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Sammendrag 


Kreft  er  en  sykdom  som  oppstår  når  en  mutert  celle  vokser  og  deler  seg,  uavhengig  av 
plassrestriksjoner  eller  tilgang  på  næring.  Dette  lager  et  indre  press  på  andre  organer  i 
kroppen,  hvis  det  ikke  blir  behandlet.  I  dag  har  vi  ingen  behandlingsform  som  dreper  kreft 
uten  at  vi  selv  blir  syke,  derfor  er  det  viktig  å  utarbeide  nye  kreftmedisiner  for  å  fjerne 
kreftcellene mer effektivt I tillegg til effektiv celledeling, produserer kreftceller molekyler av 
andre  sammensetninger  og  konsentrasjoner  sammenlignet  med  friske  celler.  Denne 
kunnskapen  utnyttes  i  immunterapi,  hvor  kroppens  eget  immunforsvar  blir  stimulert  til  å 
angripe  kreftcellene.  Et  molekyl  som  kun  eksisterer  på  celleoverflaten  til  kreft  hos  voksene 
mennesker, er gangliosidet NeuGc GM3. Dette gangliosidet blir gjenkjent av et antistoff med 
navnet 14F7, med kallenavnet Snikmorderen fordi det kun dreper kreftceller. Når 14F7 binder 
til gangliosidet, starter cellen å svulme, sprekke opp, og dø. Dette gjør 14F7 spesielt attraktiv 
for fremtidig kreftbehandling, siden den spesifikt dreper kreft celler. For å videreutvikle 14F7 
og øke kunnskapen for hvordan antistoffer gjenkjenner karbohydratbaserte molekyler, må  vi 
først kartlegges hvordan 14F7 interagerer med NeuGc GM3 gangliosidet. Strukturen til 14F7s 
fragment, antigen-bindende (Fab) ble kjent i 2004 ved hjelp av røntgenkrystallografi. På tross 
av iherdig innsats var det ikke mulig å reprodusere Fab krystallen, derfor finnes det i dag ikke 
et eksperimentelt svar på hvor og hvordan gangliosidet assosieres med 14F7. For å løse dette 
mysteriet  prøves  en  ny  vinkling,  hvor  14F7  single-chain  variable  fragmenter  (scFvs)  blir 
uttrykt  i  periplasma  til E. coli.  scFv  er  det  minste  fragmentet  som  fortsatt  inneholder  det 
komplette bindingssete til gangliosidet. Siden scFv er mindre komplekst, sammenlignet med 
Fab og det komplette antistoffet, er det en lovende kandidat for å karakterisere interaksjonene 
mellom 14F7 og NeuGc GM3 gangliosidet ved bruk av røntgenkrystallografi. Fire forskjellige 
varianter  av  scFv  14F7  ble  klonet  og  transformert  inn  i E. coli,  hvor  de  ble  isolert  fra 
periplasma  og  renset  med  affinitetskromatografi.  Bindingen  til  gangliosidet  ble  testet,  siden 
konstruktene  ikke  gjenkjente  gangliosidet  ble  scFv  konstruktene  optimalisert.  Resultatet  ble 
funksjonelle scFv proteiner med affinitet for NeuGc GM3. 14F7 scFv proteinene ble brukt til 
å utføre ELISA, ThermoFluor, SPR og krystalliseringsstudier. Vi klarte å gro krystaller, men 
fikk ikke brukbare diffraksjonsdata. Systemet trenger derfor å bli optimalisert videre. Denne 
masteroppgaven  danner  et  grunnlag  for  videre  arbeid  både  for  krystalliseringsstudier,  men 
også  for  hvordan  ulike  scFv  design  påvirker  proteinets  stabilitet  og  uttrykking  i  prokaryote 
celler. 
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Abstract 


Cancer  is  a  disease  that  can  develop  from  any  cell  within  our  body.  Today,  there  is  no 
 commensally  available  cancer  medicine  that  kills  the  cancer  effectively,  without  harming 
 healthy  human  cells.  When  a  healthy  cell  mutates  into  a  cancerous  cell,  it  exhibits 
 uncontrolled proliferation and expresses  molecules in  a different  ratio. This  information  can 
 be  used  in  cancer  immunotherapy  for  diagnostics  and  therapeutic  purposes.  Immunotherapy 
 exploits the tumour’s unique cytogenetics and stimulates the immune system to destroy it by 
 targeting  biomarkers  produced  by  the  tumour.  One  such  marker  is  the  N-glycolyl  GM3 
 (NeuGc  GM3)  ganglioside  located  on  the  cell  surface.  The  ganglioside  is  recognised  by  a 
 monoclonal  antibody  (mAb)  named  14F7,  nicknamed  The  Assassin,  because  it  specifically 
 recognises  and kills  tumours. When the antibody binds,  it results  in  cell-swelling and lesion 
 formation,  thereby  killing  the  cell.  To  fully  exploit  the  favourable  properties  of  14F7,  it  is 
 important to know exactly how the antibody interacts with the NeuGc GM3 ganglioside. This 
 information can be used to produce the next-generation of 14F7 and give general insight into 
 antibody-ganglioside recognition. 


The  structure  of  the  14F7  fragment,  antigen-binding  (Fab)  was  solved  by  X-ray 
 crystallography  in  2004,  and  the  ganglioside  binding  was  predicted  in  a  docking  model. 


Despite significant effort, it was not possible to reproduce the Fab crystals. Consequently, the 
 mystery of how 14F7 binds to the NeuGc GM3 ganglioside is still not solved experimentally. 


Therefore,  a  new  approach  is  tested  using  the  single-chain  Fv  (scFv),  the  smallest  antibody 
fragment  containing  the  whole  binding  site.  Because  a  scFv  is  less  complex,  and  easier  to 
obtain  in  larger  amounts,  the  scFv  is  an  excellent  candidate  for  studying  the  binding 
characteristics  by  X-ray  crystallography.  Four  different  scFv  versions  of  the  14F7  were 
cloned and transformed into E. coli. They were isolated from the periplasm and purified using 
affinity  chromatography. The binding activity to  the NeuGc GM3  ganglioside was tested by 
enzyme-linked immunosorbent assay (ELISA). Since no activity was detected, the constructs 
were optimised. The new scFv constructs displayed affinity towards NeuGc GM3 ganglioside 
and were subjected to crystallographic studies, SPR and ThermoFluor. We were able to obtain 
crystals,  but  since  they  did  not  diffract,  further  optimisation  is  needed.  To  date,  we  have 
achieved to produce three functional 14F7 scFvs versions that crystallise. These can be used 
as  tools  for  further  study,  both  with  respect  to  crystallographic  studies  and  to  obtain  insight 
into how scFv designs affect expression yields and molecular stability. 
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1  Introduction 



1.1  Cancer disease 


Tumour  formation  involves  abnormal  cell  growth  that  may  either  be  restricted  within  its 
 originating tissue (benign tumour), or as malignant tumour, capable of spreading throughout 
 the body  and invading other tissues (metastasis). A malignant  tumour is  often referred to  as 
 cancer, but cancer cannot always be classified as tumours, as in the case of early stage blood 
 cancer.  Cancer  exhibit  defects  in  the  signal  transduction  pathways,  causing  uncontrolled 
 proliferation. While healthy cells only divide 20 to 60 times in culture before they die, cancer 
 cell  are  immortal (Voet  and  Voet,  2011).  Several  somatic  events,  or  a  serial  of  germ  line 
 mutations, can lead to alteration of cancer suppressor genes, oncogenes or microRNA (Croce, 
 2008,  Stoler  et  al.,  1999).  Such  genetic  alterations  are  often  a  result  of  chemical 
 carcinogenesis,  radiation  or  certain  viruses (Voet  and  Voet,  2011). When  a  healthy  cell 
 mutates into a cancerous cell it is not only the growth regulation that is affected. Cancer cells 
 also  express  a  high  diversity  of  molecules  in  other  ratios  and  compositions  compared  to 
 healthy  cells.  Cancer  can develop  in  almost  any organ or tissue. The treatments  are diverse, 
 depending on the type of tumour and the stage of progression. 



