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Abstract 

Abstract 

X-prolyl dipeptidyl peptidase (EC 3.4.14.11), or PepX, is a dipeptidase found in most 

dairy lactic acid bacteria that hydrolyses N-terminal dipeptides from larger peptides 

where proline is the residue penultimate to the scissile bond. It has recently been 

found that PepX will also catalyse the hydrolysis of some chromogenic esters and 

synthesise esters via an acyltransferase mechanism that uses ethanol as the acceptor 

molecule and tributyrin as the donor molecule. 

In this study, the pepX gene from Streptococcus thermophilus strain B2513 was 

cloned and sequenced. This sequence was found to differ in several positions from the 

recently published pepX sequence of S. thermophilus strain ACA-DC4. None of the 

observed substitutions occurred in the catalytic domain of the enzyme, all being 

localised to the C-terminal B-sheet domain. 

An activity assay using a chromogenic peptide substrate with tributyrin as an was 

used to prove that PepX binds peptide substrates and acylglycerides at the same 

binding site, implying that the same catalytic machinery carries out both peptide 

hydrolysis and activities involving acylglycerides. 

PepX was found to form esters only from the acylglyceride tributyrin, and was not 

active on any of the larger triglycerides tested. The chemical mechanism for this ester 

formation is proposed to involve the direct transfer of an acyl group from the donor to 

an acceptor, rather than acyl hydrolysis followed by the separate transfer of a 

carboxylic acid product onto an acceptor, as the enzyme does not form esters when 

provided with butyric acid and ethanol. 

PepX was found to be incapable of hydrolysing milk:fat and tributyrin in aqueous 

solution. This contrasts with the ability of PepX to hydrolyse the synthetic ester p­

nitrophenyl butyrate, which probably is a reflection of the lability of the ester bond in 

this substrate. 

The results of this study show that PepX is a peptidase that has a secondary 

acyltransferase activity, with no hydrolase activity on natural acylglyceride substrates. 

I 



Acknowledgements 

Acknowledgements 

I would like to thank all of the staff from the Institute of Molecular BioSciences and 

Fonterra Palmerston North. In particular: 

For endless assistance and question answering during molecular biology procedures I 

would like to thank Dr. Mark Patchett and Dr Charlie Matthews. 

All the people who work (or have worked) in the X-lab during my project deserve 

thanks for putting up with my grumpiness when things didn't work. Bradley 

McLellan, for endless cups of coffee. I would especially like to thank Trevor Loo, 

Biochemistry Guru. Trevor has been great for providing me with technical assistance 

during my work, and seems to have an entire biochemistry recipe book stored in his 

head (or at least in his recipe folder). Dr Emily Parker for discussions about enzyme 

mechanisms, what long chemical names mean, and for answering various general 

chemistry questions. 

From Fonterra Palmerston North, I would like to thank Tianali Wang, Emily Chen 

and Julie Ng, for assistance with GLC and ASPEC. I would also like the thank Dr 

Shao Liu for many discussions about ester synthesis, and for doing the work that 

started this entire project. I would like to thank everyone in the BioScience Section for 

their time and assistance. I would also like to thank Dr Tim Coolbear for proofreading 

this thesis, and for his critical analysis of this work. 

I would like to thank my supervisor Dr Ross Holland for his patience when things 

were not going according to plan, and for always believing my results, no matter how 

wild they seemed (and occasionally were). I would also like to thank Ross for finding 

the financial support for me to undertake this work. 

Finally I would like to thank my supervisor Dr Gillian Norris, for her patience, advice 

and support during this project, and for putting in a lot of her own time to read my 

thesis, even when her schedule was full. 

Matthew Bennett 

September 2003 

II 



Table of Contents 

Table of Contents 
Al>.~tI~91 ___________________ __ _________________ __ __________________________________________________ ____________________ J 

A..G)gi.Q.wl~_4g~m~-~t§l _________________________________ ______ __ ______ ________________________________ _____________ u 

I~Rl~ _Qf(:gnJ:.~J).1~-------------------------------------------------------------- - ------------- - - -- -------------- - m 
Li~t _Qffiw.~~-- --- ----- ---------- - - --------- ------------------------------------------ - -- -- -- - - ---- --- ----------- ·xu 
Li~t _QfJ~Rl~§l _________________________________ __ ______ __ _______ __ _____ ___ __________________________________________ XIV 

Al>J~t.:~Yi~tjgn_~- ---- --- ---------------- - ---- -- - ----- ------ -- ---------------- --- ---------------------- ---- ----------- :xv 

Al>_l_>_t.:~Yi~tjg~ _Qf_AffimQ_Afid~ - --------- - ---- --- ----- ----- --- - ----------------------------------------- xvu 

Al>J:>x~Yi~ti.9n.~_QfNtJ9.l~_i9 _ _A9_i_Q.~---- --------------- -- ------------- - --- - ------------ - ---------- - --- -- ---- XIX 

Chapter 1 Introduction and Literature Review 1 

J.J .. ~h~~~-~.M~~-~f.~_<;t~r.~ ............................................................................................... 1 

.l .. _l.,J._Th_~_Qri_gm~_Qf P~iJ:Y _Sfj~n.f~ ----------------------------------- ----- -------------------------- · 1 
_1 _._ J_,i _CJ;~~-~-~~ -M.<J.n_l,IJ~c;.mrn _____________________ ______________ ___ ____________ _____ __________________________ _ 1 

_l_._J_._3 __ 0?,irJ'_L~9.ti9-A9.id _B_fJ._9t_~rj?, _________ ____ ________________________________________________________ __ 2 

J.J.~h~~~~ . .f.l~y~~X.(:Q.~.P.Q~.~-~t~ ................................................................................ 3 

_l_)._,J__L~ftjf_Afid_B~9-t~rj_fJ._C~t~RQJj_~m_~n.d_fJ~Y9-W __________________________________ _____ _ 3 

_l_)._,i_Cc;mtrnJ __ 9JCh~~~~- fJ<J..YQ_W __ _____ ______ _____ ______ ______________________________________ _________ 3 

J.-}.~.!?t~I~~~-~--~.!?.P.~trr . .f.!~Y~~x . .f.~f~Qr~ ..................................................................... 4 
J_J_,J._E_~~r__CmilP.9.mld~- ------------ ------ ---- ------ - ---- ------- -- ------------ - -- -- -------- -- ---------------- ·4 

J_.},i_E_~t~rn~~~-~n.d_Lip~~-~-~- --------------------------------------------------------------------- ---------5 

_J_.}._~ _TriRµtyr.ffi _E_~t~r.<J..~~~----- -------------------------------------------------------------- - ----- ----- -- --6 

J_.}.A _E_~~rn~~~- ~~ -SypJJ;i_~t_i<; __ En.mm.~~ --------- - ---------- -- ------------- ---- ----- - -------- --- ------ 6 

J_._3_._~ _E_~t~r.<J.~~~--w __ pjff~I~-~t.Sp_~fj~~- ----------------------- - ----------------------------------------- 7 

J_J_._~_M_i9rn~§l.t~rn~~~ --- -- ---------------------------------------------------------------------- - --------- --- - --·8 

_l_.},7__J_li_~_fJ;iy~_ig_lQgj~~l .R9-J~ _Qf_E~t~rn§l_~ __ En.zym~~- -- ----- -------------------------------- · 1 o 

J .. 4..?.~PTI~.~.!?~~--~-!?.P.~~.IT .. f.!~XQ~.r . .f.~ftQ.~ ................................................................... 11 

_1_._4._ J__p~ptj.@.~~~---- ----------- ----------------------------------------------------------- ------------------ --- --- · 11 

JA,i_T_li_~_frnt~Jytk _S.y~t~m_QfL~9-ti9-_A&id_~~91~.t.:i~--- - - ----- - ------ - --- -- --- -- --- ---- - · 12 

_lA .. ~ .l~.trn9-~_UtJl~_p_~p_tid~~~~ ------------------- - ---------------------------------------------- - --------- · 12 

