self-antigens with M HC. E ngagement with these cells results in apoptosis. C, 
self-tolerant mature T-cel ls survive d ue to negative selection .  
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referred to as periphera l  tolerance and they occur in a number  of ways: 

• tolerance by ignorance - T-cel ls do not encou nter their  cognate 

autoantigen;  

5 

• clonal  anergy - despite recogn ising thei r  cognate autoantigen, T -cel ls 

are rendered useless or anergic by the lack of co-stimu latory signals; 

• T-cel l  suppression - activated a utoreactive cel ls  can be anergised by the 

release of inh ib itory cytokines from suppressor T -cel ls (Maloy and 

Powrie, 2001 ) .  

I nadequate management of any of these tolerance mechanisms is  l i kely to 

result in autoimmunity or perhaps even autoimmune d isease. 

1 . 1 .2 8-cel l  tolerance 

The notion that 8-cel l  tolerance is a result of T -cel l  tolerogenesis no longer 

holds true.  H igh affin ity immu noglobul in ( Ig) production cannot occur without 

the necessary T-cell help. However, 8-cells are now recognised as being far 

more than antibody factories (M itchison and Wedderburn ,  2000) .  It is clear that 

they play an essential role in many aspects of immune system reactivity in both 

health and d isease (Lipsky, 2001 ) . The immune system has evolved many 

strateg ies to achieve and mainta in 8-cel l  self-tolerance . 

The specifics of positive and negative selection of 8-cel ls during tolerogenesis 

a re sti l l  unknown. Whi le it is clear that stromal cel ls in  the bone marrow assist 

i n  the positive selection of cel ls with productive rearrangments of Ig genes, the 

co-factors and receptors involved have not yet been elucidated . Negative 

selection occurs throughout al l developmental stages either in the bone marrow 

or in germinal centres i n  the secondary lymphoid tissues (spleen or lymph 

nodes). Clonal abortion occurs when immature 8-cel ls expressing autoreactive 

surface IgM molecu les encounter thei r  cognate autoantigen in the bone marrow. 

The surface IgM is sequestered and further d ifferentiation is a rrested . Those 

autoreactive cells that migrate from the bone marrow to the secondary lymphoid 

tissues are exposed to soluble monomeric antigens. If the antigens are present 

above a critical concentration ,  the cells become a nergised through down-



6 
Chapter 1 :  I ntroduction 

regulation of surface IgM.  These cel ls  are u nable to receive T-cell he lp and 

hence cannot prol iferate, produce a ntibod ies, or participate in  B-cel l  

fUnctional ity. Anergy can be reversed , however, if the cel ls  are stimu lated with 

cytokine interleukin-4 .  

Cel ls that do survive are induced by a combination of fol l icu lar dend ritic cel ls 

and T -cell help to u ndergo the B-cel l  un ique process of somatic hypermutation.  

The variable region of the Ig gene is mutated i n  order to increase the BCR 

avid ity for the cognate antigen. Even at th is stage the B-cel l  is tested by 

antigen presenting fol l icular dendritic cells to ensure that defective or 

autoreactive Igs have not been produced by the mutational mach inery .  

In  fact, B-cel ls are scrutin ised throughout their development and the ir  surviva l is 

dependent on BCR-antigen i nteraction coupled with co-stimulatory events such 

as:  

• signal i ng thresholds med iated by the cell surface markers CD 1 9  ( I naoki 

et al., 1 997) and CD22 (O'Keefe et al., 1 999); 

• stimu lation by cytoki nes secreted from T-cel ls or fol l icular dendritic cel ls ;  

• interaction with other factors such as B-cel l  activation factor (Mackay and 

Mackay, 2002). 

Despite the checks and balances, a smal l  population of B-cells escape this 

scrutiny. These cel ls appear early i n  development and express the T-cel l 

specific cel l  surface marker CD5 (Casal i  and Notkins, 1 989). Igs from these 

cel ls are natu ral autoantibod ies. 

1.2 N a t ura l A u t o i m m u n i t y  

A substantia l  proportion of circulating Igs a re natural autoantibod ies (Shoenfeld 

et al. , 1 982; Satoh et al., 1 983). These a ntibod ies are derived from min imal ly­

mutated germl ine genes. They are characteristical ly mult ireactive , restricted to a 

nu mber of non-critical epitopes, have low affinit ies and are non-pathogenic. 

The CD5+ B-cel ls do not u ndergo affin ity maturation (Coutinho et al., 1 995), 

a lthough iso-type switching does occur, as  evidenced by the ci rculation of IgM,  
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IgA and a normal distribution of IgG subclasses 1 -4 (Algiman et al. , 1 992). The 

repertoi re of a utoantibodies is selected early i n  B-cel l  development and thei r  

pattern of reactivity is  conserved throughout an individual's l ife. Autoreactivity is  

control led by anti-idiotype (anti-variable region) IgM (Kazatchkine, 1 994) .  

Therefore ,  u nder normal condit ions the id iotype/anti-idiotype network helps to 

determine the pattern of autoreactivity. 

The physiolog ical  need for natural  autoantibodies is not enti rely clear. They 

have been reported to be involved with clearance of autoantigens from tissues 

after apoptotic events (perhaps in  conju nction with C1 q complement), various 

regu latory fun ctions (Kazatchkine, 1 994) and promotion of tissue repair 

(Asakura et al. ,  1 998). Natural autoreactive T -cells are present i n  healthy 

indiv iduals ,  and l ike natural autoreactive Igs, auto T -cel ls play a role in 

maintenance of self-tolerance and tissue repair (Schwartz and Cohen ,  2000) .  

Clearly , autoimmunity is a normal physiological phenomenon .  Therefore, what 

changes to turn it i nto a pathogenic condition? Does natural autoimmun ity 

provide any clues about the emergence of autoimmune d isease or are these 

immune system events qu ite i ndependent? 

1 . 3 P a th o g e n i c  A u t o i m m u n i t y  

Before trying to answer these q uestions, some attempt should b e  made to 

expla in the events leading to the break in tolerance and the production of 

pathogenic autoreactive B- and T-Iymphocytes . A number  of theories exist to 

expla in  the mounting of a pathogenic autoimmune response, some of wh ich are 

d iscussed below (Nakamura and Nakamura, 1 992) .  

1 .3 . 1  Apoptosis 

Apoptosis plays a pivotal role in central tolerance by destroying or deleting 

autoreactive clones and provid ing a source of self-antigens for tolerising T-cells 

(Mahoney and Rosen ,  2005). Defects in  the pathways in itiati ng apoptotic death 

and the recognition and clearance of apoptotic cel ls by phagocytes (dendritic 

cel ls  or macrophages) can resu lt in poor tolerance induction (Lauber et al., 
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2004) .  Fai lure of tolerance may later lead to the development of autoimmune 

d isease. I rregu larities in  the expression of Fas or FasL apoptotic markers, for 

example, are known to lead to insufficient clonal deletion a l lowing autoreactive 

B- and T-Iymphocytes to escape death , a p henomenon which occurs in Canale­

Smith syndrome (Drappa et al. , 1 996) and also in mice with defective Fas 

(Watanabe-Fuku naga et al. , 1 992) .  More recently, it has been observed that 

poor express ion of another proapoptotic prote in ,  Bim, impa i rs apoptosis of 

autoreactive Iymphocytes (Hughes et al. , 2006). 

There are mult iple pathways for the recognition and clearance of apoptotic cel ls 

by phagocytes. As with apoptosis induction , impairment of these pathways 

reduces the potency of tolerogenesis. An example of th is involves the 

recognition of apoptotic cel ls  by phagocytes via bridging molecules. One such 

molecu le, the mi lk  fat globule epidermal g rowth factor-8 (MFG-E8) ,  b inds to 

apoptotic cel ls and appears to med iate not only the b ind ing of the target cel l  to 

phagocytes but also its subsequent i nterna l isation (phagocytosis) .  Experiments 

with MFG-E8 knockout m ice have demonstrated the reduced ab i l ity to 

phagocytose apoptotic cells despite other phagocytic functions operating 

normally. Moreover, these knockout mice also develop auto immune lupus- l ike 

traits (Hanayama et al. , 2004) .  

1 .3 .2 Aberrant antigen modifications 

Specific self-antigens that contain unusual post-translational modificatons, for 

example, the enzymic conversion of arg in ines to citru l l i ne (van Venrooij and 

Pruijn ,  2000) ,  arg in ine methylation (Brahms et al. , 2000) ,  proteolytic cleavage 

(Casciola-Rosen et al. , 1 999) or even glycosylation may act as a ntigens without 

apparently breaking tolerance (Utz et aI. , 2000; Doyle and Mamula ,  2001 ) .  

Whether these modified antigens are the causative agents of specific d iseases 

remains to be elucidated . 

1 .3 .3 Antigen cross-reactivity 

Molecu lar m i micry ,  cross-reactivity of autoantigen epitopes with unrelated vira l  

or  microbial prote ins ,  has been touted as a l ikely retiologic event i n  many 
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auto immune diseases (Horsfa l l ,  1 992; Benoist and Mathis, 2001 ). This mimicry 

can occur in a number of ways: 

• 8-cel ls can be stimulated to produce antibodies in a T-cel l  independent 

m anner by microbial  ( l ipopolysaccharide) or v ira l  (Epstein  8arr) 

"su perantigens" (Kl inman and Steinberg, 1 987). If an autoreactive 8-cel l  is 

stimulated in this way autoantibody production will result , although in the 

absence of T-cell help these antibodies wi l l  have low affin ity; 

• Antigen mimicry can a lso el icit T -cel l  activation and subsequent 8-cel l  

stimulation .  High concentrations of m icrobial antigens bearing cross-reactive 

cryptic self-epitopes can prime T-cells via professional antigen presenting 

cel ls .  The primed T-cel ls wi l l  then recogn ise low abundance autoantigens 

expressed on tissue cel ls  without the need for co-stimu lation; 

• M icrobial antigens bearing autoreactive 8-cel l  epitopes can break tolerance 

and el icit T-cel l  help by presenting m icrobial foreign epitopes to T-cel ls. 

Conversely, self-antigens can recru it the innate immune system into activating 

the adaptive system (B- and T -cel ls) by being recognised as microbial or viral 

antigens. Activation is  thought to occur via tol l - l ike receptors (TLRs) that 

identify invading organisms by pathogen-associated molecular patterns rather 

than by a specific epitope (Ozinsky et al. , 2000). Autoreactive B-cells have been 

stimUlated by the nucleic acid-containing chromatin- lgG immune complex 

through the engagement of both BCR and TLR9 on the 8-ce l l .  The presence of 

deoxyribonucleic acid (DNA) has been shown to be essential for cel l  activation , 

whereas, other types of immune complex have not el icited prol iferation 

responses (Leadbetter et al., 2002). Double-stranded (ds) and single stranded 

(ss) regions of the ribonucleic acid ( RNA) can mimic RNA virus structure. This 

pathogen-associated pattern is found in  the RNA associated with the 

sp l iceosomal smal l  nuclear ribonucleoprotein particles (snRNP),  and it can 

i nduce inflammatory cytokine, type- I interferon, production through interaction 

with TLR3, 7 and/or 8. A potential role of snRNA as an adjuvant increasing the 

immunogenicity of snRNP proteins during the in itiation of an autoimmune 
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response is inferred (Kelly et al. , 2006) .  These proposed mechanisms of TLR 

med iated stimu lation of the immune system may explain the dominance of 

nucleic acid binding proteins as autoantigens in  systemic autoimmune d iseases . 

1 .3.4 Idiotypic induction 

The high affin ity of most autoantibod ies can only arise through somatic mutation 

and the continual presentation of antigens by fol l icular dendritic cel ls .  This 

phenomenon,  along with the co-existence of autoantibod ies to d ifferent epitopes 

on the same molecu le,  would indicate an autoantigen d riven response rather 

than a response d ue to a foreign mimic (Mi l ler et al. , 1 990). But how is the 

necessary T-cell help acqu i red? One l ikely mechanism is id iotypic induction 

(Tomer et al. , 1 993) ,  i l lustrated schematical ly  in Figu re 1 .2 .  Natu ral  

autoantibod ies interact with an autoantigen to form a complex that is  then 

captured by an autoreactive B-cel l .  The natural id iotype is presented and a T­

cell recognising the id iotype g ives the B-cel l  consent to produce autoantibody. 

This is the l ike ly mechan ism for pathogenic anti-DNA autoantibody production in  

systemic lupus erythematosus (Shlomchik  et al. , 1 987) and is  consistent with 

the dysregulation of the anti-id iotype network and the C1 q (complement) 

deficiency (Pickering and Walport, 2000). 

1.3.5 Genetics 

There are a number of substantial reviews covering the genetic influence in 

autoimmune d isease susceptibi l ity (Harley et al. , 1 998). It is i rrefutable that 

certa in human leucocyte antigen haplotypes are related to the onset of certa in 

autoimmune d iseases .  Non-M HC genetics and the influence of epigenetic 

interactions are also impl icated (Wandstrat and Wakeland , 2001 ) .  A general 

female bias towards autoimmune disease, with women making up 90 % of the 

sufferers of some cond itions, demonstrates an influence of male and female 

genetics (Stewart, 1 998; Whitacre, 200 1 ) .  Sex hormones affect the immune 

system,  oestrogens enhance the immune response, whereas, and rogens and 

progesterone are immuno-suppressive . The levels of oestrogen in synovial  joint 

flu id is elevated in both female and male sufferers of rheumatoid arthritis 

(Cutolo et al. , 2004). 
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Figure 1.2 Idiotype induction mechanism of activating autoreactive B­
cells 

A, autoreactive B-cells engage and phagocytose an immune complex of autoantigen 
and natural autoantibody. B, the B-cell acts as an antigen-presenting cell and d isplays 
a natural autoantibody idiotype peptide with MHC class I I  molecule. This cell 
encounters an anti-idiotype T -cell that results in activation of the B-cell and 
autoantibody production.  

Gender d ifferences other than sex hormones may contribute equal ly to 

autoimmune d isease. One such d ifference relates to the X-chromosome 

i nactivation .  This creates two cel l  groups each carrying genes expressed from 
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d ifferent parental X-chromosomes . Potential ly tolerogenesis cou ld occur for 

one set of X-chromosome gene products but not the other, al lowing some self­

reactive Iymphocytes to survive (Stewart, 1 998). 

The breaking of immune tolerance by the mechanisms described so far do not 

amount to autoimmune d isease. A number of conditions have to coincide to 

overcome tolerance and mount a pathogenic auto immune response 

(Sompayrac, 1 999): 

• Firstly, the MHC molecu les (under genetic influence) present self-antigens to 

TCR in  such a way that the cel ls a re not negatively selected ; 

• Secondly, the population of T- and 8-cel ls must express sufficient cognate 

autoreactive receptors . This repertoi re of autoreactive cel ls  is transient and , 

therefore, is d ifferent between ind iv iduals at any one t ime, even in  identical 

twins ;  

• Thirdly, a sustained stimulation and co-stimulation environment must exist. 

I nflammation sites provide this environment because at such a s ite, there is 

an accumu lation of immune cel ls ,  the release of stimu latory cytokines co­

incident with exposure to potential autoantigens. In fact, it has been shown 

that the onset of autoimmune d isease often occurs after an infection (Wraith 

et al. , 2003). 

No defin itive answer exists to expla in pathogenic autoim munity. It is clear that 

resulting pathologies are as varied as the possib le explanations for 

pathogenesis. 

1 . 4 D i s e a s e  P a th o l o g y  

Autoimmune d isease pathologies range from organ-specific, where the T-cell 

and 8-cel l  target epitopes are apparent and the damage caused is a d i rect 

consequence of this (Levinson, 1 994), to systemic,  where the relationship 

between epitope and infl icted damage is not obvious (Leff et al., 1 992). 

Systemic pathologies, a lso referred to as rheumatological autoimmune 

d iseases , wil l be the focus of further d iscussions in this thesis .  
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Systemic l upus erythematosus (SLE) is the archetypal multi-system d isease. It 

is characterised by cl in ical features i ncluding erythematous or red skin rashes, 

photosensitivity, joint i nflammation or arthrit is, l ung membrane (p leurit is) and 

heart membrane (pericardit is) i nflammation, kidney damage, depression or 

psychosis and haemolyt ic anemia (Condemi ,  1 992).  The consensus of opin ion 

is that SLE is a 8-cel l  or  autoantibody mediated pathology (M itchison and 

Wedderburn ,  2000; Lipsky, 2001 ) .  Hyperactive 8-cel ls produce large q uantities 

of autoantibodies, the majority of these targeting nuclear components . These 

antibod ies form i mmune complexes that are deposited systemical ly in affected 

tissues where they el icit a hypersensitivity type I I I  i nflammatory response. 

SLE is one of a g roup of overlapping systemic  syndromes sharing a num ber  of 

immunologica l  and cl i n ical features (Hay, 1 995) .  These d isorders i nclude: 

• systemic sclerosis - typified by skin pitting and subsequent thickening of the 

skin ,  which a lso becomes smooth and waxy. These symptoms are often 

preceded by Raynaud's phenomenon which is the restriction of b lood supply 

to the t ips of fingers and toes ;  

• Sjogren's syndrome - d ry eyes, dry mouth and recurrent sal ivary gland pain .  

Often a secondary d isease in  association with SLE or  rheu matoid arthritis 

(RA). Over 90 % of sufferers are female; 

• rheumatoid arthritis - joint swel l ing,  joint erosive damage, joint deformity and 

appearance of subcutaneous nodules;  

• dermatomyositis and polymyositis - characterised by skeletal muscle 

weakness, and in the case of dermatomyosit is ,  a subtle skin lesion often 

only appearing on the eye l ids and knuckles, and muscle vascular damage. 

I n  1 972, Sharp described another systemic d isease in  a number of patients who 

presented with symptoms of SLE,  myositis and systemic sclerosis (Mukerj i  and 

Hard in ,  1 993). This is known as Sharp syndrome or more commonly m ixed 

connective tissue d isease (MCTO). The m u lt ifactorial nature of systemic 

d isease means that there is considerable overlap of c l in ica l  presentation .  

Symptom-based evaluation alone is d ifficult ( Hay, 1 995) and often leads to 

m isdiagnosis (Anon, 1 992). The status of M CTO as a d iscrete syndrome has 
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been heavi ly debated (Lazaro et al. , 1 989; Pi i ra inen and Kurk i ,  1 990; Smolen 

and Steiner, 1 998) ,  and defin ing the serological features of this and other 

systemic diseases wi l l  help to settle the debate , lead ing to correct d iagnosis and 

appropriate treatment of the d isorder. 

The serolog ical hal lmark of systemic autoimmune d iseases is the presence of 

circulating autoantibod ies termed anti-nuclear antibodies (ANA) that are specific 

for normally inaccessible cel lu lar antigens known as extractab le nuclear 

antigens (ENA) (Sturgess, 1 992). The l ink between specificity and the cl in ica l  

symptoms, despite the lack of pathology and  epitope l ink ,  is perhaps the most 

remarkable attribute of systemic diseases , an attribute that has been 

successful ly exploited in d isease d iagnosis (Smeenk,  2000) .  

I mmunochemica l and molecular characterisation of the ANA and ENA 

specificities have shown that autoantigens are highly conserved molecules 

present in all cel l  types and in many species (Tan et al. , 1 988). It appears that 

the specificity of response is not the result of a specific retiolog ic stimulus but 

rather to the context, location and duration of the stimulus (Nagaraju et aI. , 

2000). Whatever the mechanism, it is clear that systemic d iseases can be 

d istingu ished on the basis of their ind ividual ANAlENA profi les, provid ing ideal 

d iagnostic markers (Table 1 . 1 ) . Increasi ng knowledge about ENAs, their cl in ical 

association and prognostic impact, is fue l l ing the demand for their detection 

(Smolen et al., 1 997). Some antigens are highly d isease specific whi le others 

appear i n  several systemic d iseases . The complex nature of some ENAs 

makes their characterisation with conventional d iagnostic tests d ifficult. These 

antigens consist of multiple proteins associated with a RNA entity and are 

termed ribonucleoprotein particles (RNPs).  RNPs harbour a mu ltitude of ANA 

epitopes and the correlation of epitope with cl in ical observation may provide 

useful data regard ing disease d iagnosis,  prognosis or even new therapeutic 

approaches. This can only be ach ieved through detai led analysis of the 

com plex antigens and the use of improved immunod iagnostic approaches. 



Table 1 . 1 Disease association of the most common extractable nuclear antigen specificities 

Eponym 

"native" DNA 

U I -RNP 

SS-A ( Ro) 60 

SS-A ( Ro )  52 

S S-B/La 

10- t 

CENP-B 

Antigen(s) 

Double-strand DNA 

68K, A and C proteins complexed with sma l l  
nucl ear U I -RNA 

60 k D  protein complexed with Y I -Y5 RNAs 

5 2  k D  protein complexed with Y I -Y5 RNAs 

48 k D  protei n  complexed with RNA pol I I I  
transcripts Y 1 -Y 5 R N  As 

H i st idyl  tRNA synthetase 

80 kD centromere protein 

Function 

Pre-mRNA s p l i c i ng 

? 

? 

RNA pol J I I  transcription 
term inat ion factor 

tRNA ami noacylation 

Cel l  division 

Disease Association 

SLE (40 %) 

SLE (32 %), MCTD (>95 %,), (> 90 % 
high anti-68 K), RA, S S  

Sj S ( 60 %),  SLE ( 3 5  %),  SCLE ( 70 %), 
NL 

As for SS-A 60, PM (20 %), C R EST 

Sj S (40-80 %), S L E  ( 1 5  %) 
N L  

Pol ymyosit is  P M  ( 25-45 %) 

C R EST (70-80 %) 

S c l-70 
70 k D  degradat ion product of DNA 
topoisomerase I mRNA, rRNA transcription Di ffuse SS (3 5-70 %) 

Smith antigens common to U t ,  U2, U4 and U5 p RNA I "  5mB,B' :SmD 
RNAs 

re-m sp ICll1g 

Ribosomal P 
PO ( 3 8  kD),  P t  ( 1 9 kD) and P2 ( 1 7  kD) of 
60S ribosome subuni t  

protein assembly 

S L E  (30 %) 

SLE ( 1 3-36 %), SLE psyc hosis (70 %) 

SLE- systemic lupus erythematosus; MCTD- mixed connective t issue disease; RA- rheumatoid arthrit is; SjS- Sjogren's syndrome; SCLE- sub­
cutaneous lupus erythematosus; NL- neonatal lupus; SS- systemic sclerosis; CREST- calcinosis, Raynaud's phenomenon, oesophogyl dysfunction, 
sclerodactyly and telangiectasiae. ( Nakamura and Nakamura, 1 992; Guma and Krakauer, 1 994; Rutjes et al., 1 997; Greenwood et al., 2002) 
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2 . 1  Th e S p l i c e o s o m e  

Autoantibod ies reacting with smal l nuclear ribonucleoproteins (sn RNPs) from 

patients with SLE and MCTO have contributed significantly to the understanding 

of events surrounding pre-messenger RNA spl icing (Lerner and Steitz, 1 979) .  

Spl icing of nascent pre-messenger RNA to remove introns (non-cod ing)  and 

anneal exons (cod ing) ,  a pivotal step in  mRNA synthesis, is fa ithful ly achieved 

by the spl iceosome. I n  its entirety, the spl iceosome consists of a com plex of 

five snRN Ps designated U 1 , U2,  U4, U5 and U6, and more than 300 

spl icing/RNA processing associated proteins (Rappsi lber et al. , 2002) .  U 1  RNP 

acts as a homing device and in itiates the sequential assembly of the 

spl iceosome around the nascent messenger RNA (m RNA) through b ind ing to 

the 5'  spl ice site. Once assem bled , the spl iceosome undergoes 

rearrangements in order to create an active site. The ensuing phospho­

transesterification reactions occur in  two stages, the excision of an  intron ,  

followed by l igation of the exons on either s ide of i t  (F igure 2 . 1 ) . 

Spl iceosomal snRNPs consist of h igh ly structured non-cod ing urid ine-rich 

RNAs, named U 1 , U2, U4, U5 and U6 ,  which are expressed from over 40 genes 

(Eddy, 1 999). These snRNAs, with the exception of U6, are monomethylated 

guanosine (m7 G) 5 '  capped RNA polymerase 1 1  transcripts ranging in size from 

1 1 7  (U5) to 1 89 (U2) nucleotides. They are adorned with a number  of proteins .  

Some are com mon to U 1 -U5 RNPs, such as the seven core Sm proteins (8 '/8,  

01 , 02, 03 ,  E ,  F and G),  whereas other proteins are snRNP specific .  U6 

snRNP is d ifferent from the other particles in  that it is a product of RNA 

polymerase I I I  transcription and the assem bled particle does not contain  the Sm 

com mon core proteins. 

Not only do snRNAs provide a framework for protein  attachment, but they also 

have a vital role in  spl icing site recogn it ion and may actual ly be the catalyst for 

the transesterification reactions (Yean et al. , 2000; Sontheimer, 2001 ) .  
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5'  splice site 3' splice site 

U 1  snRNP- GUCCA\)'\)'CAUA- TMG 5' 
II �  I 1 I  I 1 1  

EXON 1 CAgGUAAGUr-----A�----�
--

E
-
X
-
O
-
N
-

2
--� 

branch point 
U2 snRNP recognition site 

Step 1 :  Spliceosome assembly and 5' intron cleavage 

EXON 1 CAg OA
G
_-:--------, EXON 2 

Step 2 :  Intron excis ion and exon anneal ing 

EXON 1 CA� EXON 2 c�-
mRNA i ntron 

Figure 2 . 1  Pre-mRNA splicing reaction 

The steps i nvolved in spl iceosome-catalysed excision of the introns of pre-mRNA and 
l igation of the exons to create the m RNA. The U1 snRNA 5'  recognition site docks with 
5'  exon and in itiates spl iceosome assembly. U1 snRNA sequence includes a number of 
pseudouridine (\jJ) nucleotides. 

2. 1 . 1  B iogenesis of the uridine-rich small nuclear ribonucleoprotein 
particles (snRNPs) 

The assembly of the snRNPs is a mu lti-step process taking place in both the 

nucleus and cytoplasm (Wi l l  and Luhrmann,  200 1 ) and is  schematica l ly 

represented in  Figure 2 .2 .  Sm proteins encounter the methylosome, the first of 

two large mu ltimeric protein  complexes involved in snRNP biogenesis, in the 

cytoplasm (Friesen et al. , 2002) .  The methylsome has a 20 Svedburg unit 

sed imentation coefficient (20S) and consists of a phosphoprote in  (P ICln)  wh ich 

regulates S m  protein association with the methylosome (Freisen et al. , 2001 ) ,  a 
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tryptophan-aspartic acid (WO) repeat protein (MEP50) which faci l itates 

Sm/methylosome interactions (Freisen et al. , 2002) ,  and a methyltransferase 

(JBP 1 ) which symmetrical ly d imethylates specific argi n ine residues in Sm0 1 , 

03 and B'/B. Symmetrical d imethylated arg in ines (sOMA) enhance the b ind ing 

affinity of Sm proteins for the second mult imeric protein conglomerate involved 

in snRNP biogenesis, the survival of motor neuron (SM N )  complex (Massenet 

et al. , 2002; Gubitz et al. , 2004) .  This complex is the assembly point for snRNP 

and consists of  an ol igomeric SMN protein ,  plus a group of proteins named 

gemins. The SMN protein  acts as a chaperone to the Sm prote ins by preventing 

them from making inappropriate associations with each other and their cognate 

snRNA (MacKenzie and Gendron, 200 1 ) . This interaction between S m  and 

SMN is essential for snRN P biogenesis. In the fatal d isorder spinal m uscular 

atrophy, a point mutation in the SMN 1 gene results in poor Sm binding to the 

SMN complex lead ing to impaired snRN P b iogenesis (Selenko et al. , 200 1 ) . 

Export of the RNA components of snRN Ps from the nucleus to the cytoplasm is 

mediated through the b ind ing of cap b ind ing proteins to the m7 G RNA cap 

( Izau rralde et aI. , 1 995), fol lowed by interaction with the nuclear export receptor 

Exportin 1 (Hamm and Mattaj , 1 990). Once in the cytoplasm, snRNA binds to 

the SMN complex in  an RNA sequence-dependent manner (Yong et al. , 2004) .  

Attachment of a seven-membered Sm protein ring to the h ighly conserved Sm 

binding nucleotide sequence of the sn RNA is  orchestrated by the SMN 

complex. Association of the RNP specific proteins with the sn RNA is  then 

permitted (Nel issen et al. , 1 994) .  This is fol lowed by the hypermethylation of 

m7 G at the 5' end of the RNA, to trimethylguanosine (TMG )  (Mattaj , 1 986). Re­

entry of the newly assem bled snRN P is mediated through an Importin receptor 

which recogn ises the complete Sm core structure and the TMG cap of the U 

snRNA (Fischer et al. , 1 993) .  F igure 2.3 schematical ly represents fu l ly 

assembled U 1  snRNP.  
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cytoplasm nucleus 

methylosome 

re-entry into nucleus 
via Importin receptor 

Figure 2.2 U1  snRNP biogenesis 
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U1 RNA 

Exportin J 

SMN complex 

Sm proteins encounter the methylosome in the cytoplasm and specific arginines on 
Sm01 ,  03 and B become d imethylated. Srn proteins then interact with the survival of 
motor neuron (SMN) complex where they rendezvous with U 1  snRNA. Sm core 
assembles and attaches to U 1  snRNA which becomes hypermethylated before re­
entering the nucleus. 
A represents symmetrical d imethyl arg in ines (sOMA); MG- methylguanosine; TMG­
trimethylguanosine. 
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5' spl ice 
recogn ition site 

5' (TMG) AUAC�ACCUG 

U 1 68K protein  
binding site 

Srn heptarneric ring 
b inding site 

Stem/Loop IV 

Stem/Loop I I  

Figure 2.3 U1  snRNP structure and composition 
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OH 3' 

Secondary stem/loop structure of U1 RNA h igh l ighting the Sm ring binding s ite and the 
5' splice recognition site which anchors the spl iceosome at the spl icing region.  The 
shaded ovals represent the U 1  specific protein (U 1 68K and U 1 A) RNA bind ing s ites. 
The U 1  specific C prote in (shaded square), i nteracts d i rectly with U 1  68K protein  rather 
than the RNA. The 5' end of the U1 RNA is capped with a trimethylguanosine (TMG ). 
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2 . 2 S rn  P r o t e i n s  

The Sm proteins ,  8 '/8 (29 ,28 kOa) ,  0 1  ( 1 6  kOa), 02 ( 1 6 .5  kOa) ,  03 ( 1 8  kOa) ,  E 

( 1 2  kOa) ,  F ( 1 1 kOa) and G (9 kOa) ,  form a d istinct fami ly characterised by an 

Sm domain (Lehmeier et al. , 1 990). Sm8'/8 protein resu lts from alternative 

spl ic ing of a single gene whereby the 1 1  C-terminal residues are replaced by 

two leucine residues (Chu and E lkon, 1 991 ) (F igure 2 .4) .  The Sm8' alternative 

spl ice product occurs only in humans and its functional significance is not 

known . 

Srn} 1 6 0  
MTVGK S S KMLQH I DYRMRC I LQ DGR I F I GT FKAFDKHMNL I LCDC DE FRK I KPKNS KQAE 

* 
Srn2 13 1 132 133 1 2 0  6 1  

RE EKRVLGLVLLRGENLVSMTVEGPPPKDTG I ARVPLAGAAGG PG I GRAAGRG I PAGVPM 

1 2 1  134 135 1 8 0  
PQAPAGLAGPVRGVGGP S QQVMT PQGRGTVAAAAAAATAS I AGAPTQY P PGRG G P P P PMG 

1 8 1  2 4 0  
RGAP P PGMMGPPPGMRPPMGP PMG I P PGRGT PMGMPPPGMRPPP P GMRG�PPPGMRPPR P  I 

• 
LL 

Figure 2.4 5mB'lB primary sequence 

The alternative spl ice product of 5mB' has the 1 1  C terminal residues replaced by two 
leucine residues. Sm motif residues conserved in Sm and Sm-l ike proteins are red and 
the 5 f3-strands are annotated with shaded arrows. The Loop 3 RNA contact is marked 
*. The blue residues indicate the proposed cross-reactive immunodominant epitopes. 

The phylogenetic d istribution of Sm proteins is testament to their  importance in 

RNP assembly and RNA metabolism (Salgado-Garrido et al. , 1 999). Sm and 

Sm-l ike proteins are expressed in  al l  eukaryotes from yeast to human,  in archae 

(SmAP) (Mura et al., 2003) and eubacteria (Hfq ) (Mol ler et al., 2002) .  

Al l proteins containing Sm domains consist of two conserved Sm motifs , Sm1 

and Sm2 . These are separated by a l inker of variable length and are involved 

in S m  protein-protein interactions (Hermann et al., 1 993; Cooper  et al. , 1 995) .  

Sm proteins can form stable ,  RNA-free mu ltimers (0 1 -02,  8 '/8-03, E-F-G) 

(Raker et al., 1 996). The three d imensional structu res of the heterod imers 
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01 -02 and B'IB-03 have been solved and reveal a lmost structural ly identical 

Sm domains made up of antiparal le l  p-sheet (Kambach et al. , 1 999) .  Such a 

strik ing s imi larity in  structure is shared by the S M N  protein  and , therefore ,  is 

l ikely to be due to a specific function such as S m : RNA interactions andlor S M N  

oligomerisation (Selenko et al. , 2001 ) .  S m  heteromers are held together 

primarily by hydrogen bond ing between the P4 and p5 strands at the S m-Sm 

interface (Figure 2 . 5) .  The Sm core uses this structural motif to form a closed 

heptameric ring arou nd the conserved urid ine-rich Sm binding site of the U 

snRNA (Urlaub et al. , 200 1 ) .  Using photo-crossl inking ,  U rlaub demonstrated 

that the Sm site RNA-Sm protein  interaction occurred with Sm proteins B and 

G. The site specific interaction with SmG was to the fi rst urid ine in  the U4 Sm 

site (AAU UU UUGA), and with 5mB to the th i rd urid ine in  the same site .  

Contacts between RNA and  amino acid occur with in  loop 3 (between P2  and p3  

strands) of both SmG and  5mB.  This general arrangement of the Sm core and 

its interactions is supported by cryoelectron microscopy (Stark et al. , 2001 ) .  

The arrangement and spatial proxim ity of the U 1  snRNP proteins fosters 

interactions between U 1  68K protein and Sm02 or 5mB'IB, and between C 

protein and 5mB'IB (Nel issen et al. , 1 994). I nteractions with assembled core 

proteins may med iate the binding of the U 1  specific proteins to the U 1  snRN P .  

2 . 3 U 1  s n R N P  S p e c i f i c  P r o t e i n s  

The U 1  specific proteins U 1  68K (52 kOa), U 1 A  (3 1  kOa) and U 1 C ( 1 7 .5  kOa) 

make up the remainder of the 1 2S U1 snRNP complex. Both U1 68K and U 1 A  

are d i rectly associated with the snRNA. These interactions are med iated 

through their RNA recogn ition motifs (RRM) which contain the highly conserved 

short motifs RNP1 and RNP2.  U 1 C  does not have a RRM but rather interacts 

with U 1  68K protein and possibly 5mB'IB through a zinc finger (CC-HH) type 

domain (Nel issen et al. , 1 99 1 ; Nagai et al. , 200 1 ) .  
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A B 

SmDl 

C 

SmD2 

Figure 2.5 Srn core assembly 
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A: Sm domain anti-paral lel J3 sheet structure. To clearly d isplay the dimer interface 
between Sm01 J35 and Sm02 J34 (coloured orange) only the Sm01 core domain 
(residues 9-72) is shown. Strands J34 and J35 of Sm01 and 02 ( label led red ) are 
thought to form similar interactions with adjacent Sm protomers to form a heptameric 
ring core complex. RasMol was used to d isplay the Sm structure, which was adapted 
from Kambach et al. ( 1 999). 

8 :  Proposed heptameric 'doughnut' ring with the U snRNA in the hole. The arrows 
i l lustrate the interaction between 5mB and SmG with RNA. 

2.3 .1  U1 68K protein  

Oespite its name, U1  68K has a molecu lar mass of 52 kOa . Reg ions of h igh  

acid ic sidechain content in  its 437 residue sequence cause U 1  68K to migrate 

aberrantly at 68 kOa on SOS-polyacrylamide gel e lectrophoresis (SOS-PAGE) .  

U1  68K is h igh ly  heterogeneous , consisting of at  least th irteen distinct isoforms 

with p is ranging from pH 6 .7-8.6 (E lkon and Jankowski ,  1 985; Woppmann et al. , 

1 990) .  Varying degrees of phosphorylation and glycosylation (Chen and Agris ,  

1 992) contribute to the m icroheterogeneity. 
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Figure 2 . 6  U1 68K protein  sequence al ignment The RNA binding domain i s  highl ighted i n  gray with residues interacting d irectly 
with the U 1  snRNA shown in white . The SR protein domains are annotated RS 1 and RS2. The caspase 3 cleavage site (DGPD-G) is 
highl ighted green in the human sequence. The potential N-l inked glycosylation site is highl ighted in yellow. 
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U 1  68K associates with U 1  snRNA stemlloop I (Figure 2.3) in an RNA-specific 

m anner and requ i res eight n ucleotides between 28 and 37 in the R NA loop I 

region for successful b inding (Surowy et al. , 1 989). The precise location of this 

i nteraction has been elucidated using a protein cross-l inking approach (Urlaub 

et al. , 2000) ,  which showed that Tyr1 12 and Leu 1 75 of the RNA binding domain 

were associated with Guanosine 28 and U ridine 30 of stem/loop I ( respectively). 

Th is interaction is  h ighly conserved across al l  species . 

The U 1 68K protein is necessary for stable and faithful recognition of the pre­

m RNA 5' spl ice site, with the serine/arg in ine (SR) repeat splicing factor protein  

ASF/SF2 acting to assist U1  68K in th is role .  I nteraction between these 

proteins is med iated through the first of two argin ine rich regions (RS 1 ) in U 1  

68K, compris ing residues (248-270) (Figure 2 .6 ) . This region of primary 

structure is  punctuated with short S R  repeats which classifies U 1  68K as a 

member of a SR protein  sub-fa mily (Cao and Garcia-Blanco, 1 998).  Exactly 

how ASF/SF2 and U 1  68K RS1 interact is not clear. Their association is  

enhanced by phosphorylation of the serines in  RS1 ,  which promotes 

spl iceosome assembly at the 5' spl ice s ite, a reaction that is carried out by a 

specific SR Protein Kinase 1 .  However, spl icing cannot occur without 

dephosphorylation of either the ASF/SF2 spl icing factor (Cao et al. , 1 997) or U 1  

68K (Tazi et a/. , 1 993). Therefore, phosphatase activity is critical  for the 

d isruption of the U 1  snRNP/spl icing factor interaction and the replacement of 

U1 snRNP with U6 snRNP at the 5'  spl ice site . 

Lectin and chemical composition analysis of U 1 68K imply the presence of an 

N-l inked glycan ,  althoug h  the exact nature of the glycosylation has never been 

determined.  One potential N-glycosylation site (Asn408-Asp-Ser) exists in  the 

human primary sequence, although i t  does not appear in  other known U1 68K 

sequences. A more common modification in  nuclear protei ns is O-l i nked 

g lycosylation with p-N-acetylglucosamine (O-GlcNAc) (Comer and Hart, 2000). 

The interplay between O-GlcNAc and O-phosphorylation of the same or 

adjacent residues has been shown to control a number of important regulatory 

activities i ncluding transcription and translation (Wells et al., 2001 ; Wells et al. ,  
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2002a).  The role of O-GlcNAc, if any, in the regulation of U 1  68K function has 

never been addressed . 

One of the earl iest events in  apoptosis is the proteolytic cleavage of U 1 68K to 

release a 40 kDa fragment (Casciola-Rosen et al. , 1 994) .  Caspase 3 (or 

apopain)  is proposed to mediate U 1  68K cleavage at the s ite DGPD341 P1_G342P1 '  
which fal ls between the R S 1  and RS2 domains (Casciola-Rosen e t  al. , 1 996) .  

I ntriguingly,  this cleavage site sequence is not conserved among species. The 

suscept ib i l ity of U 1 68K to metal-catalysed oxidative cleavage has been 

previously observed (Casciola-Rosen et al., 1 997) ,  and a lthough the precise 

fragmentation has not been ascerta ined,  it seems to be associated with the 

aspartic acid-rich regions of the prote in .  Both apoptotic cleavage and oxidative 

fragmentation have been impl icated in the development of U 1  68K as an 

autoantigen .  I n  fact, these mod ified forms of the autoantigen may be 

associated with particular cl inical features of rheumatalog ical d isease 

(Greid inger et al. , 2000). 

2.3.2 U1A protein 

The 31 kDa U 1 A  protein contains two RNA recognition motifs , although only the 

N-terminal motif (residues 9-88) is essentia l  for U 1 A  RNA b inding (Figure 2 .7) .  

The interaction of the RNA binding domain with its cognate RNA has been 

elucidated from the structure of the U 1 A  and U1 snRNA loop 1 1  complex 

(Oubridge et al. , 1 994; Rupert et al. , 2003). This model has been used to 

pred ict how other proteins may b ind RNA through RRMs (Nagai et al., 1 995). 

The spl iceosome can function normally in  the absence of U 1 A, implying that th is 

U 1  snRNP specific protein is not essentia l  to the spl icing reaction (Wi l l  et al. , 

1 996). However, U 1 A  may play a role in the communication between the 5 '  and 

3'  ends of the pre-m RNA spl ice region,  l i nking spl icing and mRNA processing 

reactions (Cooke and Alwine, 2002). For example, U 1 A has been shown to 

stabi l ise the interaction between the cleavage and polyadenylation specificity 

factor and 3' mRNA, thus improving polyadenylation efficiency (Lutz, et al. , 

1 996). 
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I nterestingly, free U 1 A  regulates its own expression by inh ib it ing 

polyadenylation (Boelens et al. , 1 993) .  A single U 1 A  protein binds to a 3'  

untranslated reg ion of its own mRNA, known as the polyadenylation inh ib itory 

element (P IE) .  A second U 1 A  protei n  binds to the fi rst to form a homod imer 

which then cooperatively binds to the PIE with h igh affin ity. The (U 1 Ah-P I E  

RNA complex specifical ly inh ib its the poly (A) polymerase ,  preventing fu rther  

mRNA processing (Klein-Gunnewiek et  al. , 2000) .  By sequential ly substituti ng 

residues in U 1 A  using site d irected mutagenesis ,  the homod imerisation , RNA 

cooperative binding and polyadenylation inh ib ition activities cou ld be dissected 

showi ng that an 1 8  residue (98-1 1 5) domain  was responsib le for autoregulatory 

activity (Guan et al. , 2003) .  
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VS SATNALRSMQG F P F Y DKPMR I QYAKT DS D I I AKMKGT FVERDRKREKRK PKSQET PAT 

KKAVQGGGAT PVVGAVQGPVPGMP PMTQAPRI MHHMPGQPPYMP P P GM I P P PGLAPGQ I P  

PGAMP PQQLMPGQMP PAQ P L S E N P PN H I LFLTNL PE E T N E LMLSML FNQF PG FKEVRLVP 

GRHDIAFVE FDNEVQAGAARDALQGFKI TQNNAMKI S FAKK 

Figure 2.7 U 1 A  primary seq uence 
The location of the N-terminal RNA binding domain is shown in red and the C-terminal 
domain is shown in blue. The topology of the U 1  snRNA binding N-terminal domain is 
i l lustrated . Residues critical for RNA binding are highl ighted i n  green . The 
autoregulatory domain is annotated . 