1.1.1  Cancer treatment 


There  are  four  main  methods  used  today  to  treat  cancer:  surgery,  radioactive  therapy, 
chemotherapy  and  immunotherapy.  In  order  to  produce  a  synergetic  effect  surgery  is  often 
combined with one or a subset of different therapeutic methods. The most common method to 
treat cancer is radioactive therapy, using high-energy radiation to damage the DNA leading to 
cell  death.  Radiation  damage  to  the  genome  is  most  effective  during  cell  division.  Since 
cancer cells divide more rapidly, radiation damage accumulates in their DNA faster compared 
to healthy cells, killing the cancer cells. Chemotherapy uses pharmaceutically produced drugs 
to  target  molecular  processes  during  cell  division,  thereby  killing  the  cancer.  Since  the 
therapy affects the whole body, all cells are exposed, and especially the fast dividing cells in 
the digestive tract, bone marrow and hair follicles. 
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Another  diagnostic  and  therapeutic  method  acknowledged  as  one  of  the  four  major  cancer 
 treatments  is  immunotherapy.  Cancer immunotherapy  is  developing  rapidly and has  become 
 one of the major fields within cancer treatment, immunotherapy exploits the tumour’s unique 
 cytogenetics and directly or indirectly stimulates the immune system to destroy the cancer by 
 targeting  biomarkers  exclusively  produced  by  cancers  (tumour-specific  antigens)  or 
 molecules found in higher abundance compared to regular cells (tumour-associated antigens). 


The  innate  and  adaptive  immune  systems  in  humans  have  the  ability  to  recognise  and  kill 
 cancers (Parish, 2003). Through immunoselective processes, tumours become highly resistant 
 against the host’s immune system and the body can no longer fight the  tumours on its own 
 (Fenton  and  Longo,  1995).  The  heterogeneity  of  tumours  makes  it  difficult  to  treat  cancer 
 even  within  the  same  diagnostic  type.  Information  about  general  epitopes  and  treatments 
 targeting  tumour  antigens  are  therefore  at  high  demand.  Since  these  molecules  are  often 
 intracellular, they are not very accessible for the immune system (Fenton and Longo, 1995). 


Fortunately, some tumour antigens are located on the cell surface, for example the N-glycolyl 
 GM3  ganglioside.  This  tumour-specific  antigen  is  identified  in  several  different  types  of 
 human  tumours  and  is  therefore  a  prime  target  for  diagnostic  and  therapeutic  treatments 
 (Blanco et al., 2011b, Blanco et al., 2011a, Blanco et al., 2012, Blanco et al., 2013, Scursoni 
 et al., 2011). 


Modern  immunotherapy  includes  a  diversity  of  methods.  Generally,  cancer  immunotherapy 
can  be  divided  into  two  classes:  active  and  passive  immunotherapy.  The  active  form  of 
immunotherapy often targets the cancer indirectly, using an active vaccine, or using adaptive 
cell transfer, where isolated tumour-reactive lymphocytes are stimulated ex vivo before being 
re-introduced  into  the  cancer-bearing  host,  giving  prolonged  immunity  (Dudley  and 
Rosenberg,  2003).  Passive  immunotherapy,  of  which  antibody-based  immunotherapy  is  one 
example,  targets  the  cancer  in  a  more  direct  manner.  In  antibody-mediated  immunotherapy, 
antibodies  manufactured  outside  the  body  are  injected  into  the  patient.  The  antibodies 
recognise  cancer-associated  or  tumour-specific  antigens,  but  do  not  give  any  prolonged 
immunity.  The  natural  effector  mechanisms  of  the  antibodies  used  in  cancer  therapy  may 
trigger  the  body’s  own  immune  system  to  attack  the  cancer  cells.  Another  alternative  is  to 
couple the antibody to a radioactive or toxic molecule, inducing cell death. Due to very high 
costs and side effects in the range of mild to severe, combined with the increased awareness 
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 in  the  difficulties  in  identifying  responders  from  non-responders,  very  few  antibody-based 
 cancer  drugs  are  approved  as  first-line  treatments.  Moreover,  despite  the  fact  that  many  of 
 these antibodies offer significant clinical advantages, their influence is difficult to assess and 
 in most cases, the treatment only slightly affects the overall survival. Thus, advanced cancer 
 treatment today involves a careful stepwise process in which the anti-cancer weapon arsenal is 
 gradually exploited within the course of treatment to prolong the therapeutic window.  


Most  antibodies  approved  for  cancer  treatment  today  do  not  target  the  cancer  cells  directly, 
 instead  they  recognise  tumour-associated  antigens,  one  example  being  the  antibody 
 bevacizumab (Avastin™), targeting a vascular endothelial growth factor signal. Bevacizumab 
 was  approved  by  the Food  and  Drug  Administration  in  USA,  2013 for metastatic  colorectal 
 cancer  treatment  in  combination  with  chemotherapy.  All  antibodies  recognising  tumour-
 associated molecules also target  the host’s healthy  cells in  some extent. The consequence is 
 both  dampening  the  therapeutic  effect  due  to  sink  effects,  as  well  as  resulting  in  potentially 
 side  effects  due  to  off-target  effector  functions.  Another  example  is  the  FDA  approved 
 antibody  rituximab  (MabThera™),  a  cell-lineage  specific  antibody  targeting  the  CD20 
 molecule  found  on  virally  all  B  cells,  and  thus  is  used  to  treat  B  cell  lymphomas.  Here, 
 complete compartment depletion resulting in a constitutive immune-compromised state of the 
 patient  is  a  direct  result  of  the  intervention.  Antibodies  recognising  cancer-specific  antigens 
 have major advantages, as they do no damage the host’s healthy cells, but since cancer cells 
 originate  from  the  host  itself  there  are  a  limited  number  of  unique  epitopes  available. 


Therefore,  antibodies  recognising  these  tumour-specific  antigens  are  of  special  importance. 


One such antibody with a promising potential in therapeutic treatments is 14F7 recognising a 
tumour-specific  antigen,  namely  the  ganglioside  NeuGc  GM3.  Since  the  ganglioside  can  be 
defined  as  non-self  the  therapeutic  effect  will  not  be  reduced  by  the  hosts  own  immune 
system,  and  the  negative  side  effects  are  reduced,  since  the  antibody  can  separate  between 
host cells and cancer cells. This gives hope for the production of an effective cancer medicine 
and optimally a cancer vaccine, quenching the cancer in its early phase. 
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1.2  Gangliosides as tumour antigens 


The  molecular  composition  covering  the  cell  surface  is  partially  tissue  specific  and  can  be 
 used to identify cell function. Gangliosides cover the cell surface of all animal cells and have 
 multiple  functions.  They  are  important  for  cell-cell  interaction,  cell-adhesion,  development, 
 differentiation,  inflammation,  signal  transduction,  tumour  progression  and  more (Hakomori, 
 2002,  Stults  et  al.,  1989). Gangliosides  consist  of  a  lipid  and  a  carbohydrate  moiety:  a 
 sphingolipid and a carbohydrate containing one or more sialic acid residues. The hydrophilic 
 carbohydrate  region  is  exposed  to  the  outer  environment  of  the  cell,  while  the  sphingolipid 
 portion anchors the ganglioside to the membrane. With the negative charge of the sialic acids, 
 the glycosphingolipids contribute to the outer negative charge of the cells. 