_l_._4._4 _P~pQ_AfilW_9p_~p_tid~§l-~-------- ----------------------- ---- - -------- - --------- --- - ---- ------ ------- --- · 13 

_lA,~ .Q~~~rnl _Amm.QIJ_~p.tid~~-~~ ----- ---------------- - -------------------------------------------------- · 14 

III 



Table of Contents 

J. .. ~.X.::P.rn.1.Y.~.P.~P.~Ptj~y.1.Am!~.c:>.P.~.P.t~~~~~---·········· · ·· · ············ ·· ··· · ········· · ······················14 
J_5,l _X:P.mlyl_Pjp~pti9yl _P.~ptic;l~~~ - Sp_t;:~jfa~jty __ __ ______ ___ ___ ______________________ _______ _ .14 

.1 _._s_, z _ r~ptj.Q~_ s yntb~§l_i_~ _ J:?y _f~px __ ________ __ _____ ____ ___ _______ ______ __ ________ ___ ____________ ______ __ .1 s 
J _._s_ ._3- _R<>.l~ _<>.ff>_~pXj~ _L.i;~tj~_A~jg_ ~!!9-t~rj.i; __ __ ___ ___ _____ ___ ___ ________ _______ __ ____ _____ ______ ,16 

.l .. _S_A_C_~_U'Jl~r_pj_~tdh~timJ._ .<:>f P._{mX ___ ___ ___ ______ _________ ________ ______ ___ ____ ___ ________ ______ ____ .16 

.l _._s_,~ -P.~pX_ m;_ _~ _:p_~iry _fJ_~:v_9_~r_.f.~~tm: ______ ___ ____ _____ ___ ___ ___ ___ ___ __ __ _____ __________ ___ _______ .1 s 

J. .. ~ .~~x~.~~m:~!.f~.~t!·n·~~-9.f.~!P.~~~~.i.$.~t~.rn.~~-~!!4.J.~.rnt~~-~~~------ · ········ · ·-·· ·· ----········· 19 

.l ... 6-,J _g_l3_JI_yw9J!!~~ -E~-~-~------ ---- ---- - - -- - ------ --- --- - -- - - - - ---- ---- - ------- -- --- --- --- - -- - ------ - · 19 

.l .. _6-._Z_J_l_i_t;: __ gfi _ Hy9r<>.l~~~-f.9Jd ___ ______ ____ ______ ____ ___ __ __ __ ___ ___ ___ ____________ ____ ___ ____________ ____ .20 

J.-.7..~~D.!!~.RY.«:l:r.c:>.~~~-~-~.~~~!Y.~~~--····································································· · ············22 
.l_._7_,J_Tb_t;: __ E§l_t~r~~~!P~p_tid~~-~--C!!t!!lyt_i_9_ ])i~.Q __ ~.1)..Q. __ s~rm.~_MQtjf __ ___ __ ___ _______ ___ .22 

.1_._7_._Z_P.mp<>.§>_t;:.Q __ M~9-h~~i§lrn _Qfir.iJ:?_l,l_tyrm_ fa;_t~rn~-~- Hy_<;IrnJyt_i9 __ c!!t~Jy_~i~ -- --- - ·25 

.1_._7_ ,3- _P.mp<>.§>_t;:.Q_ M~9-h~w§lrn_QfJrjJ:?ll.t:xrm_E~t~rn~_t;:_ Tr.~~f~m-~~ -C_c;i._t~l_y~_i_~ - - - - - ·2s 

J ... ~.I.~~-~try.~~Hr.~.9.f.r.~.P.X ........................................................................................... 29 
.l .. _8_, l _Q~~t;:rnl _Qy~ry_i_~w __ __ ___ ____ ___________________________________________ ___ __________ __ ________________ 29 

.1_._s_._z_g __ Ht;:_U9_~_1_p_9_m~m ______ ____ _____ _______________________________________ __ ___________ __ _____ ____ _______ 29 

.1 _._s_,3- _g-13_ JiywQJ!!~~ -c-~~-~J.Yti9- _PQm!!m ____ ________________ ____ __ ______ _____________ __________ ___ ___ _ 30 

.1_._s_.A_g_13 __ Lmk.~r. _P.<>-~m __ ________________ ______ ___ ____________ __ ____ ___ ____________________ ____ _____ ____ ___ 30 

J_._8_._~ -~ - S!!n.Q:wj~b_ P.C?_@ffi __ ____________________ ____ ___ __________________________________ __ _________ __ _____ 30 

.l _._8_._(i _Qtb~r_f_t;:_~Iw~§I __ ________ ___ ___ ____ __ _____ __ _____ _______ ___________ ___ ___________________ __ _______________ 31 

.1 _._8_,7- _C<>.mp~rj~9~witb_S.tm~mrnl _Rt;:J_~~-iyt;:_~------------- - --- - ------------ -- --- - -------- -- ----- 33 

J. .. ~.I~~-~~~P.~.Qf .I.~~~ .. 'P.r.9j~~t ..................................................................................... 35 

Chapter 2 Materials and General Methods 37 

~ ... t.M.~t~D.~!~ .................................................................................................................. 37 

~ ... ~.$.qH~P.ffi~!!~ ............................................................................................................... 39 

2_._'.?_._l _PNA_S~q:m:rn~mg_ _____ ___ ___ ___ ___________ _____ ___ ___ ___ _____ ______ ____ __ _______ ____ ____ _____ ________ _ 39 

2_._i,z _rmt~m_S~qµ~p~mg_ ____ ______ ______ _____ ____ __ __ ___ ____ ___ __ ______ _____ ____ ____ ________ ________ _____ _ .39 

2_._'.?_,3-_f!!§l.t_P.mt~m _L_i_q'Jid _Chrn@~_()_grnp.by _____ ______________ __ ______ ___________ __ ______________ 39 

2_._iA _P.w.lfi~g_ W!!t~r_ _____ ______________ ____ ____ ___ ______ __ ______ ___ __ ____ __ __ ___ __ ________ __ ____ ________ ___ ___ 39 

2_._'.?_._~ _fjJ~_t;:I _St~@§l_<;J.1im~ _E_qlAiPm~nt ____ _________ ___ ____ _____ ____________ _____ _______ _______ ____ ___ __ .39 

~ ... ~ .. G~!!~r.~!.M~t~.9.~~---······ ............................................................................................ 40 

2_.}._ l _StQI~.g~ _<>.f~~lillI~~-- - - - -- -- - ----- --- --- - - ----- --- --- ---- - -- - - -- - - --- ---- - -- ------- - --- - -- - --- ---- - -- - ·40 

IV 



Table of Contents 

2_.},~_M_~9._i<_t _______________ ____ _____________________________ __ _______________________________________________________ 40 

2_J_,3 __ Mtfbjg_ti9-_St9~k-~----------- ----------- -- ------------------- --------- ---------------------------------- 40 
_____________ 2,J::4_Ag<_1.rn$~_ G~lEl~9_trnp_l;i_9_i:~$-~ ___ _____ ______________ _______ ______________ ____ ______ ____ ____ _______ 41 

·- -----------~,J:~_Etlmm:?lP_rn9-h~it5!-ti_9_11 _<>-f PNA __________ _____________ __________ __ _____ _______ ______ ______ __ ____ 41 

_____ ____ ___ _ 2,J:9_Irn~fcmm~ti~m_9f_C_9_mp~t~!lt_E_~h~ric;_b_ig_f9-li __ c~u_~ ______________________________ 42 

_____________ 2,J:IM~~$W~m~!lt_Qf _OQti9-~l_P~11$_iJY-_9-f.C~J1w.~$ __ (QP) ________________________________ 42 

__________ __ _ 2,J:_8_.Cfil9_mQg~m~_S:µb_~tJ::~t~JQ[ _B:µzyl_E~t~rn~~A9_tiYiWA~~-<_1.y_~ __________________ 43 

__ ___________ 2,J:9-_ .CM_Q_ffiQg~m~ _ S:µb_~trnty __ fQ[X_-:P-!_Q_ly_l _Pip~ptj4<_t~~-8&tiYity __ N~<_ty~ ____ ___ 43 

___ ___ _______ 2,J:JQ _ _Q:µ_<_i._ij_t~tiY~-~!ld _Qmrntjt_<_t_tiyy __ M<_t_ly$_i_~ 

9JE_~t~J::<_t_~~ -~!ld _P~pt_i_d<_t_~~ -A9-tiyjty_ _______ ____ _______ ____________ 43 

