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SourceSource

oo BungarusBungarus  multicinctusmulticinctus = Taiwan ( = Taiwan (many-)bandedmany-)banded  kraitkrait

oo InjectsInjects  venomvenom  cocktailcocktail  thatthat  worksworks  synergisticallysynergistically::

•• EitherEither  destroydestroy  musclemuscle  tissuetissue

•• OrOr  disruptdisrupt  thethe  functionfunction of  of thethe  neuromuscularneuromuscular  junctionjunction =  = BungarotoxinsBungarotoxins
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ExcitationExcitation  conductionconduction

http://staff.fcps.net/cverdec
c/Adv%20A&P/Notes/Musc
le%20Unit/Contration%20o

f%20motor/contra36.jpg
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NeuromuscularNeuromuscular  junctionjunction

http://medlib.med.utah.edu/kw/mg/mml/mg_illus002.html

Shaker type K+

channel (Kv 1.2)

-bungarotoxin-bungarotoxin  actsacts
postsynapticallypostsynaptically and  and blocksblocks
acetylcholinacetylcholin  receptorreceptor

-bungarotoxin-bungarotoxin  actsacts  presynapticallypresynaptically::
--  KunitzKunitz  subunitsubunit  thatthat  targetstargets
specificspecific  KK++-channels-channels
--  PhospholipasePhospholipase A A22
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FunctionFunction of  of PhospholipasePhospholipase A A22

oo PhospholipasePhospholipase A A22 = EC 3.1.1.4 = EC 3.1.1.4

•• ExclusivelyExclusively  hydrolyseshydrolyses  thethe
fattyfatty  acidacid  esterester  bondbond at  at thethe 2° 2°
positionposition of  of phospholipidphospholipid

DestructionDestruction of  of thethe nerve nerve
terminalterminal

RespiratoryRespiratory  failurefailure

Roche Applied Science "Biochemical Pathways“
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QualityQuality of  of structurestructure  byby  KwongKwong

Resolution: Resolution: 2,45 2,45 ÅÅ

oo R R factorfactor: : 0.1930.193

oo Free R Free R factorfactor: : 0.2810.281

oo OccupancyOccupancy: : 1 1 forfor all  all atomsatoms

oo B-factorB-factor:: 20 to 60,20 to 60,
estimated average = 35estimated average = 35

oo Solvent Solvent contentcontent:: 81 81 waterwater  forfor 181  181 aminoamino  acidsacids

oo StructureStructure  solvedsolved  byby  molecularmolecular  replacementreplacement and MIR and MIR

Discrepancy, perhaps
overrefinement?

+

-

+

+

+

Kwong PD et al. Structure of 2-bungarotoxin: potassium channel binding

by Kunitz modules and targeted phospholipase action. Structure. 1995. 3:1109-1119
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oo Ramachandran Ramachandran plotplot

QualityQuality of  of structurestructure  byby  KwongKwong

Discrepancy, perhaps
overrefinement?

http://www.ebi.ac.uk/thornton-srv/databases/cgi-
bin/pdbsum/GetPage.pl?template=main.html&o=PROCHECK&c=999&pdbcode=1bun
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StructuralStructural  compositioncomposition of  of 22-Bungarotoxin-Bungarotoxin

oo HeterodimericHeterodimeric  proteinprotein::

•• PhospholipasePhospholipase A A22 (= PLA (= PLA22) = ) = subunitsubunit A: A:

•• KunitzKunitz  proteaseprotease  inhibitorinhibitor  forfor  KK++-channel-channel  bindingbinding  subunitsubunit
= = subunitsubunit B B

oo EachEach  subunitsubunit
forfor  itselfitself  isis
globularglobular  (F1,2)(F1,2)

oo JoiningJoining  productproduct
isis  extendedextended
~60 ~60 Å x 40 Å x 20 Å Å x 40 Å x 20 Å (F3)(F3)

oo Separation of bindingSeparation of binding
and activity is unusualand activity is unusual
for toxinsfor toxins
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oo CovalentlyCovalently  linkedlinked  byby  oneone  disulfidedisulfide  bondbond::

•• Cys15 of Cys15 of subunitsubunit PLA PLA22 and Cys55 of  and Cys55 of subunitsubunit  KunitzKunitz  (F3)(F3)

Typical for extracellular proteins

StructuralStructural  compositioncomposition of  of 22-Bungarotoxin-Bungarotoxin
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oo No No backbonebackbone to  to backbonebackbone
contactscontacts

oo OnlyOnly  fewfew substantial substantial
hydrophobichydrophobic  interactionsinteractions

oo majoritymajority  chargedcharged, , mostlymostly
water-mediatedwater-mediated

(94 % of (94 % of surfacesurface  areaarea))