2.3.3 U 1 C  protein 

The 1 7 .5  kDa U 1 C protein requ i res the presence of both the S m  core and 68K 

proteins for incorporation into the U1 snRNP assembly. Un l ike other snRNP 

proteins i t  lacks an RNA binding domain and , therefore , interacts with the 68K 

protei n  rather than d i rectly associating with the U1 snRNA (Nel issen et al. , 

1 991 ; Nagai et al. , 200 1 ) . This protein :protein interaction is faci l itated via a N-
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terminal  CC-HH zinc finger motif (Figure 2 .8 )  which co-ord inates a s ingle zinc 

atom (Muto et al. , 2004) .  Functional ly, the U1 C protein promotes and stabi l ises 

the formation of the early spl iceosomal complexes through the terminal 60 

amino acids which conta in  the zi nc finger motif (Kle in-Gunnewick et aJ. , 1 995) .  

The remaining two th i rds of U 1 C protein is  dominated by repetition of prol ine,  

g lycine and meth ion ine residues (24 %,  9 .5 % and 14 % respectively) .  The pro­

g ly-met motif med iates 5 '  and 3' intron spl ice site bridg ing through interaction 

with the prote in ,  FBP21 ( Bedford et al. , 1 998) .  FBP21 in turn associates with 

the other pro-gly-met rich proteins 8mB'/B and the branchpoint b inding prote in .  

FBP21 conta ins a WW type domain which is  a short 38 amino acid fold with two 

conserved tryptophan residues spaced 20 residues apart in  the consensus 

sequence. Although this domain interacts specifical ly with prol ine rich 

sequences, there is  no apparent interaction between the pro-gly-met rich 

sequences of the U 1 A  protein and FBP21 . 

1 MPKFYC DYC DTYL T H D S P SVRKTHC S GRKHKENVKDYYQKWME EQAQS L I DKTTAAFQQG 

6 1  K I PPT PF S APPPAGAMI PPPPS LPGPPRPGMMPAPHMGGPPMMPMMGPPPPGMMPVGPAP 

1 2 1  GMRPPMGGHMPMMPGPPMMRPPARPMMVPT RPGMTRPDR 

Figure 2.8 Primary sequence of U 1 C  protein 
The zinc finger domain is highl ighted in red and the key zinc co-ord inating residues in  
green. The C-terminal prol ine residues (magenta) make up 24 % of  the amino acid 
composition.  The main cross-reactive autoepitope is underl ined .  

2 . 4  s n R N P  D i a g n o s t i c  S i g n i f i c a n c e 

The d iscovery of antibod ies specific for snRNP associated proteins has been 

pivotal not only to the understanding of the spl iceosome and its role in mRNA 

spl ici ng (Balczon ,  1 993; Kamachi et al. , 2002), but also in defin ing the 

d iagnostic and prognostic sign ificance of snRNP autoantigen specificities. 

The prevalence and specificity of autoantibod ies to snRNP components can be 

used to d ifferentiate between specific systemic auto immune d iseases. Anti­

snRNP specificity predominates in MCTD and 8LE (Tan et al. , 1 988), with some 
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i ncidence in RA (Nishikai et al. , 1 984) and systemic sclerosis ( Ihn et a/. , 1 999). 

In genera l ,  but not absolutely, this specificity is  associated either with U 1  

snRNP specific antigens (MCTD) or with U 1 -U5 common S m  core proteins 

(SLE) .  However, the a bi l ity to d iscrim inate these reactivities has as much to do 

with the choice of d iagnostic method as the antigen source. 

2.4.1 D iagnostic methods 

There are a large number of techniques ava ilable to qual itatively and 

quantitatively determine antinuclear antibodies .  These assays vary in  

sensitivity, complexity and appl icab i l ity to a cl in ical d iagnostic laboratory 

(Kavanaugh, 200 1 ; Phan et al. , 2002 ; Orton et al. , 2004).  

2.4.1 . 1  Indirect immunofluorescence ( I IF) 

Screening ANA sera by indi rect immunofluorescence ( I IF )  was first used in 

1 957 (Holborow et al. ,  1 957; Friou et al. , 1 958) . Di luted patient serum is 

i ncubated with human epithel ial Hep-2 cel ls fixed on a g lass sl ide. The cel ls are 

washed and then incubated with an anti-human IgG antibody conjugated with 

the fluorophore fluorescein.  Serum is considered ANA positive if a d iscernible 

fluorescent sta in ing pattern can be observed .  Common nuclear stain ing 

patterns include homogeneous, nuclear rim ,  speckled and nucleolar patterns,  a l l  

of which are d isease associated .  The speckled pattern is associated mostly 

with anti-RNP and anti-Sm antibodies in MCTD and SLE,  and the interpretation 

of such patterns is h ighly dependent on the experience of the analyst. An 

interlaboratory study of I IF-ANA result interpretation demonstrated a coefficient 

of variance ranging from 36 % - 5 1  % (Tan et al. , 1 997) .  This level of 

inaccuracy is compounded by up to 5 % SLE patients presenting with I I F-ANA 

negative serology (Madd ison et al. , 1 98 1 ) .  Despite these l im itations, I I F  is sti l l  

used as the ANA screening method of choice in many c l in ical laboratories 

(Blomberg et al. , 2000 ; Smeenk, 2000) .  

2.4. 1 .2 Double immunodiffusion (DID) 

The double immunod iffusion (DID) or Ouchterlony test rel ies on immuno­

precipitation of the nuclear antigen by its cognate antibody (Bunn and Kveder, 

1 993). A crude nuclear antigen in the centre of an agarose plate d iffuses 
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towards patient and control sera placed i n  the surrounding wel ls .  After an  

i ncubation time of 1 8-48 hours a precip it in l i ne  should appear where the 

d iffused antigen and antibody meet. Patient sera specificity can be determined 

through i nterpretation of the precipitin l i nes that form between the patient sera 

and the adjacent control wel ls .  The method is subjective and requ i res wel l­

tra ined and experienced operators for correct interpretation .  

2.4.1.3 Counterimmunoelectrophoresis (CIE) 

Counterimmunoelectrophoresis (Cl  E)  is also dependent on immuno­

precip itation . Rather than relyi ng on passive d iffusion , antigen and test sera are 

forced together by applying an  electric field with in the agarose . The precipit ins 

that form are clearer and sharper than in  D ID ,  making i nterpretation easier. 

This method was first used to determine ANA by Kurata and Tan ( 1 976) and 

has since been adapted for the characterisation of systemic auto immune sera 

(Meilof et al. , 1 990; Parodi et al. , 1 998), and the discrim ination of anti-RNP and 

anti-Sm sera (Bunn et al. , 1 982). However, the abi l ity of C I E  to rel iably detect 

anti-Sm specificity is d isputed ( Maiden et al. , 1 985; Navarro and Palau , 1 991 ) .  

Not a l l  autoantigen specificities are amenable to testing by C IE as the technique 

favou rs those antigens carrying a negative charge . For example,  the 

scleroderma antigen, ScI-70, is poorly detected using th is technique (Phan et 

al. , 2002) .  L ike DID, the sensitivity is  dependent on the antibod ies being able to 

form precipit ins. As many as 1 9  % primary Sjogren's syndrome sera fai l  to be 

detected using D I D  or C IE  (Beer et al. , 1 996). 

2.4. 1 .4 Enzyme l inked immunosorbent assay (ELlSA) 

ELlSA was first introduced in 1 972 for the quantification of antibodies (Engval l  

and Perlmann,  1 972). The method rel ies on immobi l ised antigen on a sol id 

phase reacting with autoantibodies in  the patients' sera .  The reactants a re 

quantified spectrophotometrical ly from colour formation catalysed by enzyme 

(peroxidase or phosphatase) conjugated to anti-human IgG antibodies. This 

method has become the most widely used technique in cl i nical immunology 
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l aboratories due to its sensitivity, h igh throughput format, quantitative results 

and the abi l ity to automate many of the steps involved . 

ELlSA methods have been used extensively to characterise auto immune sera 

(Buyon et al. , 1 993;  Dorner et al. , 1 994 ; Jaskowski et al. , 1 995; Halse et al. , 

2000; Pourmand et al. , 2000), and the cl in ical value of the method has been 

establ ished (Froel ich et al. , 1 990; Grigolo et al. , 1 995; Benito-Garcia et al. , 

2004) .  Over twenty companies have now commercial ised ELlSA kits as a ids for 

systemic autoimmune disease d iagnosis. Consistency and accuracy between 

the avai lable kits is paramount when using them as rel iab le d iagnostic tools .  

Studies evaluating the performance of  com mercia l  kits and ANA detection 

methods have h igh l ighted the lack of standard isation and the need to reduce 

method variabi l ity through external qual ity assessment programs (Smolen et al. , 

1 997; B izzaro et al., 1 998; Tan et al. , 1 999). 

ELlSA methods used to detect anti-ScI-70 , anti-Jo- 1 ,  anti-dsDNA and anti-Srn 

antibod ies are consistently of low sensitivity. Two factors contribute to 

sensitivity and specificity, antigen qual ity and purity, and assay development. 

Antigen characteristics are governed by the sou rce of the antigen.  The 

d ifference afforded by native vs. recombinant antigen remains contentiou s .  

Native antigens have the advantage of authentic tertiary/quaternary structure 

and post-translational modifications (Venables et al. , 1 983;  Utz et al. , 2000) ,  

whereas, recombinant technology offers the abi l ity to isolate large q uantities of 

low abundance proteins that may or may not have exactly the same fold as the 

native protein  (Schmitt and Papisch, 2002) .  Tan et al. ( 1 999) found no 

significant variation in assay sensitivity and specificity between native a nd 

recombinant antigen . It is apparent, however, that superior sensitivity is 

observed with native ScI-70, SmD and SSAlR060 antigens (Wagatsuma et al. , 

1 993; Meheus et al., 1 999; B izarro et al. , 2000), which relates to the optimal  

presentation of the native autoantigen. 

Numerous variables can affect the development of an ELlSA method . Plate 

type, antigen characteristics, coating cond itions, blocking cond itions, sera 



34 
Chapter 2 :  Literature Review 

di luent, wash buffer, and detection conjugate and substrate are common factors 

that requ i re optimisation to ach ieve the desired assay sensitivity and specificity 

(Tijssen , 1 993). Non-specific interactions have a d i rect impact on assay 

specificity, and strategies to reduce noise such as the add ition of normal serum 

and changing buffer composition are wel l-documented (Kato et al. , 1 980; Hogg 

and Davidson,  1 982). There is a trade off, however, between improved 

specificity and improved sensitivity. Unacceptable levels of false positive or 

fa lse negative detection are the outcome of the fai lure to reach an adequate 

compromise. 

Mu lti-autoantigen complexes, such as snRNP,  present a problem for the ELlSA 

testing format as this method wil l  detect snRNP only as a single antigen . 

Differentiating between patient sera with e ither anti-U 1 RNP protein  or anti-Sm 

protein  specificities is important in the d iagnosis of MCTD and SLE respectively .  

Some d iscrimination can be achieved using EL lSA by measuring patient sera 

reactivity against both whole U 1  snRN P (often termed RNP/Sm) and Sm.  By 

expressing the optical dens ity read ings as a ratio RNP/Sm:Sm, a quotient (Q) is 

obtained which crudely differentiates sera contain ing anti-RNP,  anti-Sm and 

both anti-RNP and Sm (Tsay et al. , 1 987) .  The need for this approach can be 

circu mvented by either using purified recombinant U1  snRNP constituent 

proteins (Gaubitz et al. , 2002) or by fi rst separating the U 1  snRN P proteins by 

electrophoresis. 

2.4.1 .5  Western ( immuno) blotting 

Western blotting is the process of  electrophoretical ly transferring and 

immobi l is ing proteins, separated by S DS-PAGE,  onto a solid membrane 

support (Towbin et al. , 1 979). Antigens can then be detected on the solid 

phase membrane in  much the same way as in ELlSA methods ,  a l lowi ng 

differentiation of immune responses to mu ltiple antigens in ribonucleoprotein 

complexes (Guldner et al. , 1 983; Meyer et al. , 1 989; Buyon et al. , 1 993; Dorner 

et al. , 1 994 ; Bridges et al. , 1 997; B izzaro et al. , 1 998). 
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Despite being a powerful immunodiagnostic tool , there a re a number  of caveats 

associated with the use of immunoblotting . Antibody recognit ion that i s  

dependent on  antigen conformation can be  masked because of antigen 

denaturation during SOS-PAGE (Manoussakis et al. , 1 993) .  The best example 

of this phenomenon is with SSA-60 antigen where some sera contain  antibodies 

exclusive to conformation-dependent epitopes and are hence not detected by 

immunoblotting techniques (Boire et  al. , 1 991 ) .  I n  some cases antigens 

immobi l ised on the membrane su rface can be re-natured by a ltering the 

cond itions sufficiently to permit re-fold ing .  Applying th is  process to SSA-60 

antigen has been of l imited success (Zampieri et al. , 2000) .  

I nterpretation of immunoblots can be  d ifficult, again l imiting the effectiveness of 

the technique (Bizzaro et al. , 2000). Conventionally the antigen source is a 

crude HeLa ( immortal ised cervical cancer) cell or nuclear extract (Verheijen et 

al. , 1 993) .  The complexity of this antigen mix, coupled with the often complex 

autoantibody specificities, i ntroduces the possibi l ity of incorrect autoantigen 

deSignation due to the presence of co-m igrating reactivity or cross-reactivity 

(Yago et al. , 1 999). 

Caveats aside , immunoblotting is considered superior to other immuno­

d iagnostic procedures for the detection of U 1  snRNP and SS-B/La antigens 

(Bizarro et al. , 2000). Despite the superiority of immunoblotting ,  and other 

membrane-based immunoassays in some instances (Ermens et al. , 1 997;  

Lopez-Longo et al. , 2002) ,  these techniques cannot compete with the h igh 

throughput and quantifiable format of EL lSA. 

2.4. 1 .6 M ultiplex bead arrays 

Development of an assay format capable of quantifying mult iple analytes 

(mu ltiplexing) in a single tube may chal lenge ELlSA's dominance as a 

d iagnostic tool (Vignal i ,  2000). Mu lt iplex bead arrays consist of un iquely cod ed 

fluorescent beads coated with antigen .  A m ixture of beads is incubated with the 

patient sample, and binding of antibody to the antigen bead is detected using a 

fluorescently labelled anti-human Ig .  The coded beads and associated antibody 
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conjugate are then analysed by dua l  laser flow cytometry (Luminex Corp . ,  

USA). Although performance data i s  currently l im ited , publ ished studies show 

the multiplexing approach has a h igh concordance (99-1 00 %) with routine tests 

(Rouquette et al. , 2003; Gi lburd et al. , 2004 ;  Martins et al. , 2004) .  

2.4.2 Diagnostic serology for MeTD and SLE 

The auto immune response in MCTD is predominantly IgG med iated 

(Vlachoyiannopoulos et al. , 1 996) .  Antibodies to U 1 snRNP specific antigens 

are found in  over 90 % MCTD patient sera .  A h igh ANA titre and speckled 

pattern in  immunofluorescence is characteristic of MCTD, and elevated anti-U 1 

68K antibody titre is particularly concordant with this d isease (van Venrooij and 

Si l lekens, 1 989; Smolen and Steiner, 1 998). Sera from MCTD patients almost 

exc lusively immunoprecipitate U 1  snRNP, although very occasional ly U2 

snRNP is also precipitated (Pettersson et  al. , 1 986; Combe et  al. , 1 989). 

Autoantibody interactions specific to heterogenous nuclear RNP A2 (Hassfeld et 

al. , 1 995) ,  heat shock protein hsp73 (Appelboom et al. , 1 995) and some U 1 A  

epitopes (Barakat et al. , 1 99 1 )  have been reported but none have gained 

d iagnostic traction. 

SLE is more complex in its serological presentation because of the mult iple 

nuclear antigens that can be targeted (McMurdy et al. , 1 992; Kotzin ,  1 996) .  

Autoantibodies to the Sm component of snRNPs occur in  20-30 % SLE patients 

and are h igh ly concurrent with the d isease (Sturgess, 1 992) .  Sera conta in ing 

these autoantibodies are characterised by reactivity to Sm i n  one of the 

diagnostic procedures outl i ned above and by immunoprecipitation of U 1 -U6 

snRN Ps. Differentiation between SLE and MCTD on the basis of anti-U 1 

snRNP serology is therefore not clear, with up to 30 % SLE patients reacting 

exclusively with U 1  snRNP components (Smolen and Steiner, 1 998). A recent 

comprehensive study concluded that anti-Sm antibody testing should only be 

used to support SLE diagnosis ,  and that although the presence of anti-RNP 

antibod ies strongly supported MCTD d iagnosis, they could not be used to 

confirm SLE (Benito-Garcia et al. , 2004) .  
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The exclusive association between anti-Sm specificity and SLE d iagnosis has 

been stud ied intensely. Anti-SmB'/B antibod ies are present in  al l Sm positive 

sera in conjunction with a combination of anti-SmD1  (80 %), SmD2 ( 1 7  %) and 

SmD3 (22 %) (McClain et al. , 2002). The exclusivity of 5mB'/B protein  as a 

SLE autoantigen is unclear, because , i mmunoblot assays, us ing whole nuclear 

extract as the antigen source , consistently detect 5mB'/B reactivity in MCTD 

sera (Habets et al. , 1 985a; Pettersson et al. , 1 986; de Rooij et al. , 1 988; Combe 

et al. , 1 989; Gh i rardello et al. , 1 996) .  Reactivity with 5 mB'/B appears to be the 

rule rather than the exception for U 1  snRNP sera .  A longitudinal study carried 

out using immunoblott ing, impl icated U 1  68K and B 'IB as the predominant 

immunogens in  the U 1  snRNP complex (Greid inger and Hoffman, 2001 ) .  

Despite the apparent prevalence of antibod ies to the common core 5mB'/B 

prote in ,  anti-RN P  sera consistently only immunoprecipitate U 1  snRNP. 

In contrast to the immunoblotting data , ELlSA does not support the association 

of 5mB'/B with MCTD. Takeda et al. ( 1 989) electroeluted RNP antigens from 

SOS-PAGE separated U 1  snRNP, and used the separated polypeptides in an 

ELlSA format. This essential ly mimics the immunoblot method and shows that 

anti-Sm B'/B antibodies are present in MCTD sera .  However, when chromato­

graph ical ly purified native or recombinant U 1 snRNP polypeptides are used as 

the antigen source in  ELlSA or immunoblot anti-SmB'/B antibodies are not 

detected in MCTD patient sera (Wi l l iams et al. , 1 988; H ines et al. , 1 991 ) .  

Characterisically good anti-SmB'/B responses are obtained for SLE sera. 

This d isparity between the detection of 5mB'/B in  M CTD patient sera by 

immunoblotting and EL lSA has not been d iscussed in the l iterature. It is l i kely 

that the origin  and purity of the antigen,  autoantibody cross-reactivities and the 

selection of patient cohorts are the key sources of d ifference. 
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2 . 5  A u t o a n t i b o d y  F i n e  S p e c i f i c i t y  

Dete rmining fine specificity of autoantibod ies using epitope mapping techn iques 

has been crit icised as provid ing "answers without questions" (Venables, 1 993) .  

Epitope mapping studies a re usefu l ,  however, for explain ing the often complex 

U1 snRNP reactivities. 

2.5.1 SmD and 5mB'/B autoepitopes 

Eight antigen ic regions of 5mB'/B have been identified using SLE patient sera 

(James and Harley, 1 992). The immunodominant autoepitope is undoubtedly 

with in  the prol ine rich C-terminus (E lkon et al. , 1 990; Rokeach et al. , 1 990; de 

Keyser et al. ,  1 992) ,  with the majority of S rn  positive sera reactive towards the 

PPPGMRPP octapeptide repeat (Figure 2 .9 )  (Wil l iams et al. , 1 990;  Rokeach 

and Hoch, 1 992a ; James et al. , 1 995a). Only 91 % of Sm positive sera interact 

with fu l l  length recombinant 5mB' protei n  compared to 96 % that interact with 

the 27 5mB' C-terminal residues alone that contain  two prol ine repeats (Hines 

et al. , 1 991 ) .  Anti-RNP sera occasional ly react with the 5mB' C-terminal reg ion .  

The sequence s imi larities in  h igh prol ine regions with in U 1 A  C65PPPGMI PP)  

and U 1 C  (93PAPGM RPP) are the most l i kely source of this cross-reactivity 

(Habets et al. , 1 990; Wil l iarns et al. , 1 990 ; Guldner, 1 992) .  
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Figure 2 .9  5mB' epitopes 

Positions of the cross-reactive sOMA are shown by R. The solid triangle and c ircle 
with in peptide S25-103 represent the proposed snRNP common (sSm-1) and U 1  snRNP 
specific (SU1-1 ) epitopes respectively. (James and Harley, 1 992; Ohosone et al. , 1 992 
and Brahms et al. , 200 1 ) . 



39 
Chapter 2 :  literature Review 

Linear N-terminal  autoepitopes in 5mB'IB are targeted less frequently. 

Conformation-dependant antibodies are not detected using th is experimental 

approach and so the existence of d iscontinuous epitopes cannot be discounted . 

James and Harley ( 1 992) identified two autoepitopes with in  the Sm motif, 
29GTFKAFDK and 45CDEFRKIKPKNA. A separate study proposed the 

presence of two epitopes, Sm- 1 and U 1 - 1  with in  residues 25-1 03 (Ohosone et 

al. , 1 992) .  Autoantibodies recogn ising the Sm-1 epitope are able to 

immunoprecipitate U 1 -U6 snRNPs, whereas, the U 1 - 1 epitope is a region 

accessi bl e  only within  U 1  snRN P .  As described above , MCTD sera 

immunoprecipitate U 1  snRNP despite reacting with the U 1 -U6 common 5mB'IS 

on immunoblot. The existence of U 1  snRNP-specific SmS'IS epitopes is a 

possib le i nterpretation of th is phenomenon . 

Despite their apparent lack of seq uence homology, SLE S m  positive sera 

recogn ise cross-reactive reg ions with in  8mB'IB, SmD1 and SmD3 (Habets et 

al. , 1 985b) ,  a phenomenon shared with the MRL Iprllpr lupus mouse derived 

monodonal antibody mAb Y 1 2  (Lerner et al. , 1 980). The l i kely autoepitopes 

have been mapped to 5mB'/S 1 1 5-231 , SmD1 95-1 1 6 and SmD3 1 04-1 24 using a 

series of synthetic overlapping peptides (Barakat et al. , 1 990; James a nd 

Harley, 1 992 ; Hirakata et al. , 1 993;  Riemekasten et al. , 1 998) .  Despite 

recogn is ing synthetic peptides in  EL lSA, and native human 5mB'/B and SmD in 

western blot, mAb Y1 2 did not recognise the fu l l  recombinant equivalents of 

these proteins in  western blots (H i rakata et  al. , 1 993). 

M RL Iprllpr monoclonals have proved useful in defin ing other SmD1  

autoepitopes (James et  al. , 1 994a) .  The SmD 1 -specific monoclona l ,  KSm 2 ,  

identified an epitope in  the C-term ina l  SmD1 82-90 . This finding corroborated the 

mapping studies of Rokeach et al. ( 1 992b )  and confirmed SmD1  82-1 1 9  as the 

immunodominant region for SLE sera recogn ition .  
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Figure 2 . 10  SmD1 proposed epitopes 
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The sOMA (8) rich C-terminal sequence 01  (97-1 16)  is shown and is the site of anti-
5mB'/B cross-reactivity and the mAb Y 1 2  epitope. The Sm protein specific Sm 1 and 2 
motifs are marked.  A discontin uous epitope is thought to reside with in  the Sm motifs. 
(Barakat et al. , 1 990; James et al. , 1 994a and Brahms et al. , 2000). 

B rahms et al. (2000) performed l im ited proteolysis of the native Sm01  and 

Sm03 proteins to isolate mAb Y 1 2  epitopes. Mass spectrometry and Edman 

sequencing identified the major epitope as nine and fou r  sOMA in Sm01 and 

Sm03 C-termin i  respectively (Figure 2 . 1 0) .  This recogn ition is h ighly specific. 

When sOMAs are substituted with the more common asymmetrical O MAs 

(aOMA), suitable epitopes are not produced (Figure 2 . 1 1 ) . I n  addition , a single 

sOMA, Sm031 12 , has been identified as a specific target for some anti-Sm 

autoantibodies (Mahler et al. , 2004) .  

5mB'/S contains six sOMA ( 1 08 , 1 1 2 , 1 47 , 1 72 , 1 81 and 209) al l  with in  a G/A­

R-G consensus sequence (Srahms et al. , 200 1 ) .  This motif appears to be the 

consensus substrate for a type I I  protein a rg in ine methyltransferase, P RMT5, 

which forms part of the methylosome described earl ier (Section 2 . 1 . 1 ) . 

The role of such specific post-translational mod ifications may be central not only 

to the pathogenesis of auto immune d isease, but also to the motor neuron 

d isease spinal muscular atrophy (Lefebvre et al. , 1 997; Srahms et al. , 200 1 ) .  
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Mature B-cel l  response to S m  antigens cannot occur without help from T-cel l  

immunity. Anti-Sm T-cel l  epitopes are h igh ly restricted i n  SLE patients (Talken 

et al. , 2001 ) .  They are encoded with in  Sm motif 1 and S m  motif 2 of 5 mB'IB 

and SmO,  but also have a th i rd 5mB'IB epitope B( 136-1 53). I nterestingly, this th ird 

epitope contains a sOMA consensus GRG motif, althoug h  the T -cel l  response 

to sOMA has not yet been determined . 

2.5.2 U1  68K autoepitopes 

U 1  snRNP specific 68K antigen is the major autoantigen for MCTO d iagnosis .  

Th is protein ,  however, is  a lso reactive to SLE patient autoantibod ies. E pitope 

m apping of the 68K antigen has fai led to identify immunodomi nant regions to 

d ifferentiate between a M CTO and a SLE response. The autoepitopes are 
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clustered i n  five ma in  reg ions (Figure 2 . 1 2) :  a N-termina l  region ( 1 1 -73) ;  a RNA 

binding domain (92-202) ;  two RS 1 reg ions, residues 231 -260 and 264-296; one 

RS2 region , residues 355-377 (Netter et al. , 1 990; Netter et al. , 1 991 ; J ames et 

al. , 1 994b; Pelsue and Agris , 1 994) .  

Using a series of synthetic peptides, James et al. ( 1 994b) were able to map a 

number of l inear epitopes to the RNA binding domain .  This approach resulted 

in a major conformationa l epitope being missed . It was later shown that val ine 

1 25 within the t ight Hel ix A and �2 structu re (F igure 2 .6) was critical in 

mainta ining a sign ificant conformational epitope (Wel in-Henriksson et al. , 1 999) .  

The presence of this epitope was confi rmed using phage d isplay technology 

and recombinant human anti-68K autoantibod ies (Degen et al. , 2000a) .  The 

use of this technology revealed a further epitope. Some recombina nt anti-68K 

antibodies u nable to recognise intact U 1  68K in a western blot, reacted strongly 

with the 40K apoptotic fragment. Whi le the natu re of this neoepitope is not 

known, a number of changes accompany a poptosis including proteolysis ,  

phosphorylation and dephosphorylation events ( Degen et al. , 2000b) .  The 

generation of such a neoepitope upon apoptosis is  thought to drive the U 1  

snRNP autoimmune response (Greid inger et al. , 2000). 

RNA Binding Domain RS 1 RS 2 

N I  -i'-_----'H'-__ 1 2_5 V ___ --.JH RDRDRDRERER HRRSRSRDK�,-_----,r- 430 

Caspase 3 cleavage 
site 

Figure 2 .1 2 U1 68K main autoepitopes 

Valine 1 25 is critical for a major conformational epitope with in the RNA binding domain.  
Charged epitopes representative of those found within  the RS1 domain are shown . The 
apoptotic cleavage site is also marked. Apoptosis apparently reveals an 
immunodominant neoepitope. (Pelsue et al., 1 993; James et al. , 1 994b ;  Welin­
Henriksson et al. , 1 999 and Greidinger et al., 2000). 
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The h ighly charged serine/arg in ine (SR) and argin inelaspartic acid (RD) repeats 

of the RS1 and RS2 domains of U 1  68K are also antigenic (Pelsue et al. , 1 993; 

James et al. , 1 994b). These epitopes, however, are not solely sequence 

dependent but a lso d isplay a structural component as determined by circular 

d ichroism (Pelsue and Agris ,  1 994) .  

2.5.3 U1A autoepitopes 

Patients with autoantibodies to U 1 A  fal l  i nto two groups, those which i nteract 

with mu ltip le U 1 A  epitopes, and a group whose interaction is restricted to two 

major U 1 A  epitopes (James and Harley, 1 996). One of the restricted epitopes 

(A3) is found with in the �2 - �3 strands of the RNA binding domain  

(44LVSRSLKMRGQAF), while the other  epitope (A6) is  located with in the 

d imerisation domain C03ERDRKREKRKPKS) (F igure 2 .7) .  

The A3 autoepitope is interesting for two reasons. F i rstly, rabbits immunised 

with the synthetic peptide correspond ing to this sequence not only develop an 

SLE-l i ke syndrome, but the i mmune response spreads to include other U 1 A  

specific peptides commonly identified by human d isease sera.  Surpris ing ly the 

response is not only restricted to U 1 A. Antibodies to U 1  68K, U 1 C , SmD1  and 

5mB'/B are also detected (McClain et al. , 2004) .  Secondly, the A3 peptide has 

been identified as a highly specific MCTD autoepitope with 95 % U 1 A positive 

sera recognis ing th is peptide, as opposed to on ly 1 9  % of U 1 A positive SLE 

sera (Barakat et al. , 1 99 1 ) .  In contrast, immunisation with the A6 peptide raises 

a solely anti-A6 response. 

U 1 A  d isplays two cross-reactive epitopes described as epitope 1 ( 1 65- 1 85) and 

e pitope 2 (232-256) by Habets et al. ( 1 989) .  The prol ine rich epitope 1 shows 

three patterns: U 1 A  specific ;  U 1 A  and 8mB'/B specific ;  U 1 A, 5mB'/B and U 1 C  

specific (Guldner, 1 992). This epitope contai ns the peptide 1 65P PPGMIPP,  

which is proposed to be cross-reactive with 5mB'/B and U 1 C. E pitope 2 is  

located in the C-terminal RNA binding domain of  U 1 A which shares a lmost 90 

% sequence s imi larity with the U2 snRNP specific protein B".  Autoantibod ies 

that cross-react with U 1 A  and U2B" are found in up to 50 % of anti (U 1 /U2) 
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RNP sera (Habets et al. , 1 989) .  Neither epitope 1 nor epitope 2 is 

immunodominant, with only 30 % and 24 % recogn ition by U 1 A  positive sera 

respectively (Habets et al. , 1 990). 

2.5.4 U 1 C  autoepitopes 

Relatively few studies have covered epitope mapping of the U 1  C protein .  

Epitope clusters are either U 1 C  specific or cross-reactive with other snRNP 

components (James and Harley, 1 995b). The U 1 C  specific autoantibod ies 

target both N-terminal and C-terminal  domains (F igure 2 . 1 3) .  Surprisingly ,  the 

main structural element of U 1 C , a CC-HH zinc finger, which is responsib le for 

i ts ab i l ity to interact with snRNP, is not a major epitope. Recombinant human 

monoclonal autoantibodies identified the sequence between residues 30-63 as 

a major U 1 C  specific epitope (Hoet et al. , 1 999) ,  a find ing corroborated by 

James and Harley ( 1 995b). 

CC-HH 
Zinc Finger 

, • • 1 5  - 30 N A A � HL-__ 3_5 -_6_3 _--,� 93-xPAPGMRPPx-1 26 H135 . 1 59 f  

Figure 2.1 3  U 1  C autoepitope clusters 

Cross-reactive with 5mB'lB and 
U l A  

The cross-reactive U 1  C epitopes cluster in  the C-te rmina l  pro l ine rich region 

between residues 98- 1 26 .  James and Harley ( 1 995b) showed that al l  sera with 

reactivity to this region , in part icular the PAPGM RPPMG sequence, are Sm 

positive. Antibodies purified by immunoaffin ity chromatography from the poly­

prol ine sequence are able to immunoprecipitate U 1 -U6 snRNPs. The poly­

prol ine repeats (PPPGMRPP) in 5mB'/B are responsib le for this cross­

reactivity. 
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2 . 6  R e s e a r c h  A i m s  a n d  S t r a t e g y  

Although human-derived autoantigens are des irab le reagents for d iagnosing 

a utoimmune d isease, the high degree of sequence conservation between 

h uman and other mammal ian species means that many com mercial d iagnostic 

k its use U 1  snRNP antigen sourced from either bovine or rabbit thymu s  (Coll i ns 

et al. , 1 989). The time taken between an imal  s laughter, thymus excision and 

freezing , however, is sufficient for the tissue to u ndergo some necrotic and/or 

apoptotic changes. The onset of these changes can degrade or otherwise 

mod ify proteins and nucleic acids .  Consequently, bovine thymus U 1  snRN P 

does not share the characteristic polypeptide pattern associated with human U 1  

snRNP purified from HeLa cells .  I n  fact, attempts to characterise this modified 

pattern have failed to completely  identify al l  the a utoantigenic polypeptides 

(Takano et al. , 1 98 1 ; White et al. , 1 981 ; Duran et al. , 1 984) .  I n  addition,  the 

existence of three d istinct SmD proteins was not establ ished until 1 990 

(Lehmeier et al. , 1 990) and the identity of these proteins in bovine-derived U 1  

snRNP has not yet been determined . 

The first a im of th is project is to characterise U 1  snRNP protei n  antigens 

purified from bovine thymus and to investigate the effect of their mod ification on 

autoantibody recogn ition and d iagnostic performance. 

The ab i l ity to d iscriminate between SLE and M CTD, and monitor d isease 

progress in both condit ions is of cl in ica l  and scientific importance (Gaubitz et al. , 

2002) .  The specificity of antibody-antigen interactions with anti-RNP patient 

sera is  very complex. I ntact U1 snRNP as a diagnostic substrate in I I F-ANA or 

EL lSA, although useful ,  can produce ambiguous resu lts. While improved 

d ifferentiation has been achieved by using individual polypeptide antigens, most 

of the work h as been done using com mercia l ly avai l able recombinant antigens. 

There have been no com parative studies with native polypeptide antigens. 

The second objective of this project is  to establ ish cond itions for the d issociation  

of  bovine U1 snRN P  and purifi cation of  the RNP constituent polypeptides. This 
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wil l  enable the purified native antigens to be compared to the recombinant 

equivalents both biochemically and immunological ly .  

Mod ification of U 1 snRNP proteins during necrosis andlor apoptosis has been 

impl icated in  the generation of the init ial antigens that break tolerance and d rive 

the autoimmune response. Truncation of bovine U 1 68K produces a d istinctive 

and stable cleavage pattern , the cause of which is largely unknown. 

Determining how truncated 68K is formed during calf thymus processing may 

provide l in ks towards u nderstanding the in itiation of the anti-RNP auto immune 

response. 

The third objective is to examine whether U 1  snRNP-specific protein  

modification is a d irect consequence of calf thymus g land processing and 

whether the necrotic proteolytic pathway has any i nfluence on the cleavage 

pattern of 68K. 

Disparity between autoim mune sera reactivity with 5mB'/B in western blot and 

EL lSA has not been satisfactori ly resolved. The issue is compl icated by the 

number of cross-reactions between RNP component proteins.  Determining the 

cause of this d isparity may i nfluence the d iagnostic d iscrimination of MCTD and 

SLE connective tissue d iseases . 

A fou rth objective of this  study is to determine the nature of the d isparate U 1  

snRNP 5mB'/B reactivity i n  western blot of human U 1  snRNP.  
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3 . 1  Materials 

Calf thymus g lands were purchased frozen from either Taylor Preston Limi ted,  

Wel l ington or New Zealand Dairy Meats, Auckland , and were stored at -20 °C 

unti l  use. 

I mmortal ised human cervical cancer (HeLa-S3) cel l  pel lets were purchased 

from the Computer Cell Company, Mons, Belg ium. These were stored at -80 

°C unti l  use. 

Chromatography res ins and columns were purchased from Amersham B io­

sciences, Uppsala, Sweden unless otherwise stated . 

Antibody conjugates were products of Jackson I mmunoResearch Laboratories 

Inc. , West Grove, USA. 

Al l chemicals were analytical grade and were obta ined from Ajax F inechem 

unless otherwise stated . 

3 .2 Methods 

3.2 . 1  Preparation of bovine thymus extracts 

Extracts were prepared from bovine calf thymus using a method modified from 

Northway and Tan ( 1 972). All buffers and solutions were pre-equ i l i b rated to 2-8 

°C and contained 0 . 1  mM PMSF and 0 .2  M OTT. B riefly ,  the tissue was 

homogenised in two volumes of homogenisation buffer (20 m M  Tris-HCI pH 7.5 ,  

30 m M  KCI ,  5 mM MgCI2) in  a Model 24CB 1 0  Waring b lender on h igh speed for 

two minutes. The homogenate was stra ined through a layer of cheesecloth ,  

after which the fi ltrate was centrifuged for 1 5  minutes at 4 600 x g,  4 °C in a 

Sorval RC3B centrifuge to remove insoluble materia l .  The supernatant was 

retained and the pellet was washed with one volume of homogenisation buffer 

conta in ing 0.25 M sucrose and 0 .3  % w/v Triton x 1 00 .  After centrifuging under 

the same conditions as described above, the supernatants were pooled, fi ltered 

and adjusted to pH 7.5. The pel let was d iscarded . 
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3.2.2 Partial purification of U 1  snRNP 

A n  anti-U 1 snRN P immunoaffin ity matrix was prepared a s  fol lows. Essentia"y, 

IgGs were isolated from either an a nti-RNP positive patient sera using protein 

G-Sepharose affin ity matrix (Harlow and Lane , 1 988) .  The purified IgGs were 

coupled to cyanogen bromide activated Sepharose 4B accord ing to a procedure 

described by Takano et al. ( 1 98 1 )  to form affin ity matrices that were then 

equi l ibrated in  20 mM Tris-HCI pH 7 .5 ,  0 .4 M NaCI , 3.5 m M  MgCI2. Bovine 

thymus extract was appl ied through a column  conta in ing the anti-U 1 snRNP 

affinity matrix .  After washing to remove any non-bound materia l ,  U1 snRNP 

was eluted using 20 mM Tris-HCI pH 6.5 ,  3 .5 M MgCI2 (Gaither and Harley, 

1 985; Yoshida and Reich l i n ,  1 990). This is hereafter referred to as an a nti-RNP 

immunoaffin ity elution .  

3.2.3 Human cell nuclear extract 

Nuclei were prepared from HeLa (human cervical carcinoma) cel ls according to 

the protocol of Verheijen et al. ( 1 993) .  Essential ly a frozen cel l  pel let (25 x1 09 

cel ls) was thawed , cel ls were resuspended i n  hypotonic buffer (20 m M  Tris-HCI 

pH 7 .5 ,  20 mM KCI , 1 .5 m M  MgCb) and 0.1  volumes of 1 0  % v/v Tween 20 

were added . The cel ls were disrupted with 7 strokes at 800 rpm (RW20 stirrer, 

I KA) of a teflon-in-glass Potter homogeniser (Wheaton,  USA). Nuclei  were 

pel leted by centrifugation ( 1 500 g, 1 0  minutes, 4 DC) and then washed with 

hypotonic buffer and pe"eted agai n .  Nuclear antigens were extracted by 

suspend ing the nucle i  in  extraction buffer (20 mM Tris-HCI pH 7 .8 ,  3 mM MgCI2, 

20 mM KCI , 0.4 M NaCI ,  1 5  % v/v glycero l ,  0 . 75 mM EOTA, 0.5 mM PMSF,  0 .2  

mM OTT) and rotating  end-over-end for 1 hour  at  2-8 DC (Hoch, 1 990; Kramer, 

1 990). Extracted nuclei were centrifuged at 40 000 g for 40 minutes at 2-8 DC. 

The salt  extractable nuclear antigens were recovered in the supernatant and 

frozen at -80 DC unti l  requ i red. 

3.2.4 Purification of HeLa cel l U1 snRNP 

Human U1 snRNP was purified from HeLa nuclear extract using conventional 

chromatography fol lowing the method of Kramer ( 1 990) with minor 

mod ifications. I n  brief, HeLa nuclear extract was d i luted 1 :4 with buffer A (20 
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mM Tris-HCI pH 7 .9 ,  6.25 % v/v glycerol , 3A mM MgCb, 0.5 mM PMSF,  0.2 

mM OTT) and appl ied to a OEAE Sepharose fast flow (H iTrap) equ i l ibrated in 

buffer B (20 mM Tris-HCI pH 7.9, 1 0  % v/v g lycerol ,  0. 1 M KCI, 3 mM MgCb, 0 .5  

mM PMSF ,  0 .2  m M  OTT) .  The bound snRNP was eluted in one step with 0 .5  M 

KCI i n  buffer B .  The elution was d i luted 3 :7  with buffer A conta in ing 24.2 % v/v 

glycerol before load ing onto Heparin  Sepharose pre-equ i l ibrated with buffer B 

contain ing 0 . 1 5  M KC/. The bound material was again eluted with 0 .5  M KCI in 

buffer B. 

The heparin  elution was di luted 1 :4 with 62 .5  mM Tris-HCI pH 7 .9 ,  22.5 % v/v 

glycero l ,  3 .4 m M  MgCI2 then appl ied to a Source 30 Q packed column 

equ i l ibrated with buffer C (50 m M  Tris-HCI pH 7 .5 ,  1 0  % v/v g lycerol ,  0 . 1  M KCI, 

3 mM MgCI2,  0 .2 mM OTT, 0. 1 mM PMSF).  The bound protein  was eluted with 

a l inear grad ient of 0 - 1 00 % 1 M KCI in buffer C. The fractions conta in ing U 1 

snRNP were pooled and appl ied to a ceramic hydroxyapatite (CHT) (Bio-Rad 

Laboratories, Hercules,  USA) column equi l ibrated in 5 m M  phosphate pH 7 A ,  

0. 1 M KCI,  10  % v/v g lycero l ,  1 .5 m M  MgCb, 0 .2  mM OTT, 0 . 1  m M  PMSF.  