_____________ 2,J:J _l _ f<>-lY~9-l"Yl5!-®_d~_JkI __ EJ~~tnmhw~~~------------------ -- -------------------- -- ------------44 

_____________ 2,J:J2 __ CQQJJ@_~~i~ _St5!-~g_fQ}Y5!-~ry_l_<_t@d~ _Q~l$ ___ _____ _____________________________________ 44 

___ __ _____ ___ 2,J:JJA~Hvity_S_t<_1._i_l)_h1_g_p9Jy~c;ryl~mid~_G~l~ 

f9-r_fyp_ti@$_~-m~d_E~_t~rn$_~- A~Hvity _____________________________ 44 

__________ ___ 2,J:J~ __ Enzym~_M$5!-y_.Grndy __ B:µ_tf~r __________ ________________________________________________________ 45 

________ _____ 2,J:J_~ __ (;9_19_1)y_f.C_E._ ___ ______ ___ ____ ____________________ __________________ __ __ __ _________________ __ _____________ 45 

_____________ 2,J:J§_p_~~~!t9m~1JY_ Qf_(klJm.5!-g~~ ------------------------------------------------------------------45 
_____________ 2,J:JJ _fhQ~pJ1<_1._ty __ B:µ_tf~r_pH _ _7_,~ ____ ______ ______________________ __ ______________________________________ 46 

Chapter 3 Identification of Esterase II 

from Streptococcus thermophilus B2513 47 

J.-J .. Ii:iJr.9.g~-~.t!!?~ ............................................................................................................. 47 

J .. J.Q~i~.~~x~~--~-~g.§Jr.~t~~gtt:~ ...................................................................................... 47 

J ... ~ .. M.~.~!!9."-.~ .................................................................................................................... 48 

J.}._l _SQftw~r~-u~-~g. __ m_S®U~r!ty __ sy_<_l_r:9-h~~----- ---------- ---- --- - -------------- ----- - ---------- 48 

J.-.4...R~~~-~t~.~n9 .. Q.~~~~-~~~9.n ........................................................................................... 49 

_____ ________ J,:4:J _ P5!-.1<_t.b5!-~y __ s~w~h_Ry_~~Jt_$ ___________________ ______ _____ ___ _____ ____ ______ _____ ___ ____ _______________ 49 

J ... ~.G9.n~!~.~!9~.~ .............................................................................................................. 5t 

Chapter 4 Biochemical Identification of Esterase II 

from Streptococcus thennophilus 52 

4.-J. J~tr.9.g~-~TI!?~ ............................................................................................................. 52 

4 .. J.¥.m~nm~n~~!.Q~j~~!h'~~ ....................................................................................... 52 

4 ... ~ .. M.~.~!!gf\~ ......................................................... ·········· ................................................. 53 

v 



Table of Contents 

4_.},LPr9_t~ly~_i1?_Q:mJxQJ ___________________________________________________________________________________ 53 

4_.},7-_E_~~r_~~~-U_fmi:fi9-~t!Qn _____________________________________________________________________________ 53 

4_.},7-,l_Grn_wth_9-f SP:~ptQfQf9-Y§Jb_<;_rrrgmh_au$ ____ _______ _______ ________ __________ 53 

4_.}._7-,7- _ H~ry~~tmg_;rn~tLy~_i1?_.Q_f_C_<;_H~ ______ ____ __________________ __ __________________ ___ 54 

4_.}._7-,J _!\mm.9_wmn_S~lfat~_Pr<;_c;_ip_it~t!Qn_9_f_pr_9_t~ffi~ ___________ _______________ 54 

4_.},7-,1_AmQ;r;i_ E~9-h~p._g~ _f.P_LC. _____________________________________________________________ 55 

4_.}._7-,~ _Hygr_9ph9-b!9- _J;r;i1<;.rnc;_tim!_ChrnJIW.19_grnpby ___________ ___________________ 55 

4_.}._~--N~tiy~ _G~l_Ekc;trnpbm:~i?j~ -~ml_A9-ti:Yjty _St~mmg _____ ___________ _________________ 56 

4_.}A_~J9-ttmg _~;r;i_c;l __ EQ@;r;i _ _$_<;_qlJ<;_1_w_w_g __________________________________ ___ _____________ ______ _____ s7 

4.·.4 .. B~~~-~t~. -~~9 .. P..~~~~-~~-~9.!! .. ......................................................................................... 58 

4_._4._J__plli}fi~~tj9p __ 9_f_p_~px_ __________________________________________________________ ____ __________________ 58 

4A,7-_N~tiY~.G~l_E_l<;_c;1rnpbQ.t:~_i?j~ ---------------------------------------------------------------------- 60 
4A,J _C_QQTim~-~j~_s1~i_l)jTig_QfN~t_iy~ _Q~_l_fqr__fr91<;_W ______ __ ______________________ _____ ___ _ 61 

4AA_E_~_t;l __ $~q~~P9-ffig_ __________________________________________________________________________________ 61 

4.·.~-~9.!!~!~-~~Q!}.~---···········································································································63 
4 ... ~.f.~.r.t:!:!~r..W.~r.~ .......................................................................................................... 64 

Chapter 5 Cloning of PepX from Streptococcus thermophilus 65 

~ .. J .. Ii:i.tr.9.~~-~~~~---··········································································································65 
~ ... '?-.. Q~i~-~~x~~--~~~-~.trnt~~~~---··················································································· 65 

_s_._i._J __ Qpj~9-t!:v~~-------------------------------------------------------------------------------------------------- 6s 

_s_._~_,7-_S.tr.?PtQ.<;_Q_r;_c;_l{!I_fhlt!Pl9Phi!_~~- G~n~tj~~---- ------------------------------------------------- 66 

_S_)_,~ __ ClmW!gJ~c;_@ig~~~-lm~~~1ig~t~ct ________________________________ ____________________________ 66 

~ .. } .. M~.thg.4-~---················································································································· 69 
_S_J_,l_CJm@g_9_f_p~P-X_by_R~~1rj~tj9_I) __ fr~gm-~;r;i1 _S9-rn~~g __________ ________ __________ 69 

_s_.}._J_,J__Q~pQm.j~_PNAPX~P-~rntjg_t;l ____ ____________________________ ____ ___________________ 69 

_S_J_._l,7-_R~i?tri9-t!Qn _ _Djg~~t~ --------------------------------------------------------------------70 
J_.}._!_._2,l _Oig~$_(frrn_Qf_G?lJ.9-'!JklJN4 ___________________________________________________ 70 

_s_.}._l,J_G~P~rnt!g;r;i __ 9J~ _PNA.Prnb~ _fqrp?p_X.G~m~--------- -------- -----------70 

_s_.},t,1_Cl~mmg9fpc.R _Prnct~9-t ___________________________________________ __ ______________ 71 

_S_.}._J_,~_NQn:-_c;9_l_i_~_~jy~_E.Tict~4 _Cl9-~g ___________________________________________________ 71 

.s_.},J_,6_R~i?tri9-t!Qn_M~1mmg_9_f_J)NA_Pr9-R~ ----------- --- --------------------------72 

_s_.},l,7-_S911:th<;_m_~lQttwg_QfG~nQ@c; __ ONA _______________________________________ 73 

J_.}._!_._'lLOY.?.1Yi~w_9fS.Q_l!:tb.<;_m_!J.fr!f_(~1Jg_frQ9-?.!i!L _______________________________ 73 

VI 



Table of Contents 

J,}._!_._'{~_l?_"(Q/!~_ f:,_q._Q.~W!i:g_ _______________ ______ ______ __ ______ ____ __________ ____________________ 74 