Differs from „normal“
protein-protein interaction

Kunitz

PLA2

From [1]

StructuralStructural  compositioncomposition of  of 22-Bungarotoxin-Bungarotoxin
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EvolutionEvolution

oo Toxins Toxins evolvedevolved  fromfrom  bodybody  proteinsproteins

-> -> sequencesequence and  and structurestructure  divergeddiverged, , butbut  molecularmolecular  scaffoldscaffold of  of ancestralancestral
proteinprotein  isis  conservedconserved
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PotassiumPotassium  channelchannel  bindingbinding  subunitsubunit

= = membermember of  of KunitzKunitz  proteaseprotease  inhibitorinhibitor  superfamilysuperfamily

oo 61 61 aminoamino  acidsacids

oo StabilizedStabilized  byby 3  3 disulfidedisulfide  bondsbonds  (F1)(F1)

oo HomologousHomologous to  to bovinebovine  pancreaticpancreatic  trypsintrypsin  inhibitorinhibitor (BPTI) (BPTI)

oo , , butbut lost  lost itsits  proteaseprotease  inhibitoryinhibitory  functionfunction
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PotassiumPotassium  channelchannel  bindingbinding  subunitsubunit

oo BindsBinds  thethe  vvoltage-gated Shaker type K+ channel (Kv 1.2), which is
specifically expressed in presynaptic motor nerve terminal with nanomolar
affinity

o , but does not block it totally (, like most other venoms do)

just just weakweak  intrinsicintrinsic  inhibitorinhibitor of  of thisthis  channelchannel

=> => TargetingTargeting
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PhospholipasePhospholipase A A22  subunitsubunit

oo 120 120 aminoamino  acidsacids

oo StabilizedStabilized  byby 6  6 disulfidedisulfide  bondsbonds  (aF2)(aF2)

oo CoreCore  constructedconstructed  byby 3  3 -helices-helices and a  and a calciumcalcium  bindingbinding  looploop  (aF1)(aF1)

oo PhospholipasePhospholipase A A22 ,  , homologoushomologous to  to bovine pancreatic PLAbovine pancreatic PLA22  (aF3+bF1+align)(aF3+bF1+align)

Alignment of subunit a
from beta2-
bungarotoxin and
bovine pnacreatic
PLA2:

Red = subunit a of
beta2-bungarotoxin;

green = bovine
pancreatic PLA2;

Blue = substrate
binding loop, where the
alpha-helix containing
segment is from bovine
pancreatic PLA2

Magenta = the Ca2+
complexing residues of
subunit a of beta2-
bungarotoxin
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PhospholipasePhospholipase A A22  subunitsubunit

oo DetectingDetecting  activeactive  sitesite  locationlocation  withwith  hotpatchhotpatch  concavityconcavity  searchsearch::

Red arrow: points on the
active binding site of
PLA2
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OccludedOccluded  activeactive  sitesite of  of PhospholipasePhospholipase A2 A2

oo   WeakWeak  enzymaticenzymatic  activityactivity  (aF1)(aF1)

oo , , butbut high  high specificityspecificity in  in combinationcombination  withwith  subunitsubunit B B

=> => occludingoccluding Trp19  Trp19 actsacts as  as lipophiliclipophilic  anchoranchor  (aF2+bF1)(aF2+bF1)
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SummarySummary (1) (1)

http://medlib.med.utah.edu/kw/mg/mml/mg_illus002.html

Shaker type K+

channel (Kv 1.2)
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SummarySummary (2) (2)

Nerve terminal

Kunitz

Phospholipase A2

=> => DestructionDestruction of nerve  of nerve terminusterminus

 Respiration  Respiration failurefailure

  DeathDeath
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RelevanceRelevance

oo 3 3 millionmillion  venomousvenomous  snakesnake  bitesbites  causingcausing 100,000  100,000 deathsdeaths  worldwideworldwide per per
yearyear

=> => GainGain  understandingunderstanding of  of mechanismmechanism and  and developedevelope  antidotsantidots

oo Research Research tooltool::

•• -bungarotoxin-bungarotoxin  helpedhelped to  to characterizecharacterize  thethe  acetylcholineacetylcholine  receptorreceptor

•• Ion Ion channelchannel probe probe

•• Inflammation Inflammation studiesstudies  byby  elucidatingelucidating PLA PLA22  mechanismmechanism

oo High High divergencedivergence =>  => leadlead compound  compound forfor  drugdrug  designdesign

oo UseUse  specificspecific  molecularmolecular  targetingtargeting of  of oneone  subunitsubunit in  in complexcomplex  withwith  otherother
therapeuticaltherapeutical  subunitsubunit
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Used pdb-files:

2-bungarotoxin = 1BUN

bovine pancreatic phospholipase A2 = 1G4I


