
Minnesota State University, Mankato Minnesota State University, Mankato 

Cornerstone: A Collection of Scholarly Cornerstone: A Collection of Scholarly 

and Creative Works for Minnesota and Creative Works for Minnesota 

State University, Mankato State University, Mankato 

All Graduate Theses, Dissertations, and Other 
Capstone Projects 

Graduate Theses, Dissertations, and Other 
Capstone Projects 

2018 

Determination of the SIVmac Vif-Human APOBEC3B Interaction Determination of the SIVmac Vif-Human APOBEC3B Interaction 

Oumar Sanogo 
Minnesota State University, Mankato 

Follow this and additional works at: https://cornerstone.lib.mnsu.edu/etds 

 Part of the Cancer Biology Commons, and the Molecular Biology Commons 

Recommended Citation Recommended Citation 
Sanogo, O. (2018). Determination of the SIVmac Vif-Human APOBEC3B Interaction [Master’s thesis, 
Minnesota State University, Mankato]. Cornerstone: A Collection of Scholarly and Creative Works for 
Minnesota State University, Mankato. https://cornerstone.lib.mnsu.edu/etds/831/ 

This Thesis is brought to you for free and open access by the Graduate Theses, Dissertations, and Other Capstone 
Projects at Cornerstone: A Collection of Scholarly and Creative Works for Minnesota State University, Mankato. It 
has been accepted for inclusion in All Graduate Theses, Dissertations, and Other Capstone Projects by an 
authorized administrator of Cornerstone: A Collection of Scholarly and Creative Works for Minnesota State 
University, Mankato. 

http://cornerstone.lib.mnsu.edu/
http://cornerstone.lib.mnsu.edu/
https://cornerstone.lib.mnsu.edu/
https://cornerstone.lib.mnsu.edu/
https://cornerstone.lib.mnsu.edu/
https://cornerstone.lib.mnsu.edu/etds
https://cornerstone.lib.mnsu.edu/etds
https://cornerstone.lib.mnsu.edu/theses_dissertations-capstone
https://cornerstone.lib.mnsu.edu/theses_dissertations-capstone
https://cornerstone.lib.mnsu.edu/etds?utm_source=cornerstone.lib.mnsu.edu%2Fetds%2F831&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/12?utm_source=cornerstone.lib.mnsu.edu%2Fetds%2F831&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/5?utm_source=cornerstone.lib.mnsu.edu%2Fetds%2F831&utm_medium=PDF&utm_campaign=PDFCoverPages


	
  
	
  
	
  
	
  

Determination	
  of	
  the	
  SIVmac	
  Vif-­‐
Human	
  APOBEC3B	
  Interaction	
  	
  	
  

	
  
	
  
	
  
By	
  
	
  	
  

Oumar	
  Sanogo	
  	
  
	
  
	
  

	
  
A	
  Thesis	
  Submitted	
  in	
  Partial	
  Fulfillment	
  of	
  the	
  	
  

	
  
Requirements	
  for	
  the	
  Degree	
  of	
  

	
  
Master	
  of	
  Science	
  

	
  
In	
  
	
  

Biology	
  
	
  

	
  
	
  
	
  
	
  

Minnesota	
  State	
  University	
  Mankato	
  
	
  Mankato,	
  Minnesota	
  

December	
  2018	
  



Oct	
  11	
  2018	
  
	
  
Determination	
  of	
  the	
  SIVmac	
  Vif-­‐Human	
  APOBEC3B	
  
Interaction	
  	
  	
  
	
  
Oumar	
  Sanogo	
  
	
  
	
  
	
  
This	
  thesis	
  has	
  been	
  examined	
  and	
  approved	
  by	
  the	
  following	
  
members	
  of	
  the	
  student’s	
  committee.	
  