J_.}._LrJ_lfyl;rd<li$_q._(i9-!l:_ ifPr_Q_Q.~J9- _f1(9_t_ _________________ __ ____________ ______ __ ____ __ 74 

J, }._ !_._ 7_._ 1. _ !2f!.tf!.<;JiQn ef Pr_Q_i}_?_ _f!yQ.d_4.~s.g!_~Q_1)_ _____ __ _____________ _______________ __ ____ 7 5 

_s_.}._ l._8- _QQ!@g_9fQ~nQmJ~-R~~t1:iftjm1_frngm~m-~ ___ ___ ___ ____ ___ ______ ____ __ 75 

_s_.}._2-_CJQ!@g_9fr~pX_G~n~ _hy_Q~g~n~rnt~_P_tim~r_ _fC.R ______________________________ .76 

.S .. }._2- ._ l _Prim~r.P~~ign ________________ ____ _____________ ___ ___________ ___ ____________ ______________ 76 

.S .. }._2-._2- _P~g~n~rnt~J?rim~r.P.CR ___________________________________________________________ 76 

.S .. }._2-._3._Pig~~ti9.n_ ~mJ_ Lig~1JjQp._ 9.f.P.CR_P.r_9_ctm~t 

w _fl~~wd_ CJQp.mg.Y.<,':_c;~_9_r __________________________ __ ____________ ___ 77 

.S .. }._2- ._1 _QQn~ .s~J~fti.<?P. __ ~JJ.g __ S~c;rn~n9_ip_g _____ ____ __ _____________ ______________________ 77 

.~ ... 4 .. B~~~.1.t~.~!!~ .. P..i.~f~.~~~9.!! ........................................................................................... 79 

.S .. .4.._l _ SQµ~_l;t_(,':m _B_km_wg __________________________ __ _____________ ____________________________________________ _ 79 

.S .. _4-._2- _P~_g~11(,':_r:~t~ _P.rim~r_P_CR ___________________________________ __ _____________________ __ ________ __ __ __ __ 84 

.SA._3. _S~~rn~nf~ _QfCJQp._f;Q_p_~pKQ~n~------------------------------------ -- -- -- -- --- --------------- ·87 
.S .. .4. ._ 3- ._ J. . N ~f 1~9.ti9~ _ S_f;_q\l_(,':JJ._c;~ __________ _______________________________________________________ 8 8 

.SA._3. .. 2-.P.rnt~m.S~gµ~p.f~-- ----------------------------- ---------------------------------- ------89 

.~ ... ~.~9.!!f'~-~!Q~.~ .............................................................................................................. 91 

;; ... ~ .. f.~.nh~r..w.~r.~ .......................................................................................................... 92 

Chapter 6 Expression and Purification of Recombinant PepX 93 

§ .. J .. tJ.l.tr.~~~-~_tjQ~ ............................................................................................................. 93 

.~ .. J.Q~i~.~9.x~~--~-~~-~.trn!~ID~~ ...................................................................................... 94 

§ .. } .. M.~.thQQ~ .................................................................................................................... 94 

!:i_.}._J __ R_(,':_y_i_y~J -~nct _Grnw1h .9-fG~n~Hf~lJy_MQgj_n~ct _E.s.hf:d.9-M<J _ 9-9.ff _____ ___ _____ .94 

!;i_.}._2-_Jp.gµ_c;H9_n_Qf P.rnt_f;fil __ E~pr_(,':~~-i9-n ______ ________ __ _____________________________________ __ _______ _94 

_(i_.} .. ~--H~rY~~_tmg_~nd_L_y~_i_~_QfC_(,':_lJ.~-------------------------------------------- -- ------------ - ------- .95 
!j_.}._1 _Jmt:n9.P.Hj~~ct _M_(,':~_~_l_Affmity_Cb!"-9.JllilJQgr,<mJw _______________ _____ ____________ __ _____ .95 

_(i_.}._~ _Q:-S_<,':p_1:t.~rn~_(,':_ !.\njg_n _E~~b~P.g_<:t_CW-wm1.tQgr~pby_ ___________________________________ _ 97 

_(i_.}._9-_C_9.n9-(,':JJ..trntjQp. __ ~p.g __ StQrng<:t_.<?f.E¥Ym<,': _______ ____________________________________ __ _______ .97 

_(i_.}._7- _Q~l_fjJ~rnHQD ___________ ______ ____________________________________________________ ________________ ________ 98 

_(i_.}._8-_Hydrgph9-P.i9-JP.t(,':r<w.ti9-11_C.hrQ@~_9_gi;~phy __ __ ______ ____ __ ______ _______________________ 99 

!?_.}._9- _M_(,':~~w.~m~p..t _9-:f.E_11zyi;m~A9_tiYitj~~-- ------- - ----- - ----- ----- -------- -- --------------------· 100 

§ ... 4. .B~~~It~.~!!~ .. P..~~f~.~~~9.!! ........................................................................................... 1o1 

_(i_._4. ._ l _ E_}(p_t:~~~iQ J'}._ .Qf R<,':_G.QrnP.m~nt _ P_f;pX. _frnt(,':jp __ ffi _E, __ c;g_~~ -----------------------------.1 01 

VII 



Table of Contents 

_(j_._4._~J.mm<:>.Rili~~d_M_~_t:;iJ.Affw.ity_Cbr-9_@1<:>.gr_~pby_ _______________________________________ .1o1 

§_._4,3- _Afil~m_E.~9-h~D_g~_C_filQm..i!t-9gi:~nhY ___________________ _____ _____________________ ___ ___ ________ 102 

_(j_._4.A _Q~l _f.jJ_trnti~m. ____________________________________________ __ _________________________________________ _______ 105 

_(j_._4._~ _PJJrifi~~tj9_Q._T~RJ~------------------------------------------------------------------------------------- 106 

_(j_._4,6-_P~~-i_tQm~try_M~Jy~_i_~- ---------------------------------------- -- ---------------------------------- 108 
.9A,7-_S~"1J:Y __________________ __ ________________________________ ___________ ___ _________________________ ________ _ 108 

§ ... ~ .~9.!!f~.1:1.~!~"-~·-················· · ········ · ·· ··············································································· 109 

§ ... ~.f..':1.~!!~r..W.9.r.~ .......................................................................................................... 110 

Chapter 7 Kinetic Characterisation of PepX using Synthetic Substrates 111 

.7 .. J.J.1_1Jr.9.~.':1.~.tj9.~ ............................................................................................................. 111 

1 ... ?-. .Q~i~.~9.x~~--~-~~--~-tr.~t~~-~~---··················································································· 111 

1 ... ~ .. K!~.~9.~.An~Jx~!~ ...................................................................................................... 112 

.?_J_.J _U.~-~-gf c_mQW-9 _g~m_c; __ $µh~trnt~~ ---____ _______ __ ____ ________ ____ ___________ ________ ___________ .112 

.7_.}) _ C_h"1_r:~c;_t~r:~?ctimtQff~nX _A9-tjy~ _ S_it~ --- _______________________ __________ _____ ____________ 113 

.7_.}.}_Kffi~tj~_Mii:Jy~j~ -M~tJ1g_q~ __ ___ __ _________ ____________________________________________________ ____ 11 s 
.7_.}.JJ_Th~ __ Lm~w.~~Y~r:-~m-k~_Irn~fQrm~tjQ~L ______________ ____ __ _____________ 115 

.7_.}J_)_Ih~_H_"1n._~~-:WQ-9JfTr:~11~J9.~t_i_<:>.9- __ ____ _____ _________________________ _______ 11 s 

.7_._~_.JJ_Ih~ __ Eii:dj~-:J:foJ~_t~-~-Jrng~fQrm~tjQg _____________ __ ___ __________ ___ __ __ ___ ____ l l 6 

1 ... 4..M~J!!Q!;l.~ .................................................................................................................... 111 

.7ALM_~~~w~m.~m __ 9J~µcyJ_ E.~1~rn~~_1\~ti_y_i_ty ___________ __ ____________ _____ __________ _______ _ 111 