Bound U1 snRNP was e luted over 1 5  column volumes with a l i near g radient, 0 

- 80 % 500 m M  phosphate in the equ i l ibration buffer. Fractions conta in ing U 1  

snRN P were pooled, concentrated us ing VivaspinTM 1 0  kOa nomina l  molecular 

weight cut-off (NMWCO) centrifugal concentrators (Vivascience, Hannover, 

Germany) and frozen at -80 QC for later use. 

3.2.5 Enzyme l inked immunosorbent assay (ELlSA) 

Antige n  was d iluted to either 0 .5  or 1 .0 �g .mL-1 in 20 mM Tris-HCI pH 7 .5 ,  0 . 1 5  

M NaCI ,  0 .02 % w/v sod ium azide. M icrotitre polystyrene (96 wel l )  p lates (Nunc 

Maxisorb™, Denmark) were coated with 1 00 �L antigen and i ncubated over­

night at 2-8 QC.  Excess antigen was tapped out, and 200 �L blocking solution 

(1 % w/v bovine serum albumin (BSA),  in phosphate buffered sal ine (PBS) 

conta in ing 0 .02 % v/v Tween 20) was added to the wel ls and i ncubated for 2 

hours. Patient or control sera were d iluted 1 /1 00 in d i lution buffer conta in ing 1 

% w/v case in ,  1 % w/v BSA, 1 0  m M  phosphate, 0 .5  M NaCI a nd 0 . 1  % v/v 

Tween 20. After tapping out the blocking solution , 1 00 �L d i luted sera were 

added to the wells in dupl icate and incubated for 1 hour at a mbient temperature . 
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The wel ls  were then washed three times with wash buffer conta in ing 1 0  m M  

phosphate pH 7 .4,  0 . 5  M NaCI a n d  0 . 1  % v/v Tween 2 0 .  Horserad ish 

peroxidase (HRP)-conjugated goat anti-human IgG was di luted 1 :30 000 in  

d i l ution buffer and 1 00 ilL was added to each wel l .  The plate was incubated for 

a further hour before tapping out the contents and washing as described above.  

Antigen-specific reaction was visual ised by add ing 1 50 III substrate (1 25 

Ilg .mL-1 trimethylbenzamidine, 0 . 1 M acetate pH 5 .5 ,  0 .03 % v/v hydrogen 

peroxide).  After ten minutes incubation at  ambient temperature, the reaction 

was stopped by adding 50 III 2 M sulfuric acid .  The absorbance was 

determined at 450 nm with a microplate reader (Bio-Rad Model 550 , Hercules, 

USA) . 

3 .2.6 Determination of protein  concentration 

A protein assay kit (B io-Rad laboratories, Hercu les,  USA) based on the dye 

b ind ing method of Bradford ( 1 976), was used to measure total protein 

concentration .  The protocol adapted for microtitre plates was performed 

according to the manufacturer's instructions. BSA was used as the standa rd 

prote in .  

3.2.7 Absorbance spectra 

Scanning spectra were performed between 260 nm and 340 nm using an 

U ltrospec 2000 spectrophotometer (Amersham B ioSciences, Chalfont, UK). A 

260:280nm a bsorbance ratio was determ ined as a measure of nucleic acid 

content (see Appendix). 

3.2.8 Immunoprecipitation 

Protein A-agarose beads (B io-Rad Laboratories, Hercules, USA) were 

equi l ibrated in PBST ( 1 0  mM phosphate pH 7 .2 ,  0 . 1 5  M NaCI ,  0.02 % v/v 

Tween 20, 0 .05 % w/v azide). Antibody (5 Ill) was m ixed for 2 hours at 

ambient temperature with 1 0  III equi l ibrated beads suspended in 25 ilL PBST. 

The beads were washed with PBST and non-bound material was removed by 

centrifuging at 13 000 rpm for 30 seconds . The affin ity beads were 

resuspended in 25 III PBST and i ncubated with 25 III of either HeLa cel l  or 

bovine thymus nuclear extract for 2 hours at ambient temperature. The beads 
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were washed 3 times with PBST as described a bove . For analysis of 

immunoprecipitated RNA, the bound material was eluted in  1 00 III 0 .5  % w/v 

sodium dodecylsu lfate (SOS) at 65 QC. The RNA was extracted with 1 00 III 

triazol™ ( Invitrogen ,  Carlsbad , USA) Ichloroform ( 1 : 1 ) . The aqueous layer was 

removed and the RNA was recovered by ice cold ethanol precipitation with 1 III 

mussel glycogen ( 1 0  mg . ml-1 ) (Sigma Chemical Co. ,  St lou is,  USA) as a 

carrier. 

For immu noprecipitation of proteins, antibodies were fi rst covalently bound to 

the prote in-A beads using the protocol descri bed in Harlow and lane ( 1 988). 

Briefly ,  the antibody-coupled beads were resuspended in 200 fll 0.2 M borate 

p H  9 .0 .  Approximately 1 mg dimethylp imel imidate (Sigma Chemical Co . ,  St 

louis ,  U SA) was added to g ive 20 m M  fi nal concentration .  The mixture was 

incubated for 30 minutes at ambient temperatu re before washing and 

resuspending the affin ity beads in 0.2 M ethanolamine pH 8.2 .  The beads were 

washed three times in PBST and mock eluted with 1 00 III e lution buffer (0 . 1  M 

glycine-HCI pH 2 .2) .  The beads were re-equi l ibrated in  PBST and then 

incubated with nuclear extract as described above . After wash ing to remove 

non-bound material , bound protein was eluted with 25 III elution buffer. The 

recovered eluate was immediately neutral ised by adding 2 .5  III 1 M Tris-HCI pH 

8.0 .  

3.2.9 SOS-polyacrylamide electrophoresis 

Discontinuous denaturing SOS-PAGE was used for the separation and analysis 

of proteins (laemml i ,  1 970) .  A SE250 min i  vertical e lectrophoresis assem bly 

(Hoefer Inc. , San Francisco , USA) was used unless otherwise stated . The 

acrylamide:N , N '-methylenebisacrylamide (bisacrylamide) ratio was 29: 1 .  In  

genera l ,  a 1 3.5  % acrylamide separating gel  conta in ing 0 .375 M Tris-HCI pH 

8 .8 ,  0 . 1  % w/v SOS was overlaid with a 4 % acrylamide stacking ge l  conta in ing 

0. 1 25 M Tris-HCI pH 6 .8 ,  0 . 1  % w/v SOS. Gels were polymerised by the 

add ition of 0 . 1  % v/v N , N ,N '  , N'-tetramethylethylenediamine (TEMEO)  and 0.5 % 

v/v of a 1 0  % w/v ammonium persulfate solution. 
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Protein samples were prepared for electrophoresis by add ing 1 0  ).lL 0 .2  M OTT 

and 1 0  ).lL electrophoresis sample buffer (0.25 M Tris-HCI pH 6 .8 ,  50 % v/v 

glycerol , 5 % w/v SOS , 0.001 % w/v bromophenol blue) to 30 ).lL sample prior to 

heating at 1 00 QC for 90 seconds .  Gels were electrophoresed at 30 mA 

constant current with e lectrode buffer consisting of 25 m M  Tris HCI pH 8 .2 ,  0 .2 

M g lycine,  0 .2  % w/v SOS.  The gels were run u nti l  the bromophenol b lue 

tracking dye was with in  0 .5  cm from the bottom of the separating gel . Molecular  

weight markers ( Invitrogen,  Carlsbad , USA) were used to cal ibrate protein size . 

Proteins were visualised by immers ing the gel i n  Coomassie R250 stain (0.6 % 

w/v Coomassie bri l l iant b lue R250 d issolved in  50 % v/v methanol , 5 % v/v 

g lacial acetic acid) for 30 minutes .  The gel was desta ined with 30 % v/v 

methanol , S % v/v acetic acid unti l the gel background was clear. Alternatively ,  

for increased sensitivity, si lver sta in  was used to visual ise the proteins 

(Blomberg et al. , 1 995). 

3.2.1 0 Immunoblotting 

Proteins were transferred from SOS-PAGE onto n itrocel lu lose (Protran BA85, 

Schleicher & Schuel l ,  Dassel ,  Germany) using semi-dry electro-transfer (Towbin 

et al. , 1 979) .  If requ i red,  n itrocel lu lose-bound proteins were visual ised using 

Ponceau S reversible protein stain  (0 . 1  % w/v Ponceau S d issolved in  5 % 

acetic acid) before blocking the membrane in 1 % w/v BSA in  PBST for 1 hour 

at  ambient temperature. Membranes were gently rocked overnight at  ambient 

temperature in  prima ry antibody (patient sera) d i luted 1 /200 in  1 % w/v casein in 

PBST. They were then washed 3 t imes i n  PBST before probi ng with goat anti­

human IgG alkal i ne phosphatase conjugate (Jackson ImmunoResearch 

Laboratories I nc . ,  West Grove , USA) d i luted 1 /6000 in 1 % w/v casein in PBST 

for 1 hour at ambient temperature . Membranes were washed as previously a nd 

then antigen-specific interaction was visual ised with alkal ine phosphatase 

substrate (22 mM n itrobenzamidine triazine (NBT), 23 mM 5-bromo 4-chloro 3-

i ndolyl p hosphate (BCIP )  d issolved in 70 % v/v d imethylsulphoxide) d i l uted 

1 /1 00 in  50 m M  Tris-HCI pH 9.5 ,  1 00 m M  NaCI ,  5 m M  MgCI2. The reaction was 

stopped by washing with water. 
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3.2. 1 1  Immunoblot strips 

Test antigen was treated with SOS-PAGE sample buffer includ ing OTT and 1 20 

III was appl ied  to the entire width of a 4 % acrylamide stacking gel  over-laid on 

a 1 3 .5 % acrylamide resolving gel . The sample was separated by S OS-PAGE 

and electro-transferred onto nitrocel lu lose membrane. After blocking i n  1 % w/v 

BSA in PBST for 1 hour, the membrane was washed briefly with d isti l led water 

and then a i r-dried.  Lines were ruled along the top and bottom edges of the 

nitrocellu lose before cutt ing into 3 mm width vertical strips. Antigen strips were 

numbered before placing in a 24 lane i ncubation tray (Hoefer Instruments, 

USA). The strips were immunoprobed as described in section 3 .2 .8 .  

3.2. 1 2  Antibody e lution from immu noblot 

Immunoblotted antigens were used to affin ity purify specific antibodies . Antigen 

was prepared for SOS-PAGE and loaded along the entire width of the stacking 

gel and separated by SOS-PAGE before electro-transfer as d escribed for 

immunoblot strips .  The location of the desired antigen was visual ised using 

Ponceau S sta in  and its position was m arked . After blocking the membrane, 

the antigen strip was cut out and then probed with antibody as usual .  The strip 

was washed 5 t imes with PBST before elut ing bound antibodies with first 400 

Ill, fol lowed by 350 Ill, 0 . 1  M glycine-HCI pH 2 .2 .  The eluted antibody was 

neutra l ised by adding 1 00 III 1 M Tris-HCI  pH 8 .0 .  

Eluted antibodies were concentrated to approximately 50 III us ing Vivaspin 1 0  

kOa N MWCO 0 . 5  m l  concentrators. 

3.2. 1 3 Isoelectric focussing (IEF) on immobil ised pH gradient 

Sample (5 - 50 Ilg) was desalted by buffer exchange into rehydration buffer 

consisting of 8 M urea , 2 .5  % w/v CHAPS, 1 0  mM OTT and 0 .00 1  % w/v 

bromophenol b lue .  Ampholytes pH 3-1 0 ( Bio-Rad laboratories ,  Hercules, USA) 

or pH 6- 1 1 (Amersham BioSciences ,  U ppsala,  Sweden) were added to the 

sample at a concentration of 2 % v/v. The 7 cm I PG strips pH 3-1 0  or pH 6-1 1 

were assembled in  a Zoom ®  IPG runner™ cassette ( Invitrogen, Carlsbad ,  USA) 

and 1 55 III sample was added to each I PG strip .  The cassette was sealed and 

left for at least 1 6  hours to ful ly rehydrate the strips. The IPG cassette was 
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assembled with the electrode accord ing to the manufacturer's instructions. The 

strips were focussed by ramping the voltage as fol lows: 200 V for 20 minutes, 

450 V for 1 5  m inutes, 750 V for 1 5  m inutes a nd 1 000 V for 60 minutes. The 

strips were removed from the cassette and either prepared for the second 

d i mension immed iately or frozen at -80 QC for later use . 

3.2. 1 4  Second  dimension SOS-PAGE 

Gel lanes or I PG strips were placed i n  1 5  mL conical centifuge tubes to which 5 

m L  SOS equi l ibration buffer (2 % w/v SOS , 1 0  % v/v glycerol , 0 .001 % w/v 

bromophenol b lue, 50 m M  Tris-HCI p H  6.8)  was added. Complete reduction of 

the proteins was achieved by add ing OTT (23 mg) to a final 30 m M  

concentration and incubating the str ip at 5 5  QC for 1 5  m inutes . The equi l ibration 

solution was removed and the rep laced with 5 mL equ i l ibration solution 

contain ing 1 00 mM iodoacetamide (Serva, Germany) .  The strip was incubated 

with gentle rocking for a further 1 5  m in utes at room temperature .  

A 1 m m  th ick 1 3.5 % acrylamide separating gel overlaid with a 4 % acrylamide 

stacking gel was used for the second d imension. The equ il ib rated and a lkylated 

I PG or gel strip was i nserted between the gel plates and gently manoeuvred to 

the stacking gel surface . The strip was sealed in  p lace with 1 % w/v agarose i n  

SOS-PAGE electrode buffer. The g e l  was electrophoresed a s  described i n  

section 3 . 2 . 7  fol lowed b y  Coomassie sta in ing,  s i lver sta in ing o r  immunoblott ing 

to visual ise the proteins. 

3.2. 1 5  RNA extraction 

RNA was extracted from samples contain ing U snRNPs by adding an equal 

volume triazol/chloroform ( 1 : 1 )  and m ixing for 5 seconds. The mixture was 

centrifuged (Biofuge pico, Heraeus, Germany) at 1 6  000 x g for 2 minutes and 

the top aqueous layer was pi  petted into a fresh microcentrifuge tube . The 

solution was made to 0 . 1 mg.mL-1 with mussel g lycogen. RNA and g lycogen 

carrier were precipitated with 2.5 volumes ice cold ethanol and pel leted by 

centrifugation ( 1 6  000 x g ,  2 m inutes) .  The pellet was washed with i ce cold 70 

% v/v ethanol and the recovered pel let was stored at -80 QC u nt i l  use. 
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3.2. 1 6  RNA gel electrophoresis 

A continuous 1 0  % acrylamide gel conta in ing 7 M urea, 89 mM Tris ,  89 m M  

boric acid, 2 m M  EOTA pH 8.9 was prepared using a 1 9: 1  acrylamide:N , N'­

methylenebisacrylamide (b isacrylamide) solution. Polymerisation was catalysed 

with 0 . 1 % v/v TEMEO and 0 .5  % v/v of a 1 0  % w/v ammonium persu lfate stock .  

The ge l  was pre-run a t  1 0  mA for 1 5  m inutes with 89 m M  Tris ,  89  m M  boric 

acid ,  2 mM EOTA pH 8 .9  (TBE)  electrode buffer. 

RNA samples were resuspended in 5 /-lL sample buffer (8 M u rea, 0 .0 1  % w/v 

xylene cyanol , 0 .001 % w/v bromophenol blue) and heated to 70 cC for 1 0  

minutes and placed on ice before loading 1 -5 /-lL into gel lanes. The gel was 

electrophoresed at 250 V constant voltage unt i l  the bromophenol b lue dye was 

0 .5 cm from the bottom of the gel . Nucleic acid was visual ised by sta in ing with 

0 .05 /-lg .mL-1 eth id ium bromide for 1 5  m inutes. The gel was washed 3 t imes 5 

minutes with water to remove excess eth id ium bromide. The gel was visual ised 

immed iately under u ltraviolet transil lumination. 

3.2. 1 7  In-gel d igestion 

Proteolytic digestion of Coomassie sta ined gel pieces was performed according 

to the methods publ ished by Jeno et al. ( 1 995) and Wi lm and Mann ( 1 996) with 

sl ight modifications. Coomassie stained gel pieces were careful ly excised and 

placed in a clean microfuge tube. The pieces were homogenised with the blunt 

end of a plastic innoculation loop. Gel pieces were incubated with several 

changes of 1 00 /-lL 50 % v/v aceton itri le in 50 m M  ammon ium hydrogen 

carbonate unti l  the pieces were completely destained . Gel trapped protein was 

reduced in 1 00 /-lL 30 mM OTT for 1 hour at 55 cC. The protein was then 

a lkylated by first removing excess flu id and adding 1 00 /-lL 75 m M  

iodoacetamide (Serva, Germany) and incubating for 3 0  minutes a t  room 

temperature in the dark. To remove the OTT and iodoacetamide, the gel  p ieces 

were subjected to 3 cycles of dehydration in 1 00 /-lL of 50 % v/v acetonitri le and 

reswell ing in the same volume of 50 m M  ammonium hydrogen carbonate. A 

steady stream of n i trogen was used to part ial ly d ry the gel p ieces. Trypsin (0 . 5  

/-lg in  1 8  /-lL 2 5  m M  ammonium hydrogen carbonate) was added to the d ried gel 
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pieces and incubated for 6 hours at 37 QC to digest the p rotein .  Tryptic peptides 

were recovered by adding 20 III 50 % v/v acetonitri le ,  2 . 5  % v/v formic acid i n  

u ltrapure water to the gel pieces and vortexing for 1 0  minutes .  Peptide eluate 

was removed to a steri le microfuge tube and the process was repeated once 

more .  A final extraction was carried out with 1 0  III 1 00 % v/v acetonitri le and 

the eluates were combined. The peptides were reduced to a pproximately 5 III 

in a Savant Speed Vac™ and stored at -80 QC unt i l  use. 

3.2. 1 8  MALDI-TOF mass spectrometry of tryptic digested peptides 

Tryptic peptides were analysed using matrix-assisted laser desorption/ionisation 

t ime-of-fl ight ( MAlDI-TOF) mass spectrometry with a M icromass® Mald iMicro™ 

(Waters Inc . ,  M ilford , USA) . Sample was prepared using an adaptation of the 

fast evaporation method proposed by Vorm et al. ( 1 994) .  

Pure n itrocel lu lose and matrix, 3 ,5 d imethoxy 4 hydroxycinnamic acid (Sigma 

Chemical Co . ,  St louis ,  USA) were dissolved in 50 III acetone plus 50 III 

isopropanol to g ive a final concentration of 5 mg.ml-1 n itrocellulose and 20 

mg/ml peptide matrix .  Solub i l ised matrix (0 .5 Ill) was pipetted rapidly onto the 

sta inless steel target p late and a l lowed to dry .  Peptide sample (0 .5 Ill) was 

appl ied to the d ried matrix.  Where necessary, another 0 .5  III peptide mixture 

was overlaid on the first with d rying in  between appl ications. The d ried sample 

was washed with 1 0  III ice cold 1 0  % v/v formic acid fol lowed by 1 0  III 

u ltrapure water to remove excess salts and matrix contam inants. The peptide 

targets were d ried at ambient temperature before analysis .  Bovine angiotensin 

(Sigma Chemical Co. , St louis,  USA) was used as a reference peptide or ' lock 

mass' and was prepared as above . 

Mass spectrometric analysis was carried out in reflectron mode with a 2 470 V 

pulse voltage and 1 5  000 V source voltage. Peptide peaks were deconvoluted 

using Masslynx program v. 4 .0 .  
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4 . 1  I ntroduction 

4. 1 . 1 Identification of bovine thymus U 1  snRNP associated proteins 

Antigenic equivalence of human U 1  snRNP and bovine U 1  snRN P has been 

confirmed by the use of purified bovine U 1  snRNP in many commercial ly 

ava ilable anti-nuclear antibody diagnostic tests (Boak et al. , 1 984; James et al. , 

2000). Despite its acceptance as an a id i n  connective tissue d isease diagnosis, 

bovine U 1  snRNP is poorly characterised . Defin i ng the composition of bovine 

tissue extracted U1 snRNP is h indered by its altered appearance i n  SDS-PAGE 

compared to the protein profi le of the human equ ivalent .  SDS-PAGE analysis of 

both bovine (Takano et al. , 1 981 ; Duran et al. , 1 984) and rabb it (White et al. , 

1 981 ; White et al. , 1 982) thymus extracts consistently shows the presence of 

prote ins at 68 kDa, 30-38 kDa (cluster) ,  29 kDa (doublet) and 1 3- 1 6  kDa. Whi lst 

it is l i kely that these proteins correspond to those identified in the extensively 

studied human cel l  extracted U1 snRNP,  they have neither been positively 

identified nor characterised. 

I t  is an  emerg ing view that the sequence and structural characteristics of 

autoantigenic proteins are not the sole autoepitope determinants (Wu et al. , 

200 1 ) . Numerous exam ples now exist of autoantibodies specific to post­

translational modifications (Doyle and Mamula,  200 1 ) . These mod ifications 

may occur as a result of a spontaneous chemical process or as a product of a 

physiolog ical  enzymic  process (Cloos and Christgau , 2004). Aberrantly 

modified prote in ,  or i mpairment of the mechanisms designed to correct or 

remove modifications, may result in breaking self-tolerance ,  and hence lead to 

auto immune d isease. 

The U 1  snRNP proteins conta in  a num ber of notable post-translational modific­

ations result ing from both spontaneous and physiological  activities. The S m  

proteins D 1 , D3 and B contai n  several sDMA res idues which constitute one of 

the immunodominant epitopes. In addit ion, it has been postulated that the 

spontaneous conversion of aspartate residues to isoaspartate in  SmD 1 may act 

as an immunologic stimulus i n  SLE (Mamula et al. , 1 999). The existence of 
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i soaspartyl residues in  S m0 1 ,  however, has not been categorical ly 

demonstrated . 

The 68K protein  component of U 1  snRNP is known to be phosphorylated and 

may also be g lycosylated (Chen and Agris, 1 992). Us ing two d imensional (20)  

e lectrophoresis, Woppmann e t  al. ( 1 990) determined the extent of hetero­

geneity of this protein in both human and mouse U 1  snRNP.  At least th i rteen 

variants of the 68K protein  were observed in both species . P hosphorylation of 

the 68K protein  was exam i ned using a combination of 32p labe l l ing ,  tryptic 

d igestion and separation of the tryptic peptides from individual 68K protein 

variants on th in layer cel l u lose-coated plates. Phosphorylation alone d id not 

account for the many variants observed . There are no accounts in the l iterature 

of the phosphorylation or glycosylation patterns of bovine U 1 snRNP.  

Several nuclear autoantigens, including the U1 snRNP associated 68K antigen ,  

undergo cysteinyl aspartate specific protease- o r  caspase-dependent cleavage 

during apoptosis (Casciola-Rosen et al., 1 994 ; Casciola-Rosen et al. , 1 996). 

This and other apoptotic modifications profoundly influence autoantigenicity (Utz 

et al. , 2000) .  I n  the case of 68K, there is a single C-terminal caspase 3 specifi c  

cleavage site that produ ces a 40 kOa fragment. It i s  postulated that th is 

apoptotic modification reveals a neoepitope which consequently becomes a 

superior d iagnostic marker compared to the intact antigen (Gre id inger et al. , 

2002; Greid inger et al. , 2004; Hof et al. , 2005) .  

The first goal  of th is study was to characterise bovine U1 snRNP and non-U 1 

snRNP purified from calf thymus tissue. The study identified the constituent 

protei ns of bovine U 1  snRNP and the presence of Sm proteins associated with 

non-U 1 snRNP .  The type of mod ification, if any, carried by some of these 

proteins was determined , using affin ity purified antibodies, 20-gel e lectro­

phoresis and mass spectrometry. Bovine U 1  snRNP antigenicity was compared 

to its human HeLa extracted equivalent using both immunoblotti ng and ELlSA 

techn iques. Of particular  i nterest was the affect of the apparent 68K truncation 

on other post-translational modifications with in  the protein .  These were 

investigated by examin ing the phosphorylation and glycosylation status of 68K 
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using phosphorus and glycan detection methods. Determin ing how 

spl iceosomal antigens are modified during events such as apoptotic or necrotic 

cell death may provide clues to understand ing how immune tolerance is broken ,  

and potentia l ly provide platforms for specific auto immune therapies (Monneaux 

et al. , 2003) .  
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4.2 Experi mental P rocedures 

Purified bovine U 1  snRNP (catalogue #: ATR0 1 )  and non-U 1 snRN P (catalogue 

#: ATS02) were kindly provided by AroTec D iagnostics Lim ited , Wel l ington ,  NZ. 

4.2. 1 Preparation of samples for isoelectric focussing (IEF) 

RNA was removed from purified U 1  snRNP to avoid interference with the first 

d imension IEF .  To achieve this, U 1  snRNP was denatured in the presence of 7 

M urea, 1 0  m M  DTT and 1 % w/v triton x 1 00 before adding TRlzol®/ch loroform 

1 :  1 .  After removing the top phase, the precipitated protein at the interface 

between phases was harvested and washed with ten volumes of ice cold 

acetone to remove residual chloroform. The protein  pellet was resuspended i n  

the requ i red volume of 8 M urea, 2 % w/v CHAPS, 1 0  mM OTT and  2 % v/v 

ampholyte . 

4.2.2 Protein  dephosphorylation 

Bovine U 1 snRNP was buffer exchanged i nto 0 . 1 M Tris-HCI pH 9 .5 ,  0 . 1 5  M 

NaCI ,  5 mM MgCI2 a nd then treated with 0.4 % (w/w U 1  snRNP) porcine 

mucosal alkal ine phosphatase (Sigma Chemical Co. ,  St Louis, U SA) for 1 hour 

at 37 QC.  Alternatively, RNA was first removed from the U1 snRNP sample 

using the method described in  the section a bove, and the protein was 

resuspended in 8 M u rea.  Prior to dephosphorylating the protei n  with alkal ine 

phosphatase, the urea concentration was d iluted to 1 M. 

4.2.3 Determination of protein bound phosphate 

The phosphate content of proteins was determined by hydrolysing seryl and 

threonyl bound phosphates and quantifying the phosphate g roups released 

using the malachite green and phosphomolybdenate colorimetric detection 

method described by Ekman and Jager ( 1 993) .  B riefly, protei n  was acetone 

precipitated ,  dried and then alkali hydrolysed by resuspending i n  200 f..tL 1 M 

NaOH. The sample was heated at 1 00 QC for 1 5  m inutes before i nterrupting the 

hydrolysis with the addition of 1 00 f..tL 4.7 M HC! .  Phosphate detection reagent 

was fresh ly prepared by mixing 1 volume 1 0  % w/v ammonium molybdenate in  
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4 M HCI with 3 volumes 0 .2 % w/v malach ite green (Sigma Chemical Co. ,  St 

lou is ,  USA) . After the add it ion of 1 00 III phosphate reagent to the hydrolysed 

prote in  the a bsorbance was measured at 595 nm .  Phosphate standards 

ranging from 3 - 50 IlM were treated in an identical way to the samples .  

A l l  glassware and plasticware contai ners were treated with 6 M HCI ,  then rinsed 

i n  ultrapure water and dried to reduce i nterference from exogenous i norgan ic  

phosphate . 
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4.3 Results 

4.3. 1 Bovine U 1  snRNP composition 

A comparison of bovine thymus purified U 1  snRNP with the same complex 

purified from human cell nuclei us ing SOS-PAGE and western b lotting,  

h igh l ighted significant d i fferences i n  their respective compositions (Figure 4. 1 ) . 

The classical U 1  68K, A, B'/B, C and 0 subun it structure associated with human 

U1 snRNP was not present in  bovine U1 snRN P.  Bovine U 1  snRNP proteins 

cover a broad range of molecular weights, as shown i n  F igure 4.2,  with the 

corresponding weights for the HeLa U 1  snRNP components l isted in Table 4. 1 .  

Clustering of polypeptides a round 30 kOa, in  add ition to the presence of a 1 4  

kOa molecular weight species, has been described previously i n  both rabb it and 

bovine thymus extracts (Takano et al. , 1 981 ; White et al. , 1 982) .  
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Figure 4.1 Comparison of human and bovine thymus U 1  snRNP 

U1 snRNP purified from bovine thymus (Lane 1 )  and human HeLa cel ls (Lane 2) were 
compared by analysis on SDS-PAGE and western blotting . Protei n  antigen 
components were visual ised by immunoprobing with RNP and Sm +ve sera di luted 
1 /300. The positions of the wel l-characterised human U 1  snRNP subunits (68K, A, 
B'IB , C, 0 and EIFIG) are annotated. 
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Table 4.1  Observed molecular weights of the human U1 snRNP 

component proteins 

U1 snRNP 
68K A S' S C 03 02 01 E F G 

component 

MW (kOa) 69.6 34.3  29.3  28.2 20 .4 1 4. 1  1 3.4 1 3.4 1 1 .0 1 0.6 9 .6 

MW kDa 
, . ____ 36.6 

- 35.8 
' , - 34.3 
,. ---- 33.1 � 31.5 30.4 � 15.4 _ 15.0 

� ,  - 22.9 , � 12.4 

� 14.9 
- 14.0 

- 12.0 
____ 11.0 
- 10.6 
- 9.7 

Figure 4.2 Molecular weight profi le of bovine thymus U 1  snRNP 

Purified bovine U 1  snRNP was analysed by SOS-PAGE and Coomassie sta ined to 
visualise the proteins.  A molecular weight ladder was used to calcu late the molecular 
weights of the observed bands. 

By immunoprobing first with an anti-RN P  specific patient sera and then re­

probing with an anti-Sm sera ,  the distribution and poss ible identity of the various 

polypeptides was assessed . The bovine polypeptides could be crudely 

separated into RNP specific proteins, 25 kDa and above , and Sm core proteins,  

14 kDa and below. The smal l  molecular weight group included bands that could 

be related to their human equivalents, SmD, SmE, SmF and SmG.  However, 



67 
Chapter 4: Characterisation of Bovine U snRNP 

bands comparable to human 68K, U 1 A, U 1 C and 5mB proteins were less 

obvious in purified bovine U 1  snRNP.  

4.3.2 Identification of protein  components in  bovine U1 snRNP 

To identify the component antigens of purified bovine U 1  snRNP,  antigen 

specific  autoanti bodies were immunoaffin ity purified from patient sera using 

antigen immobi l ised onto n i trocel lu lose strips. Recombinant 68K, U 1 A  and U1 C 

proteins (Oiarect ,  Fribourg, Germany) were used as the antigen sources to 

purify their respective ant ibod ies. I m mobi l ised human-derived SmO and 

5 mB'IB were used as the antigen source for purify ing Sm specific antibod ies . 

Affinity purified autoantibodies were tested on human U 1  snRNP immunoblots 

i n  order to characterise thei r  specificities and to confirm that there were no 

sign ificant cross-reactivities with other antigens. Results from the selected 

affinity purified antibodies are shown in Figure 4 .3 .  I mmunoaffin ity purified 

autoantibod ies with no s ignificant cross-reactivity with other U 1  snRNP antigens 

were then used to confirm the antigen composition of purified bovine U 1  snRNP 

(Figure 4.4) .  

The 68K protein  appears as a truncated polypeptide cluster ranging from 30 -

36 kOa in  bovine thymus U 1  snRNP,  with the U 1 A  protein m igrating amongst 

the 68K polypeptide cluster on SOS-PAGE.  In  contrast to 68K, U 1 A  is not 

truncated and has the same molecular weight (34 kOa) as the human U 1  

snRNP equivalent. The remain ing RNP specific prote in ,  U 1  C ,  i s  not identified 

with i n  the bovine RNP preparation using affinity purified anti-U 1 C.  

The identification of Sm proteins using th is  technique demonstrated only that 

SmO was present. 5mB was not detected either with the anti-SmO antibod ies 

which cross-react with epitopes on 5mB,  or with anti-SmB antibodies affin ity 

purified from anti-RNP sera which do not cross-react with SmO.  
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Figure 4.3 Cross-reactivity testing of purified autoantibodies 

68 

Human U1 snRNP was western blotted onto n itrocel lulose, which was then cut i nto 
strips. Ind ividual strips were immunoprobed with either patient sera or affin ity purified 
antibodies. A: antibodies affin ity purified from anti-RN P  sera R1 0 .  B: antibodies 
affinity purified from anti-RNP sera R1 5 .  Strips: 1 ,  whole sera specificity; 2 ,  
immunoaffin ity purified anti-68K;  3, anti-U 1 A; 4 ,  anti-SmB'/B; 5 ,  anti-U 1 C. 
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Figure 4.4 Identity of bovine U1  snRNP antigens 

Bovine U1 snRNP was western blotted onto n itrocellulose which was then cut i nto 
strips. The ind ividual strips were then probed with affin ity purified antibodies. 
Strips: 1 ,  anti-RNP/Sm patient sera; 2 ,  anti-U 1 C ;  3, anti-SmD; 4 ,  anti-68K;  5, anti-U 1 A; 
6,  anti-B'/B. 
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4.3.3 Confi rming the presence of 5mB 

Characteristic of  most U snRNPs is the formation of a closed ring structure 

around the snRNA by the Sm proteins (Zieve and Khusia l ,  2003).  G iven that 

other members of the closed circle, such as SmO, are present, it is surpris ing 

that 5mB cannot be identified i n  bovine U 1  snRNP. To determine whether the 

same is true of non-U 1 snRNP,  S uperdex S-200HR s ize exclusion 

chromatography was u sed to further purify the non-U 1 snRNP, and the fractions 

analysed by SOS-PAGE,  western blot and RNA e lectrophoresis (F igure 4.5) .  
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A 

E c 
0 
00 N 
(J.) 
() c 
C\l .Q .... 
Q en .Q 
C\l 
> ::) 

0 50 

• • • •  • 

1 00 1 50 200 250 300 
Elution volume (mL) 

C 
2 3 4 5 6 7 8 9 1 0  H B 

Separation of non-U1 snRNP 

1 64 nt 

XC 
55 nt 

L!) <D 
E E (/) (/) 

Non-U 1  snRNP was separated on Superdex S200HR. A: UV absorbance trace of the 
Sm protein elution showing the elution volume of molecular weight standards. B: 
Coomassie stained SOS-PAGE.  Lanes 1 -1 0  are the 5 mL fractions collected between 
1 50 and 200 mL elution volume. C: Ethidium bromide stained RNA separated by 1 0  % 
(T) polyacrylamide TBE-urea gel .  H ,  HeLa cell extracted human U 1  R NA; B ,  U 1  RNA 
extracted from purified bovine U 1  snRNP;  Sm 5,  RNA extracted from Lane 5 fraction ;  
Sm 6 ,  RNA extracted from Lane 6 fraction .  The position of the 1 64 nt  U1 snRNA and 
the xylene cyanol (XC) marker dye (55 nt) are annotated. 
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The Sm prote ins eluted as a complex that corresponded to approximately 1 25 

kDa by size exclusion chromatography and RNA extracted from these peak 

fractions impl ied that the Sm proteins  form part of a non-U 1 snRNP complex. 

The absence of U 1  snRNA was confi rmed by RNA electrophoresis ,  although 

there was non-U 1 RNA clearly associated with the Sm proteins that was smal ler 

than the 1 64 nt human cel l  derived U 1 snRNA. 

The non-U 1 snRNP was used to test the specificities of a variety of anti-Sm 

patient sera in the absence of U1  snRNP specific prote in ,  giving a h igher s ignal 

to noise ratio for these antigens (F igure 4.6) .  

I 
14  kDa -' 
1 2 kDa -. ,.._ 
1 1  kDa -. 

I , I ! ! 
1 I 

Figure 4.6 Specificities of anti-Srn and anti-RNP autoimmune sera using 

bovine non-U 1 snRNP antigen 

Non-U 1 snRNP antigen (Srn ) was western blotted onto nitrocellu lose which was then 
cut into strips. I ndividual strips were immunoprobed with a range of anti-Srn and anti­
RNP autoimrnune patient sera . Strips 1 - 1 7  are classed as Srn +ve and 1 8-2 1 as RNP + 
ve. 

I nterestingly, many of the sera tested reacted with a 1 2  kDa protein  as well as 

the 1 4  kDa SmD prote in .  To determine the identity of the 1 2  kDa prote in ,  the 

relevant band was excised from a Coomassie stained SDS-PAGE gel and 

prepared for analysis by peptide mapping as described in  section 3 .2 . 1 5 . The 

mass spectrum of tryptic peptides produ ced is shown in F igure 4 .7 .  
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Figure 4.7 Mass spectrum of the bovine 5mB tryptic peptides 
Masses in bold were matched to SrnB. M asses in italics represent the largest peaks not matched to SrnB. 
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The associated peptide masses and matched sequence identities to hu man 

5mB are tabulated and annotated i n  Figure 4 .8 .  

1 M T V G K S S K ML Q H I D YR MR C I  L Q D G R I F I G T  

FKA FD KHMN L  I L C D C DE FR K I K P K N S K Q A E  

61  R E EKR VL G L V L L R G E NL VSM T VE G P P P KD T 

G I A RV P L A G A  A G G P G I G RAA G R G I P A G V P M  

1 21 P Q A P A G L A G P V R G V G G P S Q Q V M T P Q G R G T V  

A A A A A A A T A S  I A G A P T Q Y P P  G R G G P P P P M G  

1 8 1 R G A P P P G MM G P P P G M R P P M G  P P M G I P P G R G  

T P M G M P P P G M R P P P P GM R G P P P P G M R P P R P  

241 

Peptide Observed mass Expected mass 8 Sequence 

9 - 1 6  1 075.786 1 075.5353 0 .25 MLQH IDYR 

1 7  - 25 1 09 1 .794 1 091 .5448 0 .25 MRCILQDGR 

26 - 32 825.564 825.4869 0 .08 IF IGTFK 

33 - 49 2 1 84 .422 21 83.9670 0 .05 AFDKHMNLlLCDCDEFR 

55 - 64 1 2 1 9 .0 1 6  1 2 1 8.6073 0 .41  NSKQAEREEK 

58 - 64 889.5 1 0  889.4374 0 .07 QAEREEK 

65 - 73 1 038.91 6  1 038 .7146 0 .20 RVLGLVLLR 

66 - 73 882.683 882.6 1 35 0 .07 VLGLVLLR 

74 - 88 1 555.097 1 554.7832 0 .31  GENLVSMTVEGPPPK 

74 - 94 2 1 68 .4 1 7  2 1 68. 1 0 1 5  0 .32 GENLVSMTVEGPPPKDTGIAR 

89 - 94 632.353 632.3362 0 .02 DTGIAR 

Figure 4.8 Human 5mB' primary sequence 

The primary sequence of human 5mB' was taken from Swiss Prot Accession number 
P 1 4678. Sequence h ighl ighted in red italics shows the sequence covered by tryptic 
peptides mapped by mass spectrometry. Mass data was matched using Mascot (Matrix 
Science) ( Perkins et al. , 1 999). 

Possible matched peptide sequences are clustered in  the N-terminal  reg ion of 

the 5mB prote in .  Coverage of this reg ion is complete with the exception of 

peptide 1 -8 and a smal l  peptide 49-55. No  peptides were obtained from the 
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protein  beyond residue 94 . Observed masses of al l  the identified peptides were 

with i n  0 04 Da of their expected values. Even with a 0.2 Da tolerance , the 

probabi l ity of the peptides belonging to 5mB is sti l l  h ighly significant. 

The 5mB ( 1 -94) fragment has a calcu lated mass of 1 1  kDa (SwissProt MW 

calcu lator) com pared to  the observed 12  kOa by SOS-PAGE.  Such a smal l  

d isparity in  molecular weight may reflect a nomalous migration of the peptide on 

SOS-PAGE,  or more l i kely, that the truncation of 5mB occurs between residue 

94 and the fol lowing tryptic cleavage site at residue 1 08. 

1 2 

5mB'/B --' • 

Figure 4.9 Antibody confirmation of bovine 5mB identity 

Human Sm was western blotted onto n itrocel lulose and strips were probed with 1 ;  
putative 5mB monospecific serum and 2 ;  standard anti-Sm sera. 

To confirm the identity of the 1 2  kOa truncation product as Sm8, both i ntact 

human 5mB'/8 and the putative 1 2  kOa fragment were immunoprobed with anti­

Sm patient sera. Confirming identity solely on the basis of sera reactivity is, 

however, not defi nit ive because of the possib le cross-reactivity between SmD 

and 5mB epitopes. I t  had been observed that anti-RNP sera often react with 

what appears to be i ntact human 5mB'/B on western blot. These sera , 

however, were unreactive with the 1 2  kDa truncated product and were therefore 
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not used for identity confirmation . One patient serum (Figure 4.6 Strip 1 )  reacts 

only with the 1 2  kOa fragment and does not react with other U 1 snRN P 

component protei ns .  Th is serum was i ncubated with western blot n itrocel lu lose 

strips of human derived 5mB'IB to confirm the specificity of the serum.  F igure 

4 .9 shows the monospecific serum reacting weakly with human 5mB'IB 

compared to a much stronger reaction e l icited with a standard anti-Sm seru m .  

4.3.4 Comparative immunoreactivity of bovine and human U 1  snRNP 

To determine whether the modified composition of bovine U 1  snRNP affects its 

immunoreactivity, purified bovine U 1  snRNP and human U 1  snRNP were 

compared by EL lSA against a cohort of patient sera .  F igure 4 . 1 0  shows a 

correlation plot of human against bovine U 1  snRNP reactivities i n  EL lSA. The 

coefficient of determination (�) for the data is  0 .96 ,  demonstrating a h igh  

degree of correlation between the ab i l ity of the two snRNP preparations to 

detect anti-RN P positive sera .  Antibody reactivity to bovine U 1  snRN P is 

marg inally h igher compared to the human equiva lent, probably reflect ing 

differences in  the purity of the two preparat ions. 
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Figure 4. 1 0  Comparison of the ELlSA performance of U 1  snRNP purified 

from bovine and human material using a patient sera cohort (n=56) 

The d iagonal line represents the ideal corre lation .  1::,. represent the reactivity of human 
and  bovine U1 snRNP with one  patient serum.  Data points below the l ine respond 
g reater to human U1 snRNP whereas points above the l ine respond better to the 
bovine preparation. 



75 
Chapter 4 :  Characterisation of Bovine U snRNP 

4.3.5 U 1  snRNP heterogeneity 

Proteins  can be post-translational ly modified i n  numerous ways, either enzy­

m ical ly (glycosylation , phosphorylation , methylation, proteolysis) or chemically 

(oxidation ,  deamidation , g lycation) (Cloos and Christgau ,  2004) .  Proteins  are 

i n it ial ly homogeneous tra nslation products of a mRNA bluepri nt but rapidly 

become a heterogeneous m ixture of protei n  isoforms. 

2 D-gel electrophoresis has been used effectively to examine heterogeneity 

with i n  human U 1  snRNP protei n  components (Woppmann et al. , 1 990) .  The 

same techn ique was used in this study on purified bovine U 1  snRNP proteins.  

Due to the potential i nterferen ce from RNA i n  the first d imension IEF,  snRNP 

prote ins were separated from RNA by TRlzol®/chloroform extraction before IEF .  