	
  
	
  
	
  

______________Allison	
  M.	
  Land_____	
  
Advisor	
  

	
  
	
  

_______________Rachel	
  Cohen______	
  
Committee	
  Member	
  

	
  
	
  

_______________Timothy	
  Secott_____	
  
Committee	
  Member



Dedication:	
  

This	
  thesis	
  is	
  dedicated	
  to	
  my	
  parents	
  who	
  currently	
  live	
  in	
  my	
  native	
  country	
  (Mali)	
  

Issiaka	
  Oumar	
  Sanogo	
  and	
  Tene	
  Issabre	
  who	
  supported	
  me	
  emotionally	
  and	
  

financially	
  throughout	
  the	
  whole	
  process	
  of	
  my	
  education	
  and	
  taught	
  me	
  the	
  

meaning	
  of	
  hard	
  work.	
  I	
  really	
  would	
  not	
  be	
  here	
  today	
  without	
  their	
  assistance.	
  To	
  

my	
  brother	
  and	
  sister	
  Abdou	
  and	
  Mariam	
  Sanogo.	
  To	
  my	
  cousins	
  and	
  their	
  spouses	
  

Saliou	
  and	
  Tessa	
  Telly;	
  and	
  Ousmane	
  Yaressi	
  and	
  Mariam	
  Telly	
  who	
  are	
  my	
  family	
  in	
  

the	
  US	
  and	
  helped	
  me	
  through	
  the	
  bad	
  times	
  while	
  in	
  the	
  US.	
  To	
  my	
  aunts	
  Fatou	
  

Issabre,	
  Kandji	
  Issabre,	
  Koudedja	
  Issabre,	
  Aminata	
  Issabre,	
  Aissata	
  Sidibe	
  and	
  my	
  

late	
  uncle	
  Nouhoum	
  Issabre.	
  To	
  my	
  friends	
  Wendiinko	
  and	
  Wen	
  Ratamanagre	
  

Ouedraogo,	
  Yohan	
  Noungou,	
  Charmen	
  Bright	
  Brenda	
  Goetz,	
  Sadek	
  Tahirou,	
  Joelle	
  

Ines	
  Mamguem,	
  Sirri	
  Ngwa	
  who	
  supported	
  and	
  encouraged	
  during	
  the	
  hard	
  times	
  of	
  

my	
  college	
  life.	
  

Aknowlegdements:	
  

I	
  would	
  like	
  to	
  thank	
  my	
  thesis	
  Adviser,	
  DR.	
  Allison	
  M.	
  Land	
  for	
  her	
  guidance,	
  

patience	
  and	
  support	
  throughout	
  this	
  thesis	
  study.	
  I	
  also	
  would	
  like	
  to	
  thank	
  her	
  for	
  

believing	
  in	
  me	
  and	
  providing	
  me	
  with	
  the	
  space	
  to	
  complete	
  this	
  study.	
  I	
  would	
  like	
  

to	
  thank	
  my	
  committee	
  members	
  DR.	
  Timothy	
  Secott	
  and	
  Dr.	
  Rachel	
  Cohen	
  for	
  their	
  

advice	
  and	
  input	
  in	
  this	
  study.	
  I	
  would	
  like	
  to	
  also	
  thank	
  the	
  department	
  of	
  Biology	
  

for	
  the	
  research	
  grant	
  allocated	
  for	
  this	
  study.	
  

Finally	
  I	
  would	
  like	
  to	
  thank	
  Katie	
  Schleper	
  for	
  all	
  her	
  help	
  in	
  this	
  study.	
  	
  	
  



Abstract:	
  
	
  

	
  

Determination	
  of	
  the	
  SIVmac	
  Vif-­‐Human	
  APOBEC3B	
  Interaction	
  

	
  

Oumar	
  Sanogo,	
  M.	
  S.	
  