.7A) _M_~.i!~w~m.~n._t _9JX :-PrnJyJ__Q_ip_~p_tjd~$-~_ A~t_i_y_i ty ________ _______________________ ______ 119 

.7A,3- _M_~-~~w~rn~m __ 9J pjp~pt_i_c;l_~-~~ _A9-tjyjty _i9- _tb~ _P._r:~$~!J~~ -Qf Iri_l?_llt)'.f_W ___ __ 119 

7.4.4 Measurement ofEsterase 

A~HYity_ jn__tb_~ __ frn~~-i:l9_~_ g_f_p~pt_ig_~ __ Sµh~_trnt~ _____________ 120 

.7A,~_M_~~~w~m.~n.t-9JE_~~_Ac;_tjyjt_i_~~ -m_ tJ:i_~ _ _frn~-~J)._G~-_9_fAl9-9.hQJ ____ __ _____ _ l 21 

.7A._6- _E&c;m:dmg_ QfR_~~µJt~-m~d _Prn9-~~~mg_Qf P.~t~ --------------- - --- - ----- --- ------------ · 122 

.7A,7-_P~fmjt_i<:>.9- _Qf_Em;ym~_A~tj_y_i_ty _U.filt __________________ ______________________ __ _____________ _ 123 

1 ... ~.R~~.1:1.~t~ .~n~ .. P..~~f.1:1.~~~9.n ..... ..................................................................................... _ 124 

.7_._~_,lp_-:Nj_ti:Qpb~gy_l_~JJtyrnt~-~-~~y~ __ fQr. _E~t~rn~~- -Ac;HYity _____________ __ ______ _______ _ l24 

.7_._s_,l,lJ~m~w~.i!:v~r.-:~wk~_Irm~~fQ~tiQ!J ____________________________________ ______ 121 

.7_._s_,1,~-H~~~::W<:>.QlfJrng~fQ~HQn. __________________________ ________ _________________ 128 

.7_._s_, L 3-_ E_?c<iit1_-: H9. f~t~~ _ T.rn~J9.m::i.i!ti_9_11 __ ________ _____ ______________________________ ____ 13 o 

J._s_,1,1_s~mmw.y_QJP~t~J):"1P_~fo-~tj9~_rn~t~rn~~- -Ac;Hv!ty} _________ 133 

VIII 



Table of Contents 

I._s_.) __ Q lY9.Y lprn. ly lJ?:-_wtrn_~_[J._iJ,td~ _ !\!)_~;:1y!) __ for_ _:pjp~pt!d!:1!)_~_ A_9t_iy:ity __ ___ ___________ .13 5 

I ._s_,i,J __ L_w~-w~~:v~r_:a_-wk~_ Inm$.fm~m~tiQP _______________________ ___________________ l36 

7_._s_ ._i, i _ Hm1~f?:: W 9-Q lf I rnm~foITimtimJ __ ____ _______ ____ __________________________________ 13 9 

7_._s_._i,3- _E_~_c,i_it:!::H9.f~t~~-J'J:~~f9-mJ.~tig_11 ___ __ ___ __ _______________________________________ 140 

']_._s_ 'i '4 _ S _lfilJJTI~IY Q f_P._~t~ J.}~p.-~fQ_J]D!:1tj_c_>_IJ._~ _er ~ptid;:i.$.~ __ A91iY:ity )_ ------_ 141 

I._s_, 3 __ E_~t~r_~$_~ _ ~:11d _r ~ptjd~$.~ _ A9_th:itj_t:!$. _ m_ H1_~_ frn$_~_1;w~ _ Qf Et_~~-Q.-9_ l _____ ____ ______ .14 2 

7_._S_,3_,l _E_~tt:fr_Hyc;lrnJy_~j$. _ill _tb~_Ab_~~Q9-~ __ 9-fAJ~9b9_I_ ___ ________________ __ __ ____ l42 

']_._s_,3_) _J@j_b.it!QJJ _ _(_)_f_E_~t~rn-~~ -A9_fo:!ty_ _l;>y _Et~@_(_)_l_ _______ ___ -- ------ ------- ---- _ 14 2 

]_._S_ ._ 3-, 3-_ J@ib.it!Q JJ_ .c.>f f ~pt_i_c,i_~-~~ _ A9.ti:vHy _l;>y _ N9.Q lw J ____________________________ 144 

7_._s_, 3_, 4 _ JP-1~.mr~t~ti.c.>_Q. __ 9-f l@H~itj.c.>_J) __ E-~$.~ lt $_ _______________________ __ ___ ______________ 144 

.7.-.lJ..G9.!!~~~-~~~"-~·-······················ · ·· · ··················································· ·· ····························· 146 

.7 ... 7. .F.~.nh~r..w.~r.~---··· ................................................................................................... _ 14s 

Chapter 8 Specificity of PepX Transferase Activity 149 

~ ... tJ~Jr.9.~~-~.t!~~---··········································· · ······························································ 149 

_8_._ l_,l_E_~t~r_ _S.YQtb~!)_i~--- - ---- -- ---- - -------------------------------------------------------- - ------------------ . 149 

_8_._ J_,i_Tr:~11~f~_r:~~~$.. _SyqJl;\~-~~!) __ ~_ndR~Yt:!I~~ - Hydr.9-lY!)_l~----------------------------------- · l49 

.~ .. -~ .. Q~i~-~_tj~~~--~-~~-§Jr.~t~g~~~---·········· · ········································································152 
~ .. } .. M.~.~h~.<'-~-- ................................................................................................................. _ 153 

.8_J_,J_ _E_~t~r_ _S.YQtb~!)_t~--~$.~Y------------------------------- -------- -------------- -- ------------------ - - - -- · 153 
_8_.}._i _E_~~r. _E~1:r_~9_ti_Q_Q ______________ ______ ___ ___________________ ___ ________________________ ___________________ 155 

_8_.},3- _Q~f?_ .C.brn_~tQgr_~pJ;1j_9 __ At;t_~Jyf?_i_~--------------------------------------------------------------- · l 56 

_8_.},3_,l _S~mpJ_~--M~Jyf?j_~ -------------------------------- - ------ - --------------------- - - --- ------ 156 
_8_.} A_ Qpt@_i_~;:i.tj.c.>_Q. __ 9-f tb_t:! _ !\$.!)_~ y_ _f<>-r_ E!).t~x _ S YJJ.11;\~-~ j $. ___________________ _____ ___ ______ ______ .15 9 

_8_.}A,l _Qpt®if?;:i.tfo_n _9-fGJy_9~r_id~ _C_9_119_t:fn1rntjmJ ______________ __________________ l 60 

_8_J_,4,i _Qpt@t~;:i.t_i_9_n _9-fAJ.99):).g_I_ _C_9_119_t:f.Q.1r:!:1tiQJJ ___ ___________________________ _____ l 6 l 

_8_J_ ._ ~ _ Q lY9.~d~k _$_v,b.~trnt~ _ Sp~9.!fi9_i;y ______ _______ __________ ______ __ __ _____ ___ ______ __ ______________ .162 

_8_.},9- _Y~titk~1i9-Q_QfTrnD$.fl:frn_~~-A9.t!:vity_ ___________ ____ ________ ____ __ ____ ______ __ __________ ____ .163 

.~ ... 4..B~~~-~~~-~m:J..~.\~~~-~~\9.!! ........................................................................................... 165 

_8_._4, J_ _Qptjmj_~;:i.tj.c.>_11 _9-fEtbmwtCQP9.~Qtrnti9-11 _______________ ___________ __ _____ __ ___ _______ ___ __ .l65 

.8A._i _Y~tifi9_~tjQp_QfR~!:19.t!QJJ_Lm~~jty _________________________ ______ ___ __ __ ___ ____ ____ __ ___ __ __ .166 

.8A,3- _Qly9.~dd~ _ _s_v,b.f?trnt~ _Sp~9.!fi9_i;y ___ _____________________________________________ _______________ .l 67 