N-acetylneuraminic  acid  (NeuAc)  and N-glycolyl  neuraminic  acid  (NeuGc)  are  the  most 
 common types of sialic acids in vertebrates. While most vertebrates express both NeuAc and 
 NeuGc  gangliosides,  healthy  chicken  and  human  tissues  express  minimal  levels  of  NeuGc 
 gangliosides (Malykh  et  al.,  2001).  The  small  traces  of  NeuGc  ganglioside  found  in  human 
 tissue might be explained as exogenous incorporation from the diet (Tangvoranuntakul et al., 
 2003, Bardor et al., 2005). The exception is human foetal tissue and several different tumour 
 tissues where NeuGc gangliosides are localised in large amounts. How these cells acquire the 
 NeuGc gangliosides is still a mystery but this makes NeuGc gangliosides a molecular marker 
 and  an  excellent  target  for  cancer  treatment (Malykh  et  al.,  2001,  Marquina  et  al.,  1996). 


NeuGc  differs  from  NeuAc  by  an  extremely  subtle  chemical  modification,  the  addition  of  a 
single oxygen atom at the C5 position of the NeuGc (see Figure 1). The NeuAc gangliosides 
can  be  converted  to  NeuGc  gangliosides  by  a  hydroxylase  enzyme  present  in  most 
vertebrates,  including  chimpanzees (Muchmore  et  al.,  1998).  Healthy  human  tissues  are 
genetically  deficient  in  producing  NeuGc  due  to  a  homozygous  deletion  of  92  base  pairs 
within  the  active  site  of  the  CMP-N-acetylneuraminic  acid  hydroxylase  (cmah)  enzyme 
(Varki, 2001). This Alu-mediated inactivation happened between 2.5 and 3 million years ago, 
leading to a frame shift in the in the human cmah gene, thereby cancelling NeuGc production 
in  humans (Chou  et  al.,  1998,  Irie  et  al.,  1998,  Chou  et  al.,  2002).  The  loss  of  NeuGc  in 
humans was  followed by  a correspondent  increase of NeuAc  ganglioside expression (Varki, 
2001).  Many  pathogens  use  sialic  acids  as  binding  sites,  so  removal  of  NeuGc  gangliosides 
from  the  cell  surface  has  probably  played  an  important  role  for  the  evolution  of  human 
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 might be due to a negative selection by a lethal  pathogen that selectively recognised NeuGc 
 (Chou  et  al.,  1998,  Gagneux  and  Varki,  1999).  Today,  several  antibodies  are  developed  for 
 recognising  NeuGc  gangliosides  as  a  method  to  diagnose  tumours.  One  such  NeuGc 
 ganglioside  is  NeuGc  GM3.  This  ganglioside  is  specifically  recognised  by  a  monoclonal 
 antibody  (mAb)  named  14F7.  The  antibody  is  today  used  in  diagnostic  and  therapeutic 
 methods to fight tumour growth in humans.  


Figure 1: NeuGc(Ac) GM3 ganglioside. The figure  was published by Ute Krengel et al. (Krengel et al., 2004) 
The R-group represents the difference between NeuAc GM3 and NeuGc GM3 gangliosides where NeuGc GM3 
gangliosides  are  produced  mainly  in  human  cancer  cells,  while  NeuAc  GM3  gangliosides  can  be  found  in  all 
human cells. 
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1.3  Anti-tumour Antibodies 



1.3.1  The immune system 


The  immune  system  is  a  collection  of  defence  systems  protecting  an  organism  against 
 diseases  and  harmful  transformations.  In  vertebrates,  it  can  be  separated  into  two  main 
 categories. The innate system is the organism’s primary defence. It is an assembly of physical 
 barriers as for example skin and mucus membranes, the complement system and a variety of 
 defence  cells:  macrophages,  monocytes,  phagocytes,  NK  cells,  mast  cells  and  more.  The 
 second  category  of  defence  is  the  adaptive  immune  system,  primarily  involving  T  and  B 
 lymphocytes (B cells). There is a delicate interplay and inter-dependency between the innate 
 and  adaptive  immune  system  and  many  immune  cells  may  be  assigned  to  both  arms.  The 
 adaptive immune system targets pathogens by recognising the molecular differences between 
 self  and  non-self,  making  it  possible  for  vertebrates  with  slow  evolutionary  development  to 
 keep  up  with  the  fast-evolving  pathogens.  The  chief  molecules  responsible  are  the  T-cell 
 receptors  produced  by  the  T  cells,  and  antibodies  produced  by  B  cells.  Every  antibody 
 contains  a  unique  non-self  paratope  that  might  help  the  vertebrate  defend  itself  against 
 invading  pathogens.  Antibodies  evolve  by  somatic  rearrangement  resulting  in  a  very  high 
 diversity  of  unique  binding  specificities.  The  variable  light  chain  DNA  undertakes  one 
 rearrangement  of  the  variable  (V)  and  joining  (J)  gene  segment,  while  the  variable  heavy 
 chain  DNA  is  formed  via  two  rearrangements.  First  the J-segment  and  the  diverse  (D)  gene 
 segment are rearranged, then the resulting JD-segment goes through a second rearrangement 
 with  the  V-segment.  In  humans,  this  results  in  over  1.5 × 107  antibodies  with  different 
 specificity,  and  this  number  does  not  include  the  extra  diversity  obtained  by  somatic 
 mutations (Nelson,  2008).  Thus,  the  actual  diversity  of  antibody  specificities  present  at  a 
 given  time  point  is  thought  to  be  in  a  range  exceeding  1010.  Native  B  cells  produce 
 membrane-bound  antibodies  of  subclass  IgM  and  IgD.  In  a  later  stage,  B  cells  can  secrete 
 IgM pentamers known for their high avidity, but low affinity for the antigen (Ehrenstein and 
 Notley,  2010).  In  order  to  get  a  high-affinity  antibody,  the  antibody-producing  B  cells  must 
 undergo somatic hypermutation where new mutations are introduced in the antibody’s DNA. 


This  process  take  place  in  specialised  structures  called  germinal  centres,  developing  in  the 
secondary lymphoid organs and is dependent on the assistance of T-helper cells and follicular 
dendritic  cells.  Somatic  hypermutation  primarily  occurs  within  three  complementarity-
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 the heavy chain has been shown to be of special importance for antigen binding. It consists of 
 the  C-terminus  part  of  the  J-segment,  the  N-terminus  fragment  of  the  V-segment,  together 
 with the whole D-segment. The second round of selection is followed by isotypic switching. 


The IgM and IgD subclass DNA is deleted, driving the B cell into producing antibodies with 
 the same antigen specificity, but coupled to a different subclass. Depending on the site of the 
 infection,  the  high-affinity  antibodies  can  be  of  subclass  IgA,  IgE  or  IgG,  where  IgG  is  the 
 most  abundant  in  serum,  and  IgA  dominates  the  mucosal  surfaces.  After  activating  an 
 adaptive immune response,  some B cells  differentiate  into memory cells. These cells  have a 
 prolonged lifetime, providing the host with immunity against the specific epitope. 