The second d imension gel was e ither stained with Coomassie R250 or  western 

blotted .  

Approximately ten isoforms of bovine 68K protei n  can be seen with p is that 

range from pH 8. 1 to 9 .9  (F igure 4 . 1 1 ) . I nterestingly, the isoforms group i nto 

five clusters with the dominant cluster around pH 9 .5 .  The lower molecular 

weight 68K truncated polypeptides have fewer isoforms. 

pH 6 7 8 9 1 0  1 1  
kDa 

• .. .. .. • .. - 40 
-- -

- - 30 

- 25 

Figure 4.1 1 2D-gel electrophoresis of bovine U 1  snRNP 

20 ge l  western blotted and  probed with a standard anti-RNP serum. The l ines mark 
the positions of the five isoform clusters. 

H u man 68K protei n  is known to be phosphorylated , which contributes to the 

heterogeneity as observed by 2D-gel electrophoresis (Woppmann et al. , 1 990) .  

Attempts were made to remove bound phosphates from bovine U1  snRNP i n  

order to observe the effect o f  phosphorylation o n  the d istribution o f  the 68K 
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isoforms and other RNP components. The activity of the a lkal ine phosphatase 

was confirmed using a p-nitrophenol phosphate substrate , before it was 

i ncubated with the 68K protein and the other RNP components. Despite 

confirming that the enzyme was active , it appeared to have no effect on the 

isoform pattern of bovine 68K as observed by 2 D-gel electrophoresis .  

4.3.6 Phosphate content of the bovine 68K protein  

The phosphate content of 68K was determi ned i n  trip l icate for 2 5 ,  5 0 ,  7 5  and 

1 00 Ilg protein using the phosphomolybdenate colorimetric method (F igure 

4 . 1 2) .  The l inear regression analysis calculated the phosphate a mount per unit  

68K as 7 .831 pmoles/Ilg 68K. Using 32 kDa as the average molecu lar mass of 

bovine 68K, 1 Ilg was calcu lated as 3 1 .25 pmols prote in .  Therefore ,  the 

phosphate content of 68K was determined as 0 .25 mol phosphate/mol p rote i n .  

The phosphate content was again determined after i ncubating 68K with alkal ine 

phosphatase to remove any covalently l i nked phosphates from the protein ,  but 

no s ignificant decrease in  phosphate concentration was observed .  
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Figure 4.1 2  Protein-bound phosphate content in bovine 68K 

Protein-bound phosphate content of bovine 68K was determined us ing the 
phosphomolybdenate colorimetric method. Linear reg ression analysis produced the 
equation y = 7.831 (x) - 6.55,  R2=9.83. 
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4.3.7 Bovine U1 snRNP protein  glycosylation 

77 

I ntact 68K protei n  from rabb it thymus is reported to be g lycosylated (Chen and 

Agris, 1 992) ,  however, it i s  unknown whether the events leading to the 

truncation of 68K have an effect on its glycosylation pattern . To examine the 

g lycosylation of bovine 68K, purified 68K protein  was western blotted onto 

n itrocel lu lose and the carbohydrate groups were detected using a glycan 

detection kit (Roche Diagnostics, Auckland , New Zealand) (F igure 4. 1 3) .  

Glycosylation of the truncated bovine 68K protei n  was confirmed , with a 

detection l imit between 0 .2 a nd 0.09 ).!g . 

A 

kDa 

40 -

30 -

B 
).!g 68K loaded 

1.50 0.75 0.38 0 . 19  0 .09 

Figure 4.1 3  Glycan detection in bovine 68K 

Amounts ranging from 1 .5 to 0 .09 !1g 68K were western blotted onto nitrocel lulose and 
g lycans were detected by periodate oxidation, fol lowed by reaction with D IG-3-0-
succinyl-£-aminocaproic acid hydrazide and anti-d igoxigen in  (D IG) alkal ine 
phosphatase conjugated antibody according to the manufacturer's instructions. A, 
ponceau stained 68K prior to g lycan detection ; B, glycan detection in 68K. 

To determine whether g lycosylation has an i nfluence on the isoform d istribution 

of 68K, 2D-gel electrophoresis was performed and g lycosylation of the isoforms 

was i nvestigated as described a bove (Figure 4. 1 4) .  The major cluster of 68K at 

p i  9.5 appears to be the only g lycosylated isoform. E ither the glycan content of 

the lower pi isoforms fal ls  below the l imit of detection or g lycosylation may not 

contribute to the isoform d istribution of bovine 68K. 
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pH 6 1 1  

A 

B 

c 

Figure 4. 1 4  Detection of bovine 68K glycosylated isoforms by 2D-gel 

electrophoresis 

78 

68K (25 I1g ) was separated using 20 electrophoresis using a pH 6-1 1 I E F  fi rst 
dimension. The th ree panels show: A, Coomassie stained 68K; B, glycan detection i n  
western blotted 6 8 K  20 gel ; C,  standard western blot i m m un oprobing with anti-RNP 
seru m .  

1 2 3 

Figure 4.1 5 Glycan detection i n  U 1  snRNP components 

U 1 A, bovine and human snRNP were separated on SOS-PAGE and western blotted 
o nto n itrocel lulose. Glycans were detected on n itrocel l ulose strips using the DIG 
method . Lanes: 1 ,  bovine U 1  snRNP;  2,  bovi ne U 1 A; 3, human U 1  snRNP.  
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Other U 1  snRNP component proteins were tested to determine whether 

g lycosylation was restricted to 68K. Bovine U 1 A, bovine and human U 1  snRNP 

were analysed by western blotting with g lycan detection carried out  on the 

n itrocel lu lose (F igure 4 . 1 5) .  Glycans were detected not only on bovine U 1 A, as 

described by Chen and Agris ( 1 992), but also on bovine and h u man SmD 

prote ins .  The periodation protocol i n  the g lycan detection kit can be modified to 

selectively oxid ise N-acetyl neuramin ic acid (sial ic acid) which can then be 

detected us ing the DIG method . This method when appl ied to western blotted 

bovine 68K, showed that no sial ic acid was present i n  the glycan.  

Un l ike the consensus a mino acid sequence Asn-X-Ser/Thr for N-l inked 

glycosylation ,  there are no obvious consensus sequences identify ing potential 

O-glycosylation s ites . A number of neural network a lgorithms are avai lable to 

predict O-l i nked sites on the basis of structura l  features and primary sequence 

(Gupta et al. , 1 999a) .  68K sequence was examined using three neural 

networks: NetOGlyc (Hansen et al. , 1 998) which predicts mucin type O-l inked 

N-acetylgalactosamine; D ictOGlyc (Gupta et al. , 1 999a) which determines 

possi ble O-l inked a-N-acetylglucosamine; YinOYang (Gupta and B runak, 2002) 

which pred icts O-l inked p-N-acetylglucosamine (O-GlcNAc) sites .  No mucin 

type O-glycosylation s ites were predicted i n  68K using NetOGlyc. One 

probable O-l inked a-N-acetylgl ucosamine modification was identified at  Ser226 

using D ictOGlyc. Table 4 .2 shows the results for O-GlcNAc modification of 68K 

and of other RNP component proteins using the YinOYang predict ion server. 

YinOYang is able to pred ict both O-GlcNAc and O-phosphorylation s ites and 

identifies possible reciprocal O-GlcNAc/O-phosphate sites. 

The three serine residues (226,  259 and 266) predicted to be g lycosylated are 

located with in the RS domain of 68K. By digesting 68K with chymotrypsin 

(section 6 .2 .2)  a large C-terminal peptide contain ing the RS domain  is 

produced . Bovine 68K was hydrolysed with chymotrypsin, separated by SDS­

PAGE and western blotted onto n itrocel lulose. Potentia l glycosylation with i n  the 

RS1 domai n  was again examined using the D IG  glycan detection method . The 

RS1 peptide was visual ised with Ponceau S revers ible stai n  to confi rm its 
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transfer to n itroce l lu lose , but no g lycan was detected with i n  the peptide domai n  

(F igure 4 . 1 6) .  

Table 4.2 Potential O-GlcNAc modifications and O-GlcNAc/O-

phosphate reciprocal s ites 

Threshold Threshold NetPhos 
Residue O-GlcNAc Potential 

(1 ) (2) Potential 

68K 

58 T ++ 0.5097 0 .3552 0.4291 0 . 574 

259 S + 0 .3887 0. 3602 0.4359 0 .996 

266 S + 0.3561 0 .3498 0 .42 1 9  0 . 998 

U 1 A  

66 S ++ 0 .6057 0 .46 1 9  0 .5730 0 .7 1 4 

2 1 8  S ++ 0 .5092 0 .41 25 0 .5064 

293 T + 0 .51 3 1  0 .4344 0 .5359 

5mB 

2 T ++ 0.4466 0 .3583 0 .4334 

90 T + 0.401 8 0 . 3689 0 .4476 

1 49 T + 0 .4542 0 .4054 0 .4968 0 .67 1 

1 58 T + 0 .4861 0.43 1 6  0 .532 1 

1 60 S + 0.4668 0 .42 1 8  0 .5 1 89 

SmD1  

35 S + 0 .4674 0 .4401 0 .5436 

SmD2 

26 T + 0 .4492 0 .3720 0.3984 

80 S + +  0 .3990 0 .3323 0 .3984 0 .997 

YinOYang 

Y 

Y 

Y 

Y 

Y 

Y 

Predicted O-GlcNAc modification sites within  68K, U 1 A, 5mB,  SmD1  and SmD2 using 
YinOYang prediction neural network (www.cbu.dk!services iYinOYang). The SmD3 
sequence was entered but d id not return any positive results. Potential O-GlcNAc sites 
are compared to the potential for phosphorylation of the same residue. Coincidence of 
the two modifications indicates a possible reciprocal  O-GlcNAc/O-phosphate interplay 
or "YinYang". S-serine, T-threonine. 
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1 2 

Figure 4. 1 6  Glycan detection in  the bovine 68K RS domain 

8 1  

68K was d igested with chymotrypsin to yield the RS 1 domain.  I t  was western blotted 
onto n itrocel lu lose and either stained with Ponceau S for peptide content (Lane 1 )  or 
subjected to DIG glycan detection (Lane 2) .  
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4.4 Discussion and Future Work 

82 

The performance or predictive value of an immunod iagnostic test, relates 

d irectly to whether the autoantigen used in the test is the closest possi ble match 

to the actual autoantigen . It is important, therefore, that the autoantigen should 

be well characterised to ensure that al l  l i kely autoepitopes are represented . 

Detection of circulating antibodies to U 1 snRNP is the basis for the d iagnosis of 

MCTD and SLE.  The objective of this section of work was to characterise U 1  

snRNP derived from bovine thymus and to examine some of the d ifferences 

between bovine thymus and human derived U 1  snRNP.  Frozen thymus was 

used in this study as th is is the most com mon source of material for the 

com mercial purification of nuclear autoantigens. There would be some merit i n  

using fresh thymus in order to characterise changes in  U1  snRN P composition , 

however, the use of fresh thymus would not be practical on a commercial scale. 

4.4. 1 RNP components are not al l  accounted for in  bovine U1 snRNP 

Bovine U1 snRNP derived from thymus retains structural s im i la rity to its human 

equ ivalent. It consists of the U 1 RNA moeity with a number  of snRNP specific 

and com mon Sm core proteins attached . I mmunochemical examination of 

constituent proteins in bovine U 1  snRNP showed that the cluster of 

polypeptides, with molecu lar weights of approximately 30 kDa,  were truncated 

forms of the 68K prote in ,  an observation consistent with previous research 

(White et al. , 1 982; Duran  et al. , 1 984) .  The human 68K protei n  is particularly 

sensitive to proteolysis, conta in ing two specific cleavage s ites for caspase-3 

and g ranzyme B, to produce 40 kDa and 60 kDa proteins respectively 

(Casciola-Rosen et al. , 1 996; Hof et al. , 2005) (Figure 4 . 1 7) .  These two 

truncated proteins are thought to be the autoantigenic targets involved in  the 

onset of autoimmune d isease (Greidinger et al. , 2002) .  P roduction of the 68K 

peptide cluster observed i n  bovine U1 snRNP must, however, involve proteases 

other than ,  or in add ition to, caspase-3 . Research into the progression of 

primary and secondary necrosis d id not detect specific 68K cleavage fragments, 

but instead indicated there was a gradual loss of detectable a ntigen (Wu et al. , 

2001 ) .  The source of the cleavage fragments observed in  bovine RNP is not 
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known a nd wi l l  be d iscussed further i n  chapter s ix .  Nevertheless these 

fragments are relatively stable and are observed in a l l  preparations of bovine 

U 1  snRN P. 

60 kD granzyme B fragment 

40 kD apoptotic fragment 34 1 409 

----. ---=--�� I I c=====================� .......... =t�"-=�======�I 437 

RS 1 
caspase 3 s�S2 

granzyme B 

Figure 4. 1 7  Proteolytic cleavage sites o n  human 68K 

site 

The actua l  molecular weight of the human 68K antigen , as calculated from its 

primary amino acid sequence, is 52 kDa . The caspase-3 cleavage fragment 

has a 40.4 kDa calculated weight and th is  correlates with its 40 kDa migration 

on SDS-PAGE.  The granzyme B cleavage fragment has a 49  kDa calcu lated 

weight and an observed 60 kDa migration on SOS-PAGE.  The molecular  

weight d iscrepency ind icates that the C-terminal  RS2 domain is  largely 

responsible for the aberrant migration of the 68K antigen . Assuming that the 

truncated 68K peptide cluster is a result of C-term inal cleavage, the 30 kOa 

observed molecular weight on SOS-PAGE is l i kely to be a true representation of 

the cluster size. 

U 1 A  is unaffected by p roteolysis suggesting that this protein lacks protease 

sensitive s ites or is shielded from proteolytic attack by its conformation a nd 

RNA bind ing .  A 1 : 1  stoichiometric relationsh ip is thought to exist between U 1 A  

and the 68K protein  (Hochleitner et aI, 2005). I ntrigu ingly, bovine U 1  snRNP 

appears to have a g reater ratio of 68K to U 1 A. As apoptotic events apparently 

do not affect U 1 A  (Hof et al. , 2005), losses of U 1 A  from bovine U 1  snRNP must 

occur e ither through d issociation from the complex or through non-caspase 

dependent proteolysis .  

Methods used to identify the presence of the RN P specific protein  U 1  C in  the 

bovine snRNP com plex, were u nsuccessful .  However, the loss of U 1  C did not 
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appear to have adverse effects on the correlation of autoantigenicity between 

U 1 C  (+)  human U 1  snRN P and U 1 C  (-) bovine U 1  snRN P .  As patient sera with 

monospecific anti-U 1 C a ntibodies are extremely rare, the absence of U 1 C wi l l  

not have a significant i mpact on diagnostic val id ity when bov ine U 1  snRNP is 

used as the antigen.  

The RNA component of snRNPs has recently been shown to act as an adjuvant 

in stimu lat ing the immune system and may therefore play a vital role in the 

auto immune response (Greid inger et al. , 2006; Kelly et al. , 2006). U 1  snRNA 

extracted from purified bovine U1 snRN P is truncated and is  smal ler than the 

intact human U 1  snRNP purified from HeLa cel ls .  The cleavage of U 1  snRNA 

is known, however, to occur as a consequence of apoptosis  ( Oegen et al. , 

2000b) .  Caspase-3 activated nuclease cleaves between pseudourid ine 

nucleotides 6 and 7 at the 5'  end of U 1 snRNA, removing the TMG cap and 

destroying the 5'  recognition s ite (F igure 4 . 1 8) .  This prevents U 1 snRNP from 

docking with the pre-mRNA and in itiating  spliceosome assembly.  

Bovine U 1  snRNA is at least 30-40 nt less than the human R NA. Clearly this 

cannot be a result of apoptotic loss of the six 5'  nucleotides. Cel l  death by 

necrosis wil l u ndoubtedly release a number of r ibonucleases. Although prote ins 

bound to the com plex protect most of the U 1  RNA from degradation , the 5' 

region and the 3' stemlloop IV structure are potential ly exposed to nucleases. 

C leavage of the 3'  termina l  28 nucleotides could account for the reduction of 

bovine U 1 snRNA s ize compared to human.  Such cleavage could be a nalysed 

us ing pr imers specific for regions with in  U 1 , such as the 3' stemlloop IV. U 1  

s nRNA i s  also a common target for autoantibod ies with some specific reactivity 

towards the TMG 5 I cap structure (Okano and Medsger, 1 992).  Therefore, 

a nti-TMG antibodies could be used to determine whether TMG is cleaved in the 

bovine U snRNAs. 
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apoptotic cleavage site 

5' 
� 1 0  

(TMG) AUAC'I''I'ACCUG 

5' recognition site 

U 1  68K protein 
binding site 

Stem/Loop I I  

70 

Sm heptameric ring 
b inding site 

AAU UUGUGG---. OH 
1 30 

1 50 
Stem/Loop IV 

U 1 A protein binding s ite 

Figure 4.1 8  Apoptotic cleavage s ite in  U 1  snRNA 

Stem/Loop structure of 1 64 nucleotide U1 snRNA with 68K and U 1 A  binding sites 
annotated. The apoptotic cleavage site of the 5' splice recognition sequence is a lso 
shown. 
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Non-U 1 snRNA was shown to be associated with the Sm prote ins purified by 

immunoaffi n ity chromatography. Us ing anti-S rn  immunoaffin ity columns it is 

possible that the snRNAs U2 ( 1 89 nt), U4 ( 1 44 nt), U5 ( 1 1 7  nt) and U6 ( 1 06 nt) 

could co-elute . In fact, purified Sm proteins were shown to be associated i n  a 

complex with RNA by s ize exclusion chromatography. Purified non-U 1 snRNP 

consisted only of the Sm core proteins having a molecular weight of 84 kDa as 

calculated from SOS-PAGE. Although other proteins a re associated w ith 

spl iceosomal U snRNA, us ing h igh ionic strength during processing results in 

the d issociation of these proteins from the complex (Luhrmann et al. , 1 990) .  

RNA, co-purifying with the Sm protei ns must contribute at least 41 kDa or 1 50 

nt to the com plex. The actual RNA contribution appears less than calculated as 
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the extracted RNA ranges between 1 00- 1 30 nt. However, s ize exclusion is not 

an absolute measure of molecular weight and is affected by the dynamic radius 

and shape of a molecule.  These factors could account for the deviation 

between the observed and calculated weights of the non-U1  snRNP.  

4.4.2 Srn truncation reveals a useful epitope 

Experiments on caspase med iated cel l  death suggest that 5mB is not sens itive 

to proteolysis (Hof et al. , 2005) .  It was surpris ing, therefore, to find no trace of 

intact 8mB in  bovine U 1  snRNP. 5mB was instead identified as a truncated 1 2  

kOa peptide by a combination of mass spectrometry of peptides derived from in­

gel tryptic d igestion and the use of a patient serum which reacted solely with the 

1 2  kOa peptide. E leven out of 24 tryptiC peptides submitted for MASCOT 

analysis were matched to 8mB, and the remainder, i nclud ing a number  of 

significant mass peaks, could not be accounted for. This lack of match may be 

due to contaminant peptides, incomplete removal of Coomassie sta in  prior to 

trypsinolysis or post-translational modifications. The truncation of 5mB is the 

first indication that 5mB may be protease sensitive. Whi le 5mB's resi l ience to 

caspase cleavage during apoptosis has been studied, the influence of primary 

or secondary necrotic events on 5mB has not been reported .  

Migration of truncated 5mB on SOS- PAGE is consistent with a cleavage site 

between res idues 1 03 and 1 09 .  Truncated 5mB (SmBtrunC) consists of the N­

term inal domain i ncluding the RNA and Sm protein b inding motifs (F igure 4 . 1 9) .  

By removing the immunodominant and cross-reactive PPPGMRPP sequence, 

as wel l  as the sDMA sequences , 5mB specific epitopes could be examined . 

A combination of low affin ity and the lower relative concentration of the 5mB N­

termi nal epitope is the most l i ke ly reason for the poor b ind ing of monospecific 

anti_SmBtrunc antibod ies to intact human 5mB'IB . Conformation dependent 

epitopes have been reported i n  the S m  motif domain,  which may expla in the 

poor antibody affin ity in immunoblotting .  Reactivity in ELlSA was a lso low 

despite the tendency of this test to mainta in  antigen conformation . 
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1 6 0  
MTVGK S S KMLQH I DYRMRC I LQ DGR IFIGTFKAFDKHMNLILCDCDEFRKIKPKNSKQAE 

6 1  1 2 0  
REEKRVLGLVLLRGENLVSMTVEGPPPKDTGIARVPLAGAAGG P G I GRAAGRG I PAGVPM 

t t 
1 2 1  1 8 0  
P QA PAGLAG PVRGVGG P S QQVMT PQGRGTVAAAAAAATAS I A GA P T Q Y P PGRGG P P P PMG 

1 8 1  2 4 0  
RGAP P P GMMG P P PGMRP PMG P PMG I P PGRGT PMGMP P P GMRP P P P GMRG P P P P GMR P PRP 

Figure 4. 1 9  5mB primary sequence 

The sequence is annotated to show the epitope region (bold italics) proposed to be 
recognised by RNP +ve and SmD -ve patient sera. The arrows mark the region 
between which the proteolytic event causing the truncation is thought to occur. 
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Most anti-RNP sera from MCTO sufferers are only able to immunoprecipitate 

U 1  snRN P .  These sera often react on western blot with 5mB'/B, which is  

com mon to most U snRNPs,  and therefore might be expected to 

immunoprecipitate al l  U snRN Ps .  A number of explanations have been 

proposed to reconcile th is  find ing .  Perhaps the most plausible, described by 

Ohosone et al. ( 1 992), suggests that 5mB contains epitopes accessible only o n  

native U 1  snRNP. This conclusion was drawn through experiments with two f3-

galactosidase fusion proteins, one containing 5mB residues 25-1 03 and the 

other encoding residues 1 9 1 -205. Both regions contain epitopes which a re 

specific for U 1  snRNP;  that is ,  antibodies immunoaffinity purified from the 

expressed fusion proteins, that only immunoprecipitate U 1  snRNP.  5mB 1 9 1 -

205 conta ins the immunodominant epitope PPPGMRPP which is shared with 

U 1 A. It is therefore i mpl ied that the U 1  snRNP specificity of th is epitope is due 

to recognition of U 1 A. I nterestingly, antibodies immunoaffi nity purified from 

5mB 25- 1 03 using anti-Sm sera were able to immunoprecipitate all U snRN Ps, 

suggesting that this region also contains a Sm-specific epitope . It is therefore 

l i kely that the U1  snRNP specific e pitopes are otherwise m asked by RNA or 

proteins  and are hence i naccessible in the other 5mB bearing U snRNPs. 
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The truncated 8mB identified in th is study covers the N-terminal epitopes within  

residues 25-1 03 d iscussed by Ohosone et al. ( 1 992) (F igure 4 . 1 9) .  Most, but 

not a l l ,  anti-Srn sera react wel l  with 8mBtrunc in agreement with Ohosone's 

findings. However, despite reacting with i ntact human 8mB '/B , none of the anti­

RNP sera tested recogn ised the truncated 8mB, and hence the p roposed U 1  

snRN P specific ep itope,  i n  western blot. I n  addition ,  none of the a nti-RNP sera 

tested in western b lot showed 5mB/U 1 A  cross-reactivity . Of course th is does 

not rule out the presence of antibod ies reactive to the immunodominant 

PPPGMRPP epitope or the fact that a nti-RNP sera may genuinely react with 

other 8mB epitopes. I t  does , however, add to the number of i nconsistent 

find ings related to 8mB recognition by anti-RNP sera . Recogn it ion of 8mB i n  

western blotted HeLa cel l  nuclear extracts b y  anti-RNP sera (see supplement 1 )  

has not been repl icated with e ither recombinant 8mB (Hines et al. , 1 99 1 ) or 

8mB purified to homogeneity by h igh performance l i qu id chromatography 

(Wi l l iams et al. , 1 988). Al l  stUd ies use different patient sera , and therefore ,  sera 

selection could be a possible source of d isparity. Furthermore, the use of a 

crude nuclear extract as the antigen source for western blott ing leads to a 

potential m isinterpretation or incorrect assignment of a ntibody specificity . 

Pre l iminary experiments us ing immunoaffin ity purifi cation of tryptic peptides of 

the in-gel digested 8mB'/B region of HeLa U 1  snRNP suggested that anti-RNP 

autoantibodies may be reacting with a human repl ication element protei n  

(HREP).  These results a re presented a n d  d iscussed i n  Chapter seven .  H RE P  

has a s imi lar molecular weight to 8mB and also has a n  alternatively spl iced 

product with a s l ightly lower weight. It belongs to the WD-type protei n  fami ly 

which are known to faci l itate protein :prote in  and prote in : nucleic acid interactions 

( Neer et al. , 1 994) .  

Further work is requ i red to val idate these pre l i m inary results , but the findings to 

d ate provide some very controversial data . 
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4.4.3 Post-translational  modifications and heterogeneity of 68K 

Phosphorylation has a 
. 
wel l -estab l ished role in pre-mRNA spl icing events 

(Miste l i  and Spector, 1 997). The i nteraction of 68K with spl ic ing factor ASF/SF2 

and b ind ing of U 1  snRN P with 5' recognition s ite is dependent on correct 68K 

phosphorylation .  Thirteen isoforms of human 68K were identified by 2D-gel 

e lectrophoresis with pis ranging from pH 6.8 - 8.7 (Woppmann et al. , 1 990). All 

variants were phosphorylated, a lthough phosphorylation alone could not 

account for the range of pis .  I n  contrast, bovine thymus 68K is phosphorylated 

at only 0 .24 mol phosphate per mol 68K .  This lack of phosphorylation i s  

reflected not only in  the low num ber of charged variants but also in  the 

dominance of variants with h igh  pis observed us ing 2D-gel e lectrophoresis .  

The phosphate content of the 68K protei n  can be reduced by  removal of 

phosphorylated domains such as RS2 during its truncation or throug h  

dephosphorylation b y  phosphatases (Xiao and Manley, 1 997) .  Dephosph­

orylation by protein phosphatases I (PP 1 ) and 2A ( PP2A) is critical for spl ic ing 

catalysis and spl iceosome d isassembly (Mermoud et aI. , 1 994) .  An additional 

serine/threonine phosphatase (protein phosphatase 2Cy) is requ i red early in  

spl iceosome assembly and remains associated with the spl iceosome (Murray et  

al. , 1 999) .  

Cel l  death induced proteolysis and dephosphorylation is known to occur in 

another nuclear autoantigen, La/SSB (Rutjes et al. , 1 999). This prote in is 

i nvolved in RNA polymerase I I I  transcript term ination, release and reinitiation ,  a 

process that is mediated through a dephosphorylation/phosphorylation cycle 

( Ma ra ia  et al. , 1 994). Dephosphorylation a ppears to i nvolve PP2A-l ike 

phosphatase activity, which together with protein cleavage is moderated by 

caspase-3 activation (Santoro et al. , 1 998) .  A s imi lar scenario cou ld occur i n  

the case of 68K whereby proteolysis and dephosphorylation work i n  tandem to 

prevent spl ic ing activity. 

Phosphorylation is critical to the autoantigenicity of some antigens with only the 

phosphorylated forms of RNA polymerase I and polymerase " being recogn ised 

by autoantibod ies from SLE patients (Stetler a nd J acob, 1 984; Satoh et al. , 
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1 994). However, as with La/SSB, dephosphorylation of 68K does not adversely 

affect i ts autoantigen icity. In  fact, dephosphorylation may be responsib le for the 

neoepitope created during apoptosis which results in  g reater recognition by 

MCTO autoim mune sera than the non-apoptotic 68K (Greid inger et al. , 2002) .  

Further work is  necessary to characterise the fate of 68K phosphorylation 

during apoptosis .  Cu ltured cel ls label led with 32p cou ld be used to monitor the 

affects of apoptosis induction upon radio label led 68K. In addition ,  a number of 

sophisticated mass spectrometric techn iques could be used for phosphorylation 

analysis (Garcia et al. , 2005) .  This work would benefit from the use of 

phosphatase inh ib itors such as sodium vanadate, pyrophosphate and sod ium 

fluoride to determine more accurately  the position and fate of  the 

phosphorylation.  

G lycosylation of bovine 68K has been demonstrated i n  this study and confirms 

previous findings (Chen and Agris, 1 992) ,  although neither the g lycosylation 

type nor glycan structure have been determined. Work by Chen and Agris 

i mpl ied the presence of an N-l inked glycan .  The 68K primary structure only 

contains one Asn-X-SertThr  consensus sequence at the C-termi nus which 

would be cleaved from the truncated 68K du ring cel l  death . This consensus 

sequence ,  requ i red for N-l i nked glycosylation,  is un l ikely to be present in  bovine 

68K. Other possible glycosylations in  68K might be O-l inked GalNAc or 

GlcNAc, with the latter being the most probable in  a nuclear protein  (Comer and 

Hart, 2000) .  More u nusual would be O-mannosylation or C-glycosylation which 

are not usually found in  nuclear proteins.  

A tool ,  such as YinOYang , for pred icting O-GlcNAc content of a protein  is not 

infa l l i ble,  so neither the presence nor a bsence of predicted g lycosylation 

confirms or precludes O-GlcNAc existence. For example,  the nuclear pore 

protein  Nup 1 55 contai ns 26 predicted O-GlcNAc sites, however, analysis of 0-
GlcNAc using the 13-e l imination followed by M ichael addition with OTT (BEMAO 

method) (Wells et al. , 2002b) ,  confirmed only one O-GlcNAc at a serine residue, 

which was not predicted by YinOYang . 
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O-GlcNAc is an abundant modification that is essentia l  for many cel lu lar 

functions. Al l  O-GlcNAc mod ified proteins are also phosphorylated and in  

several cases the O-GlcNAc and O-phosphate occur at  the same or adjacent 

hydroxyls of serine or threonine (Corner and Hart, 200 1 ; Wel ls et al. , 200 1 ) .  

This so-cal led "yin-yang" modification serves to regu late protein  function in a 

variety of processes. The identification of three possi ble "yin-yang" type sites 

with i n  68K imply a possib le role in the control of the spl iceosome cycle ,  a role 

that has not previously been reported .  Predicted glycosylation sites fal l  within 

the RS domain, however, g lycans were not detected withi n  the 68K C-terminal 

chymotryptic peptide. E ither the amount of peptide was insufficient for 0-

GlcNAc detection or the majority of carbohydrate is located in non-RS domain 

sites .  

A number of methods now exist to determine O-GlcNAc content and position 

through modification and enrichment of O-GlcNAc peptides with subsequent 

characterisation by mass spectrometry (Haynes and Aebersold, 2000; Whelan 

and Hart, 2003 ; Khidelkel  et al. , 2004) .  A method which could be applied to 

d etermin ing 68K O-GlcNAc sites is the BEMAO approach whereby the protein  

u ndergoes in-gel digestion with trypsin and then O-GlcNAc or phosphate is  

removed by p-el imination in  mi ld  alkal i  (Wells et  al. , 2002b) .  OTT is then used 

as a nucleophi le to react with the a, p-unsaturated carbonyl group formed by p­
el im ination (Figure 4.20) .  OTT label led peptides can be enriched using thiol 

affin ity chromatography and the peptides can be detected using mass 

spectrometry. A mass shift of 66.8 Oa is expected with the loss of O-GlcNAc 

(203.0)  and addition of OTT ( 1 36.2) .  

Future work to determine O-GlcNAc content of the bovine 68K protein should 

include the use of the O-GlcNAc-beta-N-acetylglucosamidase inh ib itor, 

P UGNAc, to prevent removal of the O-GlcNAc during the purification process. 

Confi rmation of glycosylation of U 1 A  and Sm proteins wil l help to establ ish an 

hypothesis for the role of O-GlcNAc in the control of U 1 snRNP assem bly and 

the interaction of component proteins with other spl iceosome constituents . 



92 
Chapter 4: Characterisation of Bovine U snRNP 

However, carbohydrates other than O-GlcNAc may be involved in pre-mRNA 

spl ic ing. Both galect in-1 and -3 (N-acetylgalactosamine and N-acetyl­

lactosamine b ind ing lectins) have been shown to be necessary for snRNP 

biogenesis and pre-mRNA spl icing (Oagher et  al. , 1 995 ;  Park et al. , 200 1 ) . The 

carbohydrate b inding proteins interact d i rectly with the SMN protein  complex via 

Gemin4, but it is not clear whether the Sm core proteins interact with the 

galectins during snRNP assembly. 
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Figure 4.20 O-GlcNAc detection by �-el imination and Michael addition 

with OTT (BEMAO) 
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5.1  Introduction 

U 1 snRNP complex is establ ished as a reagent i n  the d iagnosis of rheum­

atolog ical d iseases such as MCTD and SLE (Bizzarro et al. , 1 998; Benito­

Garcia et al. , 2004). However, the use of such a complex antigen in EL lSA 

means that some of its d iagnostic and prognostic value is lost. There would be 

a diagnostic advantage therefore in  being able to detect and d iscriminate 

between autoantibody responses to the ind ividua l  constituent proteins of U 1 

snRNP. For example, h igh  titres of circulating a nti-U 1 68K protein  antibodies 

correlates highly to an M CTD diagnosis,  with 90 % prevalence of Raynaud's 

phenomenon and increased risk of fatal pu lmonary hypertension (Smolen and 

Steiner, 1 998). 

There are a number of advantages to producing recombinant autoantigens for 

use as diagnostic reagents (Schmitt and Papisch , 2002). Using this technology 

it is possible to obtain  authentic sequence and h igh  expression levels, and to 

introduce tags that aid in  purification . However, the inabi l ity to faithfu l ly 

reproduce post-translational modifications or incorrect structural conformation of 

some recombinant proteins can significantly reduce the efficacy of the antigen 

(Brahms et al. , 2000; Burl inghame, 2005). Recombinant human 68K (r68K) 

antigen is commercially avai lable and has been used successfu l ly to measure 

anti-RNP antibodies specific for 68K protein in  EL lSA format (Nyman et aJ. , 

1 990; Seel ig et al. , 1 991 ; Gaubitz et al. , 2002) .  Accordi ng to the l i terature , r68 K  

is  truncated to contain only the main autoepitopes. Expression of the fu l l-length 

protein in h igh yield has proven d ifficult due to the presence of inh ib itory 

e lements with in  the protei n  sequence (Northemann et al. , 1 995). It was noted in  

a recent study that some anti-RNP sera could only be detected using purified 

U 1  snRNP antigen rather than recombinant proteins (Luyckx et al. , 2005) .  

Native bovine U 1 68K antigen shares at  least 98 % sequence identity with the 

human equivalent. It is relatively abundant i n  calf thymus tissue and i s  truncated 

due to proteolysis .  I t  is well reported that U 1 68K is a primary target for 

modification in apoptosis and necrosis with the potential creation of neo­

epitopes (Casciola-Rosen et al. , 1 994; Degen et al. , 2000a ; Wu et al. , 2001 ; 
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Greid inger et al. , 2004) .  The avai labi l ity of a native purified 68K antigen would 

provide a useful and perhaps superior a lternative to using recombinant antigen 

in auto immune d isease d iagnosis. 

Isolation of ind ividual RNP protein  com ponents requires disru ption of the 

RNA:protein  complex for which a variety of approaches have been used. 

Methods such as preparative electrophoresis (Takeda et al. , 1 989), h igh 

performance l iqu id chromatography (Wi l l iams et al. , 1 988), RNAse T1  

hyd rolysis (Achsel et  al. , 1 999) and control led pH and temperature (Bach et al. , 

1 990; Sumpter et al. , 1 992) have demonstrated some success with both HeLa 

cel l  and rabbit thymus U 1  snRNP.  However, none of these approaches is 

amenable to the scale  of production necessary to supply commercia l  antigens 

to d iagnostic kit producers .  

D isruption of the RNP complex has reportedly been induced us ing h igh 

concentrations of MgCI2 (Satoh et  al. , 1 997) which incidental ly is used to d isrupt 

autoantibody:antigen interaction in immunoaffin ity purification. This approach 

will be evaluated therefore as a strategy for purifying viable quantities of RNP 

specific proteins in the absence of the common Sm antigens. The d iagnostic 

performance of the purified antigens wil l  be compared to the recombinant 

equivalent. 
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5.2 Experimental P rocedu res 

5.2.1  Isolation of Srn-free U1 68K protein 
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Anti-RNP immunoaffin ity elutions were appl ied to a cera mic hydroxyapatite type 

I (CHT) column equi l ibrated in 5 mM phosphate pH 7 .4 followed by washing the 

media with 5 m M  phosphate contain ing 5 M u rea. Sound protei n  was eluted 

first with 80 m M  phosphate pH 7.4, 5 M urea and then with 0 .5  M phosphate pH 

7 .4 , 5 M urea buffer. The first elution was adjusted to 7 M urea , 1 0  m M  OTT 

and filtered through a glass fib re filter ( Machery-Nagel , Germany) before being 

appl ied to a SP-Sepharose FF column equi l ibrated in 20 mM Tris-HCI pH 7 .5 ,  

0 . 1 M KCI , 6 M urea, 1 0  m M  OTT. Column elution was performed firstly with 20 

m M  Tris-HCI pH 7 .5 ,  0 .25 M KCI, 6 M urea, 1 0  mM OTT fol lowed by the same 

buffer contain ing 1 M KCI . Further fractionation was achieved by s ize exclusion 

chromatography of the first SP-Sepharose elution on a Superdex 200HR 

column equi l ibrated in 20 mM H EPES pH 7 .5 ,  0.4 M NaCI ,  4 M u rea.  

Purification was carried out at 2 - 8 QC and a l l  stages were analysed for protein 

concentration by the Bradford dye-binding assay, UV a bsorbance spectrum ,  

SOS-PAGE and western blot. 

5.2.2 Determining the influence of urea on bovine U1 s nRNP dissociation 

Hydroxyapatite (HT) Biogel (Bio-Rad Laboratories, Hercules, USA) was 

equ i l i brated with 5 m M  phosphate buffer pH 7.4.  S iogel s lurry ( 1  mL) was 

pipetted i nto 20 m icrofuge tubes and the B iogel was pel leted by centrifugation . 

The pel let was resuspended in  1 mL anti-RNP immunoaffin ity elution and mixed 

for 30 minutes at 2 - 8 QC. After centrifugation, the supernatant was removed 

and the B iogel resuspended once more with immunoaffin ity elution. HT in 

ind ividual tubes was then washed 3 t imes with equi l i bration buffer conta in ing 1 8  

increments of urea (0 - 7 M) ,  before eluting bound protei n  with 0.25 M 

phosphate buffer pH 7.4 conta in ing the same urea concentration used in  the 

fina l  wash buffer. 
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Elutions were buffer exchanged into SP-Sepharose equi l ibration buffer 

contain ing 20 m M  Tris-HCI pH 7 .5 ,  1 0  m M  MgCb, 80 m M  KCI and the 

appropriate urea concentration. HT elutions were applied to pre-equ i l ibrated 

SP-Sepharose H i-Trap columns ( 1  mL) (Amersham Biosciences, Uppsala ,  

Sweden) and the non-bound material was collected. Bound protein was eluted 

with 20 m M  Tris-HCI pH 7 .5 ,  1 0  m M  MgCb, 1 M KCI conta in ing the appropriate 

u rea concentration. Protein  concentrations of SP-Sepharose non-bound and 

elutions were measured by Bradford dye-binding assay. 

5.2.3 RNAse digestion of U 1  snRNP 

Purified bovine U 1 snRNP/Sm (6 mg) was i ncubated with approximately 700 

Un its of T1 RNAse (Worth ington B iochemicals, USA) for 1 hour at 37 DC . The 

sample was d i luted 1 :4 with cold 20 mM Tris-HCI pH 7 .5 and placed on ice for 

1 5  minutes before being appl ied to a SP-Sepharose FF H i-Trap 1 mL column 

equi l ibrated in  20 m M  Tris-HCI pH 7 .5 ,  80 mM KC/ .  After washing with 

equi l ibration buffer the protein  was eluted with 20 mM Tris-HCI pH 7 .5 ,  1 M KC/ .  
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5.3 Results 

5.3 . 1  Dissociation of bovine U1 snRNP 

High Mg2+ concentrations are known to destabi l ise and d isrupt the human U 1  

snRNP complex (Satoh et al. , 1 996; Satoh et al. , 1 997) .  I t  is reasonable to 

assume that bovine U 1 snRNP is therefore d issociated using the same 

condit ions. An anti-RNP i mmunoaffin ity column elution, conta in ing 3.5 M MgCI2 , 

was used to establ ish whether the h igh Mg2+ concentration faci l itated the 

disruption of the U 1  snRNP complex and the separation of the component 

proteins from snRNA. I t  was found that the majority of the protein from the anti­

RNP immunoaffin ity elution bound to a CHT column despite the h igh ionic 

strength (Figure 5 . 1 ) .  Increasing phosphate concentrations were used to try and 

elute RNP specific proteins from CHT. Unfortunately, no separation was 

achieved between RNA and RNP constituent proteins as demonstrated by a 

260:280 n m  ratio of 1 .98 , which ind icates h igh nucleic acid content i n  the CHT 

elutions. 
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Figure 5 . 1  Purification of U 1  snRNP on ceramic hydroxyapatite (CHT) 

RNP eluted from an anti-RNP matrix in 3.5 M MgCb was applied to a CHT column and 
eluted with increasing amounts of phosphate (P) .  Al l  fractions and elutions were 
analysed by SOS-PAGE and proteins were visualised by A: Coomassie stain  and B: 
Western blot immunoprobed with anti-Sm (+)  patient serum.  Lanes : 1 ,  anti-RNP 
elution ; 2 ,  CHT non-bound;  3, 5 mM P wash ;  4, 1 00 mM P ;  5,  200 mM P and 6, 500 
mM P. 
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I ntact U 1  snRNP binds strongly to Q-Sepharose FF. To determine whether the 

RNP eluted from CHT existed as a com plex or as a m ixture of independent 

components , the sample was appl ied to Q-Sepharose FF and eluted with a 

stepwise increase in  salt concentration (F igure 5 .2). Although U 1  snRNP was 

eluted from a Q-Sepharose FF column ,  a smal l amount appeared not to have 

bound to the column.  
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Figure 5.2 Purification of U 1  snRNP CHT elution on Q-Sepharose FF 

CHT 1 00 mM phosphate elution was appl ied to a Q-Sepharose column equi l ibrated in 
20 mM Tris-HCI pH 7.5, 80 mM KC!. Fractions were eluted with increasing KCI 
concentrations. The elutions were analysed by SOS-PAGE. Proteins were visualised 
by A: Coomassie stain and B: Western blotting and immunoprobing with an anti-Sm(+)  
patient serum.  Lanes: 1 ,  CHT elution ; 2 ,  Q-Sepharose non-bound; 3 ,  0 .25 M KCI ; 4, 
0 .4 M KCI ;  5 ,  1 M KC! . 