Minnesota	
  State	
  University	
  Mankato	
  

	
  Mankato,	
  Minnesota	
  
2018	
  

	
  
	
  

The	
  APOBEC3	
  family	
  of	
  enzymes	
  are	
  DNA	
  cytosine	
  deaminases,	
  some	
  of	
  

which	
  restrict	
  replication	
  of	
  HIV-­‐1.	
  This	
  viral	
  restriction	
  is	
  caused	
  by	
  deamination	
  of	
  

cytosines	
  to	
  uracils	
  in	
  the	
  viral	
  cDNA,	
  resulting	
  in	
  lethal	
  mutation.	
  HIV-­‐1	
  counteracts	
  

this	
  deamination	
  by	
  producing	
  the	
  protein	
  Vif,	
  which	
  targets	
  the	
  restricting	
  

APOBEC3	
  enzymes	
  for	
  proteosomal	
  degradation.	
  Previous	
  studies	
  have	
  

demonstrated	
  that	
  HIV-­‐1	
  Vif	
  mediates	
  degradation	
  of	
  APOBEC3D	
  (A3D),	
  APOBEC3F	
  

(A3F),	
  APOBEC3G	
  (A3G),	
  and	
  APOBEC3H	
  (A3H).	
  Other	
  lentiviruses	
  may	
  also	
  encode	
  

a	
  Vif	
  protein,	
  however	
  not	
  all	
  Vif	
  proteins	
  can	
  degrade	
  the	
  same	
  APOBEC3	
  proteins.	
  

For	
  example,	
  SIVmac	
  (simian	
  immunodeficiency	
  virus	
  that	
  infects	
  rhesus	
  macaques)	
  

Vif	
  was	
  reported	
  to	
  mediate	
  degradation	
  of	
  APOBEC3B	
  (A3B),	
  but	
  not	
  A3F.	
  A3B	
  does	
  

not	
  restrict	
  HIV,	
  but	
  is	
  highly	
  expressed	
  in	
  multiple	
  cancers	
  (bladder,	
  cervical,	
  lung	
  

squamous	
  cell	
  carcinoma,	
  lung	
  adenocarcinoma,	
  head	
  and	
  neck,	
  and	
  breast)	
  and	
  is	
  

thought	
  to	
  contribute	
  to	
  tumor	
  evolution.	
  My	
  goal	
  is	
  to	
  determine	
  the	
  binding	
  region	
  

between	
  SIVmac	
  Vif	
  and	
  A3B.	
  	
  



To	
  achieve	
  this	
  goal,	
  structurally	
  defined	
  regions	
  of	
  the	
  A3B	
  protein	
  were	
  

swapped	
  with	
  the	
  analogous	
  regions	
  of	
  A3F	
  in	
  an	
  expression	
  vector.	
  These	
  hybrid	
  

constructs	
  were	
  created	
  by	
  primer-­‐directed	
  mutagenesis.	
  Once	
  the	
  sequence	
  was	
  

confirmed,	
  the	
  vectors	
  encoding	
  hybrid	
  A3B-­‐A3F	
  were	
  co-­‐transfected	
  with	
  SIVmac	
  

Vif	
  into	
  293T	
  cells,	
  and	
  then	
  immunoblots	
  of	
  whole	
  cell	
  lysates	
  were	
  performed	
  to	
  

determine	
  the	
  level	
  of	
  APOBEC3	
  degradation.	
  Surprisingly,	
  in	
  our	
  system	
  we	
  

observed	
  that	
  both	
  A3B	
  and	
  A3F	
  were	
  equally	
  sensitive	
  to	
  SIVmac	
  Vif-­‐mediated	
  

degradation.	
  Determining	
  the	
  binding	
  region	
  between	
  SIVmac	
  Vif	
  and	
  A3B	
  is	
  

important	
  for	
  understanding	
  this	
  protein	
  interaction.	
  A3B	
  is	
  a	
  significant	
  biological	
  

target,	
  as	
  increased	
  A3B	
  expression	
  is	
  found	
  in	
  tumors	
  and	
  is	
  hypothesized	
  to	
  

accelerate	
  the	
  progression	
  of	
  cancer	
  by	
  increasing	
  the	
  rate	
  of	
  genomic	
  mutation.	
  