1.3.2  Immunoglobulin subclass G  


IgG is a heterotetrameric molecule consisting of two identical heavy and light chains shaped 
like a Y (Figure 2, and a 3 dimensional model in  Figure 3). The heavy chain  folds into four 
structural  domains:  VH,  CH1,  CH2  and  CH3,  while  the  light  chain  folds  into  two  structural 
domains:  VL,  and  CL,as  reviewed  by  Davies  and  Chacko (Davies  and  Chacko,  1993).  The 
constant  (C)  domains  have  the  characteristic  immunoglobulin  fold  consisting  of  3+4 
antiparallel  β-sheets  forming  a  β-sandwich,  while  the  variable  (V)  domains  consist  of  an 
immunoglobulin fold composed of a 4+5 antiparallel β-sheet sandwich. The four chains fold 
into three structural units, defined by proteolytic cleavage by papain. There are two identical 
units  called the antigen-binding fragments  (Fab), each consisting of  the CH1,CL and  the VH,
VL subunits. The two Fab units are both connected to the third unit  through a flexible hinge 
region.  The  third  unit  is  called  the  crystallisable  fragment  (Fc)  because  it  crystallises  more 
easily. Fc consists of two CH2 and CH3 subunits. The CH3/CH3, CH1/CL and VH/VL subunits are 
connected with numerous non-covalent hydrophobic interactions, while the two CH2 subunits 
are associated through hydrophilic interactions, due to N-glycosylation of Asp297 of both the 
CH2 domains (Jefferis,  1990).  Every  domain  also  contains  one  internal  disulphide  bridge, 
increasing its stability. Disulphide bridges also help holding the different chains together. The 
heavy  chains  are  covalently  connected  by  disulphide  bridges  localised  in  the  hinge  region 
between CH1 andCH2, and the light and heavy chains are connected with a disulphide bridge at 
the C-terminus of CH1 and CL. 



(24)Fabs  can  be  further  divided  into  a  constant  and  a  variable  fragment.  The  VH and  VL  are 
 together  called  the  variable  fragment  (Fv).  It  contains  the  complete  antigen  binding  site, 
 primarily localised in six complementarity-determining regions (CDRs), three in each domain 
 (Poljak, 1973). Compared to the Fv, an isolated Fab has a very slow unfolding rate, caused by 
 mutual  stabilisation  between  the  variable  and  constant  domains (Röthlisberger  et  al.,  2005). 


Because  of  the  low  stability  of  the  Fv,  construct  engineering  techniques  have  evolved  to 
 improve  Fv  stability.  One  such  has  been  the  introduction  of  a  soluble  and  flexible  15-25 
 amino  acid  linker,  connecting  the  two  variable  domains.  The  resulting  fragment  was  named 
 single-chain  Fv  fragment  (scFv) (Bird,  1988).  The  scFv  construct  has  revolutionised  the 
 crystallisation  field  because  of  its  small  size,  and  low  complexity (Wörn  and  Plückthun, 
 2001).  The  scFv  should  optimally  have  the  same  binding  affinity  as  the  whole  antibody. 


However, most often this is not the case, due to the increased entropy-dependent penalty that 
 transpire when the stabilisation provided by the constant domains are removed. Even with a 
 linker  connecting  the  two  variable  domains,  the  scFv  often  remains  unstable,  and  tends 
 denature and aggregate at higher rates compared with Fab and mAb. Therefore, assessment of 
 linker length and sequence, as well as expression and isolation techniques, are  important for 
 optimisation of antibody production (Wörn and Plückthun, 2001).  


In  humans,  antibodies  of  subclass  Immunoglobulin  (Ig)  G  are  one  of  the  most  abundant 
proteins in the blood serum (Nelson, 2008). IgG antibodies are widely used in diagnostic and 
therapeutic  methods  because  of  their  binding  specificity,  and  their  advantage  of  interacting 
with  the  complement  system,  resulting  in  a  strong  therapeutic  effect.  IgG  has  an  especially 
long  half-life  in  serum  due  to  interaction  with  the  neonatal  Fc  receptor  (FcRn).  The 
intracellular  FcRn has in later years been shown to be almost ubiquitously expressed, and is 
the  primary  component  mediating  the  exceptionally  long  serum  half-life  of  the  two  most 
abundant serum proteins, namely albumin and IgG. FcRn binds internalised IgG at low pH in 
the  acidified  endosomal  compartment  and  re-routs  it  back  to  the  cell  surface  for  release  at 
physiological  pH,  thus  rescuing  the  cargo  from  lysosome  degradation (Cohen-Solal  et  al., 
2004, Goebl et al., 2008). 
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Figure 2: An IgG model. Heavy chains are in blue and violet. Light chains in red and teal green. The constant 
 domains  (C)  are  in  a  darker  colour  tone  than  the  variable  domains  (V).  Sulphide  bridges  are  annotated  “S-S”. 


The carbohydrate moiety connected to CH2 is annotated as “CHO”.  


Figure 3: 14F7. The modified structure is adapted from Krengel et al. (Krengel et al., 2004), with heavy chains 
 in blue/violet, light chains in red/teal green and CDRs in grey. The carbohydrate moiety is coloured light green. 


The  Fab  and  Fc  structures  were  visualised  using  PyMOL  (Schrödinger)  (PDB  ID  1RIH),  and  fused  MS  Paint. 


The β-sheets are shown as arrows 
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1.3.3  The monoclonal antibody 14F7 


Monoclonal  antibodies  emerged  as  diagnostic  and  therapeutic  agents  in  1985  when  the  first 
 murine  monoclonal  IgG2  Orthoclone  OKT3  antibody  was  approved  for  human  treatment  by 
 the  United  States  Food  and  Drug  Administration (Smith,  1996).  Orthoclone  OKT3  prevents 
 the  human  body  from  rejecting  solid  organs  during  clinical  transplantation.  Since  it  was 
 murine, it was only efficient for 3 weeks before it was inactivated due to the HAMA response. 


With time, antibodies recognising cancer antigens were discovered, and, in the year 2000, an 
 IgG1 antibody, recognising the NeuGc GM3 ganglioside, was reported for the first time. The 
 antibody  was  named  14F7  and  was  the  first  antibody  of  the  IgG  subclass  recognising  a 
 ganglioside.  (KD = 25 nM)  (Rojas  et  al.,  2004).  14F7  was  generated  by  the  Centre  of 
 Molecular  Immunology  in  Havana,  Cuba,  by  immunising  Balb/c  mice  with  a  vaccine 
 containing  the  NeuGc  GM3  ganglioside  hydrophobically  conjugated  to  a  human  very-low-
 density  lipoprotein  in  the  presence  of  Freund’s  adjuvant.  The  Ig  was  obtained  by  a  mature 
 humoral  response  resulting  in  a  hypermutated  murine  monoclonal  IgG1  antibody (Carr  A., 
 2000). A chimeric version of 14F7 was made by cloning the variable domains of the murine 
 14F7  onto  human  IgG1  and  κ  constant  domains  (Roque-Navarro  et  al.,  2008).  Although  the 
 constant  part  of  the  chimeric  antibody  was  human,  a  chimeric  antibody  can  still  evoke  a 
 HAMA response. Therefore, the non-human epitopes in the variable domains of the chimeric 
 14F7 were changed, producing a humanised 14F7. 