An alternative strategy was tria l led to e lute RNP bound to CHT with the a im of 

obta in ing ind ividual RNP components. By adding u rea (5 M) to the CHT elution 

buffers, the RNP was mainta ined in  a denaturing environment. Even under 

these conditions ,  nucleic acid and p rotein sti l l  co-eluted from the CHT column 

(Figure 5 .3 ) . When this e lution was appl ied to Q-Sepharose FF column equ i l i ­

brated i n  denaturing buffer, however, the majority of the RNP component 

proteins appeared i n  the non-bound fraction (Figure 5.4) .  This indicates 

d issociation of protein from RNA, confirmed by the 260 :280 nm ratio of 0 .706.  

Sti l l  no separation of ind ividual RNP constituent proteins was achieved using 

this approach.  
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Figure 5.3 Effect of urea on the purification of U1  snRNP on CHT 

1 00 

RNP eluted from an anti-RNP matrix in 3 .5  M MgCb was appl ied to a CHT column and 
eluted in 5 M u rea containing i ncreasing amounts of phosphate (P). All fractions and 
elutions were analysed by SOS-PAGE and proteins were visual ised by A: Coomassie 
sta in  and B: Western blot immunoprobed with anti-Sm (+ )  patient serum .  Lanes: 1 ,  
anti-RNP elution; 2 ,  CHT non-bound; 3 ,  5 m M  P wash ;  4 ,  1 00 mM P;  5 ,  200 mM P and 
6 , 500 mM P. 
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Figure 5.4 
Sepharose 

Effect of urea on the purification of CHT elution on Q-

CHT 1 00 mM phosphate, 5 M u rea elution was appl ied to Q-Sepharose column 
equi l ibrated in 20 mM Tris-HCI pH 7 .5 ,  80 m M  KCI ,  5 M urea. Fractions were eluted 
with increasing KCI concentrations. The elutions were analysed by SOS-PAGE.  
Proteins were visual ised by  A :  Coomassie stain  and B: Western blotting and 
immunoprobing with an anti-Sm(+)  patient serum.  Lanes: 1 ,  CHT elution ;  2 ,  Q­
Sepharose non-bound;  3, 0 . 1 5  M KCI ;  4, 0 .25 M KCI ; 5, 0.4 M KCI; 6 ,  1 M KCI .  
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A thi rd strategy, for the separation of ind ividual U 1  snRNP component prote ins ,  

takes advantage of protein  pI . Table 5 . 1  documents the range of pis attributed 

to RNP proteins.  Since the majority are basic protei ns ,  with the exception of 

SmF subun it, it is reasonable to assume that they would b ind to a cation 

exchange matrix l i ke SP-Sepharose under neutral buffering cond itions. 

Table 5 . 1  RNP pis taken from SwissProt 

68K A C B 0 1  02 

6.7-8 .6 1 0 .0 1 0 .4 1 0 .7 1 0 .5 1 0 .2 

03 E F G 

9.8 1 0 .3 3.3 8.8 

CHT elution in  h igh urea concentration was appl ied to a SP-Sepharose colum n  

equi l ibrated in  20 mM Tris-HCI p H  7 . 5 ,  80 m M  KCI , 5 M urea and eluted with 

increasing salt concentration. Nucleic acid content of the S P-Sepharose FF 

fractions was monitored by UV absorbance (Figure 5 .5) .  The nucleic acid 

component of U1 snRNP appears in the non-bound fraction of the S P­

Sepharose matrix, whereas the elution apparently contains protein only. 

Using this strategy, partial separation of RNP specific protein  from Sm com mon 

components was also ach ieved (F igure 5.6) .  I nterestingly, the 68K protein co­

purifies in the first elution (SPE 1 ,  Lane 3) with a 1 4  kOa protein .  Despite sharing 

a simi lar molecular weight to SmD proteins, the 14 kDa protein  reacts poorly 

with the Sm sera used to immunoprobe the western b lot. In contrast, the same 

sera reacts strongly with the "Sm" protein  eluted at h igher ionic strengths 

(SPE2, Lanes 4 and 5) .  

A combination of h igh Mg2+ and urea concentrations, and chromatographic 

separation on a CHT column fol lowed by a SP-Sepharose column, have been 

effective in  d issociating and partia l ly separating the constituent proteins of 

bovine U 1  snRNP. 
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Figure 5.5 UV absorbance spectra of d issociated RNP on SP·Sepharose 

Absorbance spectra were measured from 260 - 340 nm using the appropriate buffer as 
reference. A. spectrum of SP-Sepharose non-bound and B. SP-Sepharose 0 .25 M KCI 
elution (SPE 1 ). 
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Figure 5.6 Separation of RNP proteins on SP·Sepharose 

CHT 1 00 mM phosphate, S M urea elution was appl ied to a SP-Sepharose column 
equi l ibrated in 20 m M  Tris pH 7 .5 , 6 M urea , 80 m M  KCI and eluted step wise with 
increasing KCI concentrations. Al l fractions were analysed by SOS-PAGE.  Proteins 
were visualised by A. Coomassie stain and B. Western blot immunoprobed with a nti­
Sm (+) human patient serum.  Lanes: 1 ,  SP-Sepharose load sample; 2, SP-Sepharose 
non-bound; 3,  0 .25 M KCI; 4 ,  0 .4 M KCI; 5 ,  1 M KCI. 
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5.3.2 U 1 A separation by serendipity 

Determination of anti-68K antibody levels is a specific measure for MCTD. I t  is 

essentia l ,  therefore ,  that the 68K antigen used as a d iagnostic antigen is highly 

purified and free of the less specific U 1 A. Unfortunately, bovine U1 snRNP U 1 A 

protei n  has a s imi lar molecular weight to truncated 68K. A U 1 A specific sera 

was used to test for U 1 A  in the purified 68K in SPE1  (F igure 5 .7) .  

1 2 3 4 

.- U 1 A  

Figure 5.7 Loss of U 1 A  from U 1  snRNP as a consequence of 

dissociation 

I ntact bovine U 1  snRNP (Lanes 1 and 2) and SPE1 fraction from the dissociation of U1  
snRNP (Lanes 3 and 4) were Western blotted onto nitrocellu lose and  their reactivity 
with anti-RNP sera was tested . Lanes 1 and 3 were immunoprobed with a patient sera 
with both anti-68K and U 1 A  specificities; Lanes 2 and 4 were immunoprobed with anti-
68K (-)/anti-U1 A  (+) patient sera. 

The 68K SPE1 fraction contains no detectable U 1 A  by Western blotting, which 

impl ies that U 1 A  has somehow been removed during the purification process. 

Testing each stage of the purification process revealed that most of the U 1 A  

prote in appeared i n  the CHT non-bound fraction . This fraction was buffer 

exchanged into 20 m M  Tris-HCI pH 7 .5 ,  80 m M  KCI ,  1 0  m M  MgCI2 by 

d iafi l tration using regenerated cel lu lose u ltrafi l tration membrane with 30 K 

N MWCO mounted i n  a Sartocon sl ice assembly (Sartorius ,  Gott ingen , 

Germany). The U 1 A  conta in ing fraction was then loaded onto a Q-Sepharose 

FF (20 mL packed bed) column ,  equi l ibrated i n  d iafi ltration buffer. The column 

was washed , and then eluted i n  one step with d iafi l tration buffer conta in ing 0 .5  

M KCI  (F igure 5 .8). U 1 A  is  present in  both non-bound and eluted fractions. The 

relative nucleic acid content of each fraction, however, is d istinctly different. 

Non-bound U 1 A  has a 260:280 ratio of 0.908, whereas ,  the Q-Sepharose 

elution has a 260:280 ratio of 2 .046 . 
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Figure 5.8 Separation of U 1 A  populations on Q-Sepharose 
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Anti-RNP immunoaffin ity elution containing 3.5 M MgCI2 was fractionated on CHT. 
U 1 A-contain ing CHT non-bound was buffer exchanged and loaded onto a Q­
Sepharose FF column.  The column was eluted with equi l ibration buffer contain ing 0 .5  
M KCI. The fractions were analysed on SDS-PAGE and proteins were detected by A: 
Coomassie stain;  B: Western blot and immunoprobed with anti-RNP (+) patient serum 
and C: Western blot and immunoprobed with anti-Sm (+) serum.  Lanes: 1 ,  CHT non­
bound;  2 ,  Q-Sepharose non-bound; 3, Q-Sepharose elution.  

Protein eluted from the Q-Sepharose column was concentrated using a 30 kOa 

cut-off Vivaspin centrifugal ultrafiltration device and fractionated further by size 

exclusion chromatography on Sephacryl S200 equ i l ibrated in tris buffered 

sal ine .  Fractions were analysed by SOS-PAGE and western blot (Figure 5 .9) .  

U 1 A  elutes between 0 .37 and 0.44 of a colu m n  volume which corresponds to a 

molecular weight of 1 80 - 1 00 kDa accord ing to a cal ibration performed using 

IgG, BSA, ovalbumin  and chymotrypsinogen protein  standards.  

Fractions represented by Lanes 2-7 al l  conta in  nucleic acid as determined by 

UV a bsorbance spectra . Peaks of U 1 A  and Sm reactivity with patient sera co­

elute in nucleic acid conta in ing fractions.  However, peak U 1 A  and Sm do not 

coincide with each other i ndicating that these proteins may not be part of the 

same complex and represent d ifferent popu lations. The other proteins observed 
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in F igure 5 .9A are clearly not immunoreactive with the patient sera and are 

therefore i mpurit ies. 
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Figure 5.9 Separation of U 1 A  on Sephacryl S200 

Q-Sepharose elution conta ining U1A was concentrated and loaded onto an Sephacryl 
S200 size exclusion column and separated in Tris buffered saline pH 7.4. The 
fractions were analysed on SDS-PAGE .  Proteins were visual ised by A: Coomassie 
staining and B: Western blotting and immunoprobing with anti-Sm (+) patient serum.  
Lanes: 1 ,  Q-Sepharose elution ;  2- 14 ,  fractions collected from Sephacryl S200 column.  

Bovine U 1 A  protein was successful ly removed from the U1 snRNP specific 68K 

protein by CHT chromatography. Two forms of U 1 A  were isolated , one associ­

ated with an RNA moiety and the other RNA-free,  which did not bind to an an ion 

exchange matrix. 
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5.3.3 Removal of Srn proteins from U 1  68K in SPE1 

Complete removal of Sm protein is  imperative for the use of 68K as a d iagnostic 

reagent. Sm contam ination in SPE 1 was removed by size exclusion chromato­

graphy on Superdex 200. Fractions conta in ing 68K were analysed by EL lSA for 

anti-Sm reactivity i n  addition to SDS-PAGE and western blotting (F igure 5 . 1 0 ) .  

Fractions contain ing 68K free of Sm contamination e luted between 1 60 and 1 80 

m l .  These fractions were pooled and used to determine the d iagnostic perform­

ance of the Sm-free 68K antigen .  

The overal l  yield of 68K from an anti-RNP immunoaffinity elution is presented in  

Table 5 .2 .  68K was isolated to >90 % purity, i n  com mercia l ly viable quantities, 

using a combination of denaturing chromatographic techniques. CHT effected 

the removal of U 1 A, S P-Sepharose removed U 1  snRNA and some SmD 

prote in ,  and size exclusion chromatography separated 68K from the remain ing 

Srn contam inants. 

Table 5.2 Purification yields of Srn-free 68K protein 

Total Protein 

Purification Step Concentration 

(mg/ml)  
Amount (mg) % recovery 

Anti-RN P  affin ity elution 0.451 360 .6 1 00 

CHT Elution 1 1 .025 73.8 20.5 

SP E lution 1 0.561 32.0 8.9 

Superdex 68K pool 0 .400 8 .2  2 .3  
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Figure 5. 1 0  Separation of 68K from Srn by size exclusion 

chromatography 
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SP-Sepharose 0.25 M KCI elution was concentrated to approximately 5 ml and applied 
to a Superdex 200HR column equi l ibrated in 20 mM H EPES pH 7.5 ,  0 .4 M NaCI ,  4 M 
u rea. The elution was monitored at 280 nm and 5 ml fractions were collected from 80 
ml - 240 ml. A: 280 nm absorbance trace. The relative positions of 68K and Sm 
proteins are annotated as determined by: B: SOS-PAGE and Coomassie stain of 
column fractions; C: Western blot and immunoprobing with anti-Sm (+) patient serum .  
Lanes: 1 ,  Superdex load sample; 2- 1 3  fractions collected. 
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5.3.4 Separation of Srn proteins 

Differences in recognition of the Sm-l ike proteins found in SPE1  and SPE2 may 

be due to the specificity of the patient sera used for immunoprobing (see 

section 5 .3 . 1 ). N itrocel lulose strips of western blotted SPE 1 and SPE2 were 

prepared and immunoprobed with a variety of Sm positive and RNP positive 

patient sera (Figure 5 . 1 1 ) . Anti-Sm positive sera consistently recognised the 

S m-l ike proteins in both SPE1  and SPE2 although the response was often 

g reater with SPE2. Some anti-RNP positive sera have a low specificity for the 

S m-l ike proteins in both SPE 1 (Strip 7) and SPE2 (Strip 1 9) .  

1 2 3 4 5 6 7 8 9 1 0  1 1  12 1 3  14  15 16 1 7  18 19 20 2 1  22 23 24 

j 
i , 

I I 
• •  
I 

Figure 5 . 1 1 Reactivity of Srn-like proteins separated on SP-Sepharose 

SPE1  and SPE2 were western blotted onto nitrocel lulose and cut i nto strips 
corresponding to 1 - 1 2  and 1 3-24 , respectively. Each set of strips were immunoprobed 
with the same array of patient sera ie. Strip 1 has the same sera as Strip 1 3  and so on .  
Sera used to immunoprobe Strips 1 ,2 ,7 , 1 1 , 1 2, 1 3 , 1 4 , 1 9 ,23 and 24 are considered anti­
R N P  (+)  and anti-Sm (-) . 

How these Sm-l ike proteins compared to Sm antigen was quantified by ELlSA .  

First both SPE1  and SPE2 S m  proteins were purified by separating on a 

Superdex 200HR size exclusion chromatography column to remove the majority 

of the anti-RNP reacting proteins .  The three antigens, S m ,  S P E 1  Sm and SPE2 

Srn were coated on to Maxisorb (Nunc) microtitre plates at 0 . 1  I-1g per well 

overnight at 2-8 QC. An array of anti-Sm positive and anti-Sm positive patient 

sera were tested for their specificity to the three antigens . SPE 1 and Sm (Panel 
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Figure 5. 1 2  Corre lation of patient sera cohort (n=26) reactivity with Srn 

antigen and the Srn-l ike proteins isolated from SPE1 and SPE2 

Reactivities of purified Srn antigen (AroTec ATS02) ,  SPE 1 Srn and SPE2 Srn to a 
cohort of patient sera contain ing anti-RNP and/or anti-Srn antibodies were compared 
by ELlSA. A. Srn vs. SPE 1 Srn correlation ;  B. Srn vs. SPE2 Srn correlation . The 
dashed line corresponds to the ideal correlation . 
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A) and SPE2 and Sm (Panel B) correlated poorly in their response to patient 

sera (Figure 5 . 1 2) ,  with the SPE2 S m  antigen corre lating particu larly poorly with 

the anti-RNP positive/anti-Sm negative sera indicating that it may sti l l  be 

contam inated with U 1  snRNP specific  prote ins .  

5.3.5 Identification of Srn proteins in  SPE1 and SPE2 

Coomassie stained bands of Sm-l i ke proteins in  SPE1 , separated on Superdex 

200HR (Figure 5 . 1 0B Lane 1 0) ,  and S PE2 (Figure 5 .6A Lane 4) were excised 

and subjected to i n-gel d igestion with trypsin .  Masses of the resu ltant peptides 

were obtained by MALDI-TOF mass spectrometry and then analysed using 

MASCOT. 

The Sm protein  in the SPE1  Superdex fraction was identified as a mixture of 

SmD2 and SmD3 (Figure 5. 1 3), whi le SPE2 contains SmD 1 (F igure 5 . 1 4) .  

Despite not al l  mass peaks being identified ,  sufficient peptide matches were 

obta ined to confirm identity. Peptide coverage for each protei n  was greater 

than 30 % ,  and as expected , regions known to be post-translational ly modified , 

such as the symmetrical d imethylated argin ine (gly-arg-gly) sequences ,  were 

not matched .  

SP-Sepharose chromatography, under  denaturing condit ions, faci l itated the 

separation of SmD1  from SmD2 and SmD3 common core snRNP proteins.  

These proteins responded differently to anti-Sm patient sera i n  both western 

blot and EL lSA immunoassays. 
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VY I RG S K I RFLILPDMLKNAPMLK S MKNKN Q G S GAGRGKAA I LKAQVAARGRGRGMGRGN I FQ 

KRR 

Peptide Observed 

9 - 29 24 1 4.0909 

32 - 5 1  2402.0267 

70 - 78 1 089.6501 

-0. 0495 

-0 .05 1 7  

0 .0 1 25 

Sequence 

VLHEAE GH I VT C E TNT GEVYR 

L I EAE DNMNCQM S N I TVTYR 

F L I LPDMLK 

Figure 5. 1 3  Confirmation of Sm protein  identities in SPE1 

Coomassie stained Sm bands were excised from SOS-PAGE gel  of SPE1 and 
subjected to trypsinolysis. A: M ass spectrum of peptides with Sm identities annotated .  
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B: peptide coverage and peak identities for SmD2. C: peptide coverage and peak 
identities for SmD3. 
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Peptide 

2 1  - 41  

5 1  - 6 1  

67 - 86 

Observed mass 

2209 . 1 030 

1 284 .7277 

2287.2461 

o Sequence 

0.0001 NGTQVH GT I TGVDVSMNT H L K  

0.01 1 9  E PVQLE T L S I R  

-0 .00 1 0  Y F I L P D S L P L DTLLVDVE PK 

Figure 5. 1 4  Confirmation of Srn protein identity in SPE2 

Coomassie stained Sm bands were excised from SOS-PAGE gel of SPE2 and 
subjected to trypsinolysis. A: Mass spectrum of peptides with Sm identities annotated. 
B: peptide coverage and peak identities for SmD1 . 

5.3.6 The influence of u rea concentration on U1 snRNP dissociation 

CHT chromatography of the a nti-RNP i m munoaffinity 3 .5  M MgCb elution and 

subsequent e lution with 80 m M  phosphate buffer contain ing 5 M urea is  

effective i n  a lmost completely d issociating the U 1  snRNP complex into its 

constituent proteins. To examine the effect of the denaturan t  u rea on the 
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stabi l ity of the U 1  snRNP complex more closely, batch wise e lution from 

hydroxyapatite (HT) was carried out in  u rea concentrations ranging from 0 - 7 

M with 1 8  increments.  Each elution was then buffer exchanged into 20 m M  

Tris-HCI p H  7 . 5 ,  0 .08 M KCI contain ing the same urea concentrat ion a s  used to 

elute the protein from HT. The d issociation of U 1  snRNP was then determined 

by measuring the amount of protein eluted from SP-Sepharose with 20 m M  

Tris-HCI pH 7 . 5 ,  0 . 5  M KCI contain ing the relevant urea concentrations. 

The protein  in  each SP-Sepharose elution was assumed to be d issociated from 

U 1  snRNA. The dissociated protein  concentrations were thus plotted against 

urea concentration to obtain a curve sim i lar to that observed for the 

determination of protein conformational stabi l ity (Figure 5 . 1 5) (Pace et al. , 1 990; 

Gupta and Ahmad, 1 999b).  Curves were analysed using the same strategies 

as those used for protein  stabi l ity measurements. 

Assuming an equi l ibri um exists between undissociated and d issociated U 1  

snRN P, th is equi l ibrium can be expressed as a constant K using equation 5 . 1 .  

Equil ibrium constant (K) = (Yu - y)/(y - Yd) 5.1  

Where y ::: measured parameter i .e .  total protein at  a g iven u rea concentration; 

Yu ::: amou nt of undissociated U 1  snRNP;  Yd ::: amount of d issociated U1 snRNP .  

Values for undissociated and d issociated U 1  snRNP were calculated by 

extrapolating the pre-transition (Yu ) and post-transit ion (Yd ) regions of the curve 

(Figure 5 . 1 5) .  K was then calculated for a g iven urea concentration with in the 

transit ion region and related to Gibb's free energy change using equation 5 .2 .  

�G = -RT In K 5.2 

Where 8G ::: change in G ibb's free energy; R = gas constant ( 1 .987 

cal/degree/mol) ;  T = temperature (Kelvin)  i .e .  0 QC = 273.2 K; K = Equ i l ibrium 

constant calculated us ing equation 5 . 1 .  
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Figure 5. 1 5  U rea induced dissociation curve for bovine U1  snRNP 

Anti-RNP immunoaffinity elution containing 3 .5 M MgCb was applied batch-wise to  HT 
and then the RNP eluted with 0 .25 M phosphate buffer containing i ncrements of urea 
from 0-7 M. The elutions were buffer exchanged into 20 mM Tris-HCI pH 7 .5 ,  80 m M  
KCI containing the same urea concentration a n d  applied to a SP-Sepharose column.  
After elution with buffer containing 0.5 M KCI and increments of urea , protein content 
was determined and the amount plotted against u rea concentration .  Linear regression 
is applied to the pre-transition and post-transition reg ions of the curve to calculate Yu 
(undissociated) and Yd (dissociated) values, respectively. The closed circles represent 
the mean of three repl icate experiments. 

The results are d isplayed in Table 5 .3 .  

L\.G was plotted against u rea concentration to estimate the stab i l ity of U1 snRNP 

as an anti-RNP affin ity elution in  the absence of u rea, L\.G (H20)  (F igure 5 . 1 6) .  
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Table 5.3 Analysis of transition region from the U1  snRNP urea 

d issociation curve 

U rea (M) Y K � G (callmol) 

2 .75 1 02 .352 0 .203 884 .095 

3 .00 1 5 1 . 1 75 0 .389 523 .673 

3.25 1 82. 1 3 1 0 .536 345 .595 

3 .50 233.720 0 .885 67.5550 

3 .75 280.857 1 . 384 - 1 80 .373 

4 .00 331 .859 2 .36 1 -476.756 

4 .25 389.475 5 .351 -930.506 
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Figure 5. 1 6  Relationship between �G and U 1  snRNP dissociation as a 

function of urea concentration 
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The open circles show the observed fiG calculated using equation 5.2 and presented in 
Table 5 .3 . The dorted l ine shows the l inear extrapolation from the data for which the 
l inear regression equation is d isplayed . 
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Assuming that the relationship between �G and u rea concentration remains 

l inear, L\.G can be extrapolated to 0 M u rea by l inear regression us ing equation 

5 .3 .  

�G = �G (H20) - m [urea] 5.3 

Where L\.G = change in Gibb's free energy; L\.G(H20) = Gibb's free energy in the 

absence of denaturant; m = l inear regression g radient (L\.G/[urea] ) ;  [u rea] = u rea 

concentration. 

According to F igure 5 . 1 6 ,  the estimated L\.G(H20) is 4.0 1 9  kcal/mol and m is 

1 . 1 39 kcal/mol/M . The concentration of u rea giv ing half d issociation of anti­

RNP affin ity elution [urea] 1 /2 i s  calculated by �G(H20 )/m,  therefore ,  [urea]1 /2 is 

3 .5  M .  

5.3.7 The influence of MgCh concentration on U 1  snRNP d issociation 

To determine the i nfluence of high MgCI2 concentration on the d issociation of 

U 1  snRNP,  an anti-RNP immunoaffin ity e lution was d ia lysed into 20 m M  Tris­

HCI pH 7 .5 ,  0.4 M KCI , 1 0  m M  MgCI2 . Experiments d escribed in the section 

above were then repeated using the dialysed, low MgCI2 concentration , U 1 

snRNP as the sample. B riefly, d ialysed U 1  snRNP was mixed batch-wise with 

HT equ i l ibrated i n  the dialysis buffer, and eluted with a series of 0.25 M 

phosphate buffers conta in ing urea i ncrements . The elutions were buffer 

exchanged and then appl ied to a SP-Sepharose column .  E luted prote in  a mount 

was determ ined and plotted against u rea concentration (F igure 5 . 1 7) .  

The MgCI2 concentration of the sample appl ied to HT has a s ign ificant i nfluence 

on the abi l i ty of u rea to d issociate the U 1  snRNP complex. Very l i ttle d issoci­

ation of the U1 snRNP was achieved u sing an immunoaffin ity elution d ia lysed 

into a low MgCI2 concentration buffer. E lution of HT and S P-Sepharose colu mn 

with buffer contain ing 7 M u rea only gave 30 % of the expected snRNP protein  

concentration .  Ideal ly, d issociation curves should be  used only i f  the dissoci­

ation is complete. This data was not processed further. 
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Figure 5.1 7  Influence of urea concentration on Q-Sepharose purified U1  

snRNP 

U 1 snRNP was dialysed into low MgClz containing buffer, appl ied to CHT and eluted 
with 0.25 M phosphate buffer containing incremental urea concentration. After buffer 
exchange into 20 mM Tris-HCI  pH 7.5 ,  80 m M  KCI containing various urea 
concentrations , the samples were applied to SP-Sepharose. The eluted protein was 
determined and plotted against urea concentration .  The open triangles represent the 
mean of three experimental repl icates. The dotted l ine represents the protein 
concentration expected for d issociated U1 snRNP. 

Bovine U 1 snRNP was not d issociated into its constituent proteins and nucleic 

acid soley with high u rea concentration . Dissociation occurred in two stages, 

h igh MgCI2 was requ i red to destabi l ise the U 1  snRNP complex, and then u rea 

was able to effect d issociation. When bovine U 1 snRNP was first destabi l ised 

in buffer contain ing 3.5 M MgCb at 2-8 cC, 3.5 M u rea was calculated as the 

a mount requ i red to half d issociate U 1  snRNP .  

5.3.8 Effect of removing denaturant from purified bovine 68K protein 

U rea is clearly necessary to promote dissociation of the U1 snRNP complex 

and to faci l itate the purification of the 68K prote in .  However, i t  is possible that 
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the major conformational epitope with i n  68K m ay be affected by the presence of 

any denatura nt (Wel in-Henriksson et al. , 1 999) .  Native conformation is more 

l i kely to be adopted i n  a non-denaturing buffer. The effect of buffer exchang ing 

68K protein  into buffers contain ing decreasing u rea concentrations was 

examined (Figure 5 . 1 8) .  
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- 600 c 0 
:;::; 500 et! L-..... c 400 ID t.) c 300 0 t.) 
c 200 
ID ..... 1 00 0 L-
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0 
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Figure 5. 1 8  The effect of removing urea from purified bovine 68K 

Purified 68K formulated i n  20 mM HEPES pH 7.5,  0 .4 M NaCI ,  6 M urea was dialysed 
against the same buffer contain ing decreasing urea concentrations for 20 hours. The 
bar chart represents the protein concentration measured after dia lysis against the urea 
concentration .  The experiment was performed in  dupl icate and the standard error is 
shown. 

There is a significant d rop in 68K concentration when it is d ialysed i nto a b uffer 

conta in ing no u rea . The native structure of 68K was not restored simply by 

removing the denaturant, u rea. 

5.3.9 The use of RNAse to dissociate U1 snRNP 

Human U1 snRNP has been successfu l ly d issociated us ing ribonuclease 

d igestion (Achsel et al. , 1 999). This strategy was tria l led as a method to 

d issociate bovin e  U 1  snRNP instead of using a denaturant such as u rea. The 

aim was to produce 68K a ntigen in  its native form . Ribonuclease T1  was added 

to purified U1 snRNP and incubated at 37 QC for 1 hour. The RNP component 

proteins bound to the S P-Sepharose,  but when eluted they sti l l  contained h igh 
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levels of nucleic acid as determined by UV absorbance (Figure 5 . 1 9) .  The 

A260:A280 ratio is 1 .52 which is consistent with nucleic acid being  present, 

a l though the ratio was lower than that for U 1  snRNP prior to ribonuclease 

treatment. 
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Figure 5. 1 9  Ribonuclease induced U 1  snRNP dissociation 

Bovine U1 snRNP was incubated with 700 un its of Ribonuclease T1 for 1 hour at 37 QC 
before being applied to  a SP-Sepharose column.  Bound material was eluted with 20  
mM Tris-HCI pH 7 .5 ,  1 M KCI . A: Absorbance spectrum of  the eluted materia l .  B :  
Western blot analysis on SOS-PAGE of  SP-Sepharose fractions probed with anti-Sm 
(+)  patient serum.  Lanes: 1 ,  ribonuclease treated U 1  snRNP; 2, SP-Sepharose non­
bound; 3 ,  SP-Sepharose elution .  

The S P-Sepharose elution was concentrated and applied to a Superdex 200HR 

s ize exclusion column.  SOS-PAGE analysis showed that there was no 

separation of the 68K and Sm components. Therefore, this approach to 

d issociating bovine U 1  snRNP was therefore abandoned without further  

i nvestigation. 

5.3. 1 0  Purified bovine 68K versus recombinant 68K (r68K) in  ELlSA 

To compete as a commercial reagent for d iagnosis of autoimmune d iseases, 

purified bovine 68K must compare favourably with recombinant antigens that 

are currently avai lable .  Microplate ELlSA is the most common format used in  

d iagnostic testing . To determine the optimal antigen concentration to  coat 
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ELlSA plates for antigen comparisons, purified 68K was titrated against bovine 

U 1  snRN P using standard anti-RNP and anti-Srn sera (F igure 5 .20) . 

A 

3 

E 2 .5  c ·1:). 
0 I.{) 

2 � 
@) 
Q) 1 . 5 
u 
c 
C';l 

..0 1 t-o Cl) ..0 0.5 « 

0 

0 1 2 3 4 
Coating concentration / )..lg/ml in  

1 00 J.ll 

8 

3 

E 
c 2.5 

0 I.{) v 2 
@) 
Q) 1 .5 u c C';l ..0 1 t-o Cl) ..0 

« 0 .5  6. 
6. 

0 

0 2 3 4 
Coating concentration I )..lg/ml in 

1 00 )..ll 

Figure 5.20 Optimal purified 68K coating concentration in ELlSA 

Bovine U 1 snRNP (open circles) and purified 68K (open triangles) were titrated by 
serially d i luting into microtitre p lates. Each titration was incubated with either A: 
standard anti-RNP (+) serum d i luted 1 : 1 00 ;  or B: standard anti-Sm (+ ) serum di luted 
1 : 1 00 .  
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The 68K antigen titrated wel l  with anti-RNP sera and produced the optimal 

response d ifference with anti-Sm sera at 0. 1 f.lg per well coating.  This coating 

amount was used for all subsequent experiments . 
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Figure 5.21 Reactivity of anti-Srn sera with bovine and recombinant 68K 

Purified bovine 68K, r68K and bovine Srn antigens were coated onto ELlSA plates at 
equal concentrations then probed with a cohort of anti-Sm (+) patient sera (n=39). A: 
Purified 68K correlated with bovine Sm.  B: Purified 68K correlated with r68K. The 
dashed l ine represents a perfect correlation between data. 

A cohort of anti-RNP and anti-Sm patient sera were then tested by EL lSA for 

reactivity with bovine U 1  snRNP,  bovine Sm,  recombinant U 1 A, recombinant 

68K, recombinant U 1 C and purified bovine 68K. Correlation of Srn against the 

68K protei n  was obtained by plotting their respective reactivity data . F igu re 5 .2 1  
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presents two graphs: one correlates the responses of bovine 68K with Sm 

antigen to verify the removal of Sm from the purified 68K, and the other i l lus­

trates how bovine 68K and the r68K respond to anti-Sm sera . 

I n  general , anti-Sm sera reacted poorly with purified bovine 68K antigen 

ind icating that the purified 68K antigen was substantial ly Sm-free (Figure 

5. 2 1 A). However, anti-Sm sera are often polyspecific, that is ,  i n  add ition to anti­

Sm antibodies they may conta in autoantibodies to multiple antigens includ ing 

U 1  snRNP constituent proteins .  Some of the anti-Sm sera tested were reactive 

with 68K antigen .  Responses of these polyspecific anti-S m  positive patient sera 

with bovine 68K and r68K correlated wel l ,  although ,  the a utoantibody 

recognition of the recombinant antigen is general ly lower than the purified 

antigen (F igure 5 . 2 1 8) .  

Reactivities of purified bovine 68K and r68K were compared by screening with 

48 ant i-RNP patient sera (F igure 5 .22).  Responses to bovine 68K and r68K 

correlated very wel l ,  although ,  the sera responded better to bov ine 68K as 

indicated by the response variation from the dashed l ine .  There was an a lmost 

perfect agreement of the bovine U 1  snRNP and the purified 68K protein with 

sera responding to 68K antigen ,  however, it is clear that some anti-RNP sera 

may be reacting strongly to other U 1  snRNP components. 

The responses of 68K and recombinant U 1 A  and U 1 C  antigens to anti-RNP 

sera were correlated (Figure 5.23). There was some correlation i n  the 

responses of some anti-RNP sera to U 1 A  and 68K. However, no clear 

relationsh ip  between 68K and U 1 C  response was establ ished . 

I n  summary,  68K was successful ly purified from anti-RNP i mmunoaffin i ty 

elutions .  The purification process was dependent on both h igh  MgCI2 and u rea 

concentration for effective depletion of U 1 A, SmD and U 1  snRNA. Purified 68K 

was d emonstrated to be free from contaminating U 1 A  and SmD proteins by 

western blot and EL/SA immunoassay. The purified antigen was superior to 

r68K i n  its responses to both anti-Sm and anti-RNP patient sera . 
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Figure 5.22 Reactivity of anti·RN P sera with bovine a n d  recombinant 68K 

Purified bovine 68K, U 1  snRNP and r68K were coated onto ELlSA plates at equal 
concentration and probed with a cohort of a nti-RNP patient sera (n=48). A: Purified 
68K correlated with r68 K .  B: r68K correlated with i ntact bovine U 1  snRNP. C: Purified 
68K correlated with bovine U 1  snRNP. The d ashed line represents a perfect 
correlation between data . 
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Figure 5.23 Relationship between purified 68K and the U 1 A1U 1 C  snRNP 

components 

Purified bovine 68K and recombinant U 1 A  and U 1 C  were coated onto EL/SA plates at 
equal concentration and probed with a cohort of anti-RNP patient sera (n=48). A: 
Purified 68K correlated with recombinant U 1 A. B: Purified 68K correlated with 
recombinant U 1  C. 
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5.4 Discussion a n d  Future Work 

1 25 

Bovi ne U 1  snRN P constituent proteins were successfully d issociated from U 1  
s nRNA and the i ndividual proteins were purified as i l lustrated i n  F igure 5 .24. 
Purified 68K p rotein was shown to contai n  no SmO prote i n ,  and was used to 
d etermine the titre of a nti-68K antibodies i n  patient sera . 
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5.4. 1 CHT facil itates U 1  snRNP dissociation 

1 26 

Ceramic hydroxyapatite was proven to be an effective media for separat ing and 
pu rifying com ponents of U1 snRN P .  The u n ique abi l ity of the media to bind 
protein i n  h igh ionic strength buffer faci l i tated the destabi l isation of U 1  snRNP 
and i ts subsequent d issociation in  5 M u rea.  

The capacity of  CHT to b ind U1 sn R N P  under these cond itions is  surprising.  
CHT works by mixed mode absorption ,  that  is,  i t  contains both anion and cation 
exchange modal it ies. Both high ionic concentrations and as l ittle as 3 mM 
MgCI2 have been used to elute prote ins bound to CHT (Gorbu noff, 1 984a; Borsi 
et al. , 1 986).  In general , basic protei ns a re more l i kely to elute with low levels of 
MgCI2,  whereas, acidic proteins ca n withstand h igh levels such as 3 . 5  M MgCI2 
(Gorbu noff and Ti masheff, 1 984b) .  G iven that al l  U 1  snRN P com ponent 
protei ns are h ighly basic, with the exception of SmF, an alternative b ind ing 
mechanism p robably accounts for U 1  s n R N P  bind ing.  CHT is u sed routinely to 
pu rify nucleic acids because they are able to bind to the matrix under a variety 
of condit ions (Bernard i ,  1 971 ; Martinson,  1 973).  It is conceivable that U 1  
snRNP binds to CHT under h igh ion ic strength by virtue of the ri bonucleic acid , 
implying that U 1 snRNP is intact in 3 . 5  M MgCI2 d u ring appl ication to C HT. This 
theory is compl icated by the i nabil ity of U 1 A, and a putative S m D  prote i n ,  to 
bind to CHT u nder h igh MgCI2 concentrat ion.  

5.4.2 U1A binding with U1 snRNP is d isrupted in 3.5 M MgCh 

Both U 1 A  and 68K are reported to have very h igh affi nit ies for the U 1  sn RNA 
moeity, with an equ i l i briu m  d issociation constant (Ko) � 1  0-9 M (Bach et al. , 1 990;  
Lutz-Freyermuth et al. , 1 990).  Despite the h igh affi nity , Bach et al. ( 1 990) 
depleted U 1 A  from U 1  snRNP using an ion exchange chromatography at a 
temperature of 3 7  QC leaving 68K and S m  p roteins sti l l  attached to the RNA. 
Thi s  result is  consistent with the observations i n  this study in  the p resence of 
3 .5 M MgCb. 

U 1 A  interaction with U1 sn RNA through a RNA recog nition motif (RRM) has 
been used as a model for high affi n ity prote i n : RNA interactions a nd is  wel l  
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characterised . RNA binding is thought to occur via a n  i nduced fit mechanism 
which rel ies  on the inherent flexibi l ity of the U 1 A  RRM (Wil l iamson , 2000; 
Showalter and Hal l ,  2003) .  The N-terminal RRM domai n and the U 1  snRNA 
hairpin 1 1  structure are shown i n  Figure 5.25. Association and stabi l isation of 
U 1 A  with the U 1  snRNA hairp in  1 1  structure occurs in  two independent steps . 
E lectrostatic i nteractions favour U 1 A  association , and hydrogen bond ing o r  
stacking i nteractions are i mportant for complex stab i l ity (Katsam b a  e t  al. , 200 1 ) .  
More recently, specific electrostatic i nteractions were shown to play a role i n  
U 1 A: R N A  complex stabi l ity (Law e t  al. , 2006). Disru ption of electrostati c  
interaction and hydrogen bond i ng by MgCI2 may be responsible for the specific 
d issociation of U 1 A. 
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Figure 5.25 U1 snRNA hairpin " i nteraction with U 1 A  

U 1 A  interacts with the U 1  snRNA hairpin 1 1  structure via its N-terminal RNA recognition 
motif (Adapted from Law et al. , 2006). A:  U1 snRNA hairpin I I  structure. Nucleotides 
interacting with U 1 A  are boxed . B: N-terminus of U 1 A  1 -1 01 . Structural features and 
RNA recognition sequences are u nderl ined and overl ined respectively. 

Disru pt ing the secondary structure of the hairp i n  1 1 ,  with h igh MgCI2 concent­
ration for example, may result i n  d issociation of U 1 A. Retention of the hairpi n 1 1  
structure i s  critical for U 1 A  binding affinity. Two forms of U 1  s nRNA ( U 1 a  and 
U 1 b)  a re found in mouse and h ave sl ightly d ifferent ha irp i n  1 1  structures. 
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Consequently thei r  affi ni ties for U 1 A  a re s ign ificantly d ifferent ( Bach et al. , 

1 990). 

Bovine U 1 A in the C HT non-bound appears to exist in two populations, one 
associated with RNA and the other RNA-free.  Attem pts were made to deter­
mine the type of RNA that U 1 A  was associated with , and although the results 
were not conclu sive, i t  seemed l ikely that U 1 A  was associated with U 1  snRNA. 
I t  is  not clear whether U 1 A  and U1 snRNA are actual ly associated in the 3.5 M 
MgCb buffer or whether they become associated u pon buffer exchange i nto low 
ionic strength buffer. This could be clarified by separatin g  the CHT non-bound 
components using size exclusion chromatography with buffer conta i n i ng 3.5 M 
MgCI2.  

S m  protein that appeared in the CHT non-bound fraction is  also associated with 
a U 1 -l ike RNA. This Sm p rotei n  is not necessarily associated on the same R NA 
moiety as U 1 A. S ize exclu sion experiments demonstrated that peak q uantities 
of U 1 A  a nd Sm did not co-elute and , therefore , these protei n/RNA complexes 
may exist in d istin ct populations.  

According to estimates by O'Connor et al. ( 1 997),  as m uch as 3 % of the total 
cel lu lar U 1 A  protei n  is present as U 1  sn R N P-free U 1 A  (SF-A). SF-A forms part 
of a complex with a n u mber of proteins which are involved in  spl ic ing and 
polyadenylation reactions (Lutz et  al. , 1 996; Lutz et al. , 1 998; Liang and Lutz,  
2006) .  U 1 A that is non-RNA associated may belong in this category and is 
worthy of furthe r  investigation.  A ran ge of proteins were fou nd in  the CHT non­
bound fraction , so western b lotting with a ntibodies specific to S F-A complex 
proteins would clarify whether U 1 A  protei n  has s imply d issociated from U 1  
snRNP or is a legit imate part of the SF-A complex. 

The amou nts of 68K a nd U 1 A  protei ns in bovine U 1  snRNP deviate from the 
expected 1 : 1 stoichiometry ( Hochleitner et  al. , 2005) .  A greater amount of 68K 

tha n  U 1 A was recovered d u ri ng the d issociation of U 1  snRNP.  Modification of 
the U 1  snRNP constituent protei ns d u ring cel l  d eath contributes to the d isparity 
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i n  stoichiometry as evidenced by the absence of U 1 C . There have been no 
reports of cel l  death , by either apoptosi s  or necrosis, affecting the integrity of 
U 1 A, and hence d istu rbing U 1  snRNP stoichiometry. 

5.4.3 Bovine U 1  snRNP is destabilised by the loss of U 1 A  

Fractionation of U 1 A  from U 1  snRNP duri ng CHT chromatography i n  high 
MgCI2 concentration may contri bute to the destabi l isation of the remain ing U 1 
s n R N P  complex. Elution of U 1 snRNP from CHT in  the presence of 5 M urea 
was sufficient to dissociate the complex. However, when d ia lysed into low ionic 
strength buffer and appl ied to CHT, U 1  snRN P obtained by anti -RNP 
i m m unoaffinity chromatography d id not d issociate, result ing in  no loss of  U 1 A  
from the complex. Add ing urea to the CHT elution buffers i n  this case was also 
not sufficient to dissociate the U 1 snRNP com plex. 

It  is proposed that h igh MgCI2 destabi l ises the U 1  snRN P complex (Satoh et al. , 
1 994), result ing in  the d issoci ation of U 1 A protein from the complex with the 
concomitant reduction in the affin ities of the 68K and Sm proteins for U 1  
sn RNA. As a consequence ,  the Gibb's free e nergy, a measure of structural 
stab i l ity of the complex, is red u ced. This s imply means that a relatively smal l  
a mount of denaturant (urea) is  required to com pletely d issociate the com plex 
a l lowing isolation of the ind ividual prote ins .  I n  the absence of high MgCb 
concentration , the snRNP complex is  h ighly stable, as only partial  d issociation 
can be achieved , even at 7 M u rea.  It is  possi b le that othe r  dissociants such as 
g uanad in ium hydrochloride cou l d  be used in  conj u nctio n  with CHT. H owever,  
the extremely h igh ionic strength of this denaturant i s  not compatible with the 
ion exchange method used to establ ish dissociation .  