SIVmac	
  Vif,	
  which	
  has	
  been	
  determined	
  to	
  mediate	
  the	
  proteasomal	
  degradation	
  of	
  

A3B,	
  could	
  be	
  used	
  to	
  develop	
  cancer	
  therapeutics	
  that	
  decrease	
  tumor	
  evolution	
  by	
  

targeting	
  A3B.	
  In	
  this	
  study,	
  SIVmac	
  Vif	
  degraded	
  huA3B	
  and	
  rhA3F,	
  and	
  the	
  huA3B-­‐

rhA3F	
  α6	
  chimera.	
  It	
  was	
  inferred	
  that	
  α6	
  helix	
  in	
  huA3B	
  is	
  an	
  important	
  

determinant	
  for	
  the	
  interaction	
  with	
  SIVmac	
  Vif.	
  This	
  result	
  can	
  be	
  studied	
  further	
  

in	
  order	
  to	
  create	
  a	
  model	
  that	
  describes	
  the	
  binding	
  interface	
  between	
  SIVmac239	
  

Vif	
  and	
  A3B,	
  which	
  will,	
  ultimately,	
  lead	
  to	
  creating	
  a	
  biochemical	
  drug	
  against	
  the	
  

effect	
  of	
  misregulated	
  A3B	
  in	
  cancer	
  therapy.
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1	
  

Introduction	
  
HIV:	
  

HIV	
  (human	
  immunodeficiency	
  virus)	
  is	
  an	
  enveloped	
  lentivirus	
  of	
  the	
  family	
  

Retroviridae	
  that	
  infects	
  cells	
  of	
  the	
  human	
  immune	
  system,	
  mainly	
  CD4+	
  T	
  cells	
  (1).	
  

This	
  results	
  in	
  an	
  overall	
  decreased	
  immune	
  response,	
  including	
  increased	
  

susceptibility	
  to	
  specific	
  cancers	
  such	
  as	
  Kaposi	
  sarcoma,	
  non-­‐Hodgkin’s	
  lymphoma,	
  

cervical	
  cancer,	
  and	
  anal	
  cancer(2).	
  There	
  are	
  two	
  strains	
  of	
  HIV	
  currently	
  

circulating;	
  HIV-­‐1	
  is	
  the	
  major	
  cause	
  of	
  the	
  HIV	
  pandemic,	
  while	
  HIV-­‐2	
  infects	
  a	
  

smaller	
  amount	
  of	
  people.	
  Both	
  viruses	
  contain	
  nine	
  genes	
  (HIV-­‐1:	
  gag,	
  pol,	
  env,	
  vif,	
  

tat,	
  vpu,	
  vpr,	
  rev,	
  nef;	
  HIV-­‐2:	
  gag,	
  pol,	
  env,	
  vif,	
  tat,	
  vpx,	
  vpr,	
  rev,	
  nef)	
  and	
  are	
  the	
  

result	
  of	
  zoonotic	
  transmission	
  from	
  an	
  SIV	
  (simian	
  immunodeficiency	
  viruses)	
  

infected	
  primate	
  to	
  a	
  human.	
  HIV-­‐1	
  is	
  believed	
  to	
  be	
  the	
  result	
  of	
  transmission	
  from	
  

a	
  chimpanzee	
  to	
  a	
  human,	
  while	
  HIV-­‐2	
  was	
  the	
  result	
  of	
  transmission	
  from	
  a	
  sooty	
  

mangabey	
  to	
  a	
  human(3).	
  

	
  	
   The	
  infectiousness	
  of	
  HIV	
  is	
  dependent	
  on	
  the	
  susceptibility	
  (host	
  cell	
  allows	
  

adherence/entry	
  of	
  virus)	
  and	
  permissiveness	
  (host	
  cell	
  allows	
  replication	
  of	
  virus)	
  

of	
  the	
  host	
  cell.	
  Adherence	
  and	
  entry	
  of	
  the	
  virus	
  to	
  the	
  host	
  cell	
  is	
  facilitated	
  by	
  the	
  

external	
  glycoprotein	
  (gp120)	
  and	
  the	
  transmembrane	
  glycoprotein	
  (gp41)	
  (1).	
  