The selective binding of 14F7 is strictly restricted to NeuGc GM3 ganglioside with a binding 
affinity of KD = 25 nM, and does not interact with other NeuGc variants or the closely related 
NeuAc GM3 ganglioside (Carr A., 2000). The specificity of 14F7 mAb is dependent on both 
the sialic acid linkage and the external position of the N-glycolyl neuraminic acid group (Carr 
A., 2000). 14F7 mAb has been shown to inhibit growth of solid tumours and is an effective 
killer  of  cancer  cells  both in  vitro and in  vivo (Carr  A.,  2000,  Carr  A.,  2002).  Initially  the 
antibody was targeted against breast cancer and melanoma, but today a wide range of cancers 
overexpressing  the  NeuGc  GM3  ganglioside  are  known (Carr  A.,  2000).  14F7  mAb  was 
demonstrated to be inefficient in killing cancers by more standard antibody pathways, as for 
example  antibody-dependent  cytotoxicity  and  complement-dependent  cytotoxicity. (Carr  A., 
2002).  Instead,  14F7  can  induce  a  non-apoptotic  cell  death  resulting  in  loss  of  cytoskeleton 
integrity, cell swelling, and large membrane lesions (Roque-Navarro et al., 2008). The lesions 
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 Popoff, 2006). This mechanism resembles a complement independent oncosis that might be a 
 consequence  of  ion  pump  failure  (Majno  and  Joris,  1995).  This  oncosis-like  cell  death 
 mechanism  mediated  by  a  certain  group  of  antibodies  is  believed  to  be  related  to  positive 
 charges  in  the  CDR3  region  of  the  heavy  chain (Bhat  et  al.,  1997).  The  arginine  motif 
 described in the next section (Arg98-X-Arg100A-Arg100) matches the postulated description 
 (Rodríguez  et  al.,  2007).  It  is  especially  fascinating  that  isolated  Fab  fragments  lose  their 
 cytotoxic function while F(ab)2are still functionally active, suggesting that  the binding sites 
 might  cooperate (Roque-Navarro  et  al.,  2008). Today,  14F7  can  for  example  be  used  in 
 passive immunotherapy combined with chemotherapy or radiotherapy of solid tumours (Carr 
 A.,  2002).  In  2006,  14F7  was  included  in  a  clinical  phase  (1  trial),  where  breast  cancer 
 patients were treated successfully with one dose (up to 3 mg) of murine 14F7 mAb, and today 
 it has proceeded into phase 2 (Oliva et al., 2006). 


Rojas et at. failed to produce the 14F7 scFv in a bacterial expression system both as a soluble 
 molecule  and  displayed  on  phage  (Rojas  et  al.,  2004).  They  therefore  experimented  with 
 variable  light  chain  shuffling,  producing  five  functional  14F7  scFv  variants  adapted  to  a 
 prokaryote  expression  system  by  use  of  phage  display.  The  clones  contained  the  original 
 heavy  chain,  but  different  light  chains,  all  with  retained  specificity  and  affinity  towards  the 
 NeuGc GM3 ganglioside (Rojas et al., 2004). 


14F7 Structure 


14F7 is a highly mutated antibody produced by an mature humoral response (Vázquez et al., 
 1995). The majority of amino acid replacements are located in the VH region, suggesting that 
 somatic  mutation  has  occurred  separately  for  VH  and  VL  (David  and  Zouali,  1995). The  VL


gene is a member of the J558 family. The VLκ belongs to the Vκ23 family and is encoded by 
 gene 23-43 (Rodríguez et al., 2007). 


When  reporting  an  antibody  structure,  the  Kabat  numbering  scheme  applies  for  the  CDRs. 


Deletions, insertions and mutations may introduce an unpredictable number of amino acids in 
these areas, making it difficult to compare two antibody sequences. The solution is to give the 
amino acids within the CDRs an alphabetic abbreviation. The CDR H3 in 14F7 can be used as 
an  example.  The  amino  acid  sequence  is  N’-Arg98-Leu99-Arg100-Arg100A-Gly100B-
Ile100C-Tyr100D-Tyr100E-Tyr100F-Ala100G-Met100H-Asp101-Tyr102-C’.  By  always 
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 antibodies. 


Krengel et al. solved the Fab structure in 2004 by X-ray crystallography to 2.5 Å, see Figure 4 
 (Krengel et al., 2004). The crystal structure was similar to other reported Fab structures with 
 the exception of the CDR 3, of the heavy chain (CDR H3). The binding site was divided into 
 two  separated  zones  by  an  exceptionally  long  CDR H3  loop,  consisting  of  16  amino  acid 
 residues.  The  unusually  long  CDR H3  segment  arose  from  the  fusion  of  two  D  minigenes 
 originating from  the DSP2 family,  giving the segment extra length (Rodríguez et  al.,  2007). 


These types of long loops are generally thought to be very flexible, but in the crystal, it was 
 quite  rigid.  The  rigidity  is  probably  partly  due  to  crystallographic  stabilisation  within  the 
 crystal,  but  a  cluster  of  three  tyrosine  residues  located  at  the  base  of  the  CDR  H3  loop 
 (Tyr100D,  Tyr100E  and  Tyr100F)  may  provide  extra  stabilisation  by  interacting  with  other 
 aromatic  residues,  giving  the  CDR H3  loop  more  rigidity  than  what  is  normally  observed 
 (Krengel et al., 2004). 


By functionally mapping the paratope of 14F7, using tolerated/not-tolerated mutation analysis 
the  results  indicate  that  Trp33  and  Tyr100D  plays  a  critical  role  in  recognising  the  NeuGc 
GM3 ganglioside (Rojas et al., 2012). Even though Trp33 and Tyr100D are completely buried 
within the structure, they could only be exchanged with other aromatic amino acid residues to 
preserve  NeuGc  GM3  ganglioside  binding  during  the  tolerated/not-tolerated  mutation 
analysis.  Thus  confirming  aromatic  stacking  of  amino  acid  side  chains  as  an  important 
contributor  for  the  stabilisation  of  the  paratope  structure (Rojas  et  al.,  2012).  The  strongest 
interaction  within  the  CDR H3  loop  of  the  Fab  crystal  involved  three  arginine  side  chains 
(Arg98, Arg100, and Arg100A) (Krengel et al., 2004). In the mutation analysis, Arg100 and 
Arg100A were relatively conserved, while Arg98 was highly conserved. Two of the arginines 
(Arg98,  Arg100A)  are  located  in  the  top  part  of  the  CDR H3  loop,  creating  a  small 
hydrophilic  groove,  together  with  amino  acids  from  CDR H1, H2  and  one  amino  acid  from 
the light chain (Trp94) (Rojas et al., 2012). 
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Figure  4: 14F7 Fab structure solved by  Krengel et al. (Krengel et al., 2004). The structure is  visualised using 
 PyMOL (Schrödinger), PDB code 1RIH. VL is coloured teal green, VH is in violet, and the CDRs are grey. The 
 prominent CDR in the middle of the binding site is CDR H3. 


14F7 binding model 


To simulate the ganglioside binding, Krengel et al. proposed a theoretical model of the 14F7-
NeuGc GM3  ganglioside  complex  (Krengel  et  al.,  2004).  Since  it  was  possible  to  exchange 
the  VL without  losing  affinity  for  the  NeuGc  GM3  ganglioside,  it  was  assumed  that  the 
ganglioside  primarily  interacted  with  VH  (Rojas  et  al.,  2004).  That  is  why  the  terminus 
disaccharide moiety of  NeuGc GM3 (NeuGcα3Galβ)  was  docked  exclusively  at  the VH  part 
of  the  structural  model.  After  docking  the  disaccharide  onto  the  VH,  the  third  carbohydrate 
residue (4Glcβ1) was added. There were no major differences between the reported structure 
and the docking model. It was later discovered by functionally mapping the paratope of 14F7 
that the model is at least partly wrong. Residues (VH: Asp52, Trp33 and Tyr50) identified by 
the docking model as important for recognising the hydroxyl group of the N-glycolyl moiety 
of the sialic acid was in reality not essential for the affinity (Rojas et al., 2012, Krengel et al., 
2004).  Since  it  is  this  hydroxyl  group  that  separate  NeuAc  from  NeuGc  the  amino  acids 
recognising  this  specific  hydroxyl  group  of  NeuGc  GM3,  must  be  vital  for  the  affinity, 
therefore it is clear that the ganglioside is docked incorrectly. 
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1.4  Method-related theory 



1.4.1  Recombinant antibody expression 


Immunotherapy  it  is  common  to  produce  functional  antibodies  in  non-human  organisms,  as 
 for  example  mice.  To  be  able  to  treat  humans  with  such  antibodies,  the  murine  antibodies 
 must be humanised to escape allergic reactions, hypersensitivity and to escape the quenching 
 of a therapeutic effect by human anti-mouse antibodies (HAMA). In order to avoid the cross-
 species reactivity problem two significant innovations emerged early in the antibody therapy 
 field. The ability to make chimeric antibodies by domain grafting  the variable domains onto 
 human  heavy  chains  reduced  the  xenogeneic  sequence  proportion  to  only  about  25%  of  the 
 complete Ab drug. CDR grafting further reduced the xenogeneic sequence proportion to less 
 than 10% of the complete Ab drug. Thus, a significant reduction in anti-drug responses was 
 achieved,  making  therapeutic  Abs  a  viable  intervention  option  for  sustained  treatment 
 regimens (Kashmiri et al., 2005). 