.8AA_M_9_d~_9-fE.~1t:!r._S~tb~$.!!) ______ ___ __ ____ ______ _______ __ ____ _______ __________________ ___ _____________ .171 

.8A,~ _A_R9-l~ _fqr__r~pX_!:1!) __ ~_ JrnJJ$.fl:frn$_~-- - - -- ---- --- ---- -- - ---------------------------------- - ---- · 171 

IX 



Table of Contents 

~ ... ~.~9.!!f!H.~!9!)..~ .................................................. ............................................................ 173 

~ ... ~.¥.~.rth~r..W.~r.~ .......................................................................................................... 174 

Chapter 9 Hydrolytic Activity of PepX on Acylglyceride Substrates 175 

9. .. J .. ~.~tr.9.g~-~9.~~ ............................................................................................................. 175 

9. ... ~ .. Q~i~.~9.Y~~--~~g-~Jr.~t~gj~~ ...................................................................................... 176 

9. ... ~ .. M.~.th9."-~ ..... .............................. ................................................................................. 177 

.9_.} .. J. .M.UkfatHyQJ:QJy~i$.Af?~~y$ ___________________________________________________________ ___ _________ .177 

.9_.})_J)il:mmw .Hydrn_ly$_i_f?_ A~$-~Y-f? ______________ __ ____ ______________________________ __ ____ __________ .177 

.9_.},3- _fr_~~- f.~ny_A&td.E.~_trn.~H~m. ____________________________________ __ _________________________________ .178 

.9 .. }A.E.f?!~r .E~tr_~c;H9.~---- -- ------ ------------------------- ---- ------------ - ---------------------------------- 179 

.9_.} .. ~.G~$ __ CbrnnmtQgr.~p_Q)_c; __ M~Jy_f?j_f? _ Qf.fr~~-f..~~.Ac;_td$ ______________________________ .179 

9..-.4.. R~.~ H.~t~ .. ~!! ~- .P..~~f H.~~-~9. !! ........................................................................................... 180 

.9_ . .4,J. .R~J.~~~~ -Qff.r:~~J~ttJ. A.c;j.Q_~_ fr:Qm.Milkfat _______________ __ _____________________________ .180 

.9_ . .4,i .R~J.~-~~~ _QfB~tyr_k _A9.td _fr:9.m.Inb~tyr_m ________________________________________________ .1 s2 

.9 .. .4-.~ .. E.f?!~r .. fmm~H9.~ _frnm.Itib~tyr_m_~rnd.Eth~QJ ________________________________________ .184 

?. ... ~ .. ~9.!!f!H.~!9!)..~ .............................................................................................................. 186 

9. ... ~.¥.~.rth~r..W.9.r.~ .......................................................................................................... 187 

Chapter 10 Conclusions 188 

J.9 .. J .. I~tr.9.g.1;1.~.t!~~ ........................................................................................................... 188 

J.9.-.?: .r~P.~ .. G.~m~.~~Q.1:1.~.~~~ ................................... ......................................................... 188 

J.9 ... ~.A~n:v~.~-~t~ . ~h~.t:!!ft~.t:i~~t;.c:.>.~ ............................................................................... 189 

J.9 ... 4..Ir.~.ll~f~r.~.~~.Af P..Y.i.tx ............................................................................................. 190 

J.Q. .. ~.M~.~.IA~nj.~m..QJ.¥:~t~x .. ~.Y.!!th~~'-~-~.Y..r.~PX.. ........................................................... 191 

J.9 ... ~.MY~X9J.~.~~.AfP..Y.i.IT.9!l-.A~.Y.~!Y.f~r.~~~~ ................................................................ 193 

J.9 ... 7..f..~nh~r..W.Qr.~ ........................................................................................................ 194 

x 



List of Figures 

List of Figures 
J_._l_ _______ T_tib!!tJim ___ ______________________________________________________ __ _______________ __ _____ __ _________ ____ __________ __ ~ 

_1_._i _______ rrnt~m_!!PtM.t!_;mg_prn9-~-~~mg_J?y_@jry _l~9-t!~ -~9-td _b~9_t~d!! ____________________________ J_3-

_1_.} _______ s1~.r:@ __ vi~.w~_9fN!tjg_~n .. 8-~_c __ fl:Qmfrfyr;_q_Q_t;1;r;_(f!_dHTJJ_J?AP.f!:rc;yfQ_!if$_ _____ __ ____________ 2_l 

_1_._4 _______ St_~rn.9- _YkW. _9.f f!!t!!lY!_i_9 _ _trj~Q_Qf@.tig~n _8~C_(Jm_r:g9nt!!D. . _____________________________ 24 

J_._~ ________ St_~rn_9 _ _yi~W _9.ff!!t!!Jytj_9 _ _trj~g_Qf.?P.tig~n .8~C _(_Q_jr.~9.t)_ ___________ ________________ __________ z4 

_1_._6. _______ rrnP.9.§l_~_c;1. __ c;~tl;l.Jyt_t9 _ _m~9_hc:i:w~m -9-f~~xm.t! _ ~§l.t~:rn§l_~~ ---------------------------- ---- -----------26 

J _._7_ _______ E_~t~r -~~t.h~-~j~_hy_grQJJP _trn~f~r_ __ _____ ________________ ________________________________ ____ __ _________ 2~ 

J _ __s_ __ ____ _ Ih~ __ c;1._Q_@m _~rr?_t;1.g~m~_nt_Qf1"_t;1;r;_(Q_r;_q_r;_c;_1{!i_/gs;fl!i_ P_~p_x_ ____________________________________ 22 

_1_._9 ________ s1~.r:~9 __ 9-Y~xYi~w_Qfth~J~~pX_m9l~fJJJ_~-------------------------------------------------------------3-2 

_1_._LQ _____ S_i_<;1._~:-:9.n _Yi~w_Qf.th~ .r~pX_mQJ_~fJJk ____________________________ __ _________________________________ __ 3-Z 

_1_._ tJ ______ Qy~rnn__~tDA9-tw~_Qf_r~pX_~nd_9-9.~c:i:in~--~-~t.t!r.?_~~-- --- ---- ---- ---------------------- -- - ------ - --3-4 

4_._J_ _______ Sp9_t_t~~J_ _l;J.ff_9-~~ -~~l~X~.t!_ !!~tjy~-P~~-Qf.th~ _c:i:llcyl _ ~_µp~rn~~ -~l1J<:t:t~ -rr~~tjg_~l? ___ ~2 

4_._4-_ _______ Q~l -§l_U9-~-~-.wjJ_h _<:t:9llY.itY_ !!PQ_ prnt~m-~t~m§l __ l;l.p_pU~d --- ---------------------------------------- ~9-

-~_._ J ________ R~-~tri9-t!9.n_fl:~zm~ntli_P.:rnry __ c;J9_nmg_Qf_~p~~!fi_c;_g~_t;1._9_~~ -r.t!gj9_t;1. _____ ____ _____ ______ f?7_ 

-~_._'.? ________ S9.\l.th~xn .J?JQt-9JQjg_~~t~d_g~n9.mk_~J-~_r:!~l _prn_P.~_c;l. __ w.tth _P.t!pXg~p~-------------~Q 

-~_.} _______ r.cR_tQ_jQ.t!nHfY._ fl:~zm~nt_~m_l;l.mmg_m9J?_~-~~gµ~n~~-------------------------------------~2 

-~A _______ Ag~rn-~~ -g~l _Qf_c,;9J9_J;J.y _rcR.tQ_j.Q~nttfY._E_. __ r;_q_U _ ~JQn.t!~ __ w.ith_ g.t!n~ _ in~~rt __________ ~7_ 

f?_._ J ________ J_2%_SPS:-:r~g~-g~l _9.fXMAC_.t!JJJ~t-~~- ------- - - ------------------------------------------------------ J_Q2 

fj_._i __ ______ w,_~nQJJ~tj:vj_t_y_~nd _ §l_l;l.J.tNf!Qj.t!ntmmtitQr _9.f !!PjQp __ ~~-Cfb.l;J.JJ&.~-wn _______________ J_Q3-

f?_J ________ s_os_:rAGE_Qf Q::~~PP!!f_9.~~- P_9_9_l,_ _(:_9_Q~~-~j~ - ~t~m~d _______________________ ___ ___________ J_Q4 

