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Abstract

The goal of our project is to continue the development of new techniques for rapid, automated identification of radionuclides, metals, and chelators that may contaminant surface and groundwater at DOE sites.
One of the four specific aims of the present project is to develop new technologies in antibody engineering that will enhance our immunosensor program. Recombinant antibodies have potential advantages over
monoclonal antibodies produced by standard hybridoma technology. The cloned genes represent a stable, recoverable source for antibody production. In addition, the recombinant format offers opportunities
for protein engineering that enhances antibody performance and for studies that relate antibody sequence to binding activity. In this study, a hybridoma that synthesized an antibody (12F6) that recognized a 1:1
complex between 2,9-dicarboxyl-1,10- phenanthroline (DCP) and UO2

2 + was used as a source of RNA for the development of a recombinant (Fab)’2  fragment. RNA was isolated from the 12F6 hybridoma and

the cDNA encoding the entire  light chain and the linked VH and C1 portions of the heavy chain were amplified from total RNA. cDNA sequences were verified by comparison with the N-terminal amino acid
sequences of the light and heavy chains of the native 12F6 monoclonal antibody. A leader sequence and appropriate restriction sites were added to each chain, and the fragments were ligated into a commercial
dicistronic vector (pBudCE4.1, Invitrogen, Inc.). COS-1 cells were transfected with this vector and the culture supernatant was assayed for activity and the (Fab)’2  protein. Cells transfected with vector
containing 12F6 cDNA synthesized and secreted recombinant (Fab)’2  fragments that bound to the UO2

2 +-DCP complex with an affinity indistinguishable from that of a (Fab)’2  fragment prepared from the native
antibody. Molecular models of the heavy and light chain variable domains were constructed according to the canonical structures method detailed by Morea et al. (J. Mol. Biol. 275:269), and the participation of

specific residues in antigen recognition was assessed using site-directed mutagenesis. Three amino acids in the light chain variable region, H39, Y54 and F103, were particularly important in antigen
recognition.

 In a separate series of experiments, a recombinant phage-displayed antibody library has been prepared using RNA isolated from the spleens of sheep and rabbits immunized with specific metal-chelate
complexes. Phage-display libraries produced from an immunized source are inclined to include variable genes specific for the immunized antigen(s), many of which are already affinity matured.  An antibody
fragment specific for the UO2

2 +-DCP complex was isolated from this combined phage display library. While the binding affinity of this antibody fragment for UO2
2 +-DCP was not as high as that of the 12F6

monoclonal antibody, the beauty of antibody phage display technology is that it allows for the potential manipulation and maturation of the antibody’s binding affinity, which may drastically improve and ultimately
surpass that of monoclonal antibodies.

Figure  5 . Ribbon representation of the  r12F6-Fab homology model.   Mo lec u la r

mode ls  were  c ons truc ted  ac c ord ing  to  the  c anon ic a l  s truc tu res  method  de ta i led  in

Morea  e t a l . (3 ) us ing  the  Swis s  PDB Viewer p rogram (v e rs ion  3 .7 ). Amino  ac id

res idues  ta rge ted  fo r s i te -d i rec ted  mutagenes is  a re  s hown in  s pac e-fi l l i ng  fo rmat.

The  l igh t c ha in  framework  reg ions  a re  ind ic a ted  by  b lue  ribbons , a nd the  heav y

c ha in  framework  reg ions  by  y e l low ribbons .  The  CDR1, CDR2 and  CDR3 a re

des igna ted  wi th  g reen , red  and  g ray  ribbons , res pec tiv e ly . The  amino  ac id  res idues

c hos en  fo r mutagenes is  bas ed  on  th is  mode l  a re  a ls o  l i s ted  in  T able  1 ,  be low.

TABLE 1 .  Biochemica l and Immunologica l Characteriz a tion of the  Different Mutants  of the  r12F6 Fab
aAl l  p las mids  were  c on fi rmed by  s equenc ing  to  hav e  on ly  the  muta tion  s hown (p rimary  da ta  no t p res en ted).