Antibodies  can  be  isolated  from  living  organisms  such  as  mice,  but  these  can  also  be 
 produced in vitro. For producing antibodies in vitro, the antibody-producing B cells must be 
 immortal.  A  normal  cell  will  only  go  through  a  limited  number  of  cell  divisions  before  the 
 cell dies. To make an immortal murine B lymphocyte, the antibody-producing B cell must be 
 fused with  a  cancerous cell, e.g. from  the myeloma cell line producing  a murine hybridoma 
 (Kohler  and  Milstein,  1975).  However,  there  are  limitations  connected  to  human  antibody 
 production. Generating fully human hybridomas are problematic.  


To  overcome  this  challenge,  B  cells  for  hybridoma  production  are  isolated  from  transgenic 
 mice with gene repertoire consisting of human variable domains and murine constant domains 
 producing  chimeric  antibodies  (Brüggemann  et  al.,  1989).  If  successful  in  producing  a 
 chimeric antibody, a HAMA response might still take place. However, it can be taken a step 
 further, creating a human antibody consisting of murine CDRs. This humanised antibody will 
 have a better chance in avoiding depletion due to anti-drug responses. 


Since  the  Fc  region  of  natural-occurring  human  antibodies  are  glycosylated,  the  therapeutic 
full-size antibodies are usually expressed in mammalian cells where glycosylation is a part of 
the eukaryotic posttranslational  modification system (Schaefer and Plückthun, 2012). Fab or 
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 in  prokaryotic  cells,  for  example  in E. coli (Schirrmann,  2008).  Their  small  size  improves 
 tissue penetration for therapeutic application such as in solid cancer therapy, and provides an 
 excellent  opportunity  to  study  the  structure  of  the  antibody  paratope (Batra  et  al.,  2002, 
 Yokota et al., 1992).  



1.4.2   Prokaryote expression of recombinant scFvs 


The  increased  demand  for  scFvs  with  regard  to  quality,  stability  and  amount  resulted  in  the 
 development of a variety of recombinant production methods, vector systems and expression 
 strategies (Schirrmann, 2008).The first functional antibody fragment was produced in E. coli 
 in  1988 (Skerra, 1988).  Today, there are two  main  strategies  to  obtain  scFv constructs  from 
 E. coli. One includes producing the fragments as cytosol inclusion bodies followed by in vitro 
 refolding. The disadvantage of this method is that the disulphide bridges can form incorrectly 
 without  an in vivo  folding  system (Buchner  J.,  1992).  The  other  alternative  is  to  utilise  the 
 secretion  machinery  of  prokaryotic  cells.  The  reducing  environment  inside  the  cytosol  of  a 
 bacterium  greatly  sabotages  scFv  folding,  as  the  conserved  disulphide  bonds  can  only  form 
 under  oxidative  conditions (Gilbert,  1990).  The  disulphide  bridges  are  so  important  for  the 
 stability  that  only  intrinsically  very  stable  scFv  constructs  are  able  to  fold  in  the  cytosol 
 (Glockshuber, 1992). With the addition of a signal sequence, construction can be directed to 
 the  oxidising  environment  of  the  periplasm, where  the  scFv  can  be  isolated  in  a  correctly 
 folded state (Pugsley, 1993, Glockshuber, 1990). The main obstacle for high yield production 
 in  a  periplasmic  expression  system  is  the  formation  of  insoluble  aggregates  over  correctly 
 folded  protein,  as  a  consequence  of  high  protein  concentration  in  the  periplasmic  space 
 (Kipriyanov et al., 1997). But by expressing scFv constructs utilising the secretory pathway of 
 E. coli, protein can leak out into the medium, resulting in lower host toxicity, and provide the 
 opportunity for protein isolation directly from the medium (Takkinen et al., 1991). 


In E. coli, the energetic  barrier for RNA  polymerase  to  associate with  the promoter is  much 
lower compared to eukaryotic cells. Consequently, most promoters in E. coli are regulated by 
a repressor. By coupling scFv expression to a repressor-regulated promoter, the scFv gene is 
not  transcribed  without  repressor  dissociation.  This  prevents  the E. coli  secretory  pathway 
from being overloaded with a foreign molecule. Another technique to improve scFv folding is 
the introduction of periplasmic chaperones, which help to decrease the amount of aggregation 
inside the cells. 
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It has been discovered that the amount of scFv aggregates depends on the primary sequence 
 of  the  variable  domain,  being  directly  responsible  for  successful  folding  (Knappik  and 
 Plückthun, 1995). When using a periplasmic expression system, Kipriyanov et al. found large 
 amounts  of insoluble scFv aggregate in  the spheroplasts  pellet  (cells  that have had their cell 
 wall removed) (Kipriyanov et al., 1997). The amount of aggregates could be decreased if the 
 incubation  was  done  in  test  tubes,  increasing  the  periplasm  yield.  Incubation  in  Erlenmeyer 
 flasks  also  increased  the  yield,  but  caused  a  higher  release  of  scFv  into  the  medium,  which 
 could  be  decreased  by  expression  at  lower  temperatures.  In  order  to  utilise  the  secretion 
 machinery of prokaryotic cells, a signal sequence must be added to the construct. A common 
 method  is  to  add  a  pelB  signal  sequence  at  the  amino-terminus  (N-terminus)  end  of  the 
 constructs. This will make the scFv products translocate across the inner membrane of E. coli, 
 through the secB-dependent pathway, into the oxidising environment of the periplasm, where 
 disulphide  bridges  can  readily  form (Sapriel  et  al.,  2002).  Another  advantage  with  the  secB 
 pathway  is  that  binding  of  preproteins  to  SecB  enables  them  to  exist  in  a  translocation 
 competent state that will neither aggregate nor fold (Hardy et al., 1993).  


The periplasmic expression system used to express the 14F7 scFv construct in this thesis was 
 developed  in E. coli XL1-Blue  cells,  and  the  pFKPEN  vector  was  developed  especially  for 
 this system (Gunnarsen et al., 2010, Løset et al., 2007). The vector contains the recombinant 
 protein  controlled  by  the lac promoter  and  constitutively  expresses  the  recombinant  FkpA, 
 peptidyl-prolyl isomerases, from its native promoter xPO (Gunnarsen et al., 2010, Løset et al., 
 2007). 