These	
  viral	
  glycoproteins	
  form	
  a	
  complex	
  (gp160),	
  which	
  interacts	
  with	
  the	
  cellular	
  

receptor	
  (CD4+)	
  and	
  co-­‐receptor	
  (CXCR4	
  or	
  CCR5)	
  (1).	
  This	
  viral	
  glycoprotein-­‐

cellular	
  receptor/co-­‐receptor	
  interaction	
  allows	
  entry	
  of	
  HIV	
  through	
  fusion	
  of	
  the	
  

viral	
  envelope	
  with	
  the	
  host	
  cellular	
  membrane;	
  hence	
  endocytosis	
  of	
  the	
  virus.	
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2	
  

Upon	
  entry	
  into	
  the	
  host	
  cell,	
  HIV’s	
  capsid,	
  which	
  contains	
  its	
  genome	
  ((+)	
  ssRNA)	
  

along	
  with	
  viral	
  proteins	
  including	
  reverse	
  transcriptase	
  (also	
  known	
  as	
  RNA-­‐

dependent	
  DNA	
  polymerase)	
  and	
  integrase,	
  is	
  released.	
  Once	
  in	
  the	
  host	
  cytoplasm,	
  

the	
  viral	
  genome	
  is	
  reversed	
  transcribed	
  from	
  RNA	
  into	
  dsDNA.	
  The	
  dsDNA	
  genome	
  

combines	
  with	
  the	
  viral	
  protein	
  integrase	
  and	
  forms	
  the	
  pre-­‐integration	
  complex	
  

(PIC).	
  The	
  PIC	
  is	
  imported	
  into	
  the	
  nucleus	
  and	
  the	
  viral	
  genome	
  is	
  integrated	
  into	
  

the	
  host	
  genome,	
  which	
  is	
  termed	
  provirus.	
  This	
  HIV-­‐1	
  provirus	
  is	
  transcribed	
  in	
  the	
  

host	
  nucleus	
  using	
  the	
  host	
  machinery.	
  Some	
  transcripts	
  are	
  used	
  as	
  viral	
  genome	
  

and	
  others	
  are	
  translated	
  into	
  the	
  viral	
  proteins	
  necessary	
  to	
  produce	
  new	
  virions	
  

(1).	
  	
  

Newly	
  synthesized	
  virions	
  are	
  released	
  from	
  the	
  cell	
  and	
  can	
  infect	
  new	
  cells.	
  

Once	
  a	
  person	
  gets	
  infected	
  with	
  HIV-­‐1,	
  the	
  virus	
  is	
  present	
  for	
  life;	
  and	
  when	
  left	
  

untreated,	
  the	
  viral	
  infection	
  can	
  lead	
  to	
  AIDS	
  (acquired	
  immunodeficiency	
  

syndrome).	
  The	
  primary	
  stage	
  of	
  HIV	
  can	
  elicit	
  flu-­‐like	
  symptoms	
  within	
  2-­‐4	
  weeks	
  

of	
  infection	
  or	
  it	
  may	
  be	
  asymptomatic.	
  This	
  phase	
  can	
  last	
  up	
  to	
  3	
  months	
  before	
  

HIV-­‐specific	
  antibodies	
  are	
  detected	
  (4).	
  During	
  this	
  phase	
  the	
  virus	
  is	
  infecting	
  cells	
  

and	
  replicating.	
  

After	
  this	
  early	
  stage	
  of	
  HIV	
  infection,	
  a	
  strong	
  immune	
  response	
  reduces	
  the	
  

number	
  of	
  replicating	
  viruses;	
  and	
  the	
  patient	
  enters	
  the	
  secondary/chronic	
  stage	
  of	
  

HIV	
  infection.	
  During	
  this	
  chronic	
  stage,	
  HIV	
  is	
  still	
  actively	
  replicating	
  but	
  

reproduction	
  is	
  at	
  a	
  very	
  low	
  level;	
  individuals	
  at	
  this	
  stage	
  may	
  show	
  little	
  to	
  no	
  

symptoms	
  (4).	
  However,	
  the	
  disease	
  is	
  still	
  transmissible.	
  If	
  not	
  treated,	
  the	
  chronic	
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phase	
  can	
  last	
  as	
  little	
  as	
  several	
  weeks	
  or	
  as	
  long	
  as	
  ten	
  or	
  more	
  years.	
  Individuals	
  

that	
  go	
  through	
  antiretroviral	
  therapy	
  can	
  remain	
  at	
  this	
  stage	
  for	
  decades.	
  	