Trans fec tion o f the  mutan t p las mids  in to  COS-1  c e l ls  us ing  L ipo fec tamine  was  as  des c ribed  in  the  legend  to

Fig .2 . Th i rty -s ix  hours  a fte r t rans fec tion  the  c u l tu re  s uperna tan ts  were  remov ed  and  the  y ie ld  o f F ab p ro te in

from eac h  t rans fec tion was  de te rmined  by  s andwic h  EL ISA. Equ iv a len t c onc en tra tions  o f Fab  p ro te in  were

tes ted  fo r ac tiv i ty , as  as s es s ed  by  the  ab i l i ty  to  b ind  to  an  immob i l i z ed  UO2
2+-DCP c omplex  (s ee  Fig . 4  fo r

de ta i l s ). The  ab i l i ty  o f the  s o lub le  UO2
2+-DCP c omplex  to  inh ib i t b ind ing  was  as s es s ed  by  c ompeti ti v e  EL ISA

(primary  da ta  no t s hown), and  bo th  the  IC50 v a lue  from the  c ompeti ti v e  EL ISA and  the  equ i l ib rium d is s oc ia tion

c ons tan ts (s ee Fig .5  fo r p rimary  da ta ) a re  p res en ted  here in .
bNA, b ind ing  to  the  immob i l i z ed  UO2

2+-DCP was  too  low fo r ac c ura te  IC50 de te rmina tion .
cND, no t de te rmina tion

Figure  4 . Binding of wild-type  r12F6-Fab and mutants  to immobiliz ed UO2
2+-DCP. Mutan t

c lones  were  genera ted  us ing  the  Qu ic k Change  Si te -Di rec ted  Mutagenes is  k i t av a i lab le  from

Stra tegene .  COS-1  c e l ls  were  t rans fec ted wi th  p las mid  DNA as  des c ribed  in  the  legend  to

Figure  2 . Ex pres s ion  p roc eeded  fo r 36  hours , then  the  c u l tu re  s uperna tan ts  were  remov ed

and  tes ted  fo r the  ex pres s ion  o f mous e  F ab p ro te in  us ing  s andwic h  EL ISA (1 ).  Cu l tu re

s upernan ts  were  d i lu ted  wi th  med ium to  the  iden tic a l  F ab c onc en tra tion , then  the  ab i l i ty  o f

eac h  s amp le  to  b ind  to  immob i l i z ed  UO2
2+-DCP was  as s es s ed  as  des c ribed  in  the  legend  to

Figure  2 . Eac h  bar rep res en ts  the  b ind ing  ac tiv i ty  o f a  rec omb inan t p ro te in  wi th  a  po in t

muta tion  tha t res u l ted  in  the  amino  ac id  c hange  s hown on  the  X-ax is  (L , l igh t c ha in , H,

heav y  c ha in ). Thes e  da ta  a re  a ls o  quan ti fied  in  Table  1  as  % o f wi ld -ty pe  ac tiv i ty . Va lues

are  reported  as  mean +  SD (n=3).
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Figure  3 . Activ ity  of culture  supernatants  a fter transfection with pBudCE-12F6-Fab. The

c od ing  reg ion  o f the  l igh t c ha in  and  the  v a riab le  and  fi rs t c ons tan t reg ion  o f the  heav y

c ha in  were  amp l i fied  from RNA is o la ted  from the  12F6 hy bridoma. Afte r an  in te rmed ia te  c lon ing

s tep , leader s equenc es  and  N-te rmina l  po rtion  o f the  IgG1 murine  h inge  reg ion  were  added

us ing  PCR wi th  the  appropria te ly  des igned  p rimers  (1 ). Thes e  heav y - and  l igh t-c ha in

c ons truc ts  were  c loned  in to  the  CMV and  EF1-1  p romote r s i tes , res pec tiv e ly , o f p BudCE 4 .1 ,

a  d ic is tron ic  v ec to r av a i lab le  from Inv i trogen ,  to  y ie ld  the  p las mid  pBudCE-12F6-Fab .

Plas mid  DNA (2  µg /100  mm c u l tu re  flas k ) was  mix ed  wi th  L ipo fec tamine 2000  reagen t (2 .5  µ L

reagen t per µg  DNA) in  s e rum-free  DMEM.  Afte r inc uba tion  a t room tempera tu re  fo r 20  minu tes ,

the  mix tu res  were  added  to  newly  c on fluen t COS-1  c e l ls  and  the  c u l tu res  were  inc uba ted  fo r

6  hours  a t 37°C, a fte r wh ic h  the  c omp lex es  were  remov ed  and  rep lac ed  wi th  g rowth  med ia .