Chaperone assisted scFv expression 


Chaperones  are  known  to  improve  expression  yield  by  facilitating  folding,  reducing  protein 
degradation and preventing aggregation (Ramm and Plückthun, 2000, Ying et al., 2004). The 
periplasmic peptidyl-propyl  cis-trans  isomerase  FkpA  is  found naturally  in E. coli and has  a 
beneficial  effect  on  scFv  expression (Ramm  and  Plückthun,  2000,  Ramm  and  Plückthun, 
2001,  Bothmann  and  Plückthun,  2000).  By  co-expressing  FkpA  together  with  the  scFv 
protein,  the  degree  of  scFv  proteins  trapped  in  the  cytosol  decreases,  instead  protein 
accumulates in the periplasm and a positive growth rate is observed (Gunnarsen et al., 2010). 
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 scFv controlled by the lac promoter 


14F7  scFv  expression  is  regulated  by  the  lac promoter.  When  glucose  is  present,  the 
 lac repressor  will  be  bound  to  the  lac operator,  a  24-nucleotide  sequence  located  just 
 downstream of the lac promoter (Gilbert, 1973). The repressor prevents the RNA polymerase 
 to  transcribe  the lac  promoter-regulated  genes,  giving E. coli  a  chance  to  grow  without 
 experiencing any potential toxic effect. However, since the lac repressor is leaky, a low level 
 of  the  scFv  will  probably  be  expressed  at  all  times.  The lac repressor  disassociates  in  the 
 presence of lactose. Lactose is transformed into its isomer allolactose in the cell. Allolactose 
 is  the  inducer  of  the  lac promoter:  it  associates  with  the  lac repressor,  which  in  turn 
 dissociates from the DNA, making the promoter available for transcription. Artificial inducers 
 have  also  been  synthesised,  with  IPTG  (Isopropyl  β-D-1-thiogalactopyranoside)  being  the 
 most common for the lac promoter. E. coli prefers glucose over lactose as an energy  source, 
 which  is  why  the lac promoter  will  be  downregulated  in  the  presence  of  a  mixture  between 
 glucose  and  lactose.  In  order  to  have  effective  transcription  of  the  genes  controlled  by  the 
 lac promoter  must  not  only  the lac repressor  be  removed  by  inducer-association  but  a  co-
 activator is needed. In the presence of glucose is the co-activator, the cAMP receptor protein 
 (CAP)  associated  with  its  own  repressor  inactivating.  When  glucose  is  removed  it  can 
 associate  with  the  DNA  upstream  of  the  promoter.  CAP  bends  the  DNA  in  a  conformation 
 that aids  RNA polymerase to  associate with  the  Pribnow-Schaller  box  (TATAAT) upstream 
 of the promoter (Gaston et al., 1990). Kipriyanov et al. (1997) reported that a reduction in the 
 IPTG concentration and the addition of sucrose to the growth medium just before induction of 
 the lac promoter, significantly increased the yield of secreted soluble scFv (Kipriyanov et al., 
 1997). They hypothesised that this was due to an increase in the osmotic pressure, resulting in 
 an enlarging of the periplasmic space  based on the findings  of  Kiefhaber  (Kiefhaber, 1991). 


The  positive  effect  of  reducing  the  IPTG  concentration  was  confirmed  by  Gunnarsen  et  al. 


who removed IPTG completely (Gunnarsen et al., 2010). The addition of sucrose to increase 
the protein concentration was also thoroughly investigated indicating that sucrose addition did 
not affect the yield (Gunnarsen et al., 2010).
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2  Aims of the thesis 


To date it has not been possible to structurally characterise the ligand complex of 14F7 with 
 its  tumour  antigen  the  NeuGc  GM3  ganglioside,  mainly  because  of  difficulties  reproducing 
 the 14F7 Fab crystal.  In  this  thesis,  the aim  was  to generate recombinant  single-chain  Fv  of 
 14F7 and express those for binding analysis and crystallographic studies. We generated scFv 
 constructs, consisting of the two variable antibody domains connected with a linker peptide. 


Restriction  sites  flanked  the  construct  and  the  linker  region,  making  it  possible  to  switch 
 between  the  two  different  linker  regions  and  the  two  variable  light  chain  (VL)  domains,  to 
 construct four scFv versions of 14F7. Proteins were expressed in E. coli using a periplasmic 
 expression system. Once the proteins were successfully expressed and purified, we attempted 
 co-crystallisation with a hydrophilic synthetically derivative of the NeuGc GM3 ganglioside, 
 named  Tricer.  We  conducted  complementary  investigations  using  ELISA,  SPR  and 
 ThermoFluor and screened for crystals. The experimental part of the thesis can be subdivided 
 into three sections as follows: 


1. Cloning, expressing and purifying the scFv constructs 


Design  expression  constructs  of  recombinant  scFv  14F7,  clone  the  constructs,  express  and 
 purify sufficient amounts of scFv for further analysis. 


2. Binding analysis of scFv and the NeuGc GM3 ganglioside 


Evaluate the affinity between the different  scFvs  and its tumour antigen using ELISA, SPR, 
 and ThermoFluor. 


3. Crystallisation 


Screen  for  crystallisation  conditions  of  scFv  -  Tricer  complexes,  as  a  first  step  towards 
obtaining diffraction data and determine the 3D structure by X-ray crystallography.
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3  Materials & procedures 


All materials and chemicals are listed in the Appendix, Section A: Materials, page S1.  


All  solution  recipes  can  be  found  in  the  Appendix,  Section  B:  Solutions,  buffers  and  gels, 
 page S9. 


All digestion, ligation, PCR primers and corresponding programs are listed in the Appendix, 
 Section  C:  Restriction-  and  ligation  reagents,  page  S13,  and  Section  D:  PCR  mixtures  and 
 PCR programs, page S23. 


All nucleic acid and amino acid sequences are listed in the Appendix, Section E: Nucleic acid 
 sequences, page S24 and Section F: Amino acid sequences, page S29. 



3.1  Cloning 



3.1.1  Preparing the scFv constructs 


The  sequences  (VH-LR-VL.A  and  LC-VL)  were  codon-optimised  for E. coli  expression  and 
ordered  as  synthetic  genes  (Life  technology).  A  sketch  of  the  constructs  is  given  in 
Section 4.1.1,  Figure 9.  The  scFv  constructs  were  generated  by  combining  the  original 
variable  heavy  chain  (VH)  with  two  different  murine  variable  light  chains,  both  from  the  κ 
family. The two light chains were either the original 14F7 (VL) or an alternative variable light 
chain adapted for prokaryote expression systems (VL.A) (Rojas et al., 2004). The VH is flanked 
by the restriction sites NcoI and HindIII (5’-NcoI-VH-HindIII-3’), while VL/VL.A is flanked by 
MluI and NotI (5’-MluI-VL/VL.A-NotI-3’). To make the scFv constructs, VH-VL  and VH-VL.A
were  combined  with  two  different  synthetic  linkers.  One  linker,  called  the  original  Cuba 
linker  (LC.o),  originates  from  Gertrudis  Rojas,  Centre  of  Molecular  Immunology,  Havana, 
Cuba (Rojas  et  al.,  2004).  It  was  elongated  by  introducing  restriction  sites  flanking  the 
sequence (5’-HindIII-LC-MluI-3’), the new version of the linker was named LC. The sequence 
for  the  second  linker,  called  Rikshospital-linker  (LR),  was  provided  by  Geir  Åge  Løset 
(Centre for Immune Regulation and Department of Biosciences, University of Oslo, Norway) 
and already contained the selected restriction sites. The four resulting constructs were named 
Construct  1,  2,  3  and  4  (C1,  C2,  C3  and  C4).  The  constructs  also  contain  a  6x 
Polyhistidine-tag  (His-tag),  a  TEVp  recognition  site  at  the  N-terminus  and  a  stop  codon  at 



(36)their C-terminus. The soluble expression vector pFKPEN, containing an ampicillin resistance 
 gene and the FkpA gene regulated by its native promoter xPO, was a kind gift from Geir Åge 
 Løset (Gunnarsen  et  al.,  2010).  The  vector  also  contains  a lac  promoter,  a  Shine-Dalgarno 
 sequence  and  the  pelB  sequence  encoding  stretch  of  the  pSEX81  (GenBank  accession  no. 