]_._ J_ _______ ~:-_Cff!~9.mm:phW _~-~_qµ~_t;l_Cf_~_ !!PQ_f~pX _9_l~_l;l.Y!!&.~-~jt.t!~-- ----------------------------------------- J_Z_l 

7-) ________ Mi9-hc:i:~J.t~:-:M_~P-~Cl~ _plQt9fr~pX_!!~mg_p:-_nttrni>_h~_l)yl _hµtyrc:i:t~--?-~ - ~µP.~-t:rnt~ ---J_24 

]_.} ___ ____ Kffi~tjf~ _Qf P-9xm!!l_f!p.Q_ m.t~_If~~!f!1Jy __ ~~tj:v_l;l.t~.9--~~~-~--------- ----- --- --- --- -------- --J26 

7A _______ L_m~_w-~_l;l.Y.t!r.:~wk~_pJg.t _9.f P_-:filtrn_P.h~t;iyl _J?µtyrc:i:t~_J1ydrnJy~j~ _l?y_p_~p_:x __________ J_21 

_7_._~ ________ HM~~:-_W9-9.lfp_l9_t_Qfp_:mtrnP.h~m~l_J?µJyr~t~ _hyQr_9_ly~-i~_J?y_f~_pX ________ __ _______ J29-

_7_._6. _______ E_?.Q_i~_-:lfofat~~-Pl9.t-9JP:-W.trnp1wny_l_ J;>_µtyrnt~- _by_Q_r:Q}y~i~--l;>y _r~pX ___ ______________ J_3-_l 

_7_._7 ________ Mi9_hc:i:~J.t~:-:M~n-t..tn_pl9.t9fgly~ylpmlyl_p:-_wtr_9_::tn_Uig~ _hyQrgJy~-i-~_ J?y_f~_pX ___ J_3-~ 

]_._8 ________ Mi9_hc:i:~h~:-:M_~n.t~n_pJQt9fgly~yJprnlyl 

XI 



List of Figures 

p_:mt.r:Q~:lliljd~_ byQ.i:QJy~i~ __ l?y _:e~pX_m_t_Q.t;:_px~~~n.G~ _ Qf_tril>µmffi _________ 1~6 

Z/t __ _____ L_m~w~~:v~.r::l?.wk~_pk>J _Qf g_Iy9yJprnJyJ. 

P:filtrn~:lliljd~_byQ.i:QlY~i~_J;>y _:e~pX_m_ tQ.t;:_ px~~~n.G~ _Qf_tnl>µwm ___ ____ __ J_~s 

.7_._l_Q ___ __ H~n~~::WQQlfpJQt_Qfgly9ylprgJyl 

P:njtrn~niljd~ _ byQ.i:Qly~j~_J;>y _:e~pX_m_ t_Q.~_ px~~-~n.G~ _Qf_tril>µwffi __ ______ _ J_~s 

.7_._J_l_ _____ E_<J.9_i_t;:::HQfat~~ -PlQt_ _c;>_f_gly~yJprnlyl 

P:filtrn~niHd~ _ byQ.i:Qly~j~ __ l)y_P.~pX_m_ H~t;:_PJ~~~P.G~ _ Qf_trj_l>µfyl;ffi _________ J_4Q 

.7_._J_4: ____ _ E_~t~_r:_l;iyW°QJ~~~-~91iYity_ Q_f_P.~P.X .m. J.ht;:_ PJ~~-t;:P.G~ _ Qf_~_l<;_c;>_l;i,Q~------------- -- ----------- J.4~ 

.7_._u _____ p~pti_c;k _byW°QJ~~~--l'.l:G1iYity_ Q.f.P.~pX _ m_t_b_t;:_ px~~-~n.G~ . Qf_l'.1:1-9.<?_hC?.l~-------- - - - ----------- 14~ 

.7_._J_4 _____ PrnP.Q~_t;:_4_ .mQd~l _Qf_f~pX_~l9.C?_b.Ql_ m.bj_l>_itjm~------------------------------ ---- ------ - ------------14~ 

.8 .. _J ________ M~_c;b~m-~~-Qf_t;:_~t~r_ -~~t.b_t;:~j~ --------------------- - -- - ------- --- -- - ----------------------- - ------------ .1. ~l 

.8 .. _i _______ S~p~r<J.H<;rn _Qf~~t~r~t~nillml~_by_g~~ -9_b.rn~t.C?.&rnP.hY ....... ______________________________ J_~2 

.8.J ________ Rl'.l:tiQn~l~ _ fQ.r: _9.b.QQ~w_g _~ _Wgb_~~b~trnt~_ .GQn~~ntrnt_i_Qn ____________________________________ _1_6Q 

_8_._4- _______ QP.t®i~~t_ig_t;l __ Qf ~tb~PQJ __ 9_c;>_~w~nt<J.ti_9.n .fw _fonllil:t!QP_ Qf~_thyl _bµt<J.n.Q_<J.tt;: _________ _1_ 6~ 

.8.·-~--------I®~_9.9.W~~ -Qf~~~-trnJ;J,!?fo.r:~!?~ . .r:~.<J..Gt_i_c;>_n _______ __ _______________ ______ ______________________ _l_66 

_8_._9 ________ E_~t~.r:-~~t.b_t;:_ti9 __ tr~~f~rn~~- x~~9_t!Qn 

.<?.f.P~RX. ~.Gtmg_ _c;>_n _~1b.~J;J,9.l .~nd_gJy.G~r_i_c;lt;:_~------ - ------------ J.68 

9_._J ________ f~ttr _<J..Gj9_ x~l~l'.l:~~ - iIQIB_ m_i_lkf~t .w _ _th~ .m~~t;:_t;l_c;_t;:_ .<?.f.P~RX ................................. .l.SQ 

9_). ________ l?.~m_i_c; __ <J..Gjd_ rnl~<J..!?~ _ iIQm.mi.lkfot _w_ .th~--m~~t;:_1w~_ .<?.f.P.~pX _____________________________ _1_sJ 

9_J ___ _____ l?.~m_i_c; __ (J..Gj9_ x~l~-~-~~ - fQ_I]D_ txib:iJmm .m.tb_t;:_ PJ:~~~n.G~ _Qf _f~pX _________________________ _1_ s~ 

9A _____ __ E_tb.yl _bµt@Q~t_t;:_ JQm@t_i_c;>_n _fr_C?.m 

1nl:mtyi:in_~mt~tb~PQJ __ m_th~_Rf_t;:~~n9.t;: __ 9_f P_t;:pX __ ________ J_ S~ 

.l.O_._l_ _____ P.r:9.P.Q~_t;:g _ _m~_9h<J.n_i_~m. .9.f.P~RX. ~~t~:r-~ynth~~j~--------------- - ---- - ---------- - --- - --- -- --------- _1_2~ 

XII 



List of Tables 

List of Tables 

J_._l _______ M::i..~~ -9.9-IDP-~rj_~~m~ _Qf~~-~~-tb~tby(lrn}y~~-.tmtyl~~t~rn ............................. 9. 

J .. l ....... N:J~nnm~l- ~~qm~v.~&~ _ QfrnP-r.~~~nt~tiY~ .P~pX.prnt~m~ -- - ---- - ----------- -- - -- -------- - --19. 

J) ___ __ ___ S.imiJ~jty _9_fN:-J~i;mill.~J .. ~~gJJ~P~~$_Jrnm _9g_9fj __ ~P-~~i~$. 19- .E.~t~rn~~--U. ........... 19. 