Ex pres s ion  p roc eeded  fo r 36  hours , then  the  c u l tu re  s uperna tan ts  were  remov ed  and  tes ted

fo r the i r ab i l i ty  to  b ind  to  an  EL ISA p la te  c oa ted  wi th  a  UO2
2+-DCP-bov ine  s e rum a lbumin

c on juga te  (5  µg /ml , p repared  as  des c ribed  in  (2 )). Bound  rec ombinan t an tibody  was  de tec ted

us ing  an  HRP-labe led  goa t an ti -mous e  F ab an tibody  (Sigma Bios c ienc es , St. Lou is , MO). Da ta

are  ex pres s ed  as  perc en t o f the  ac tiv i ty  d is p lay ed  by  a  F(ab)’ 2 fragment p repared  by

pro teo ly s is  o f the  na tiv e  monoc lona l  an tibody  (n12F6-F(ab)’ 2). Nega tiv e  c on tro ls  inc luded

c u l tu re  s uperna tan t from c e l ls  trans fec ted  wi th  an  empty  v ec to r (pBudCE4.1  on ly ) and

unus ed  c u l tu re  s uperna tan t c on ta in ing  10% fe ta l  bov ine  s e rum (DMEM). Va lues  a re  reported

as  mean +  SD (n=3).
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Figure  9 . Competition ELISA with soluble  UO2
2+-DCP-

OVA. s c Fv -bound  to  phage  parti c les  were  us ed  fo r

thes e  ex periments . IC50 v a lues  range  from 0 .19 M to

0 .31 M fo r c lones  3 -1 ,3 -2 ,and  3 -12 .

Figure  10 . Competition ELISA with soluble  UO2
2+-DCP. s c Fv -

bound  to  phage  parti c les  were  us ed  fo r thes e

ex periments . IC50 v a lues  ranged  from 13 .7 M to  37 .8 M fo r

c lones  3 -1 ,3 -2 , and  3 -12 .

Figure  8 . Results  from

competitive  ELISA screening

using soluble  meta l-che la te -

prote in conjugate  or soluble

meta l -c he la te  c omp lex es . Three

c lones  were  is o la ted  from the

pu l l -th rough  l ib ra ries  by

pann ing  aga ins t immob i l i z ed

UO22+-DCP-c on juga te  fo l lowed

by  a  low pH e lu tion . A s pec i fi c

v o lume o f s c Fv -phage  was

d i lu ted  wi th  a  equa l  v o lume o f

the  inh ib i to r s hown in  the

legend , then  added  to  a

mic rowe l l  c oa ted  wi th  UO22+-

DCP-ov a lbumin . Phage  parti c les

rema in ing  in  the  mic rowe l l  a fte r

inc uba tion  wi th  s o lub le

inh ib i to rs  were  de tec ted  wi th

an ti -f d  b io tin  c on juga te  and

Ex trAv id in  AP s ubs tra te  (s igma).

Va lues  reported  a re  mean +  SD,

(n=4).

Figure  7 . Pull-through s tra tegyfor construction of a  recombinant anti-meta l che la te  antibody library .

Four rabb i ts  and  two  s heep  were  immun iz ed  wi th  mix tu res  o f meta l -c he la te -p ro te in  c on juga tes . Afte r

the  an ima ls  had  demons tra ted  immune reac tiv i ty  in  a  s e rum s ample , they  were  s ac ri fi c ed  and  the i r

s p leens  were  harv es ted . Sp leen ic  RNA was  us ed  as  a  temp la te  fo r c DNA,  then  l igh t- and  heav y -

c ha in  v a riab le  c od ing  reg ions  were  amp l i fied  by  PCR us ing  p rimers  as  des c ribed  in  (4 ). Thes e

ins erts  were  s ubs equen tly  us ed  in  the  one-s tep  c lon ing  s tra tegy  us ed  fo r c ons truc tion  o f a

pSD3:s c Fv  l ib ra ries . A , B a re  VL  and  VH DNA fragments . C and  H a re  c -my c  and  (His )6 tags ,

res pec tiv e ly . The  * ind ic a tes  an  amber c odon.  g III i s  the  gene  enc od ing  the  C-te rmina l  doma in  o f

the  M13 gene  III p ro te in  (4 ).