The use of more sophisticated methods such as c ircular  d i chroism may be able 
to establ ish whether structu ra l  or conformationa l  changes have occu rred in  U 1  
snRNP due to h igh MgCb. The i mpact of U 1 A  depletion on U 1  snRNP 
conformation could be assessed in  a s imi lar  way. An a lternative approach 
wou ld be to deplete U 1  s n R N P  of U 1 A  using CHT and elute the complex in non­
d enatu ring buffer. U 1 A-free U 1  snRN P cou ld be reappl ied to CHT, eluted with 
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buffers conta in ing u rea, and the degree of d issociation determined by S P­
Sepharose chromatography. 

No d istinction i s  made between dissociation (of protei n  or RNA) o r  denatu ration 
i n  the d issociation experi ments conducted i n  th is  study. The val ues calculated 
for Gibb's free energy are approximations a n d  may be an over-simpl ification of 
U 1  s n R N P  complex d issociation.  Gibb's free energy is usual ly determ i ned for a 
s ing l e  protei n  through denaturation experiments . U nfortunately no exam ples of 
its u se i n  the measurement of complex d issociation were fou nd i n  the l iterature .  

5.4.4 Non-denaturing U1 snRNP dissociation 

Achsel et al. ( 1 999) used ribonu clease T1 to d issociate the human U4 . U5 . U6 tri­
s n R N P  particle and investigate LSm proteins on U 6 .  Ribonuclease d i gestion of 
bovine U 1  snRNP was attempted as a non-denatu ring approach to d issociate 
and purify i ndividual  U 1  snRNP protei ns.  Ribonuclease T1 hydrolyses after 
guanosine n u cleotid es of si ngle stranded RNA and successful ly  d igests U 1  
snRNA sufficiently to al low the snRN P p rotei ns to b ind to S P-Seph a rose media.  
I t  is  clear that not a l l  the n ucleic acid was hydrolysed because it  was p rotected 
by the associated p roteins.  Rather than d issociating the complex, the p roteins 
were 'cut out' of U 1  snRNA. Furthermore ,  the protein/nucle ic ac id  mixtures 
could not be separated , either by salt g radi e nt e lution from S P-Sepharose 
medi a  or by size exclu sion chromatography. 

Sum pter et al. ( 1 992) used a d ifferent non-denaturing d issociatin g  method with 
buffers conta i n ing monovalent cations at pH 5 . 5  a nd an anion exchange matrix.  
This method was u sed to s uccessful ly  d issociate human U 1 snRNP,  but did not 
achieve d i ssociation of the bovine U 1  snRNP com plex (unreported results, th is  
study).  S pecifical ly,  the recovery of R NA-free p roteins was low and the re was a 
tendency for the 68K p rotein to preci pitate . Despite the a pparent elegance of 
this m ethod , it was not u sed to isolate bovine 68K. 
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5.4.5 68K may ol igomerise by coiled-co i l  interaction 

The lack of human 68K protei n  recovery was noted by Sumpter et al. ( 1 992) 

and,  in fact, paral lels attempts in this study to exchange denatured bovine 68K 

i nto non-denaturing buffer. There is no explanation offered in  the l iterature for 

the observed 68K aggregation .  Exam i nation of 68K primary structure shows 

regions of mixed-charge (gl u-arg) repeats . I nteresti ngly, this mixed charge 

repeat potentia l ly contai ns the heptad repeat common to coi led-coil  structures 

(F igure 5.26).  The 68K sequence was entered i nto MATCHER, an algorithm for 

determin ing paired coi l  or coi led-coi l  structures. I ndeed , two reg ions a l igned to 

coiled-coi l  heptad repeats and are annotated in F igure 5.27.  

Coil B Coil A 

Figure 5.26 Paired coil structure of 68K 

This image was taken from the MATCH ER site (http://cis . poly.edu/-jps/coi lco i l . html) .  It  
i l lustrates the heptad repeat which forms the coil (a , b , c,d , e ,f,g)  where each letter 
represents an amino acid . Coi l  A intercalates with coi l  B, which can be a coi l  from:  
with i n  the same protein ;  a nother molecule of  the same prote in ;  a different protei n ,  to 
form a paired coi l  structure .  

68K partici pates in  a n u m ber of protein-prote in i nteractions during the course of 

m RNA spl ic ing (Cao and Garcia-Bl anco, 1 998).  It can be speculated that the 

spl ic ing factor ASF/S F2 , which a lso contai n s  g l u-arg repeat regions,  i nteracts 

with the 68K RS 1 region through a paired-coi l  mecha nism.  A s imi lar  mecha nism 

may be responsible for l i nk ing U 1  snRNP and U2 snRNP via the U 2  auxi l iary 

factors 1 (35 kOa) and 2 (65 kOa),  which both contain glu-arg repeat reg ions 

(Boukis,  2004 ) .  Indeed , coi led-coi l  mediated protei n-protein interactions occur 

in other nuclear prote ins (Kataoka et al. , 1 995) .  
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Another property of g lu-arg proteins is thei r  propensity to form a speckled 
pattern in the nucleus when overexpressed , which can be observed by i m m u no­
fl uoresence m icroscopy (Yanag isawa et al. , 2000).  This nucl ear  speckle 
pattern is  often observed in  ANA screening of a nti-RN P patient sera by i n d i rect 
i m mu nofluoresence on i m mortal ised Hep-2 cel ls .  The speckles are thought to 
represent deposits of stored snRNP (Zieve and Khusia l ,  2003). 

1 MTQFLPPNLLALFAPRDPI PYLPPLEKLPHEKHHNQPYCGIAPYIREFEDPRDAPP PTRA 

6 1  ETREERMERKRREKIERRQQEVETELKMWDPHfDPNAQGDAFKTLFVARVNYDTTESKLR I 
1 2 1  fEFEVYGP IKRIHMVYSKRSGKPRGYAFIEYEHERDMHSAYKHADGKKI DGRRVLVDVER 

1 8 1  IGRTVKGWRPRRLGGGLGGTRRG¥ADVNIRHSGRDDTSRYDERPGPSPLPHRDRDRDRERE 

24 1 RRERSRERDKERERRRSRSRDRRRRSRSRDKEERRRSRERSKDKDRDRKRRSSRSRERAR 

30 1 RERERKEELRGGGGDMAEPSEAGDAPPDDGPPGELGPDGPDGPEEKGRDRDRERRRSHRS 

3 6 1  ERERRRDRDRDRDRDREHKRGERGSERGRDEARGGGGGQDNGLEGLGNDSRDMYMESEGG 

42 1  DGYLAPENGYLMEAAPE 

Figure 5.27 Putative coiled-coi l regions in 68K 

The two putative coi led-coi l  regions are highl ighted in red and the RNA binding region 
is boxed. 

It is  thus possi ble that these coiled-coi l  motifs may be responsible for self­
association of 68K protein  in  the absence of U 1 snRNA. The proximity of the N­
term inal coi led-coi l  to the RNA bind i ng domain cou ld prevent i nteraction with 
either the C-term inal coi l  of the same protei n  or other prote ins .  When RNA i s  
removed , ol igomerisation,  a n d  hence precip itat ion, o f  6 8 K  would b e  possi b le .  
Reconstitution or reassociation of 68K with U1 sn RNA by buffer exchanging 
68K and U1 sn RNA together i nto non-denatu ri ng buffer, may prevent 68K 
preci pitat ion.  

5.4.6 Differential reactivity of fractionated SmD proteins 

Sm proteins d issociated from U1 snRN P have been fractionated on S P­
Sepharose by virtue of the i r  h igh pis.  The Sm proteins co-el uting with 68K were 
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identified as SmD2 a nd SmD3,  whereas,  the immunodominant S m D 1  elutes at 
h ig her ionic strength . Each Sm p rotei n  is rich in the basic residues and , 
therefore , trypsinolysis wil l  yield many small peptides and possi ble missed 
cleavages. This is reflected in the low tryptic peptide identification for al l  three 
Sm proteins by mass spectrometry .  I n  addition , SmD 1  and SmD3 contai n  
several sOMA modifications.  Tryptic peptides conta in ing such modifi cation s  
would not b e  identified u s i n g  the conventional peptide finger-printing algorithms. 

Reactivities of a nti-Sm patient sera with purified SmD subu n its correlate poorly 
with i ntact Sm antige n .  Anti-Sm sera contai n  a range of Sm specificities with 
the majority S m D 1  positive , approximately 1 7  % SmD2 , and 22 % SmD3 
( McCla in  et al. , 2002) .  The lack of correlation between intact Sm and purified 
Sm could be explained by these d iffe rences in specificity. Combining the 
purified SmD2, SmD3 and S m D 1  fractions and then re-testing against intact S m  
would he lp  to clarify the d iscre pancies. The S m D 1  preparation appears to 
contai n  non-Sm com ponents which are probably snRNP specific prote ins .  
These contaminants should be removed before any recombination experiment 
is  carried out.  

It is also possible that the a nti-Sm sera contain  a ntibodies specific for conform­
ational  e pitopes . Sub-sets of a utoantibodies specifically recogn ise RNA-bound 
68K protei n  (Murakami et  al. , 2002). RNA boun d  Sm p roteins may s imi larly 
present epitopes that a re either a combination of Sm and U snRNA, or a 
conformation of Sm p rotein  adopted with bou nd RNA. These epitopes a re 
abolished duri ng the purification of the S m D  p roteins under d enaturin g  
conditions.  

5.4.7 Purified Srn-free 68K is superior to the recombinant antigen 

Sm-free 68K was purified in fou r  steps from calf thymus extract in com mercial ly 
viable q uantities. Neither the apparent  u rea- induced loss of 68K structural con­
formatio n ,  nor the lack of RS2 C-terminal  domain ,  had any impact on the 
detection of a nti-68K patient sera in western blot and/or ELlSA immunoassays. 
A very good correlation between the reactivities of anti-RN P sera with purified 
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68K and i ntact U 1  snRN P was obtained . Any d eviation from this correlation 
reflected anti-RNP sera responses to other antige n s ,  in addition to 68K, with i n  
the U 1  snRNP complex. Responses of anti-R N P  sera to r68K and pu rified 
bovine 68K agreed extremely wel l .  I n  genera l ,  the response to purified 68K was 
g reater than for r68K .  This may be due to correct post-translational 
modifications and/or authentic sequence,  neither of which can be attributed to 
the recombinant antigen . Skewed responses, however, cou ld also be due to 
i n correct determination of protein concentration . 

I nterestingly,  the d ifferen ce i n  the responses of a nti-Sm sera to recombinant 
and pu rified 68K was g reater than observed for anti-RNP sera . This d ifference 
i s  too great for protein  concentration alone to be the m ajor contributing factor. I t  
i s  known that r68K protei n  lacks the RS 1 domain  which has been engineered 
out because it acts as an i n h i bitory element ( Northemann et al. , 1 995). Claims 
that RS 1 d oes not contai n  autoepitopes is refuted by epitope mapping studies 
( Pelsue et al. , 1 993;  James et  al. , 1 994b) .  It  can be speculated that the reduced 
response of r68K i n  EL/SA may be due to anti-RS 1 domain autoantibodies.  
More specifically, the dominance of anti-RS 1 autoantibodies associated with 
anti-Srn sera could be an additional marker for SLE d iagnosis.  Further work is 
req u i red to confirm this association.  

This  study aimed to improve and add-value to the use of U 1  snRN P  i n  the 
d iagnosis of MCTD a nd SLE by separating and characteris ing the performance 
of ind ividual U 1  snRNP components. Bovine U 1  snRN P was destabi l ised with 
3 . 5  M MgCI2 and subsequently d issociated with h igh u rea concentrations.  This 
faci l i tated the purification of 68K to homogeneity.  P urified bovine 68K was 
superior to r68K in  its response to both a nti-RNP and a nti-Sm patient sera by 
E Ll SA. 
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Truncation of Bovine U 1  68K 
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6.1 I ntrodu ction 

The protein com position of bovi ne U 1  snRN P pu rified from calf thymus has 
been shown to be d ifferent from human U1 snRNP isolated from HeLa cells 
(Chapter 4). The U 1 C  protei n  is miss ing from bovine U 1  snRNP and both the 
5mB and 68K proteins a re tru ncated.  Truncation of the 68K a ntigen does not 
appear to affect its performance as a d iagnostic reagent i n  the detection of a nti-
68K antibodies i n  SLE and MCTD patie nt sera .  The suscepti bi l ity of the 68K 
protei n  to mod ification by either caspase-3 hydrolys is  or metal-induced 
oxidative cleavage has been characterised (Casciola-Rosen et al. , 1 997; Degen 
et al. , 2000a) .  Particular attention has been g iven to how nuclear autoantigens 
are modified d u ring either apoptotic or necrotic cell death ( Rosen and Casciola­
Rosen ,  1 999; Wu et al. , 200 1 ) .  

Apoptotic cells are cleared by macrophage phagocytosis and do not el icit an 
inflammatory or i mmune response ( Savi" and Fadok, 2 0 00).  H owever, i f  
apoptotic cells are not cleared efficiently, or  there is  a d efect i n  the phagocytic 
mechanism , cel ls can undergo secondary necrosis.  N ecrosis involves 
protease-mediated mod ifications that are independent of caspase and in some 
cases results i n  specific fragmentation patterns of nuclear a ntigens (Casiano et 
al. , 1 998).  Poly(ADP-ribose) polymerase and D NA topoisomerase I (topo I ) ,  for 
example,  are reported to have d istinct apoptotic and necrotic fragmentation (Wu 
et al. , 200 1 ) .  Cel l s  undergoing necrosis are able to e l icit an i nflammatory 
response. Exposure of a neoepitope, created as a result of a ntigen 
modification, to a proinflammatory e nvironment could potential ly trigger an 
auto immune response against that a ntigen (Bondanza et al. , 2004 ) .  

Primary necrosis occurs a s  a resu lt o f  i njury ,  trauma or d eath , whereas, 
secondary necrosis fol lows apoptotic events (Leist and N icotera , 1 997),  and the 
proteolytic pathways fol lowed d u ring the two forms of necrosis a re 
indistingu ishable (Wu et al. , 200 1 ) .  The main necrotic proteases are the 
lysosomal cathepsins B ,  C, H and L (Turk et al. , 2000).  While cathepsin L is 
important in a n u m ber of cellu lar  functions (Tu rk et al. , 200 1 ) , it has been 
specifical ly impl icated in C D4 T-cell selection (Nakagawa , 1 998) ,  epidermal and 
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hair  foll icle homoestasi s  (Roth , 2000) a nd angiogenesis (Felbor et al. , 2000). 

More recently, a role for catheps i n  L in the degradation of the nuclear 
a utoantigen topo I from 1 00 kDa to 70 kDa and 45 kOa necrotic fragments has 
been described (Pacheco et al. , 2005).  The role of catheps in  L in generat ing 
other necrosis specific fragments from d ifferent n uclear a ntigens has not been 
fully d eterm i ned.  

Truncation of 68K i n  bovine U1 snRN P prod uces a d istin ctive and stable 
cleavage pattern, the cause of which is  largely u n know n .  Previous work i n  th is 
study establ ished some of the post-translational modifications of 68K and 
developed a protocol for the purification of 68K for its u se in d iagnostic 
procedures. The experiments presented in this chapter bui ld on th is work by 
explori ng how the 68K antigen is tru ncated , and i nvestigate whether th is is  a 

d i rect consequence of calf thymus gland processi ng . The structural doma i n  
cleaved from bovine 68K is  identified and the consequence of loosing th is 
domain  on d iagnostic performance is establ ished . The effects of the t ime used 
to thaw frozen calf thymus,  prior to processing,  on both the U 1  snRN P 
purifi cation a n d  the 68K antigen trun cation pattern is also determined . I n  

addition ,  the necrotic protease, cathepsin L, is purified and its effects on inta ct 
68K i n  h u m a n  HeLa isolated U 1  s n R N P  is i nvestigated . 
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6.2 Experimental  P rocedu res 

6.2 . 1  Preparation of thymus acetone powders 

Frozen calf thymus, or thymus which had been thawed at 2-8 QC for e ither 4 or 
20 hours ,  was diced and then homogenised with two vol umes of ice cold 
acetone at h igh speed for two m i nutes in a 24CB 1 0  Waring blender. The 
homogenate was centrifuged and the supernatant was discard ed.  The pel l et 
was homogenised with a further two volu mes of cold  acetone and centrifuged 
as above. The pellet was dra i ned to remove excess acetone and then ground 
into a powder. 

Antigens were extracted from the acetone powder as d escribed in section 3.2 . 1 , 
except that a hand blender (Brau n ,  G ermany) was used to homogenise the 
powder with h omogenisation buffer.  Bovine U 1  snRN P  was isolated using a n  
a nti-RN P i mmu noaffin ity matrix .  

6.2.2 Chymotryptic d igestion of 68K 

Bovine purified 68K or recombinant 68K (r68K) was d i luted to 1 M u rea final 
concentration with 20 mM Tris-HCI pH 7 . 5 ,  0 .2  M NaC! . Approximately 6 ).1g 
purified 68K or r68K in 30 ).1L final volu m e  was i ncubated with chymotrypsin 
(Sigma Chemical  Co. ,  St Lou is ,  USA) for three hours at 37 ac. The reaction 
was stopped by the add ition of 1 0  ).1L S OS-PAGE sample buffer and 1 0  ).1L 0 . 2  
M OTT, a nd i ncubated a t  1 00 QC for 9 0  s .  Samples were a nalysed b y  SOS­
PAGE and Western blotting . 

6.2.3 Purification of bovine kidney cathepsin L 

Cathepsin L was purified from bovine kidney according to the m ethod described 
by Sentandre u  et al. (2004) with some m odifications. B ri efly ,  bovine kid ney was 
homogenised in buffer conta i n i n g  1 0  m M  phosphate pH 7 . 4 ,  1 m M  E DTA, 0 .25 
M sucrose. Whole cel ls ,  n u clei a n d  cel lu lar  debris  were removed by 
centrifugation at 4 000 x g for 1 5  m i n utes. The supernatant was centifuged at 
20 000 x g for 20 minutes and the lysosome conta i n i ng pel l et was resuspended 
in 30 mM phosphate pH 5.8, 0 . 1  % w/v Triton x1 00. After homogenis ing the 
pel let with four strokes of a Potter homogeniser (Wheato n ,  USA), the 
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homogenate was frozen at -80 QC . To prepare the lysosomal-rich extract, the 
homogenate was thawed , homogenised again,  and centrifuged at 40 000 x 9 for 
90 minutes .  Solu ble lysosomal extract (supernatant) was fu rther fractionated by 
ammoni u m  sulfate precip itation . Protein precipitated between 30-70 % salt  
saturation was col lected and resuspended in 5 ml  20 mM B is-Tris-HCI pH 6 . 0  
containing 0 .2 M NaCI , 1 m M  OTT , 1 mM EOTA. C athepsin L was subjected to 
Sephacryl S200 size exclusion chromatography fol lowed by SP-Sepharose 
chromatography in 20 mM citrate pH 4 .8 ,  1 mM E OTA, 0 . 5  mM OTT. Cathepsin 
L was eluted from SP-Sepharose using a l inear g radient from 0 - 0.5 M NaCI 
made up in  the same buffer. Cathepsin L activity was detected using a 
synthetic substrate d erivative of para-nitroani l ide,  benzoyl-phe-arg-pNA 
( Bachem ,  Switzerland) ,  and gelat in zymog raphy. 

6.2.4 Cathepsin L digestion of U 1 68K 

H u man U 1  snRNP was purified from HeLa cel ls as described in Chapter 3 and 
buffer exchanged by d iafi ltration i nto e ither 20 m M  H EPES-NaOH pH 7.5,  0 . 2  M 
NaCI ,  0 . 5  m M  OTT, 1 0  % v/v g lycerol or 20 m M  Bis-Tris-HCI pH 6.0 ,  0 .2 M 
NaCI,  0 . 5  mM OTT, 1 0  % v/v glycerol .  Twenty-four I1g U 1  snRNP (pH 7 .5 or p H  
6 . 0 ) was incubated with catheps i n  L for 1 hour a t  3 7  Q C .  The reaction was 
stopped by the 1 :4 addit ion of SOS-PAGE buffer conta i n ing 0.2 M DTT fol lowed 
by heating at 1 00 DC for 90 s .  P rotease inh ibitors (0.5 m M  P M SF, 1 mM E OTA, 
1 0  I1M leupeptin ,  1 mM iodoacetam ide) were added to the control samples to 
exclude possible endogenous proteases . Samples were analysed by SDS­
PAGE and western blott ing.  
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6.3 Resu lts 

6.3.1 Effect of thymus thawing t ime on U1 snRNP composition 

1 40 

C alf thymus used for acetone extraction was sti l l  partia l ly frozen after 4 hours 
and was completely thawed after 20 hou rs at 2-8 QC. Bovine U 1  s n R N P  
composition remai ned very stable over t h e  4 hour thawing period a n d  o nly a 
smal l  molecular weight shift was observed after 20 hours (F igure 6 . 1 ) .  

A 

kOa 

SO-
40-

3 

o 4 20 B 

Truncated 
68K 

cluster 

Sm 
proteins 

o 4 20 Time (hours )  

Figure 6. 1 Effect of thymus thawing time  on bovine U1  snRNP 

Frozen bovine thymus was thawed at 2-8 QC for 0 ,  4 and 20 hours before preparing an 
acetone powder. The powders were extracted and U1 snRNP was purified by anti­
RNP immunoaffin ity chromatography. Purified U 1  snRNP was analysed on S OS-PAGE 
A: Coomassie sta in ;  B: Western blot immunoprobed with anti-RNP patient serum.  

Sm proteins were purified from thymus acetone powders using an anti-Sm 
immunoaffinity colu m n .  Thawing time d i d  not i nfluence the appearance or 
reactivity of the Sm proteins (Figure 6 .2) .  
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Figure 6.2 Effect of thawing time on SmD purification 

1 4 1  

Acetone powders prepared from frozen bovine thymus thawed for 0 , 4 and 2 0  hours 
were extracted and passed through anti-RNP and anti-Srn immunoaffin ity columns. 
The anti-Sm affinity elutions were analysed on SDS-PAGE.  A: Coomassie sta in ;  B: 
Western blot immunoprobed with anti-Sm serum. 

6.3.2 Chymotryptic digestion of bovine 68K 

It is not clear whether bovine 68K antigen is  tru ncated N-termina l ly, C-te rm i nal ly 
or both in necrotic cell s .  A si mple app roach to determ i n i ng C-termi nal  cleavage 
is to examine the polypeptide fragments produced by chymotrypsin  d igestion .  
Chymotrypsin cleaves o n  the C-te rm i na l  side of tryptophan ,  tyrosine or 
phenylalan i ne residues. D igestion of ful l- length 68K p roduces a characteristic 
22 kDa polypeptide fragment encompassing most of the C-termina l  region 
(Woppmann et al. , 1 993)  (F igure 6.3) .  Various amounts of chymotrypsin were 
trialed to d igest 68K a nd to d etermine the a mount req u i red to produce a stable 
68K fragmentation pattern (Figure 6 .4). I n cubat ing 68K with 0 .03 f..1g 
chymotrypsi n  for 3 hours at 37 °C produced a cluster of fragments ranging from 
1 3 . 7  kDa to 1 2 .4 kDa . These fragments were not d etected by western b lot 
i m m unoprobed with anti-RNP sera, suggesti ng that the immunoreactivity of 68K 
is abol ished by chymotryptic d igestio n .  
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MTQFlPPNLLAL�PRDP I P�PPLEKLPHEKHHNQP�GIAPYiREFEDPRDAPPPTRA 

6 1  ETREERMERKRREKIERRQQEVETELKM�PHNDPNAQGDA�TLFiARVNYjTTESKLR 

1 2 1  REFEV�PIKRIHMV�KRSGKPRG�FIE�HERDMHSA�HADGKKI DGRRVLVDVER 

1 8 1  GRTVKGWIPRRLGGGLGGTRRGGADVNIRHSGRDDTSRlPERPGPSPLPHRDRDRDRERE 

24 1 RRERSRERDKERERRRSRSRDRRRRSRSRDKEERRRSRERSKDKDRDRKRRSSRSRERAR 

30 1 RERERKEELRGGGGDMAEPSEAGDAPPDDGPPGELGPDGPDGPEEKGRDRDRERRRSHRS 

36 1  ERERRRDRDRDRDRDREHKRGERGSERGRDEARGGGGGQDNGLEGLGNDSRD�ESEGG 

42 1 DG\LAPENGYjMEAAPE 

Figure 6.3 Chymotryptic  cleavage of 68K 

Amino acid sequence of 68K showing the 22 kOa proteolytic fragment of chymotrypsin 
in  bold ita l ic. The gray arrows i nd icate the predicted cleavage sites of chymotrypsin and 
the black arrows mark the cleavage sites of the 22 kOa RS domain fragment. 

A 0 31 62 1 25 250 500 ng B 0 31  62 1 25 250 ng 

Figure 6.4 Digestion of 68K with increasing amounts of chymotrypsin 

Bovine 68K protein was d igested with 30 - 500 ng chymotrypsin for 3 hours at  37 QC .  
The digests were analysed on SOS-PAGE.  A: Coomassie stain ;  B: Western blot 
immunoprobed with anti-RNP patient serum.  
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Using 0.03 j..tg of chymotryps in ,  the opti m u m  amount established in the previous 
experi ment, a time cou rse of the 68K p rotei n  d igestion was carried out to 
determ i ne the i ncubation time req u i red to achieve a stable partial  digestion 
(F igure 6 .5) .  D igestion for 2-3 hours p roduced a stable 1 3  kDa 68K fragment. 

kDa 0 5 1 0  20 30 60 1 20 1 80 Time (mins) 

50 -
40 -

30 - . 
25 -

20 -

1 5 -

1 0 -

. '  . 
• 

Figure 6.5 Time course of 68K d igestion with chymotrypsin 

Bovine 68K was digested with 0 .03 /1g chymotrypsin for different times at 37 DC. The 
d igests were analysed by SOS-PAGE with Coomassie staining. 

A 
220 DERPGPSPLP HRDRDRDRER ERRERSRERD KERERRRSRS RDRRRRSRSR 

270 DKEERRRSRE RSKDKDRDRK RRSSRSRERA RRERERKEEL RGGGG�P 

320 S�GDAPPD� 3 1 6 

322 329 
Observed MW Calculated MW 

B 220 ., 3 1 6 1 2.4 1 2.43 

220 ., 322 l 3 .0 1 3 .02 

220 --I 329 l3 .7  1 3 .68 

Figure 6.6 Potential truncation s ites of bovine 68K 

A: Partial sequence of the major 68K chymotryptic peptide with possible cleavage sites 
annotated. B: The arrows indicate the proposed chymotryptic peptides with their 
observed weights compared to weights calculated using SwissProt MW calcu lator 
(www.expasy.org). 
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Assuming the m ig ration of the 68K chymotryptic peptides on S O S- PAGE 
reflects their  true molecular  weight, estimates of the cleavage sites with i n  the C­
terminal  reg ion can be calculated (Fig u re 6 .6) .  

6.3.3 Mass spectrometry of 68K 

The tru ncation of the C-termi nus of the 68K protei n  has been i nvestigated by 
chymotryptic d igestion ,  however, cleavage of the N-te rminus could equal ly 
contribute to the mod ification of the 68K a ntigen molecular weight.  The 68K 
protei n  was electrophoresed and pieces of Coomassie sta ined ge l  were excised 
and prepared for MALOI  mass spectrom etry as d escribed i n  Chapter 3 (Figure 
6 . 7 ) .  In itial analysis of the detected peptides using MASCOT showed that most 
of the major peptides,  except the 1 739 .99 peak, could  be matched to 68K. The 
peptide masses were re-analysed to al low for possib le N-terminal  blockage by 
acetylation and the observed tryptic peptides are presented i n  Table 6 . 1 .  The 
calculated coverage of the ful l- length sequence is 25 % with a match score of 
1 45.  No peptides beyond residue 23 1 were d etected (Figure 6 .8) .  

100 

90 
80 
70 

60 
50 
40 
30 
20 

1 739 9954 

1 520 7550 

1742 9�j33 1 2:37 &617 
1281 .67 J 

41 6 6  91 1 842.7632 
1858 7693 •. �22? 4 . 1 399 

10 I cy X�'� lls�5 7742 
O 

�29 465� r�5768 u1 59 6�t �f�;t4'1�6< IL TG5 34 �������������.ww-�--����� __ �� ____ --�o 800.0 1240.6 1681.2 2121.8 2562.4 3003.0 
m/z 

Figure 6.7 MALOI spectrum of 68K tryptic peptides 
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Table 6.1 68 K observed tryptic peptides 

Peptide Observed mass 8 Sequence 

2-1 6 1 739.9954 0 .01 1 2  TQFLPPNLLALFAPR ( N-acetyl ) 

1 7-27 1 28 1 .6730 -0.0359 D P I PYLPPLEK 

1 7-32 1 886.0 1 72 -0.0250 D P I PYLPPLEKLPHEK 

28-46 2273. 1 490 0 .0094 LPHEKHHNQPYCGIAPY I R  

78-87 1 259.6759 0 .0 1 69 RQQEVETELK 

88- 1 03 1 842.7632 -0.0232 MWDPHNDPNAQGDAFK 

1 22-1 3 1  1 237.66 1 7  0.0042 EFEVYGPIKR 

1 45-1 55 1 4 1 3 .651 1 0 .0078 GYAFIEYEHER 

1 73-1 80 985. 5768 -0.0021 RVLVDVER 

1 74-1 80 829.4657 -0.0 1 20 VLVDVER 

2 1 9-231  1 520. 7550 -0.0054 YDERPGPSPLPHR 

1 0  20 30 40 50 60 
MTQFLPPNLL ALFAPRD PIP YLPPLEKLPH EKHHNQPYCG IAPYIREFED PRDAPPPTRA 

70 80 90 1 00 1 1 0 1 20 
ETREERMERK RREKIERRQQ EVETELKMWD PHND PNAQGD AFKTLFVARV NYDTTESKLR 

1 30 1 40 1 50 1 60 1 70 1 80 
REFEVYGP IK RIHMVYSKRS GKPRGYAFIE YEHERDMHSA YKHADGKKI D  GRRVLVDVER 

1 90 200 2 1 0  220 230 240 
GRTVKGWRPR RLGGGLGGTR RGGADVN IRH SGRDDTSRYD ERPGPSPLPH RDRDRDRERE 

RRERSRERD�OERERRRSRS�ODRRRRSRS;JOKEERRRSRE�OSKDKDRDRK�°RSSRSRE��O 

3 1 0 3 20 330 340 3 5 0  3 60 
RERERKEELR GGGGD�EPS EtGDAPPDpG PPGELGPDGP DGPEEKGRDR DRERRRSHRS 

3 70 380 390 400 4 1 0  420 
ERERRRDRDR DRDRDREHKR GERGSERGRD EARGGGGGQD NGLEGLGNDS RDMYME SEGG 

430 
DGYLAPENGY LMEAAPE 

Figure 6.8 Coverage of tryptic peptides m atched to U1 68K 

Primary sequence of 68K was taken from SwissProt (Accession # P0862 1 ). The 
peptides covered by mass spectrometry are shown in red. The potential cleavage sites 
for the tru ncated 68K are shown at positions 3 1 6, 321 and 329. 
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6.3.4 Effect of RS2 truncation on immunoreactivity 

Truncation of bovine 68K appears to include the loss of the RS2 domain .  I n  the 

recombinant protein  (r68K) the RS 1 domain was removed because it was found 

that when present, protein expression was inhi bited . The RS2 domain ,  however, 

remained intact (Berthold et al. , 1 992). r68K was d igested with chymotrypsin 

(30 ng, 3 hours ,  37 QC ) and compared to the chymotryptic d igest of bovine 68K 

by SDS-PAGE (Figure 6.9) .  D igestion of r68K produced a ladder of fragments 

ra nging from 9 - 25 kDa with the major bands at 1 4 , 1 8 , 2 1  and 25 kDa . 

1 2 3 4 
kDa r-----..., 

70 -

50 -

40 -

2 0 -

1 5 -

1 0 -

Figure 6.9 Chymotryptic digestion of bovi ne and recombi nant 68K 

Bovine and r68K were digested with chymotrypsin for 3 hours at 37 QC. Sam ples were 
analysed on SOS-PAG E with Coomassie stain ing.  Lanes: 1 ,  bovine 68K; 2, bovine 
68K chymotryptic d igest; 3 ,  r68K; 4, r68K chymotryptic d igest. 

To determine whether the RS 1 and RS2 regions conta in  importa nt 

autoepi topes, chymotryptic d igests of bovine and r68K were western blotted 

and cut into stri ps before screening with anti-RN P sera . As shown previously, 

the RS1 domain 1 3  kDa chymotryptic fragment of bovine 68K was poorly 

recogn ised by anti-RNP sera . I n  contrast, the r68K fragments were detected by 

most sera (Figure 6 . 1 0). 
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Figure 6 .1 0 Immunoreactivity of 68K chymotryptic fragments 
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Chymotryptic digests of bovine and r68K were western blotted and cut i nto strips for 
immunoprobing with anti-RNP sera .  A: bovine 68K; B: r68K. Each numbered strip 
represents one anti-RNP serum i .e .  A and B strip 1 were immunoprobed with the same 
serum.  

6.3.5 Possible cathepsin L activity in  bovine thymus 

A n um ber of a utoantigens prod uce consistent fragmentation patterns du ri n g  
necrosis. Topo I i s  the major a utoantigen recogn ised b y  sera from scleroderma 
sufferers, and has disti nctive fragmentation patterns for a poptosis a nd necrosis 
(Tan et  aI. , 1 988; Pacheco et al. , 2005) .  Both cel l  death pathways p roduce a 70 
kOa degradation fragment of to po I ,  whereas, necrotic cells have an additional  
45 kOa fragment which is a resu lt of cathepsin L activity. Topo I was pu rified 
from bovine calf thymus extract by immunoaffinity chromatography a n d  
a nalysed b y  SOS-PAGE a n d  western blotting ( Figure 6 . 1 1 ) . T h e  characte ristic 
necrotic topo I 45kOa fragment was clearly observed in bovine purified topo I ,  

which reacts strongly to a nti-topo I patient sera.  
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Figure 6. 1 1  Necrotic polypeptide fragment in bovine DNA topoisomerase I 

Topo I was purified from bovine thymus extract by immunoaffinity chromatography. 
Analysis by A: SDS-PAGE Coomassie stain and B: Western blotting with anti-topo I 
scleroderma patient sera show the 70 kDa cluster and 45 kDa polypeptide fragment 
characteristic of necrosis and cathepsin L activity. 

6.3.6 Modification of human U1 snRNP with cathepsin L 

Cathepsin L was successful ly  purified from bovine kidney and was concentrated 
to approximately 1 U/mL, where 1 U is d efined as the amount of enzym e  
req u ired to hydrolyse 1 Ilmol substrate p e r  h o u r  a t  25 D C .  

Two m U  o f  cathepsin L were incubated with h u m a n  U 1  s n R N P  at both pH 6 .0  
and pH 7 .5 at 37 DC for s ix  hours. The d igests were analysed by S DS-PAG E 
and western blott ing, and then immunoprobed with a nti-RNP sera (Figure 6 . 1 2 ) .  
Samples o f  U 1  snRNP exchanged into both pH 6 .0  and 7 .5  were reta i ned at 2 -
8 DC as u ntreated controls. U ntreated U 1 snRNP com ponent p roteins can be 
clearly observed and a re stable at  both p H  6 .0  and 7.5.  However, both U 1 A  
and U 1  C a re sensitive to p H  a t  elevated tem perature . When i ncubated at 3 7  DC,  
U 1 A  and U 1 C  d isappear at  p H  6.0,  whereas, they remain i ntact at p H  7 .5 .  U 1 A  
and U 1 C  a re also sensitive to cathepsin L activity at both pHs,  however,  68K is 
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relatively stable to cathepsin L at pH 7 .5  despite being total ly digested at pH 

6 .0 .  
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Figure 6.1 2  The effect of pH and cathepsin L o n  U 1  s n RNP composition 

Human U1 snRNP, exchanged i nto pH 6.0 and 7.5 buffer, was incubated with a nd 

without 2 mU cathepsin L at 37 GC for six hours and compared to untreated controls 
(utctrl) for both pHs. Analysis was by western blot immunoprobed with anti-RNP 
seru m .  

Multiple specificity of  anti-RNP sera compl icate the assignment of antigen 

specificity of hydrolysed U 1  snRNP. To determine the fate of 68K, the above 

experiment was repeated with i ncubations of one, two and four hours ,  and the 

western blot was immunoprobed with immunoaffin ity purified anti-68K 

ant ibodies.  As observed previously, very l i tt le proteolysis occured at pH 7 .5 ,  

whereas, 68K was completely d igested after two hours i n  the presence of 

cathepsin L at pH 6 .0  (Figure 6 . 1 3) .  

Partial d igestion after one hour resu lted i n  a faint  d imer at approxi mately 25 

kOa. 68K appears to be pH a nd temperature sensitive. After two hours at 37 

QC, intact 68K was d imin ished and fragments around 38, 32 and 29 kOa began 

to accumulate. 
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Figure 6.1 3 Cathepsin L di gestion of h u man U1 snRNP 68K 
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Hu man U 1  snRNP at pH 6.0 or pH 7 . 5  was incubated with or without 2 mU cathepsin L 

for 1 ,  2 and 4 hours at 37 cC and compared to untreated controls (utctrl ) .  Reactions 
were stopped by ru nni ng on SOS-PAGE and western blotted. The blot was 
immunoprobed with immunoaffin ity pu rified 68K. 

U1 snRNP in pH 6.0 buffer was incu bated with decreasing amou nts of 

cathepsin L and incubated for one hour at 37 QC to observe the effect of 

cathepsin L on 68K fragmentation (F igure 6 . 1 4). I n it ial ly, the predominant 

cleavage prod uct of 68K increased to 80 kDa in molecular  weight before the 25, 

38 and 45 kDa fragments accumulated. Frag ments 25 and 38 kDa were 

relatively stable over the range of the cathepsin L activity tested . 

Truncation of 68K and the mod ification of other antigens i n  bovine U 1  snRNP 

may be a result of cathepsin L activity. To compare protein com position ,  U 1  

snRNP p H  6 . 0  was incubated with and without cathepsin L for one hour at 37 

QC and then ana lysed by western blotting along side purified bovine U 1  snRN P. 
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Figure 6. 1 4  Progression of 68K fragment formation by cathepsin l 
Human U 1  snRNP was incubated with between 0 . 1 25 and 2 m U  cathepsin L for one 
hour at 37 QC. Reactions were stopped by analysis on SOS-PAGE and western 
b lott ing. 68K fragments were visual ised by immunoprobing with anti-68K antibodies. 

N itrocel lu lose blots were immunoprobed with immu noaffin ity pu rified a nti-68K 
a n d  then re-probed with a nti-U 1 A polyclonal followed by anti-Sm patient sera 
(F igure 6 . 1 5).  Human 68K fragments d id  not correspond to the bovine 
truncated 68K. Cathepsin  L cleavage resulted in peptides migrating both higher 
(38 kDa) and lower (25 kDa ) than the 30 kDa bovine 68K clu ster, and U 1 A  
a ppears to be sensitive to incubation at 37°C and p H  6.0 ,  with or without 
cathepsin L.  While some U 1 A  remained i ntact, a more intense a nti-U 1 A  
reactive band appeared a t  approximately 1 3  kDa d u ri n g  the i ncu bation.  This 
band was d i m i n ished after reaction with 1 mU of cathepsin L. 

5mB'IB is cathepsin  L sensitive but is more resista nt to i ncubation at 37 °C than 
U 1 C . As previously shown , U 1 C  is pH and tem peratu re labi le ,  in add ition to 
being very sensitive to cathepsin d igestion.  S m D  protei n s  do not a ppear to be 
affected u nder any of the con d itions u sed in  this experiment. 
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Figure 6.1 5  Degradation of U 1  snRNP proteins by cathepsin L 
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Human U1 snRNP pH 6 .0  was incubated for 1 hour at 37 QC either without protease or  
with 0 .5  or 1 mU cathepsin L .  The reactions were stopped and analysed on SDS­
PAG E  and western blot. The blot was immunoprobed first with A: anti-68K antibodies 
and subsequently re-probed with 8: anti-U 1A polyclonal and C:  anti-Srn patient sera. 
Lanes: 1 ,  U1 snRNP u ntreated control ;  2 ,  U1 snRNP 1 hour no cathepsin ;  3,  U 1  
snRN P + 0 . 5  mU cathepsin L ;  4 ,  U 1  snRNP + 1 .0 mU cathepsin L ;  5 ,  bovine U 1  
snRNP. 
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6.4 Discussion and F uture Work 

6.4.1 Thymus thawing only partial ly responsible for changes in U 1  

snRNP composition 
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Thawing for an extended period does have an effect on the U 1  sn R N P  purified 
from calf thymus.  The appearance of the 68K polypeptide cluster on S DS­
PAGE is  s l ightly altered over the 20 hour period . 68K can be degraded i nto 
d iscrete fragments by several means includ ing metal-induced oxidative 
cleavage or cell death proteases ( Casciola-Rosen et a/. , 1 997;  Greid inger et al. , 
2000; Hof et al. , 2005).  None of the fragmentation patterns described i n  the 
l iterature correspond to the bovine 68K pattern observed . 

Caspase-3 cleavage of 68K d u ring apoptosis results in a d iscrete 40 kDa 
polypeptide ,  whi le d igestion with granzyme B prod u ces a 50 kDa polypeptide .  
Metal- induced oxidative hydrolysis, normally caused by the p roduction of 
reactive oxygen species during ischemia-reperfusion,  produces a peptide 
cluster between 33-38 kDa (Casciola-Rosen et al. , 1 999).  Although n ecrot ic 
tissue is hypoxic, there is  no associated reperfusion that could cau se oxidative 
damage. It is proposed,  therefore, that the small  cha nges in 68K migration after 
20 hours thawing are d u e  to protease action. 

The most significant change in U 1 snRNP com position occurs d u ring the t ime 
between slaughter, thymus excision and freezin g .  Necrosis,  temperature and 
changes in the cel lu lar environment contribute to the truncation of 68K.  To ga in  
a clearer understanding of  the events leading to the degradation of  68K,  thymus 
from freshly slaughtered calves woul d  need to be used . 

6.4.2 68K is C-terminal ly truncated during cell death 

I ntact 68K is known to p roduce a C-termi nal 22 kDa peptide u pon chymotryptic 
d igestion (Woppmann et al. , 1 993).  L imited hydrolysis of 68K with 
chymotrypsin resul ted i n  a cluster of peptides of a pproximately 1 3  kDa, and 
therefore confirmed that the C-term i nal RS2 region of  68K is cleaved duri ng cel l  
death . Potential C-terminal cleavage sites, 329Asp ,  322Glu and 316Asp,  were also 
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identified , a lthough these should be confirmed by obta i n i ng an accurate mass 
using mass spectrometry. 