Y14584), upstream of the multiple cloning site containing the NcoI and NotI restriction sites. 


Subcloning Construct 1  DIGESTION 


The vector pFKPEN from Geir Åge Løset (Centre for Immune Regulation and Department of 
 Biosciences,  University  of  Oslo,  Norway)  and  the  VH-LR-VL.A  DNA  sequence  (Life 
 technology) corresponding to C1 were digested with NcoI/NotI restriction enzymes (NEB) for 
 1.5  hour  at  37 °C.  The  DNA  was  run  on  a  1%  agarose  (Lonza)  gel  at  90 V  for  45 minutes 
 together with the two standards ΦX174 (NEB) and λHindIII (Fermentas) and controls where 
 the two DNA sequences were mixed with  only one restriction  enzyme.  The resulting vector 


NotI5’-pFKPEN-3’NcoI and insert NcoI5’-VH-LR-VL.A-3’NotI were extracted from the gel using the 
 QIAquick gel  extraction kit (QIAGEN). In the last DNA purifying step,  30 µl of the elution 
 buffer  was  used  instead  of  50 µl  to  get  a  higher  end  concentration.  This  procedure  was 
 initiated every time the gel extraction protocol was used. Concentration was measured at 260 
 nm using a spectrophotometer (Nanodrop 2000c, Thermo scientific). 


Subcloning Construct 1  LIGATION 


Standard protocol: For calculating the correct amount of insert vs. vector for the ligation, the 
 following equations were used with a molar ratio of 4:1. 


( )      
          


      


       
 ( )       


      


It is recommended to have around 10-100 ng vector. 60 ng of the vector was mixed with the 
calculated  amount  of  insert  and  incubated  over  night  with  T4  polynucleotide  DNA  ligase 
(NEB) and T4 ligase buffer at room temperature. Isolated vector without insert was used as a 
negative control. 
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 Subcloning Construct 1  TRANSFORMATION 


Standard  protocol:  Half  of  the  ligation  mix  was  mixed  with  300 µl  CaCl2  competent  XL1 
 Blue  E. coli  cells  (recA1  endA1  gyrA96  thi-1  hsdR17  supE44  relA1  lac  [F’  proAB 
 lacIqZDM15  Tn10  (Tetr)]  (Stratagene)  and  left  on  ice  for  45 minutes.  After  3 minutes  heat 
 shock at 42 °C (Dri-Bloc, Techne), were the cells again put on ice, and 1 ml LB medium was 
 added to  each  eppendorf-tube. The samples  were placed at  37 °C  for 30 minutes to  give the 
 vector a chance to  express  antibiotic resistance. The samples  were thereafter centrifuged for 
 4 minutes  at  4000 × g  (Biofuge  Fresco  Heraeus,  Thermo  Scientific).  ~1.2 ml  of  the 
 supernatant  was  removed  and  the  remaining  ~100 µl  was  resuspended  and  plated  on 
 ampicillin containing agar plates overnight at 37 °C. 


Two  colonies  from  the  transformation  were  incubated  overnight  in  6 ml  1x LB  containing 
 100 mg/l ampicillin (AppliChem) and 0.1 M glucose (Sigma) (LB-AG) at 225 rpm (Multitron 
 II,  Infors).  Vector  DNA  was  isolated  using  the  QIAprep  spin  Miniprep  kit  (QIAGEN);  the 
 resulting DNA concentration was measured at 260 nm (Nanodrop 2000c, Thermo scientific). 


The sample was split into three. One part was run on an agarose gel for size control, another 
 was  used  for  sequencing  and  the  remaining  part  was  used  to  make  the  other  scFv  14F7 
 constructs. The rest of the bacteria’ cultures was used to make glycerol stocks (20% glycerol, 
 Prolabo) and stored at -80 °C. 


Sequencing 


Standard  protocol:  The  constructs  were  validated  by  sequencing:  200 ng  DNA  mixed 
 separately  with  either  the  forward  primer  pQE-FP  (5’-CGGATAACAATTTCACACAG-3’) 
 (Metabion) or the revers primer pHogb (5’-CTAGATTAGTGATGGTGATG-3’) (Metabion). 


The  primer  sequences  correspond  to  the  vectors’  5’  and  3’  sequences  flanking  the  antibody 
 fragment. The primers were used at a concentration of 0.5 µM, and the samples were sent for 
 sequencing at the ABI lab, Department of Biosciences, UiO, Oslo. 


Cloning Construct 2 


The pFKPEN containing C1 and the ordered DNA fragment  LC-VL (Life  Technology)  were 
digested  for  1.5  hours  at  37 °C  with NotI/MluI  restriction  enzymes  (NEB).  CIP  (NEB)  was 
also  added  to  the  C1-containing  vector  to  prevent  re-ligation.  As  a  control,  the  pFKPEN 
containing C1 was digested separately with NotI or MluI (NEB). The DNA was run on a 1.2% 



(38)agarose  gel  at  90 V  for  45 minutes  together  with  the  two  standards  ΦX174  (NEB)  and 
 λHindIII  (Fermentas).  The  (MluI5’-VL-3’NotI)  insert  fragment  and  the  (NotI5’-pFKPEN-VH-LR-
 3’MluI)  vector  fragment  were  extracted  from  the  gel  using  the  QIAquick  gel  extraction  kit 
 (QIAGEN).  Concentrations  were  measured  using  a  spectrophotometer  (Nanodrop  2000c, 
 Thermo scientific) at 260 nm. Ligation and transformation were done following the standard 
 protocols. 


Two  colonies  from  the  transformation  plate  were  incubated  overnight  with  6 ml  LB-AG  at 
 37 °C  at  225 rpm  (Multitron  II,  Infors).  Vector  DNA  was  isolated  using  the  QIAprep  spin 
 Miniprep kit (QIAGEN). The isolated vector was used for sequencing and a sample fraction 
 was  run  on  a  1%  agarose  gel  for  size  control.  The  remaining  bacterial  culture  was  used  to 
 make glycerol (Prolabo) stocks and stored at -80 °C. 


Cloning Construct 4 


The pFKPEN containing C1 and the ordered DNA fragment  LC-VL  (Life  Technology)  were 
 digested  with HindIII/NotI  restriction  enzymes  (NEB)  at  37 °C  (Dri-Bloc,  Techne)  of  1.5 
 hours.  CIP  (NEB)  was  also  added  to  the  C1-containing  vector  to  prevent  re-ligation.  As  a 
 control,  pFKPEN  containing  scFv  C1  was  digested  separately  with HindIII  or NotI  (NEB). 


The DNA samples were run on a 1.2% agarose gel at 90 V for 45 minutes. The (HindIII5’- LC-
 VL-3’NotI) insert and the (NotI5’-pFKPEN-VH-3’HindIII) vector fragments were isolated from the 
 gel using the QIAquick gel extraction kit (QIAGEN). Concentrations were measured using a 
 spectrophotometer  (Nanodrop  2000c,  Thermo  scientific)  at  260 nm  and  ligation  and 
 transformation were done following the standard protocols. 


Two  colonies  from  the  transformation  plate  were  incubated  overnight  with  6 ml  LB-AG  at 
37 °C  at  225 rpm  (Multitron  II,  Infors).  Vector  DNA  was  isolated  using  the  QIAprep  spin 
Miniprep  kit  (QIAGEN).  The  isolated  vector  was  used  for  sequencing  and  one  sample 
fraction was run on a 1% agarose gel for size control. The C4-containing vector was also used 
to  make  construct  C3.  The  remaining  bacterial  culture  was  used  to  make  glycerol  (Prolabo) 
stocks and stored at -80 °C. 
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