-~-·.l ____ __ _ E_~~-~-JJ~~ct _tQ_.Q_ig~-~tg~nQ@9 . .PN.A.fQr __ ~-~~b_ J~n.9 . .9.f.tb~.S.9.tJtb~m_ ;e}Rt .. ~Q 

-~_)._ __ _____ Em_pifj_9~}__i_c;l_~_11tifi.f~tjw1 __ Qfr_~-~tii9.tiQP.~PQQ.Q]Jf}~~~-~- -$j_t~-~ -m.P.~p.X _ _g~1_1-~- --- - --- ~1 

_6_._l _______ SJJmm~_Qftb~ _mrr.i_fo:~~tiQ.°-_Qfr~~QmJ?m.~:oJ .P.~P-X .~nzym~---------- - -- - - - ---- - - -- --- J_Q:Z 

_6_._i _______ P.~P.$_itQm~try_<,l_ll::tJY.$_i_~_Qf.P-wj.f;k<:t:tiQ!!_ ~t~P-~- Jrnrn.SP.S:-.P.AGE ________ _____ ___________ _I_Q~ 

.8 .. _l ____ ___ R~-~-Gt_i9_n _fQr.m~t~ __ ::i._1_1_cJ _9_9.mP-9-~_itiQ!!~ ------------ - --------- -- --- - ----- -- -- - ---------- - ---- - ---- ----- --- _1-~~ 

_s_._i _______ E_J.C:t~m;:i,l _ Stc:i.P_c;l_<,l.r.ct _~QIDP-Q@.d_~_]J~mg_ t9 __ c;_~_1_i_l>.i:~t~ _tb~_oc_~QlJJ~------------------- _1_~~ 

_8_) __ __ __ __ /';.pf_lg}y~~r_i_ck.~JJJ?.~tr.::i.t~.~-tri<:t:ll~<;\ ____________________________________________________________ _______ ____ _l_Qi 

_8_._4_ __ _____ C9-mP-Qn~m-~_Qf_::i._~~-c:i.y~_t_9 __ wY~$tig::i..t~ . .m~9_1;l_::i.ni$rn_9_f ~~-t~r- ~yntb~~-i$ _______ ___ ___ __ J_Q~ 

8.5 E.$t~r_$_ prndJJ~t~ . .P-rn.9JJf~d.m. ~~$.::tY.~ 

~.$mg_~tlA~P.9.l .<:t:nd .~.r~!!g~_Qf_c:i.fyJ __ 9.9.n9-rn ________ ________ ____ J_Q:Z 

.8.-.~ ------- CQffiP-;:i,r_i_~Q.Q~_Qf.th~ __ trnn~f~rn~~- -<:t:91iYiti~~ -9-f P_~p.X __ ::i._1_1_c;l __ L~9-f9-9-9-9-9.1!:$ __ E~tA .... J.:ZQ 

8.6 C9-mP-~r_i_~Qn_ .9f~$t.~.i: _$Y.1_1_th~_$_i_~ _rnt~-~ 

.<?f P~PX.Md . .E~_tA _tJ$_W._g _~.tb<:t:n9-l _ ;:i,!!d .tn1mtyr_w __________ _1_1Q 

XIII 



Abbreviations 

Amp 

BLAST 

BSA 

BTP 

oc 
CAPS 

CMC 

ddH20 

DEE 

DIG 

DMSO 

Abbreviations 

Ampicillin 

Basic Local Alignment Search Tool 

Bovine serum albumin 

1, 3-Bis[Tris (hydroxymethyl) methylamino] propane 

Degrees Centigrade 

(3- [ cyclohexylamino ]- 1- propanesulfonic acid) 

Critical micelle concentration 

Double distilled water 

Diethyl ether 

Digoxigenin 

Dimethyl sulphoxide 

DNA Deoxyribonucleic acid 
-- -- --- ------ -- -- --
DNTP Deoxyribose nucleotide triphosphate 
--

ECL Enhanced Chemiluminescence System (Amersham) 

EDTA 

EtBr 

EtOH 

FAA 

FFA 

FID 

FPLC 

GLC 

HEP ES 

IEX 

IMAC 

kDa 

LB 

MCS 

MWt 

NaCl 

Ethylene diamine tetraacetic acid 
-- - - - - -

Ethidium bromide 

Ethanol 

Free amino acids 

Free Fatty Acids 

Flame Ionisation Detector 

Fast Protein Liquid Chromatography 

Gas Liquid Chromatography, Gas Liquid Chromatograph 

n-(2- hydroxyethyl)piperzine- n-(2-ethanesulfonic acid) 

Ion Exchange Chromatography 

Immobilised Metal Affinity Chromatography 

kilo Daltons 
--------- --

Luria Broth 

Multiple cloning site I polylinker (vector) 

Molecular mass 

Sodium chloride 
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National Center for Biotechnology Information NCBI 

NEB 
········- -··-··· ······-·- ·-·--···· ·-·······-·······-·······-······· ····-·· ···-··············-···· ... .... . .................... -··-- ·-· ·--····· ···---··· .. . 

NH2 

(mi4)2S04 

New England Biolabs 

Amine 

Ammonium sulfate 

Optical Density OD 

PCR 

pepX 

-----;....----- --- - --- - - -

PepX 

ppm 

PVDF 

SDS-PAGE 
-- - -

Sp. 

SPE 

SSC 

Polymerase Chain Reaction 

X-prolyl dipeptidase gene 

X prolyl dipeptidyl peptidase, X-prolyl dipeptidase protein 
- -- - -- -- - -

Parts per million 

Polyvinylidene difluorine 

Sodium Dodecyl Sulphate Polyacylamide Gel Electrophoresis 

Species 

Solid Phase Extraction 

Saline sodium citrate buffer 

Subsp. Subspecies 

Tet Tetracycline 
--- --- --

TRIS Tris (hydroxymethyl) Aminomethane 

Vmax Maximum reaction velocity 

X-Gal 5- bromo-4-chloro-3-indolyl-B-galactoside 
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Amino Acid Abbreviations 

Amino Acid 

Alanine 

Amino Acid Abbreviations 

Sidechain 

-CH 3 

One letter 

code 

A 

Three letter 

code 

Ala 
1-------1--------- ______ , ______ , _______ , 

Arginine 

Asparagine 

Aspartate 

Cysteine 
-·----

Glutamine 

------~- - --

OH 
-c-< 

H2 NH 
2 

N 

Arg 

1- ·--- --

Asn 

----------- - ----- 1------~ 

OH 

-c-{ 
H2 0 

-CH-SH 2 

OH 

-c-c-< 
H2 H2 NH 

2 

D Asp 

c Cys 

Q Gln 

-- --· - - --------- ___ , ______ ,__ _______ _ 

Glutamate 

Glycine 

Histidine 

Isoleucine 

Leucine 

OH 

-c-c-{ 
H2 H2 0 
---
-H 

CH3 I 
-C-CH-CH H 2 3 

CH3 I 
-CH-CH 

2 I 
CH3 

XVI 

E Glu 

- ~--- ______ , 
G Gly 

H His 

I Ile 

L Leu 



Amino Acid Abbreviations 

Lysine -CHpHpHpHtJH2 K Lys 

·-

Methionine -CHpHp-CH3 M Met 

- - - --

Phenylalanine -cHQ F Phe 

··-·· ········-· ... I··· ... ·····-·-··-·· -.. -··· .. 

H 

H-~+ 
Pro line I I p Pro 

H2C-c-CH2 
H2 

- - --
OH 

Serine +H s Ser 

H 
- - - -- -

OH 

Threonine + CH3 T Thr 

---- - -----
-CH2"=C,H 

NH 
Tryptophan - w Trp 

~ 

Tyrosine -CHO-OH y Tyr 

- - - --·-
CH3 I 

Valine -CH v Val I 
CH3 
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Nucleic Acid Abbreviations 

Nucleic Acid Abbreviations 

One Letter Code Base(s) Represented 

A Adenosine 
c Cytosine 
G Guanine 
T Thymidine 
u Uridine 
R GorA 
y Tore 
K Gor T 
M AorC 
s Gore 
w AorT 
B G orTorC 
D G or AorT 
H A orC orT 
v G or C or A 
N Any 
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