Most of the major peaks in the mass spectrometry of 68K tryptic d igest were 
matched to 68K. The d iscovery that the N -terminal  tryptic peptide is b locked,  is  
consistent with the SwissProt accession . N o  peptide coverage was detected 
beyond residue 231 . The h igh concentration of trypsi n-cleavable lysine a n d  
arg i n i ne residues in  the RS 1 region wou l d  result i n  peptides below 800 O a .  
These were not examined . Calculated molecular weights o f  peptides cleaved at 
the proposed C-terminal  sites (38 . 1  - 39.4 kOa) are larger than the observed 
peptides (30 - 36 kOa) .  Given that the N-terminus is l i kely to be intact, the 
proposed cleavage sites are probably i ncorrect. This d iscrepancy can be best 
solved using mass spectrometry of trun cated 68K and the RS 1 domain cleaved 
by chymotryps i n .  

Metal- induced oxidative cleavage occu rs withi n  aspartic acid rich regions of the 
RNA polymerases (I ,  " and I l l )  (Zaych i kov et al. , 1 996), therefo re ,  a s imi lar  
mechanism cou ld cause 68K truncatio n .  I nd eed, a peptide cluster between 33 

- 38 kOa has been shown to result from oxidative cleavage i n  the presence of 
Fe2+ which wou ld correspond to trun cation with in  the aspartic acid rich doma i n .  
Bovine U1 s n R N P  pu rified from calf thymus glands is completely  truncated,  
whereas,  Casciola-Rosen et al. ( 1 997) showed that oxidative cleavage of 
h u ma n  U 1  68K was very low under the experimental  conditions used . 
Repeating these oxidative cleavage experiments us ing extended i ncu bation 
times and mimicki ng the tissue environ ment post-mortem, may help to clarify 
whether oxidative cleavage is capable of completely trun catin g  68K. Topo I is 
a lso susceptib le to metal- induced oxidative cleavage (Casciola-Rosen et al. , 

1 997). I n  this study,  it was demonstrated that topo I purified from calf thymus 
was also tru ncated . There was no evidence of oxidative cleavage,  and i nstead 
the characteristic 45 kOa proteolytic fragment was present. 
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U nexpectedly, U 1 snR N P  proteins appear to be very sensitive to both pH and 
temperature .  U 1  C was particularly labi le and com pletely d isappeared after one 
hou r i ncubation at pH 6.0 and 37 QC. U 1  C remained intact when incubated at 
p H  7 . 5 ,  37 QC or pH 6 . 0, 2-8 QC. 68K was also suscepti ble to cleavage when 
i ncubated at low pH a nd elevated tem perature .  I nterestingly, a 32 kOa peptide 
cluster of 68K, s imi lar to truncated bovine 68K, formed after human U 1  s n R N P  
was i ncubated for 6 hou rs at pH 6 . 0, 3 7  QC. Non-enzyme mediated cleavage of 
acid-sensitive amide bonds at pH 6 .0  is not unprecedented. The secreted mucin 
(M UC2) is cleaved i nto two peptides at pH 6 .0  and below (Lid el l  et al. , 2003 ).  
The susceptible bond ,  asp-pro, is known to be acid-sensitive although not 
usual ly u nder such mi ld  conditions (Piszkiewicz et al. , 1 970). 

68K contains fou r  N-terminal  asp-pro sites, although, cleavage of these bonds 
woul d  not result in 32 kOa fragments . It is probable that the sequence 
surrounding the pH labi le bond influences its susceptib i l ity to cleavage at low 
p H .  C leavage u nder mi ld acid conditions ,  therefore, may not be exclusively at 
asp-pro bonds. Whatever the mechanism,  the biological s ign ificance of acid 
labi le bonds in  68K, and U 1 C , is not clear. M UC2 is cleaved at low pH duri ng 
the golgi  secretory pathway and the released C-terminus reacts with other 
m ucins.  Opportun ities for the exposure of U 1  snRNP to low p H  are l im ited . Cell  
death may provide such an opportu n ity. The fai lure of homeostasis mechanisms 
post-mortem cause an in itia l tem perature rise in addition to a d rop in pH due to 
lactic acid accumulation .  I n  muscle tissue the pH can reach as low as 5 . 5 .  The 
pH d rop in non-muscle tissue has not been extensively studied . Frozen 
thymus, thawed and homogenised in h igh-grade water was pH 6 . 7  (unreported , 
this study). 

6.4.4 U1 68K is a substrate for cathepsin L 

The creation of a low pH environment during necrosis favours the activity of the 
lysosomal cysteine proteases or cathepsins .  The effect of catheps in  L on 
h u man U 1  snRNP at pH 7.5 and pH 6 . 0  was examined. U 1 C  was depleted 
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from U1 snRNP at pH 7.5 in the presence of cathepsi n L despite the lower 
activity of the enzyme under these conditions.  68K remained relatively i ntact i n  
the presence of cathepsin L a t  p H  7 . 5 .  At p H  6 . 0 ,  d igestion of 68K b y  cathepsi n 
L p roduced a 38 kDa frag ment and a dou blet at 25 kDa . This cleavage pattern 
is n ot con sistent with bovine 68K tru ncation.  Catheps i n  L has a b road cleavage 
specificity .  Attempts to characterise specificity using synthetic peptides has 
shown a preference for positively charged residues in positions PS-P3 a nd P's­
P'3 , a hyd rophobic residue at P2, and either phenylala n i n e  o r  a rg in ine at P1 ( Del 
Nery et al. , 1 997) .  The i ntact human U 1  snRNP associated 68K is a cathepsin  L 

substrate , however, other factors such as post-translational  modifications early 
i n  n ecrosis (dephosphorylation a nd/or g lycosylation) may affect cathepsin L 
specificity. 

Mod ification can have a profound affect on protease s ubstrate specificity. 
Mye l i n  basic protei n  (a major autoantigen in multiple sclerosis),  for example, 
can be modified by citrul l ination of arg i n ine residues. C itru l l ination s ignificantly 
enhan ces the susceptib i l ity of myel i n  basic protei n  to cleavage by cathepsin D.  
There is  a strong l ink between citru l l inatio n ,  cathepsin  D proteolys is  a nd types 
of m u lt iple sclerosis (Cao et al. , 1 999). 

The observation that topo I extracted from bovine thymus has the characteristic 
45 kDa cathepsi n  L cleavage fragment is c ircumstantial  eviden ce to the activity 
of cathepsin L in thymus tissue d u ring cell death . Activities of cathepsin L and 
other cathepsins i n  thymus tissue should be confirmed using specific 
fluorogenic substrates . 

This study a imed to cha racterise how bovine U 1  s n R N P  specific 68K protei n  
extracted from thymus g lands becomes truncated i nto a 3 2  kDa peptide clu ster. 
Throug h  the use of mass spectrometry a nd chymotrypsin cleavage fragment 
analysis,  68K was shown to have completely lost the RS2 domain .  The precise 
cleavage position was not determi ned . 



1 57 
Chapter 6 :  Truncation of bovine U 1  68K 

Truncation occu rs post-mortem between gland excision and freezin g .  
Processing t h e  thymus for purificatio n  o f  U1 snRN P had l ittle effect on the 68K 

profi le .  The necrotic protease , cathepsin L ,  was exa m i ned as the possible 
cause of the 68K truncation pattern . Although i ntact hu man 68K protein is a 
su bstrate for cathepsin L, the tru ncation pattern observed i n  bovine 68K cou ld 
not be repl icated under the condit ions u sed . Interestingly,  both 68K and U 1 C  

were found to be pH and temperature sensitive. Incubati ng 68K at 37 cC, pH 

6 .0 resulted i n  32 kDa fragments, s imi lar  to tru ncated 68K. T h i s  ra ises the 
possibi l ity that autocatalytic cleavage of 68K is a physiolog ical ly significant 
process that occu rs d u ring hypoxic necrosis.  
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7.1 Introduction 

Autoanti bod ies to the 8m core proteins of  U snRNPs are h igh ly concordant with 
the d iagnosis of 8LE,  whereas, a high titre of autoantibodies reacting with U 1  
snRN P specific proteins is  more l i kely to ind icate M CTD (Benito-Garcia et al. , 

2004).  

The majority of 8m reactive sera recogn ise both 8mO and 8mB prote i n s ,  
a lthough the usefu l ness of 8 m B  a s  a d iagnostic marker is  debated (Luyckx et 

al. , 2005).  Am bigu ity arises from the s O MA and polyproli ne m u lt iple cross­
reactive autoepitopes with i n  8mB. U1 snRN P specific protei ns U 1 A  and U1 C 
both contain polyprol ine sequences s i mi lar  to the i mmunodom inant 8 m B '/B 
epitope, and this is  considered the reason for the reaction of many anti-R N P  
sera with 8mB'/B i n  western blot. 

Alternative explanations have been proposed to reconci le th is findi n g .  Perhaps 
the most plausible,  d escri bed by Ohosone et al. ( 1 992 ),  suggests that 8 m B  
contains epitopes accessible only o n  native U 1  snRNP and this epitope was 
mapped to be with i n  8mB residues 25- 1 03 .  Earl ier i n  this study (Chapter 4) ,  
bovine 8mB protei n  was found to be tru ncated to a 1 2  kDa peptide com pris ing 
of the N-terminal  domain including the ep itope determined by Ohosone.  The 
reactivity of some anti-RNP sera with 8 m B'/B in western blot remains 
contentious. 

The aim of this chapter was to fu rther exa mine the interaction of some anti-R N P  
sera with 8mB'/B from h u m a n  U 1  snR N P .  T h e  reaction of anti-8m a n d  anti­
R N P  sera with both purified 8mB'/B and human U 1  snRNP was tested .  I n  
add ition a n  i m m u noaffin ity method , cou pled with mass spectrometry, was 
d eveloped to identify the anti-RNP specific a ntigen.  
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7.2 Experimental Procedures 

7.2. 1 Separation of human U 1  snRNP by reverse phase HPLC 

1 6 1 

U 1  s n R N P  components were purified accord i ng to Wil l iams et al. ( 1 988). 
B riefly,  h uman U 1  snRNP pu rified from H eLa cel l  nuclei was made 8 M in urea 
and 0 . 1  M i n  DTT. The denatured antigen was loaded onto a reverse-phase 
(RP) C-1 8 n ucleosil 300A h igh performance l iqu id chro matography ( H PLC) 
col u m n  (Phenomenex, Auckland , NZ) equ i l ibrated in 0 . 1  % vlv trifluoroacetic 
acid (TF A) and flowed at 1 m Llmin  with a B iologic Duoflow system (Bio-Rad 
Laboratories, Hercules, U SA) . After washing with equ i l i bration solvent,  the 
col u m n  was eluted with a g radient (0-50 %) of U nich rom g rade isopropanol 
(Ajax fine chemicals, Auckland , NZ). The column eluate was monitored at 2 1 4  
n m  u s i ng B iologic Quadtec d etection.  Collected fractions were analysed by 
SOS-PAGE a nd western blotting.  

7.2.2 I mmunoaffinity isolation of peptide epitopes 

Anti-SmB'/B or a nti-U 1 A  a ntibodies were immu noaffi nity pu rified from western 
blot strips as described i n  sect ion 3 .2 . 1 0  using human U 1  snRNP separated by 
SOS-PAGE as the antigen source . Antibodies eluted from the n itroce l lu lose 
strips were then prepared for i m m unoprecip itation by cou pl ing to protein A 
agarose beads as described in  section 3 .2 .8 .  

Human U 1  snRNP was separated by S OS-PAGE and Coomassie stained 
5 m B 'IB and U 1 A  bands were excised and the gel p ieces d igested with tryps in  
accordi n g  to section 3 .2 . 1 7 . The tryptic peptides were extracted , d ried then 
resuspended in PBS before being i ncu bated with m ixing for 2 hours at ambient 
tem pe rature with e ither a nti-SmB'/B protei n  A m atrix or a nti-U 1 A  protein  A 
matrix. The matrix was washed i n  PBS and the bound peptides eluted with 20 
III of 2.5 % vlv formic acid .  Peptides were further purified using ZipTips 
(Mi l l ipo re ,  Bedford , U SA) accordi ng to the manufacturers i nstructions before 
bei ng analysed by mass spectrometry as i n  section 3.2 . 1 8 . 
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7.3 Results 

7.3.1 Reactivity of anti-RNP serum with U 1  snRNP in western blot 

Human U 1  snRNP contains mult iple antigens and therefore western blotting 
was u sed to exa m i ne the fine specificities of anti-RNP sera . Forty anti-R N P  
sera were tested us ing western blot strips ( see su pplement 1 ), a n d  t h e  m ajority 
were found to react with 5mB'IB , but without any reaction to S m D  (Figure 7. 1 ). 

68K - -

A _ - 1liIliW ... ... 
5mB'/B � � " i _ =-

SmD 

Ro-SSA 60 

Figure 7 . 1  Reactivity of some anti-RNP sera with U 1  snRNP western 

strips 

Western blot nitrocel lulose strips consisting of five E NA antigens including human U 1  
snRNP were prepared a s  described i n  Supplement 1 .  Strips were immunoprobed with 
sera designated anti-RNP. 

To examine the possibi l ity that the apparent reactivity of anti-RN P  sera with 
5 mB 'IB was related to the purity of the U 1  snRNP antigen preparation,  the 
antigen was further characterised using 20-gel electrophoresis.  

7.3.2 2D-gel e lectrophoresis of human U1 snRNP 

H u ma n  U1  snRNP p u rified from HeLa cel l  nucle i  was made 8 M i n  u rea,  1 % 

wlv i n  triton x 1  00 and 1 0  mM i n  DTT before it was m ixed with a n  equal  volu m e  
o f  1 :  1 TRlzol®/chloroform. T h e  aqueous phase contain ing R N A  was removed 
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a nd the phase i nterface , conta in i ng precipitated U 1  snRNP proteins,  was 
harvested.  The protei n  pellet was washed with 1 0  vol umes of ice-cold acetone 
and then resuspended in 8 M u rea, 2 .5 % w/v CHAPS , 1 0  mM OTT and 2 % v/v 
pH 3-1 0  ampholyte. 20-gel electrophoresis was performed accord i ng to 
sections 3 .2 . 1 3  and 3.2. 1 4, and the gel was si lver sta i ned (B lomberg et al. , 

1 995) .  

pH 1 0  3 kOa 

- 1 50 

-75 
68K 

-50 

-37 

U 1 A  

5mB'/B -25 

........... _ ""- 1 5 

Figure 7.2 2D-gel e lectrophoresis of human U 1  snRNP 

RNA was removed from U1 snRNP and the proteins were separated by 20-gel 
electrophoresis on a 7 cm pH 3-1 0 I PG strip followed by SOS-PAGE. The gel was 
si lver stained. The positions of the 5mB'/B , U 1 A  and 68K proteins are annotated. 

Pu rified human U1 s n RN P ,  when a nalysed by 20-gel e lectrophoresis,  consisted 
of many more proteins than observed by 1 0 SOS- PAGE ( F ig u re 7 .2). Spots 
observed i n  20 could consist of protei n  isoforms, but some wi l l  be contaminant 
prote ins co-purifying with U1 s n RN P .  A large n umber of prote ins were 
clustered between 37-90 kOa at a pproxi mate pi 7 . 5-5.0. More interesti ngly, 
however, are the num ber of proteins that appear  i n  the 25-30 kOa region , which 
i ncidental ly  includes the 5mB'/B prote i n .  
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7.3.3 Separation of U 1  snRNP proteins on RP-HPLC 

Non-U 1 snRNP proteins co-m igrating with 5mB'IB on western blot, cou l d  be 
responsib le for the incongruous reactivity observed with some anti-RNP sera . 
U 1  snRNP was separated , and the 5mB'IB protei n pu rified by RP-HPLC.  
F ractions were analysed by SDS-PAGE and western b lot. Protei ns were 
detected using si lver stain ing a nd immunoprobing respectively. 
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5mB'IB purification by RP-HPLC 
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Human U1  snRNP was denatured i n  8 M urea, 1 00 m M  DTT and the protein  
components separated using C18  RP-HPLC with a 0-50 % isopropanol , 0 .01  % TFA 
l inear gradient. Collected fractions were analysed by SOS-PAGE and western blot. 
A:UV (21 4  nm) absorption profi le of the HPLC eluates. The analysed fraction range 
and the eluted peak corresponding to 5mB'/B are annotated. B: SOS-PAGE analysis 
with si lver stain detection of alternate fractions 27-49. S refers to the loaded sample. 
c: Immunoblot analysis of the Sm contain ing fractions using a nti-Sm serum .  
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A good fractionation was achieved using RP-H PLC . The 5mB'IB protei n  was 
separated from the other U 1  snRNP com ponent protei ns at a pproxi mately 40-
45 % isopropa nol,  a ppearing mostly in fractions 46 and 47 (F igure 7 .3) .  The 
U 1 A  protei n  eluted later in fraction 49, whereas,  the SmO protei ns el uted earl ier 
tha n  5 m B'IB being col lected i n  fractions 4 1 -4 5 .  Western blott ing showed that 
only the 1 6  kOa protei n  i n  fractions 43-45 is reactive with anti-Sm seru m .  I n  
addit ion to S m O ,  a nti-Sm serum recogn ised a protei n  i n  fraction 4 3  which 
migrated sl ightly below 5mB'IB on western blot (as i nd icated by the arrow 
Figure 7 .3) .  I nteresti ngly, fraction 37 contai ned a protei n  with a s imi lar  
molecular weight to 5mB'IB on SOS-PAG E that was not reactive with anti-Sm 
seru m .  This protein co-el uted with some h igher molecu lar wei g ht prote i ns a nd 
so could be part of a larger complex. 

The reactivity of the pu rified 5m B'IB with anti-RNP seru m was tested on 
western blot (F igure 7.4) 

1 2 3 4  

5mB,B' 

c 

SmD 

Figure 7 .4 Reactivity of anti-RNP serum with purified human 5mB'IB 
The reactivity of anti-RNP and anti-Sm sera with intact human U 1  snRNP and the RP­
HPLC purified 5mB'IB was tested on western blot. Lanes: 1 ,  human U1 snRNP 
probed with anti-RNP serum ;  2 ,  U1 snRNP probed with anti-Sm serum ;  3,  RP-HPLC 
purified 5 mB'IB probed with anti-RNP serum;  4, RP-HPLC purified 5mB'IB probed with 
anti-Sm serum.  
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The 5m B'IB in intact U 1  snRN P reacted strongly with anti-RNP seru m ,  whereas 
RP-HPLC pu rifed 5mB was not recognised by the same seru m ,  in contrast to 
the a nti-Sm seru m which reacted with both 5mB'IB preparations. 

As the 5mB'IB-l i ke protein rea cting with anti-RN P was n ot identified amongst 
the U 1  snRNP proteins separated by RP-H PLC, an a l te rnative approach to 
identify it was made. 

7.3.4 Mass spectrometry of affin ity purified 5mB'IB tryptic peptides 

U 1 A  tryptic peptides eluted from the anti-U 1 A  affi n ity m atrix were analysed by 
mass spectrometry and the identified peptides are shown in F igure 7 .5 .  

1 MAVPE TRPNH T I Y I NNLNEK I KKDELKK S L  Y A I F S QFGQ I L D I LV S R S LK 

5 1  MRGQAFVI FK EVSSATNALR SMQGFPFYDK PMRI QYAKT D  S D I I AKMKGT 

1 0 1  FVERDRKREK RKPK S Q E T PA T KKAVQGGGA TPVVGAVQGP VPGMPPMTQA 
1 5 1  PRI MH HMPGQ PPYMPP P GMI P P PGLAPGQ I P PGAMPPQQL M PGQMPPAQP 

2 0 1  L S E N P PNH I L  FLTN L P E E TN ELMLSML FNQ F PGFKEVRLV PGRHDIAFVE 
2 5 1  FDNEVQAGAA RDALQGFK I T  QNNAMK I S FA KK 

Peptide 
61 - 70 
71 - 83 
1 24 - 1 52 
239 - 261 
244 - 261 

Observed mass 
1 047.66 
1 603.79 
2727.47 
251 1 .53 
1 989.00 

delta 
0 . 1 2  
0 .05 
0 .07 
0 .26 
0 .06 

Sequence 
EVSSATNALR 
SMOGFPFYDKPMR 
AVOGGGATPVVGAVOGPVPG M PPMTOAPR 
LVPGRHDIAFVEFDNEVOAGAAR 
HDIAFVEFDNEVOAGAAR 

Figure 7.5 U 1 A  tryptic peptides identified in anti-U 1 A  affinity elution 
Mass spectroscopic analysis of i mmunoaffinity purified tryptiC peptides of U 1 A. The 
identified peptides are highl ighted in red . 

These peptides were o bviously derived from U 1 A with a 2 6  % coverage and a 
match score of 75. 

I n  a n  attempt to identify the seemingly d ifferent a utoantigen , in  hu man U 1  
sn R N P ,  that reacted with anti-RNP seru m ,  an anti -RNP matrix was used to 
isolate specific tryptic peptides derived from the proteins migrating in  the 5mB 
region on S OS-PAGE. Peptides isolated us ing th is method were analysed by 
MALOI mass spectrometry, and the peptides were mapped by MASCOT. 
I ntrigu ingly, they matched to the 28 kOa human repl ication element protein  



1 67 
Chapter 7: Antigenicity of human 5mB'IB 

(HREP)  ( Fig u re 7. 6). The peptide coverage was low at only 1 6  % and the 
match score was 37. 

1 MDLCKNRLVS GGRDCQVKVW DVDTGKCLKT FRHKDP I LAT R I NDTY I V S S  

5 1  CE RGLVKVWH IAMAQLVKTL S G H E GAVKCL F FDQWHLLSG S TDGLVMAWS 

1 0 1  MVGKYERCLM AFKHPKEVLD VSLLFLRV I S  ACADGK I R I Y  N F FNGNCMKV 

1 5 1  I KANGRGDPV L S F F I QGNRI SVC H I S T FAK R I NVGWN G I E  P SATAQGGNA 

2 0 1  S LT E C AHMRL H I VGHLPA S R  L PVAAVQPMT GGMAPTTAPT HVLAML I LF S  

251 G V  

Peptide 
1 9  - 29 
58 - 68 
1 1 7 - 1 27 

Observed mass 
1 320.6640 
1 296.6860 
1 303.81 90 

delta 
0 .0024 
0 .9568 
0.0570 

Sequence 
VWOVOTGKCLK 
VWH IAMAQLVK 
EVLOVSLLFLR 

Figure 7.6 Identifying anti-RNP serum autoantigen in  human U1 snRNP 
Mass spectroscopic analysis of immunoaffin ity purified tryptic peptides of the 5mB'IB 
region of U1 snRNP separated on SOS-PAGE .  The identified peptides are highl ighted 
in red .  
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7.4 Discussion and Futu re Work 
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The use of 20-gel electrophoresis h igh l ighted the presence of many proteins 

other than the expected U1 snRNP proteins and thei r  isoforms. Rappsil ber et  

al. (2002) carried out a comprehensive 20-gel electrophoresis and mass 

spectrometric study on the spl iceosome and identified 3 1 1 prote ins that co­

purify with spl ic ing complexes. The proteins observed i n  this study could i n  fact 

be involved in  the splicing process despite not being d i rectly associated with the 

U 1  snRN P complex but it wou ld need a large time commitment to confi rm this, 

which was not possible with in  the scope of the present study. A large number 

of proteins shared the same molecu lar  weight as 5mB'IB, even in the purified 

U1 snRN P .  Most immunoblotting systems,  described in the l iterature for the 

detection of anti-RN P sera specificit ies, use unfractionated HeLa cel l  nuclear 

extracts as their antigen sou rce (Verheijen et al. , 1 993). These resu lts show 

that it is possib le,  i ndeed even probable that an incorrect anti body specificity 

could be assigned , which is the most plausable explanation for anti -RNP sera 

reacting with 5mB'IB in western blot. Testi ng the reactivity of purified 5mB'IB 

with anti-RN P  sera was attempted to clarify this issue. 

5mB'/B was separated from other contaminating protei ns us ing RP-H PLC , and 

its elution profi le ,  together with that of U 1 A  and the SmO proteins,  was 

consistent with the find ings of Wi l l iams et al. ( 1 988). SmO proteins may have 

been fractionated into Sm 01 , 02 and 03 subun its. As only 1 7  % of anti-Sm 

sera conta in antibod ies to SmD2,  i t  is l ikely that the Sm-l ike protei n  el uted in 

fraction 41 (wh ich was not detected by western blot) could be Sm02 (Figure 

7 .3B).  Pu rified 5mB'IB reacted we ll with anti-Sm serum but was not detected 

with anti-RNP serum. This serum, however, did not detect any other protein  in 

the 28 kOa molecular weig ht range , for example, fraction 37. A more extensive 

analysis of both the 20-gel and RP-H PLC separated prote ins using 

immunochemical andlor mass spectrometry should result i n  the identification of 

the anti-RNP reactive antigen . 
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I mm unoaffi nity purification of trypsi n  d igested a ntigen successfully identified the 
U 1 A  prote i n ,  although the epitopes matched were not the sequences most 
com monly identified as epitopes i n  mapping stud ies (James a nd Harley, 1 996; 
Barakat et al. , 1 991 ) .  In part, this find ing ca n be explained by the use of tryps i n  
which cleaves o n  the C-terminal  s i d e  or lys ine a nd arg i n ine residues . Many of 
the i m m un odomi nant epitopes i n  U 1 A are with i n  lysine rich sequences and 
hence would be destroyed by tryps i n .  

This method is dependent, therefore,  o n  the epitopes not contain ing crit ical 
lysine or arg in ine residues which l imits the n u m ber of peptides detected . The 
pre l iminary identification of the H RE P  needs to be confi rmed because of the l ow 
overal l  m atch of peptides . I t  is i nteresting, although perhaps coi ncidenta l , that 
HREP ( Swiss Prot accession n u m ber 043848) has a calculated molecular 
weight of approximately 28 kDa and that the protein exists as two variants each 
with s l ightly d ifferent molecular weights. The H RE P  hu man specific gene was 
fi rst identified as being i nvolved in a group of hereditary chronic motor and 
sensory d isorders known as the Charcot-Marie-Tooth neuropath ies (Ken nerson 
et al. , 1 995) .  The genetic causes of these d iseases i nclude point  mutations to 
complete gene deletio n .  

I ntrigu i ng ly,  the deletion o f  o n e  o f  the d u pl icated 8MN genes, which a re 
i nvolved i n  U snRN P  biogenesis, is the cause of another motor neuropathy, 
spi nal m uscular atrophy (8elenko et al. , 200 1 ).  The fu nction of HREP is not 
clear although it does belong to the WO repeat protei n  fami ly and therefore may 
have a role i n  mediating protein :p rote in ,  protei n : n ucleic acid i nteraction (Neer et 
al. , 1 994) .  There is no evidence that connects this protein to a splicing or RNA 
p rocessing function , although a n umber of  WO proteins are associated w ith 
messenger (Lauber et al., 1 997) a nd ribosomal  R NA spl ic ing (Dragon et al. , 

2002) .  I t  should be reiterated that the identification of H REP is  preli m inary and 
req u i res thoroug h verification using a combination of proteomic approaches. 

This study a i med to clarify the i nteraction of some a nti-RN P sera with 8mB'IB i n  
western blot .  Purification of 8mB'IB by RP-H P LC demonstrated that the 
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representative anti-RNP serum used , reacted with i ntact U 1  snRNP but fai led to 
identify pure 5 mB '/B on western blot. The H REP prote i n ,  has been tentatively 
proposed as a candidate a ntigen which co-migrates with 5mB'/ B  on SDS­

PAG E .  



1 71 

C hapter Eig ht 

Overal l  Summary and F ut u re Work 



1 72 
Chapter 8: Overall summary a nd future work 

This thesis compares the composition of the spl iceosomal U 1  snRNP com plex 
derived from bovine and h u ma n  sources with the overall aim of a uthenticating 
the use of bovi ne U 1  s n R N P  and constituent protei ns as legit imate antigens i n  
autoimmune d isease d iagnostics . Several techniques were used to ach ieve this 
goa l .  

U 1  s n R N P  was purified from bovi ne calf thymus u s i n g  a com bination o f  ion 
excha nge and immunoaffi n ity methods (Chapter 4). Using a nti bod ies immu no­
affin ity purified against i nd ividual h u ma n  U 1  s n R N P  component protei ns,  the 
com position of bovine U 1  snRNP was determined.  SOS-PAGE analysis showed 
that bovine U 1 A  and SmD proteins shared the same molecular weight as their  
h u ma n  cou nterparts, whereas the U 1  C ant igen could not be identified in the 
bovi ne complex. Secondly,  the bovine 68K a ntigen a ppea red as a tru ncated 
polypeptide cl uster that mig rated between 30-36 kDa on S O S-PAGE .  

Further characterisation of the 68K antigen derived cluster revealed that the 
bovine 68K protein , compared to the human protei n ,  was dephosphorylated ,  
a nd that i t  was glycosylated . SSB/La , a protei n  responsi ble  for RNA 
polymerase I I I  transcript term ination , and a n  autoa ntigen i n  SLE and Sjogren's 
syndrome, has been shown to undergo apoptosis i nd u ced proteolysis ,  and 
d ephosphorylation by protein phosphatase 2A ( Rutjes et al. , 1 999).  It  is 
proposed that the 68K a ntigen is s imi larly mod ified d u ri ng cel l  death . Several 
residues with i n  the 68K protei n  have the potential to be reversibly mod ified by 
both phosphorylation and O-glycosylatio n .  It is therefore possible that the 
dephosphorylated s ites may in fact be alternately mod ified by O-GlcNAc. 
Dephosphorylation a n d/or glycosylation may be critical mod ifications in the 
creation of a neoepitope thought to i ncrease the a ntigen icity of the 68K 
apoptotic fragment ( G reidinger et al. , 2002).  Further work is req u i red to identify 
these potentia l  glycosylatio n  sites and to confirm the identity of the g lycan 
structu re using the B E MAD method devised by Wel ls et al. (2002b) .  The i mpact 
of these mod ifications on the antigenicity of the 68K protei n  apoptotic fragment 
may provide some i ns ight i nto how the autoimmune response is i n itiated . 
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Mass spectrometry was u sed to identify the presence of a truncated form of 
5 m B  i n  bovine U 1  and non-U 1 snRN P .  The m atchi ng of the tryptic peptides to 
both human and bovine sequences showed com plete homology of 5mB from 
bovine and human sou rces. The 1 2  kDa peptide consisted of the N-termina l  
reg ion with the immu nodominant polyprol ine a nd s D MA sequences removed .  
Despite the tru ncatio n ,  5 m B  remains associated with the other Sm prote i ns and 
RNA to form a 1 25 kDa complex, inferring that its RNA binding domain and Sm 
motifs are i ntact. 

The antigenicity of the 5 m B  fragment is somewhat d ifferent to the i ntact human 
5mB '/B due to the loss of  immu nodominant epitopes . Interestingly,  some a nti­
Sm sera remai ned reactive to the 5mB fragment but non of the anti-RN P sera 
tested were reactive i n  western blot. Ohosone et al. ( 1 992) proposed that a n  
a nti-RNP specific epitope was located i n  the 5 m B  N-terminal  doma i n ,  however,  
th is find ing could not be confirmed i n  this study. The d iagnostic s ignificance of 
a ntibodies agai nst the tru ncated 5mB should therefore be exa m i ned i n  more 
deta i l . 

Antigen selection is critical to the diag nostic a nd prognostic performa nce of a n  
assay. For exam ple,  a h igh titre of a nti bod ies against the 68K protei n  i s  
considered to b e  a key criterion i n  the d iagnosis of MCTD, a n d  the titre i s  
i nd i cative of a greater r isk of pulmonary com pl ication (Greid inger e t  al. , 2006). 
However, us ing the U 1  snRNP complex as the a ntigen l i mits the abi l ity of the 
assay to make this i m portant d ifferentiation.  I n  ord e r  to address th is perceived 
need for assays to use i nd ividual U 1  snRNP component antigens, a method for 
the purification of commercial ly viable q uantities of 68K antigen from bovine U 1  
snRNP was developed (Chapter 5) .  U 1  s n RN P associated proteins were shown 
to have d ifferent affi n it ies for the U 1  snRNA moeities, with U 1 A  being the first to 
be d issociated . Intrigu ingly ,  the U 1 A  protei n  removed duri ng the fi rst CHT ste p ,  
remai ned associated with o n e  o f  two populations o f  RNA, one that associated 
mostly with U 1 A, and the other that associated mostly with S m D  proteins.  The 
s ignifican ce of th is fi nd ing i s  not clear a lthough it  may reflect the presence of U 1  
s n R N P  complexes with d ifferent compositions d u e  to the lack of synchrony of 
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either snRN P biogenesis or cell death . U 1 A  is also known to exist i n  a snRN P­
free complex (SF-A) where it adopts a role i n  control l ing polyade nylation 
reactions (O'Con nor et al. , 1 997).  Specific autoantibodies to th is  form of U 1 A  
have been reported (Faig and Lutz, 2003) and sera which react with pu rified 
U 1 A, but not the intact U1 snRNP complex, have been identified i n  our  
la boratory. 

The S m D  proteins were sepa rated from the U 1  s n R N P  complex i nto two 
fractions, S m D 1  and Sm D2/D3. The use of these prote ins ,  for the 
d ifferentiation of anti-Sm patient sera specificity, was h i ndered by contamination 
with the U1 snRNP specific protein .  F u rther purification i s  requ i red before the 
d iag nostic potentia l  of the i ndividual SmD proteins can be assessed . 
Fortu nately,  SmD proteins could be excha nged i nto a non-denaturi ng buffer a nd 
hence cou ld refold correctly, e nabling the d etection of SmD conformational 
epitopes (James et al. , 1 994a ) .  

Bovin e  68K a ntigen was pu rified free from Sm and U 1 A  prote i n ,  and U1  sn RNA 
contam i natio n .  It  was successful ly used to d ifferentiate between sera 
conta in ing a nt ibodies to the 68K and other snRN P com ponent proteins .  This 
purifie d  ant igen was shown to be superior to recombi n a nt 68K in i ts d iagnostic 
performa nce. Authentic post-translational mod ification of the pu rified 68K 
a ntigen cou ld  be the source of th is superiority, a lthou g h  r68K's lack of a RS 1 
doma i n  could equal ly i nfl uence its a nt igenicity. Pelsue and Agris ( 1 994) 
s howed that structure dependent epitopes exist withi n  the RS 1 doma i n .  
Attem pts were made to examine the i nfl uence o f  t h e  conformation o f  t h e  6 8 K  
protei n  o n  a nti-RN P antibody d etectio n ,  b u t  t h e  6 8 K  protein was not stable i n  
non-denaturing buffer. There are a n u mber of reasons why denatured proteins 
precip itate when exchanged i nto a non-denatu ring buffer. I n  th is  study i t  was 
suggested that as refolding occurs, the i nteraction of coi led-coi l  domains with i n  
the protei n  are responsible for its i nstab i l ity. I t  was also proposed that the 
coiled-coil  structure with i n  the RS 1 doma i n ,  mediates the i nteraction of 68K with 
a number of spl icing factors . This structura l  motif may also contai n  
conformation dependent autoepitopes. 
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It can n ot be assumed that U 1  s nRNA is a passive component with i n  the U 1  
snRNP autoimmune complex, as anti- U 1 snRNA autoantibodies are present i n  
some patient sera. Bovin e  U 1  s n RNA was found to be tru ncated compared to 
its i ntact human equivalent, but the i m pact of this tru ncation on U 1  snRNP 
a nt igenicity was not determined . As an extension to th is  study on purified 
snRNP components, it would be i nteresting to reconstitute U 1  sn RNA with 68K, 

then to test whether such a complex produces an i mproved antigen .  It  is  
speculated that by m ix ing U1 snRNA with denatured 68K, before buffer 
exchange, may stabi l ise the 68K protei n ,  a l lowing it refold i n  a non-denatu ring 
environment. 

The overal l  aim of chapter 4 and 5 in this study, was to characterise the bovine 
U1 snRNP a ntigens both b iochemical ly and immu nologically. Particular 
emphasis was given to verifying bovine U 1  snRNP, and its constituent proteins ,  
as l eg it imate a ntigens for use i n  autoimmune d isease d iag nosis. Th is  work 
showed that despite the d ifferences between human and bovine U 1  s n R N P  
composit ion , thei r  d iagnostic performance was identical .  In  other words, ne ither 
the truncation of either 68K or 5mB, nor the loss of U 1  C prote i n ,  affected the 
detection of a nti-RNP or anti-Sm ant ibodies i n  patient sera .  Furthe rmore,  
purified bovine 68K antigen was a su perior antigen to its recombi nant 
equivalent, demonstrating that factors other than primary sequence appear to 
i nfluence a utoantigenicity. Although the a im of this part of the resea rch project 
was achieved , sera from patients who have had a thorough cl i n ical evaluation 
and have u ndergone the a ppropriate fol low-u p should be tested agai nst these 
bovine antigens. This would  ensure that the relationship between antibod ies to 
tru ncated 5mB or the other snRNP components , a nd a particu lar cl i n ical  find ing 
or d i sease prognosis ,  could be characterised . 

The factors contributing to the tru ncation of the bovine 68K were fu rther 
i nvestigated , not only to determine the biochemistry of the a ntigen cleavage but 
also with respect to control of the thymus extraction process (Chapter 6). The 
i nfluence of thymus processi ng on U 1  s n R N P  and non-U 1 snRNP purification 
was examined ,  and was fou nd to have l ittle i mpact on the fi nal  product u nless 
the thymus was a l lowed to thaw for at least 20 hou rs.  The trun cation of the 68K 
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antigen was, therefore, considered to occur d u ri ng the events between post­

mortem, thymus excision and freezing .  

Cleavage of the 68K protein was analysed using mass spectrometry of  68K 
tryptic peptides,  and using chymotryptic frag ment analysis (Woppmann et al. , 

1 993),  which showed that the protein was cleaved only i n  the C-term i na l  reg ion , 
with the N-term i nus ,  including the predi cted N-terminal  acetylated res idue,  
rema i n i ng i ntact. I ntrigu ingly, a nalysis of  the chymotryptic d igestion pattern on 
SOS-PAG E suggested that it was the C-term i n a l  RS2 domain that had been 
cleaved . Us ing the molecular weights of the chymotryptic fragments from SOS­
PAG E ,  the estimated cleavage sites were at the N-term inal  s ide of resid ues 
31 6 ,  32 1 and 329 , equating to calculated molecular weights of 38,  3 8 . 5  and 
39.2  kOa respectively, al l  of which were h igher tha n  the 30-36 kOa range 
observed in S OS-PAGE.  The precise s ites of truncatio n ,  should in futu re, be 
determined u nambiguously using mass spectrometry. 

The cause of the 68K prote i n  tru ncation i s  not clear. D u ring apoptotic cel l  
death , 6 8 K  u ndergoes caspase-3 cleavage,  N-terminal  o f  residue 342 ,  to 
produ ce a s ingle 40 kOa polypeptide.  This p rotease may contribute to, but can 
not be enti rely responsib le for the 68K cleavage pattern observed i n  this study. 
Pacheco et al. (2005) investigated the effect of necrotic cel l  death on 
autoantigen proteolysis and showed that catheps i n  L cleaved topo 1 to form 70 
and 45 kOa frag ments. S i m ilar  fragments were observed i n  topo 1 purified from 
bovine thymus d u ring this study. I n  order to investigate mechanisms for 68K 
protei n  tru ncatio n ,  therefore, i ntact h u ma n  U 1  snRNP was exposed to a n u m ber 
of cond itions known to occur d uring necrotic cel l  death , i nclud i ng cathepsin L. 

Catheps i n  L was shown to cleave the 68K antigen , although the fragments 
produ ced d i d  not correlate with the cluste r observed i n  the bovine a ntigen .  
Exposu re o f  the 68K antigen t o  pH 6 .5  a n d  37 QC,  i n  the a bsence o f  protease , 
resulted i n  a fragmentation pattern which more closely resembled that of the 
bovine a ntigen . These results i nfer the existence of an alte rnative , non­
enzymatic mech a nism being responsible for th is 68K tru ncatio n .  Two 
mechanisms a re proposed for 68K trun cation.  The first is metal- induced 
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oxidative cleavage which occurs beca use of hypoxia fol lowed by an influx of 
oxygen,  which has been experimentally shown to occur (Casciola-Rosen et al. , 
1 997) .  A second mechanism was suggested by the resu lts from this work, 
whereby, exposure of U 1  snRNP to a n ecrotic tissue environ ment,  of low pH 
and elevated temperature, induced autocatalytic truncation of 68K within 
susceptible acid-sens itive amide bonds .  Clearly, further work is  necessary to 
determi n e  the exact cleavage sites of bovi ne 68K and whether th is  is consistent 
with autocatalysis. 

The objective of chapter 6, in this study,  was to i nvestigate the i mpact of thymus 
processing on the appearance of bovi ne U 1  snRNP antigen and to determ ine a 
probable cause of the 68K protei n  tru ncation.  Bovine U 1 snRNP pu rified from 
thymus tissue was shown to have a stable profi le  and the affects on the antig e n  
com plex occur prior to the purificat ion process . Enzymic and environmental 
factors, d u ri n g  necrotic cel l  death , are proposed to cause the observed 
tru ncation pattern . The scope of the present study con centrated on the u se of 
frozen bovine thymus,  i n  future work, fresh bovine tissue should be used to 
determine the composition of intact bovi ne U 1  snRNP,  and to examine the 
events leadi n g  to antigen tru ncation . 

Considerable d ebate surrounds the reactivity of both a nti-Sm and a nti-RNP sera 
with human 5 m B '/S in  western blot. This section of study extends from the 
finding that a nti-RNP sera do not react with tru ncated bovine 5 m B  despite the 
presence of a proposed a nti-R N P  specific epitope. This work a imed to 
establ ish the 5 m B  epitopes recogn ised by anti-RN P sera (Chapter 7) .  20-gel  
electrophoresis of human U1  snRN P showed a n u mber of  prote ins which share 
the molecular  weight with 5mB'/B and hen ce would co-migrate on S OS-PAGE .  
Further purification of the U 1  snRNP com plex, b y  RP-H P LC ,  revealed that anti­
RNP seru m d id not detect pu rified 5 m B '/B,  despite reacting in western blot with 
unpu rified U 1 s n RN P .  In order to determ ine what may be reacti ng with anti­
RNP antibod ies,  an immu noaffin ity tech nique,  coupled with mass s pectrometry, 
was developed . Unexpectedly a W040 motif prote in ,  H REP,  was tentatively 
identified rather than 5 m B . This find ing rep resents the first suggestion that anti-
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RNP sera may not be reacting with 5mB'IB . Further work, using this proteomic 

approach , is  requ ired to verify this result  and to establ ish whether this is a 

common specificity amongst anti-RNP sera.  