  

Individuals	
  that	
  are	
  not	
  treated,	
  overtime,	
  will	
  have	
  severe	
  damage	
  of	
  the	
  

immune	
  system,	
  and	
  progression	
  to	
  the	
  third	
  stage	
  of	
  the	
  disease	
  known	
  as	
  AIDS	
  

(acquired	
  immunodeficiency	
  syndrome).	
  Individuals	
  with	
  AIDS	
  are	
  susceptible	
  to	
  

opportunistic	
  infections,	
  such	
  as	
  infections	
  caused	
  by	
  Mycobacterium	
  avium,	
  

Mycobacterium	
  tuberculosis,	
  Pneumocystis	
  carinii,	
  CMV,	
  toxoplasmosis	
  and	
  

candidiasis	
  (4).	
  

HIV	
  infection	
  does	
  not	
  have	
  a	
  known	
  cure;	
  however,	
  there	
  are	
  prevention	
  

and	
  treatment	
  procedures	
  that	
  have	
  been	
  developed	
  to	
  help	
  lower	
  the	
  risks	
  of	
  

getting	
  the	
  virus	
  and	
  to	
  help	
  infected	
  individuals	
  live	
  with	
  the	
  disease.	
  PrEP	
  (pre-­‐

exposure	
  prophylaxis)	
  is	
  an	
  effective	
  system	
  of	
  prevention	
  that	
  is	
  based	
  on	
  taking	
  

HIV	
  medicines	
  daily	
  and	
  consistently	
  to	
  avoid	
  acquiring	
  the	
  disease.	
  This	
  prevention	
  

system	
  has	
  been	
  known	
  to	
  efficiently	
  lower	
  risks	
  of	
  HIV	
  infection	
  through	
  sex	
  or	
  

shared	
  injection	
  needles.	
  Once	
  infected	
  with	
  HIV,	
  individuals	
  can	
  go	
  through	
  

antiretroviral	
  therapy	
  to	
  lower	
  their	
  viral	
  load	
  (1,	
  4).	
  This	
  antiretroviral	
  therapy	
  is	
  

based	
  on	
  the	
  combination	
  of	
  two	
  or	
  more	
  anti-­‐HIV	
  drugs	
  that	
  may	
  or	
  may	
  not	
  have	
  

the	
  same	
  targets	
  depending	
  on	
  the	
  stage	
  of	
  the	
  disease	
  (1).	
  	
  

APOBEC	
  protein	
  family:	
  

Humans	
  encode	
  up	
  to	
  11	
  different	
  APOBEC	
  cytidine	
  deaminase	
  proteins	
  

including:	
  APOBEC1,	
  APOBEC2,	
  seven	
  APOBEC3s	
  [APOBEC3A	
  (A3A),	
  APOBEC3B	
  

(A3B),	
  APOBEC3C	
  (A3C),	
  APOBEC3D	
  (A3D),	
  APOBEC3F	
  (A3F),	
  APOBEC3G	
  (A3G),	
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and	
  APOBEC3H	
  (A3H)],	
  APOBEC4,	
  and	
  Activation	
  Induced	
  Cytidine	
  Deaminase	
  

(AID)	
  (5).	
  The	
  APOBEC	
  enzyme	
  family	
  is	
  thought	
  to	
  be	
  the	
  result	
  of	
  expansion	
  of	
  the	
  

ancestral	
  AID	
  gene	
  in	
  the	
  lymphocytes	
  of	
  jawless	
  fish	
  (6).	
  In	
  humans,	
  AID	
  and	
  

APOBEC1	
  (A1)	
  are	
  located	
  on	
  chromosome	
  12;	
  APOBEC2	
  (A2)	
  is	
  located	
  on	
  

chromosome	
  6;	
  and	
  the	
  seven	
  APOBEC3	
  (A3)	
  genes	
  are	
  located	
  in	
  tandem	
  on	
  

chromosome	
  22	
  (7).	
  APOBEC4	
  (A4)	
  was	
  the	
  last	
  to	
  be	
  identified	
  and	
  it	
  is	
  located	
  on	
  

chromosome	
  1	
  (5,	
  7).	
  	