Figure  1 . Diagram of the  three

most common formats  for the

express ion of recombinant

antibodies . Pane l  A, The  s ing le

c ha in  v a riab le  fragment fo rmat,

s c FV, c ons is ts  o f the  heav y

c ha in  v a riab le  reg ion  (red) and

the  l igh t c ha in  v a riab le  reg ion

(y e l low) jo ined  by  a  flex ib le

l ink er reg ion  (b lue ). Pane l  B,

The  s c Ab fo rmat c ons is ts  o f the

heav y  c ha in  v a riab le  reg ion

(red) and  the  en ti re  l igh t c ha in

(y e l low) jo ined  by  a  flex ib le

l ink er reg ion  (b lue ). The  F(ab)2

fo rmat c on ta ins  the  heav y

c ha in  v a riab le  reg ion  and  C1

c ons tan t reg ion  (red) and  the

en ti re  l igh t c ha in  (y e l low). The

c ons truc t reported  here in  a ls o

c on ta ins  the  h inge  reg ion  and

c y s te ines  requ i red  fo r d is u l fide

bond  fo rmation .

Figure  6 . Determination of equilibrium dissocia tion constants  for wild type  r12F6-

Fab and se lected mutants . The c onc en tra tion  dependenc e  o f p ro te in  b ind ing  to

s o lub le  2 ,9 -d ic a rbox y l  1 ,10-phenan th ro l ine  (DCP) in  the  p res enc e  o f 1000  n M

UO2
2+.  Bind ing  s tud ies  were  perfo rmed as  des c ribed  in  (1 ). Eac h  ex periment was

perfo rmed in  dup l ic a te , and  the  c urv es  d rawn th rough  the  po in ts  were  genera ted

us ing  the  fo l lowing  e qua tion :Frac tion o f oc c up ied  s i tes  = [L ]/(Kd +[L ]), where  [L ]

i s  the  c onc en tra tion  o f s o lub le  UO2
2+-DCP c omp lex  and  Kd is  the  equ i l ib rium

d is s oc ia tion  c ons tan t. Pane l  A, wi ld  ty pe  rec ombinan t Fab ;  Pane l  B,  Heav y  c ha in

s erine  104  muta ted  to  a lan ine; Pane l  C,  Heav y  c ha in  pheny la lan ine  107  muta ted

to  a lan ine ;  Pane l  D,  L igh t c ha in  ty ros ine  37  muta ted  to  a lan ine .  Some mutan ts

bound  too  poorly  fo r an  ac c ura te  Kd de te rmina tion . Va lues  fo r a l l  Kd

de te rmina tions  a re  s hown in  Tab le  1 .

Conclusions

•A monoclonal antibody (12F6) that binds  to che la ted u rany l ions  (see  ligand s tructure  in Figure  2 ) with nanomolar a ffinity

has  been expressed as  a  recombinant Fab fragment.

•Molecular modeling and subsequent s ite -directed mutagenesis  have  identified severa l amino ac id s idechains  (his tidine

39 , tyros ine  54  and phenyla lanine  103  in the  light cha in variable  region) that are  very  important in the  interaction

between the  12F6 antibody and the  UO2
2+-DCP complex .

•Unexpectedly , another mutation in the  light cha in (transformation of phenyla lanine  103  to an a lanine  res idue) s lightly

increased the  a ffinity  of the  recombinant antibody for the  UO2
2+-DCP complex .

•A recombinant library  of antibodies  to meta l-che la te  complexes  has  been prepared from animals  immuniz ed with a

mixture  of meta l-che la te  complexes .

•Pre liminary  panning of this  library  has  y ie lded an antibody fragment that binds  to the  UO2
2+-DCP complex  with m icromolar

a ffinity .

•These recombinant prote in constructs  will prov ide  the  DOE with a  source  of antibody reagents  that could be  genetica lly

manipula ted to suit the  assessment requirements  of spec ific  DOE fac ilities .
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2+-DCP c omplex

rec ogn iz ed  by  the  rec ombinan t

an tibod ies .
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