Supplementary work i n  th is thesis showed how U1 snRNP and other antigens 

purified from bovine thymus were used to develop two immunodiagnostic 

techniques for the analysis of multip le autoantigen specificit ies in patient sera. 

Both techn iques proved h igh ly sens itive and specific, and were used 

extensively to characterise many of the sera used duri ng the course of this 

study. 

This body of work has demonstrated that the specificity of autoantibodies for 

spl iceosomal U 1 snRNP com ponents is complex. The 68K protei n  is h ighly 

prone to mod ification as a consequence of post-mortem cell death . Its 

inactivation by truncation , via various means, dephosphorylation and possibly 

glycosylation ,  confirm its pivotal rol e  in the i n itiation of spl icing  events and the 

cessation of mRNA production . These modifications appear to enhance 68K's 

performance as a d iagnostic reagent, a nd thus highl ight its potential role in the 

breaking of i mmune tolerance during the i n itiation of an auto immune response. 

The recogn ition of 5mB'IB by a nti-RNP sera in western blot remains 

contentious but some of the find ings i n  th is study may help to clarify the 

controversy. One thing is clear, however, that i nspite of the many d ifferences i n  

the bovine U 1  snRNP purified from thymus,  compared to the human equ ivalent, 

these stud ies have shown that bovine  U 1 snRNP can be legit imately used as a 

source of a ntigen i n  human autoimmune d isease diagnostic procedu res. 
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5 1. 1  Introduction 

Western blotting is  recognised as a useful immunod iagnostic techn ique .  

Complex autoantigens such as U snRNPs can be separated allowing the 

individual specificit ies to be detected (Habets et al. , 1 990). The sensitivity and 

specificity of Western blotting for the detection of SSB/La, ScI-70 (topo I )  and 

Jo- 1 can be superior to other sol id phase i mmobi l isation d iagnostics (Bizarro et 

al. , 1 998; B izarro et al. , 2000). 

Current commercial ly avai lable western blot str ips rely on the separation of 

com plex protein  mixtures such as a H eLa cel l extract. I n  these cases, 

interpretation of specificity is d ifficult because of the relative abundance of 

antigens and the many proteins present. I n  add ition ,  ENA detection using 

western blotting is l imited due to the loss of antigen conformation on the 

nitrocel lu lose strips. Anti-Ro-SSA antibod ies are relatively common and many 

of these antibod ies exclusively recogn ise conformational epitopes , and 

therefore ,  a re not detected by western blot ( Itoh et al. , 1 992) .  

The aim of this supplementary study was to design a western blot strip for the 

specific and sensitive detection of the major E NA. Immunoblot method 

parameters were systematically altered to opt imise the detection of anti-Ro-SSA 

conformational epitopes, and optimum cond itions for the separation ,  e lectro­

transfer and detection of purified ENA antigens were d etermined . 
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5 1.2 Experi mental  P rocedu res 

51 .2.1 Conformation dependence of Ro-SSA antigen epitopes 

Conformational dependence of epitopes of Ro-SSA antigen (AroTec 

Diagnostics Limited , NZ) was examined by denaturation of the antigen by SDS­

PAGE and immobil isation of the ind ividual  proteins onto nitrocel lu lose 

membrane by western blott ing . The nitrocel lu lose was cut into 3 mm strips as 

described in  Chapter 3 .  Native Ro-SSA antigen was also coated on microtitre 

EL lSA plates at 0 . 1  �g per wel l .  Both immunoassay formats were probed with a 

number of anti-Ro-SSA patient sera ,  fol lowed by an alkal ine phosphatase 

conjugated secondary antibody (Jackson Immunoresearch I nc. , West Grove, 

USA) d i luted 1 /4000 . Western blots were developed using NBT/BCI P  reagent ,  

whi lst the EL lSA plates were developed with 1 mg/mL para-nitrophenol 

phosphate and the rate of absorbance change at 405 nm was measured . 

Western blot strips were d ig itised using a gel documentation instrument 

(Alphaimager, Alpha I nnotec, San Diego, USA) and the intensity of NBT 

stain ing was analysed using Alphaease v .  4 densitometric software. 

The same experiment was carried out using ScI-70 (topo I )  antigen , which is not 

known to have conformational dependent epitopes, in place of Ro-SSA. 

S1 .2.2 0ptimising protein separation on SOS-PAGE 

Three 40 % w/v acrylamide monomer stock solutions were prepared conta in ing 

2 .6 ,  3 .3 and 4 .0 % w/w bisacrylamide cross- l inker. Using these solutions 1 0 , 

1 1 .5 and 1 3  % acrylamide resolving gels were prepared and overlaid with 4 % 

acrylamide stacking gels. F ive antigens, ScI-70, human U 1  snRNP,  Jo-1 , Ro­

SSA and SSB/La were prepared and separated by SDS-PAGE and then 

western blotted . Proteins were visual ised by immunoprobing with antigen 

specific sera , and the relative migration of each antigen was calculated . 
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5 1. 3  Res u lts 

51 .3 .1  Correlation between ELlSA and western blot methods 

ELlSA absorbance data , expressed as the rate of optical density change per 

minute at 405 nm (mOO/min) ,  was plotted against the western blot data for the 

detection of anti-Ro-SSA (Figure S 1 . 1 A) a nd anti-ScI-70 (F igure S 1 . 1 8) to 

determine how well these methods correlate. 
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Figure 51 . 1  Autoantibody detection using ELl5A a n d  western blot 

Detection of autoantibod ies in cohorts of patient sera (n=20) against antigen 
immobi lised either on polystyrene microtitre ELlSA plates or on n itrocellu lose 
membrane (western blot) was compared for two autoantigens :  A. Ro-SSA; B. Sc\-70. 
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These two techniques for the detection of anti-Ro-SSA antibodies correlate very 

poorly. L ittle or no anti-Ro-SSA response was observed i n  western blot for 

g reater than 50 % of the sera tested , despite a strong response in  ELlSA. Sera 

not respond ing in  western blot are hence referred to as non-blotting sera. Anti­

Scl-70 detection by western blot and ELlSA correlate wel l .  

The response of anti-Ro-SSA sera to western blotted Ro-SSA antigen was 

examined further. A non-blotting anti-Ro-SSA patient serum was incubated with 

western blotted Ro-SSA for between 2 and 24 hours. A t ime course of anti-Ro­

SSA response was plotted (Figure S 1 .2) .  I ncreased i ncubation t ime enhances 

the recognition of Ro-SSA in western blot, a lthough this response reaches a 

plateau after 24 hours.  
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Figure S 1 .2 Time-dependent response of anti -Ro-SSA to denatured Ro­

SSA 

A non-blotting anti-Ro-SSA serum was incubated for various times with western blotted 
Ro-SSA, i n  tripl icate. 
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The i nfluence of the amount of Ro-SSA antigen appl ied to SOS-PAGE and 

western blots on anti-Ro-SSA detection was also examined (Figure S 1 .3) .  The 

response of the good-blotter ant i-Ro-SSA patient serum reached plateau with 

approximately 1 I1g Ro-SSA, whereas , the non-blotter serum response 

remained l i near with respect to Ro-SSA amount. 
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Figure 51 .3 Influence of Ro-55A amount on detection by western blot 

I ncremental amounts of Ro-SSA antigen were loaded on SOS-PAGE and western blot. 
Blots were incubated with anti-Ro-SSA patient sera for 1 6  hours .  A. Good-blotter anti­
Ro-SSA serum; B. Non-blotter anti-Ro-SSA serum.  

I ncreased amounts of Ro-SSA together with an increase i n  the incubation t ime 

with patient sera were used in  the western blot detection of anti-Ro-SSA 

antibodies in  patient sera. This enhanced detection protocol was compared 

d i rectly with the standard protocol (Figure S 1 .4) ,  and showed that the detection 

rate of anti-Ro-SSA sera was sign ificantly increased , without false-positive 

detection due to non-specific b inding (results not shown).  

2 



1 85 
Supplement 1 :  Development of a western b lot assay 

Figure 51 .4 Detection of anti-Ro-55A on western blot 

Anti-Ro-SSA patient sera were i ncubated with Ro-SSA antigen ,  western blotted onto 
nitrocel lulose and cut into strips. A. Sera incubated for 2 hours with nitrocel lulose 
strips blotted with 0 . 1  Ilg Ro-SSAlmm membrane; B. Sera incubated for 1 6  hours with 
nitrocellulose blotted with 0 .22 Ilg Ro-SSAlmm .  

51 .3.2 0ptim ised separation of 1 2  autoantigens in western blot 

Protein separation is critical to the successful appl ication of Western blotting as 

a multiplexing platform for the detection of multiple antigen specificities. To 

determine the effect of resolving gel acrylamide concentration on antigen 

separation , the calculated relative migration data was plotted (F igure S1 . 5) .  

Resolution of ind ividual antigens and the spread of these bands along the blot 

length are the main criteria for an effective separation . A 1 0  % total (T) 

acrylamide resolving gel consistently separated al l the component antigens ,  

although the low molecular weight proteins migrated very close to, and in  some 

instances beyond , the dye front. This caused the SmD protein to appear 

d iffuse and also introduced the risk of SmD migrating off the gel . The cross­

l i nker (C) (bis-acrylamide )  concentration had a significant effect on the resolvi ng 

capacity of both 1 1 .5 a nd 1 3  % acrylamide gels .  The best separation was 

ach ieved with 1 1 .5 % T, 4 %C. Al l  proteins were well resolved and the relative 

migration ranged from 0 . 1 4  - 0.96 which demonstrated h igh usage of the 

avai lable gel length. 
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Figure 51 .5 Influence of total acrylamide and cross-Iinker concentration 

on antigen separation 

Twelve protein antigens (annotated in the far left column) were separated on SDS­
PAGE and western blot with 1 0  %, 1 1 . 5 % and 1 3  % total acrylamide concentration 
resolving gels contain ing combinations of 2 .6 % (blue), 3 .3 % (pink) and 4 % (green) 
cross-l inker. The relative migration values for each antigen are plotted . % T = total 
acrylamide mono mer, %C = cross-linker concentration. 

The amount of each antigen requ i red for load ing on SOS-PAGE was 

determined using the procedure described for Ro-SSA (F igure S 1 .3) .  The 

optimised load ing a mounts for each antigen is g iven in  Table S 1 . 1 . In order to 

accommodate scal ing up from a min i  (Hoefer, SE250) to a large scale (Hoefer, 

SE600) electrophoresis format, antigen loading was expressed as amount per 

mm width of the acrylamide gel .  
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Table 5 1 . 1  Antigen loading for SOS-PAGE 

Antigen ScI-70 U 1  snRNP 

Quantity (llg/mm) 0 .07 0 . 1 7  

Ro-SSA 

0 .22 
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Jo-1 SSB/La 

0 .0055 0 .0063 

Antigens were mixed in  the desired quantities and prepared for SOS-PAGE. 

Fluorescei n  labelled phosphorylase b and insu l in  B chain (Sigma Chemical Co. , 

St Lou is, U SA) were added to track protein  transfer onto the n itrocel lu lose and 

to act as markers to ensure antigen al ignment when cutting the nitrocel lu lose 

into strips. Separated antigens were western blotted onto nitrocel lu lose as 

a lready described. After blocking , the nitrocel lu lose was cut i nto 3 mm strips as 

described in  section 3 .2 . 1 1 ,  and the strips were incubated with autoimmune 

sera ( Figure S 1 .6) .  U sing this method , a l l  twelve specificities of the five 

antigens used were identified . 

<I: co (/) -l 0 (/) in r-;- 0... � 6 (/) E 13 Z 6 � U? U? U? � ] � � f � � C <I: <I: <I: <I: <I: <I: 

• - Scl-7Q 
,�" - U1 -68K 

Ro-SSA - .... 
• - Jo-1 .- SSBlla 

- U 1 A  

SSBlla - I • 5mB 

U 1 C  

SmD - -

Figure 5 1 .6 Multiple antibody specificity detection on western blot strips 

Five antigens containing twelve specificities were western blotted and immunoprobed 
with autoimmune patient sera. 

S1 .3.3Anti-RNP sera fine  specificities 

Human U 1  snRNP contains mult iple antigens and western blotting is the ideal 

d iagnostic method to examine the fine specificities of both anti-RNP and anti-
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Srn patient sera. Forty anti-RNP sera were tested using the western blot strips. 

A reaction with at least one U 1 snRNP antigen was observed with 39 out of 40 

sera. I nterestingly, 30 of the 40 sera tested (80 %) reacted with 5mB'/B, but 

without any reaction to SmD (Figure S 1 .7 ) . 

SS-AiRo 60 

, 
r 

Figure 51 .7 Reactivity of some anti-RNP sera with ENA western strips 

Western b lot nitrocellulose strips consisting of five ENA antigens were prepared as 
described in the text. Strips were immunoprobed with sera designated anti-RNP. 
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5 1.4 D iscussion 

The conformational dependence of some anti-Ro-SSA autoantibod ies has been 

wel l  characterised (Boire et al. , 1 991 ) .  Results obta ined during this work by 

corre lating data from ELlSA (native) and western blot (denatured) assays 

demonstrate that the majority of anti-Ro-SSA sera contain  at least some 

conformation dependent antibodies. I n  some cases antigens immobi l ised on 

the membrane surface can be re-natured by altering the conditions sufficiently 

to permit re-fold ing . Applying this process to Ro-S SA antigen has been of 

l imited success (Zampieri et al. , 2000). I n  this study detection of anti-Ro-SSA 

a ntibodies using western blot has been improved by i ncreasing both the Ro­

SSA concentration and the incubation t ime of the patient serum on the blot. 

I ncreased detection could be expla ined by the induced fit phenomenon,  

whereby, the antibody assists the partial refolding of denatured antigen 

immobil ised on the n itrocel lu lose surface (Berger et al. , 1 999). The relatively 

weak response may be due to only a small proportion of denatured antigen 

being able to adopt the correct conformation , or perhaps a lower affin ity of the 

a nt ibodies for the refolded conformation .  

The western blot technique developed here was used to characterise the fine 

specificity of a cohort of anti-RNP patient sera . These resu lts strongly 

i nfluenced the scope of research undertaken during this doctoral work. 

A h igh proportion of a nti-RNP patient sera reacted with 5mB'/B in western blot ,  

which is consistent with publ ished findings (Habets et al. , 1 985a; Pettersson et 

aI. , 1 986; de Rooij et aI. , 1 988; Combe et al. , 1 989; Ghirardello et al. , 1 996). 

The significance of ant i- 5mB'/S autoantibodies i n  anti-RNP sera , and the 

various theories as to why this is the case , have been thoroughly discussed in  

other sections of th is  thesis (Chapter 2,  Chapter 4 a nd Chapter 7) .  

This supplementary study a imed to design and develop a western blot 

techn ique for the characterisation of rheumatologica l  autoimmune sera .  Poor 

a nti-Ro-SSA sensitivity and interpretation d ifficu lt ies associated with commer­

cial ly avai lable western blot strips, were addressed.  
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Five ENA antigens were selected and the amount of each antigen to be western 

blotted was opt imised to g ive the requ i red assay sensitivity .  With Ro-SSA 

antigen,  opt imised antigen quantity and serum incubation t ime, s ignificantly 

improved the detection sensit ivity of the conformation dependent anti-Ro-SSA 

antibod ies. Acrylamide separation med ium pore size was systematical ly a ltered 

to p roduce the best antigen resolution. 

Prototype western blot strips were prepared and successful ly detected a range 

of ENA specificities i n  autoimmune patient sera. Sera previously identified as 

Ro-SSA non-blotters were detected using this enhanced technique.  Of 

particu lar interest was the abi l ity to determine the fine specificity of anti-RNP 

sera using this method . 

By defin ing and characterising critical process control points such as the 

antigen quantity ,  separation and antigen detection parameters, a highly specific, 

sensitive and reproducible immunodiagnostic procedu re has been developed 

for the detection of serum autoantibod ies. 
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52. 1  Introduction 

I nd i rect immunofluorescence ( I IF )  using a Hep-2 cel l  substrate is widely used as 

a screening method for ANA detection .  Sta in ing patterns can be d ifficult to 

i nterpret and often need very ski l led microscopists for accurate assignment of 

sera specificity (Tan et al. , 1 999). Reporting of ANA by I I F  can be variable and 

often requ i res fol low-up anti-ENA analysis (Damoiseaux and Tervaert, 2006) .  

Enzyme-l inked immunoassays (E IA) have become a useful add ition to 

screen ing and determi nation of sera specificities (Ja mes et al. , 2000). This 

method is less dependent on ski l led i nterpretation and is less labour i ntensive. 

M icrotitre 96 well plates are the most commonly used E IA format in d iagnostic 

laboratories due to their re latively high throughput capabi l itity and ease of 

automation .  Line-blot assays are an a lternative EIA format (Paxton et al. , 1 990). 

This technique,  which a l lows simultaneous detection of multiple autoantibody 

specificities, is gain ing in popularity for anti-ENA determination (Lopez-Longo et 

al. , 2002 ; Eissfel ler et al. , 2005). 

The objective for al l  d iagnostic assays is to detect al l true-positive sera that 

conta in anti-antigen antibod ies ( 1 00 % sensitivity) and to not respond to true­

negative sera, which do not contain target anti-antigen ( 1 00 % specificity). A 

typical response d istri bution of true-positive and true-negative sera in  a 

d iagnostic test is i l lustrated i n  Figure S2 . 1 . 

true-negative 
true-positive 

-
." 

Assay Response / arbritary un its 

Figure 52.1 Distribution of true-negative and true-positive responses 

Arbritary response values for sera containing antibodies against a particular antigen 
(true-positive) compared to the responses of normal donor sera (true-negative) in a 
typical diagnostic test. The overlap region contains fa lse-positive (FP) and false­
negative (FN) values. 
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The overlap region determines the sensitivity and specificity characteristics for 

the assay. Reducing the number of false-negative (FN)  results i ncreases the 

assay sensitivity at the expense of assay specificity , that is, greater numbers of 

false-positives (FP).  The a im is to develop an assay , which maximises the 

d ifference between the peak true-negative and true-positive responses and 

min im ises the overlap region. 

The a im of this second supplementary study was to design a l ine-blot 

i mmunodiagnostic test using a vacuum-assisted blotting techn ique .  Antigen 

coating quantity, membrane blocking and washi ng protocols, blot development 

and i nterpretation of results were estab l ished for n ine autoantigens. The 

prototype l ine-blot strips were val idated against both patient sera with a variety 

of anti-ENA specificities, and healthy donor sera . Performance characteristics 

for the detection of antinuclear antibodies were examined using a consensus 

panel of ANA positive sera establ ished by the ANA subcommittee of the 

I nternational U nion of Immunolog ical Societies standardisation committee 

(Smolen et al. , 1 997; Tan et al., 1 999). 
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52.2 Experimental Procedures 

52.2 .1  Vacuum-assisted blotting 

A s lot blotting manifold ( Immunetics ,  USA) consisting of 1 0  slots was 

assembled according to the manufacturer's instructions. Blott ing papers and 

n itroce"ulose membrane were pre-wetted in  PBS. Human IgG positive control ,  

negative control ,  coloured orientation marker or antigen was loaded into the 

slots. Gentle vacuum (5 mmHg) was appl ied unti l  the l iqu id was sucked through 

the membrane. The membrane was washed in situ with PBS and then blocked 

in 1 % w/v BSA PBST. After d rying , the membrane was cut into 3 mm strips. 

Strips were incubated with antibody d iluted with buffer conta in ing 1 0  mM 

phosphate pH 7.4, 0 .25 M NaGI ,  0. 1 % v/v Tween 20 ,  1 % w/v casein ,  5 % v/v 

normal goat serum (South Pacific Sera ,  Timaru ,  NZ), and incubated for 1 hour. 

The strips were washed 3 times with wash buffer conta in ing 1 0  mM phosphate 

pH 7.5 ,  0 .25 M NaGI , 0 .2 % v/v Tween 20. Secondary anti-human IgG a lkal ine 

phosphatase conjugate was di luted in ant ibody d ilut ion buffer and incubated 

with the str ips for 30 minutes. The strips were washed and developed with a 

ready-to-use solution of 0.22 mM N BT/ 1 .2 mM BGIP  formulated i n  0 . 1  M 2-

amino-2-methylpropanol (2A2MP),  5 m M  MgCI2 pH 9 .5  for 1 0  m inutes, and the 

reaction was stopped by washing the strips with water. 
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52.3 Results 

52.3 .1  Non-specific interaction 

The background response of an assay is often attributable to non-specific 

interaction of Ig with the solid phase support. If th is background is too high, the 

i ncrease in FP detection wil l  reduce assay specificity . L ine-blot strips were 

prepared with a serial d i lution of Ro-SSA antigen and i ncubated with anti-Ro­

SSA positive serum a nd normal donor serum to d etermine the FP d istribution 

using the western blot i ncubation,  washing and d evelopment protocol .  I t was 

d iscovered that the donor serum reacted non-specifical ly with the l i ne-blot strip 

even in the negative (no antigen) control l i ne (Figure S2 .2) .  

A B  

Ro-SSA negative 
119 � 

control s lot 
2 -

1 � ,; ,  

0 .5 

0 .25 

0 . 1 25 

0 .063 

0 .032 

0.0 1 6  -

0 .008 

Figure 52.2 Non-specific interaction of normal donor serum with line-blot 

Line-blot strips coated with Ro-SSA (2 119-0.008 119) were incubated with A: anti-Ro­
SSA patient serum; B: normal donor serum. 

One strategy to overcome the non-specific b inding problem was to optimise the 

ant ibody d i lution buffer composition . Phosphate buffer  and casein 

concentrations were kept constant, whilst NaCI a nd Tween 20 compositions 

were varied. In addition , the effect of goat normal serum concentration on non­

specific b inding was determined. Thirteen buffers were prepared and their 

compositions are described in  Table S2. 1 .  ENA antigen strips consisting of Jo-

1 ,  ScI-70, CENP-B , Ro-SSA, R052, SSB/La, U 1  snRNP and SmD were 

prepared and challenged with anti-Ro-SSA patient serum and normal donor 
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serum di luted 1 /1 00 in various antibody d i lut ion buffers . Standard P BST wash 

buffer was used and anti-human IgG conjugate was d i luted 1 /8000 in  various 

a ntibody d i lution buffers.  Strips were developed for 1 0  minutes in western blot 

N BT/BCI P  substrate . The order in wh ich the buffers were used was randomised 

to reduce experimental bias . The mid-point  buffe r  was repeated to d etermine 

reproducibi l ity. 

Table 52. 1  Buffer composition of antibody di lution buffer 

Random 
Buffer NaCI m M  Tween 2 0  % v/v Goat serum % v/v 

Order 

1 1 50 0 .02 1 .5 7 

2 500 0 .02 1 .5 6 

3 1 50 0 .2 1 .5 1 6  

4 500 0.2 1 .5 3 

5 1 50 0 . 1  0 9 

6 500 0 . 1  0 1 3  

7 1 50 0 . 1  3 .0  1 5  

8 500 0 . 1  3 .0 1 1  

9 250 0 .02 0 8 

1 0  250 0 .2  0 1 4  

1 1  250 0 .02 3 .0 5 

1 2  250 0 .2 3 .0 4 

1 3  250 0. 1 1 .5 1 2  

1 4  250 0 . 1  1 .5 1 

1 5  250 0 . 1  1 .5 2 

1 6  250 0 . 1  1 .5 1 0  

1 7  250 0 . 1  1 .5 1 7  

Developed strips were air dried and then compared for non-specific responses 

(Figure S2 .3) .  Goat serum had the most s ignificant effect on non-specific 

b ind ing reduction .  All strips incubated with buffer without goat serum had non­

specific responses. I ncreasing NaCI concentration had a greater effect than 

Tween 20 on non-specific interactions. Goat serum a nd NaCI had a com pound 



1 97 
Supplement 2 :  Development of a l ine-blot assay 

effect, that is ,  by increasing the concentrations of both components the non­

specific i nteraction was reduced by the sum of the effects. 

Donor 
serum 

4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

Figure 52.3 Effect of antibody dilution buffer on non-specific binding 

Line-blot stri ps were immunoprobed with either anti-Ro-SSA serum or a donor serum 
di luted in one of the buffer compositions . Each pair of strips is numbered according to 
the buffer described in Table S2. 1 .  Responses are assessed by visual interpretation 
and by densitometry. 

Table 52.2 Wash buffer composition 

Random 
Buffer Tween 20 % v/v NaCI m M  Butanol % v/v 

Order 

1 0.2 250 1 .0 8 

2 0.2 1 50 1 .0 6 

3 0.2 250 0 4 

4 0.02 1 50 1 .0 5 

5 0 .02 250 1 .0 7 

6 0.02 1 50 0 1 

7 0 .02 250 0 3 

8 0.2 1 50 0 2 
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Reduction of non-specific b inding by modifying the wash buffer composition was 

a lso examined . Three buffer components, Tween 20, NaCI and butan-1 -01 were 

systematical ly varied and tested with l ine-blot strips (Table S2.2) .  Strips were 

probed with anti-Ro-SSA and normal donor sera and the washing steps were 

carried out using the appropriate wash buffer .  

Strips were developed and then d ried before scann ing to determine the 

response level .  The Tween 20 content of the wash buffer had the greatest 

effect on reducing non-specific interactions (Figure S2.4) .  Butanol and NaCI 

concentrations both contributed sl ightly to non-specific s ignal reduction .  

A combination of optim ised antibody d i lut ion buffer and wash buffer was used to 

e l iminate non-specific interaction in the l i ne-blot assay. 

0.45 
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0 0.35 :;:::; 
co 
.... 0.3 
Q) 
C/) 0.25 ·0 
c 

co 0.2 
c 0 . 1 5  .2' 
C/) 0.1  

0.05 
0 I 1 1  1 

2 3 4 5 6 7 8 

wash buffer combinations 

Figure 52.4 Effect of wash buffer composition on non-specific binding 

Eight wash buffers, described in Table S2 .2,  contain ing d ifferent Tween 20, Nael and 
butanol combinations were used with l ine-blot strips immunoprobed with patient serum 
and normal donor serum.  The signal: noise ratios for each buffer was calcu lated . 

52.3.2 Primary and secondary antibody incubation optimisation 

A number of factors affect the detection l imit  of an immunoassay, one factor is 

the contact t ime between a ntibody a nd target a ntigen.  The objective is to 

achieve the maximum response in a t ime frame that is practical for the analyst, 

without affecting the signal :noise ratio. Primary anti-serum was incubated with 
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l i ne-blot strips at 1 / 1 00 d i lution in antibody di lution buffer for 0, 1 5 , 30, 60, 1 20 

and 420 minutes . Al l strips were incubated with 1 /8000 secondary antibody 

conjugate for 1 hour and then developed using the western blot protocol (F igure 

S2.5) .  

A 1 2 3 4 5 6 B 

500 

co 400 
Q) 
..... 

co 
"0 300 
Q) 

-
co 
..... 200 Cl 
Q) 

-
c 

1 00 

0 

0 60 1 20 1 80 240 300 360 420 

Time / mins 

Figure 52.5 Serum i ncubation time 

Patient serum was incubated with l ine-blot strips over a seven hour t ime course. 
A: Line-blot strips incubated for 1 ,  0 ; 2,  1 5 ; 3,  30; 4,  60;  5, 1 20 ;  6, 420 minutes.  
B: Slot intensities were i ntegrated and plotted against incubation time. 

Primary antibody incubation time reaches its maximum affect on blot sta in ing 

intensity between 30 and 60 minutes. No increase in non-specific b inding was 

observed over a longer incu bation period . 

Secondary conjugate concentration and incubation time influence the response 

outcome. Line-blot strips were immunoprobed with a weak anti-RNP patient 

seru m .  After washing , the strips were incubated with secondary conjugate at 

three concentrations ( 1 /1 2000, 1 11 0000 , 1 /8000) for 1 5, 30, 45 and 60 minutes . 

Al l  strips were developed accord ing to the western blot protocol (Figure S2.6) .  

Anti-RNP response was greatest with 1 /8000 secondary anti body d i lution and a 
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weak anti-Ro-SSA was detected. Greater than 30 minute incubation was 

requ i red for adequate detection .  

1 / 12 000 1 / 10 000 1 /8 000 antibody di lution 

2 3 4 1 2 3 4 1 2 3 4 

.- Ro-SSA 

Figure 52.6 Secondary antibody concentration and i ncubation time 

Line-assay strips were incubated with three secondary antibody conjugate 
concentrations for 1 ,  1 5 ; 2, 30 ; 3, 45; 4, 60 minutes. 

52.3.3 The influence of NBT/BCIP substrate 

The substrate NBT/BCIP reacts with alkal ine phosphatase conjugate to form a 

b lack precipitate. Changing the amount and/or ratio of substrate components 

may influence assay sensitivity. Line-blot strips were incubated with anti-RNP 

serum ,  1 /8000 secondary antibody as described in the previous section, and 

then developed with 0 .22 mM NBTI 0.23 m M  BCIP or 0 .22 mM N BT/ 1 .2 mM 

BCIP in 50  m M  Tris-HCI p H  9 .5, 5 mM MgCI2 , 1 50 m M  NaCI (Figure S2 .7) .  

Increasing the BCIP concentration had a s ign ificant effect on the response, 

particularly to the low antibody titre anti-Ro-SSA specificity. I ncreasing the 

substrate concentration did not affect the non-specific noise. 
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� Ro-SSA 

� U 1  snRNP 

Figure 52.7 Effect of NBTlBCIP substrate on ENA detection 
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Line-blot strips were immunoprobed with anti-RNP and normal donor serum and then 
developed with either 1 , 0 .2  mM NBTI 0 .23 mM BCIP or 2 , 0 .2 mM NBTI 1 .2 mM BC IP .  

Substrate can be prepared as a 1 00 x stock solution that can be d i luted i nto 

development buffer before use. For convenience and reproducib i l i ty, many 

testing laboratories use ready-to-use substrate . Substrate stabi l ity in  a ready­

to-use solution is critical to assay reproducibi l ity. Line-blot strips were prepared 

and stored in an airtight container conta in ing d ry s i l ica gel . These l ine-blot 

strips were used to test the stabi l ity of ready-to-use NBT/BC I P  formulations 

stored protected from l ight at 2-8 QC, room temperature and 37 QC over a two­

month period . The responses were measured by densitometry and compared 

to a zero t ime point (Figure S2.8) .  Substrate formulated in 50 mM Tris-HCI pH 

9 .5 ,  5 mM MgCI2 , 1 50 mM NaCI buffer was abandoned after three weeks due to 

the d imin ished response and the formation of a white precipitate. Other high pH 

buffering solutions were tried such as ethanolamine,  borate and carbonate, 

however, the best performing buffer was 2A2MP pH 9 .5 (Figure S2.8) .  

Performance of substrate formulated in  50 mM 2A2MP pH 9 .5 ,  5 m M  MgCb, 

1 50 mM NaCI was not d imin ished after two months at any temperature. 
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Figure 52.8 Stabi l ity testing of NBT/BCIP ready-to-use formulations 

NBT/BCI P  was formulated as a ready-to-use substrate in either Tris-HCI pH 9.S buffer 
or 2-amino-2-methylpropanol pH 9.S buffer (2A2MP) and i ncubated at 2-8 QC (results 
not shown) ,  ambient room temperature (RT) and 37 QC. Substrate stabi l ity was tested 
over a two month period using l ine-blot strips. 

S2.3.4Antigen coating concentration 

Using the revised protocol , a selection of antigens were titrated to determine 

thei r  optima l  coating concentration . Each antigen was d i luted i n  PBS and 

coated onto n itrocel lu lose as described i n  section S2.2. Antigen l ine-blots were 

immunoprobed with specific sera and the responses were measured by densit­

ometry. Titration curves were plotted for each ENA (Figure S2.9) .  Optimum 

coating q uantities were determined as the a mount of antigen requ ired to give 

approximately 85-95 % maximum response (Table S2.3) .  

Table 52.3 Optimum amount of antigen to coat nitrocel lu lose 

Antigen Jo-1 ScI-70 
CENP-B SS-A/60 SS-A/52 SS-B/La U1 RNP Srn *Ribo P 

Load/ug 
0 .75 1 .0 1 .0 2.25 1 .5 1 .0 1 .5 2 .0  2 .0  

in 2ml 
* Ribosomal P antigen coating optimised but not shown in Figure S2.9 
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Figure 52.9 Determin ing optimum antigen coating amount 
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Antigens were serially d i luted 1 : 1 in  2 mL PBS. Each d i lution was coated onto 
n itrocel lu lose using the l ine-blot technique. Line-blot strips of antigen titrations were 
immunoprobed with antigen specific sera and the resultant responses were plotted as 
titration curves A-H.  

5 

5 
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52.3.5 line-blot assay performance characteristics 

Line-blot assay strips were tested for intra-assay (strips from the same lot) and 

inter-assay (strips from d ifferent lots ) reproducib i l ity and repeatabi l ity. 

Responses were measured from six strips of three different lots tested either on 

the same day or on a consecutive day. Inter-assay reproducib i l ity was 

determined by ANOVA and the coefficient of variance was calculated for intra­

assay repeatabi l ity using the measured integrated area responses (Table S2 .4) .  

Student's t-test was used to analyse the repeatabi l ity of each lot. 

Table 52.4 Line-blot reproducibil ity and repeatabil ity 

Lot 1 Lot 2 Lot 3 

integrated areas integrated areas integrated areas 

473 558 435 46 1 454 523 

Day 1 497 439 452 44 1 495 4 1 7 

487 492 420 467 486 484 

% CV 7.9 3.9 7.7 

440 497 396 432 497 430 

Day 2 46 1 428 352 337 400 473 

441 497 472 404 457 473 

% CV 7.9 1 2.5 7.6 

*Prob (p)  0. 1 62 0.054 0. 322 

*Probabi l ity (p) < 0.05 indicates significant d ifference between data 

Variabi l ity between lots was not significant by ANOVA (F ratio = 3 .007 and 

probabil ity (p) assuming nul l  hypothesis (no s ignificant lot variation) = 0.08). I n  

general , there was n o  significant d ifference between the performance of lots 

used on consecutive days .  

Diagnostic performance of an  assay must be determined through the analysis of 

large numbers of patient sera and healthy donor controls.  Line-blot strips were 

tested with a 1 50 patient sera cohort and 80 normal donor sera .  Typical l ine­

blot specificities are shown in  Figure S2. 1 o. 
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Figure 52. 1 0 Line-blot strips probed with anti-ENA patient sera 

Line-blot strips were immunoprobed with a variety of d iagnostically significant anti-ENA 
patient sera.  Strips: 1 ,  polymyositis (Jo-1 +ve);  2, scleroderma (ScI-70 +ve);  3,  CREST 
(calcinosis, Raynaud's ,  eosophogeal dysmotil ity, sclerodactyly, tangelactasia);  4, 
Sjbgren's syndrome (SS-A, SS-8 +ve); 5 and 6,  systemic lupus erythematosus. 

All strips were analysed by densitometry. Responses for each specificity were 

plotted (Figure 82. 1 1 ) . 
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Figure 52. 1 1 Line-blot assay anti-ENA response 

Line-blot strips were immunoprobed with a patient sera cohort (n=1 50) and normal donor 
sera (n = 80). Responses were determined by densitometry and plotted against ENA 
specificity. 
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Resu lts from a smal l  number  of Ro-SSA positive sera (n= 1 2) were plotted and 

compared to normal donor sera (Figure S2 . 1 2) .  
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Figure 52. 1 2  Anti-Ro-55A 60 patient sera compared to donor sera 

Ro-SSA +ve patient sera (n= 1 2)  were tested on the l ine-blot assay and compared to 
results from normal donor sera (NOS) n=80. Response of tested sera to other 
specificties Ro 52 and SSB/La were also plotted . The error bars show the mean 
response values for each specificity. 

None of the eighty donor sera tested reacted with Ro-SSA 60, whereas, one 

patient sera was sl ightly Ro 52 reactive and three responded to SSB/La . These 

donor sera were not reactive with other  specificities. 

52.3.6 Line-blot reactivity with ANA consensus panel sera 

Verification of assay performance is best achieved with wel l-characterised sera . 

A panel of standardised or consensus sera are ava i lable from the Centre for 

Disease Control (CDC), Atlanta ,  USA. These sera were used accord ing to the 

test procedure devised by Tan et al. ( 1 999) .  Various proportions of the CDC 

sera were mixed and then their  specificities were determined using the l ine-blot 

assay procedu re (Table S2.5) .  
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Table 52.5 Mixing protocol for the CDC consensus sera 

CDC1 CDC2 CDC4 CDCS COC7 CDC9 CDC3 CDC6 CDC8 CDC10  

A 
B 
C 
o 
E 
F 
G 
H 
I 
J 
K 
L 

M 

N 
o 
p 
Q 

dsDNA SSB/La U1 RNP Srn SSAlRo ScI-70 Specka nucleolb c'rnereC Jo-1 

4 
2 
1 

2 

1 

2 

4 
2 

2 

4 
2 

4 
1 
2 

1 
4 

2 
4 
4 

4 
2 

1 
4 

2 

4 
4 
2 
1 

1 
2 

4 

4 

2 
4 
2 

1 
2 

2 
4 
4 

7 
Each test serum label led A,B ,C etc. contains different proportions of CDe sera i .e .  
sample E contains 2 parts eOC2, 4 parts COC5, 1 part COC7 . 
a speckled pattern , b nucleolar pattern , C centromere pattern by immunofluorescence 
microscopy. 

Line-blot strips were scanned and the responses were quantified by densit­

ometry. Both specificity and sensitivity were 1 00 % for l i ne-blot strips probed 

with the test sera (Table S2 .6) .  

Table 52.6 Line-blot response and specificity to consensus sera 

Specificity A B e D E F G H I J K L M N 0 P Q 

Jo-1 ,/ 
Scl-70 ./ ./ ,/ ./ ./ 

ePB ,/ ./ ./ 

Ro-SSA ,/ ,/ ./ ,/ ./ ./ ,/ ./ ,/ ,/ ,/ ./ ./ ,/ 

Ro 52 ,/ ,/ ,/ ,/ ,/ ,/ 
SSB/La ,/ ,/ ,/ ,/ ,/ ,/ ./ ./ ./ ./ ,/ 

U 1  RNP ,/ ./ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ 
Sm ,/ ,/ ,/ ./ ,/ ,/ ./ 

'/ High response (200 +) , ./ good response ( 1 50-200) , ./ medium response ( 1 00-1 50), 

,/ low response (50-1 00), ,/ poor response « 50).  
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Ro-SSA specificity appears in almost all test sera despite COC? anti-Ro-SSA 

not being added to some of the sera mixtures. CDC2 ( anti-SS8/La) and CDC3 

(speckled) contain  low levels of anti-Ro-SSA which accounts for the apparent 

disparity. Anti-Ro 52 was detected poorly in the CDC2/CDC? sera , however, a 

very strong response was obta ined with CDC 1 0  (anti-Jo-1 ) . 
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52.4 Discussion and Futu re Work 

All assays need to strike a balance between the detection of FPs (specificity) 

and FNs (sensitivity) .  This is most often achieved by establ ishing a cut-off 

value above the assay background noise. Noise is mostly attributable to non­

specific  interaction of Igs with the solid phase support. Non-specific interaction 

with some normal donor sera was initia l ly very h igh in the l i ne-blot assay. This 

phenomenon related to the use of a vacuum-assisted coating technique,  wh ich 

somehow modified the n itrocel lu lose making it more prone to non-specific 

antibody b ind ing .  Cryoprecipitates in  sera have been shown to increase non­

specific background (Tan et al. , 1 999), and th is may explain why not al l  donor 

sera result in  such high backgrounds. I ntroducing an excess of serum prote ins 

and Igs (donor goat serum )  to the antibody d i lution buffer used i n  the l ine-blot 

assay, had the most significant influence on reducing non-specific binding . This 

practice, together with increasing the Tween 20 concentration in the wash 

buffer, redu ced non-specific b ind ing to practical ly zero . 

Reduction of background may result i n  loss in  sensitivity, however, tests 

conducted using an international ly characterised consensus sera panel showed 

that the l ine-blot assay was 1 00 % sensitive and 1 00 % specific. Some 

antigens, particularly CENPB,  ScI-70 and Ro-SSA gave lower responses than 

expected , reflecting perhaps the coating conditions used . Coating buffer 

composition has been shown to profoundly affect the performance of the 

antigen (Jones, 1999). Changing the pH and ionic strength, a nd add i ng 

methanol or isopropanol to the coating buffer, have been shown to affect protein 

b inding to a membrane sol id phase (Schneider, 1 980). 

Despite the low background,  some donor sera reacted with l ine-blot strips ,  

however, the interaction appeared specific ,  rather than non-specific ,  for SSB/La 

and R052 (F igure S2 . 1 2) .  Low levels of specific autoantibodies in the sera of 

the general donor population compl icate the interpretation of assay results. 

They either represent a FP (background) because the donor does not have an  

autoimmune d isease , or  a true positive due  to a pre-cl in ical auto immune 
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condition (Lyons et al. , 2005). The positive predictive value of an a ntigen 

specific ity being associated with a disease ,  together with the l ikel ihood ratio of a 

positive result  being of d iagnostic s ignificance with in  a certa in  population, are 

the most i mportant determinants for a successful d iagnosis (Phan et al. , 2002) .  

The s ignificance of  detect ing antigen specific autoantibod ies present i n  marg inal 

levels, therefore , may be questionable (Lock and Unsworth ,  200 1 ) .  As assays 

become more sensitive , cl in icians and those develop ing assays need to define 

where the compromise should l ie .  The ab i l ity to determ ine mult ip le specificities 

in one assay (multiplexing ) may meet cl in ical d iagnostic and prog nostic 

demands through the addition of the positive predictive values for ind ividual 

antigen responses. 

As part of this supplementary work, an immunodiagnostic procedure has been 

developed us ing a vacuum-assisted blott ing technique to d i rectly i m mobi l ise 

native ant igens onto n itrocel lu lose membrane.  This assay was able to detect 

nine E NA specificit ies because of the robust, reproducib le ,  h ighly sensit ive and 

specific format. Non-specific background exhib ited with some donor sera was 

overcome by the addition of donor an imal serum and detergent to the assay 

buffers, result ing in negl ig ible background noise. 
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Appendix 

Table A.1  A260/280 nucleic acid conversion 

A260/280 

0.57 
0 .61  
0 .66 
0 .71  
0 .74 
0 .77 
0 .80 
0 .86 
0 .92 
0 .97 
1 .02 
1 .06 
1 . 1 5  
1 . 1 8  
1 .22 
1 .25 
1 .28 
1 .30 
1 .33 
1 .37 
1 .4 1  
1 .49 
1 .56 
1 .61  
1 .67 

% nucleic 
acid 
0.00 
0.25 
0.50 
0.75 
1 .00 
1 .25  
1 .50 
2.00 
2.50 
3.00 
3 .50 
4.00 
5 .00 
5 .50 
6.00 
6 .50 
7 .00 
7.50 
8 .00 
9 .00 
1 0 .0 
1 2 .0 
1 4 .0 
1 7 .0 
20.0  

Data adapted from Warburg and Christian ( 1 941 ). 
A260/280 for pure RNA = 2.0 .  
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