  

Many	
  of	
  the	
  enzymes	
  from	
  the	
  APOBEC	
  family	
  are	
  DNA	
  cytosine	
  deaminases,	
  

and	
  many	
  of	
  the	
  APOBEC3	
  enzymes	
  were	
  identified	
  to	
  restrict	
  viral	
  invasion	
  

through	
  the	
  process	
  of	
  cytosine	
  deamination	
  (8,	
  9).	
  These	
  cytosine	
  deaminases	
  

target	
  different	
  sequences	
  of	
  the	
  genomic	
  DNA	
  for	
  their	
  enzymatic	
  function.	
  AID	
  is	
  

known	
  to	
  have	
  a	
  preference	
  for	
  cytosines	
  followed	
  by	
  a	
  purine;	
  A3G	
  is	
  known	
  to	
  

have	
  a	
  preference	
  for	
  cytosines	
  followed	
  by	
  another	
  cytosine;	
  A1,	
  A3A/B/C/D/F/H	
  

are	
  all	
  known	
  to	
  have	
  a	
  preference	
  for	
  cytosines	
  followed	
  by	
  a	
  thymine;	
  and	
  A2	
  and	
  

A4	
  are	
  not	
  classified	
  because	
  their	
  activities	
  are	
  as	
  yet	
  unknown	
  (9).	
  APOBEC	
  

enzymes	
  are	
  found	
  in	
  many	
  animals	
  such	
  as	
  primates	
  (including	
  humans),	
  mice,	
  

cows,	
  sheep,	
  cats,	
  chickens,	
  lizards	
  and	
  fish	
  (9).	
  	
  	
  

The	
  seven	
  APOBEC3	
  enzymes	
  are	
  structurally	
  related	
  and	
  are	
  composed	
  of	
  

either	
  one	
  or	
  two	
  zinc	
  coordinated	
  domains.	
  These	
  domains	
  are	
  structural	
  motifs	
  

that	
  contain	
  one	
  or	
  more	
  zinc	
  ions	
  as	
  part	
  of	
  their	
  catalytic	
  core.	
  The	
  APOBEC-­‐	
  type	
  

zinc	
  coordinated	
  domains	
  can	
  be	
  subdivided	
  into	
  three	
  groups	
  (A3Z1,	
  A3Z2,	
  and	
  

A3Z3)	
  based	
  on	
  their	
  sequence	
  homology	
  (9)	
  (Figure	
  1).	
  Some	
  of	
  the	
  APOBEC3	
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family	
  members	
  (A3D,	
  A3F,	
  A3G,	
  and	
  A3H)	
  are	
  potent	
  inhibitors	
  of	
  HIV	
  infection	
  

(10).	
  These	
  APOBEC3	
  proteins	
  can	
  restrict	
  HIV-­‐1	
  replication	
  by	
  blocking	
  reverse	
  

transcription	
  of	
  the	
  viral	
  genome	
  to	
  cDNA	
  and	
  through	
  deamination	
  of	
  cytosine	
  to	
  

uracil	
  in	
  nascent	
  retroviral	
  cDNA,	
  which	
  either	
  gets	
  degraded	
  or	
  integrated	
  into	
  the	
  

host	
  genome	
  in	
  its	
  hypermutated	
  form	
  leading	
  the	
  proviral	
  genome	
  to	
  be	
  

nonfunctional	
  (11-­‐13)	
  (Figure	
  2).	
  	
  

	
  

	
  
	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  

Figure	
  1:	
  APOBEC	
  conservation	
  among	
  vertebrates.	
  Long	
  arrows	
  represent	
  APOBEC3	
  enzymes	
  with	
  
two	
  zinc-­‐coordinated	
  domains.	
  APOBEC3’	
  enzymes	
  with	
  one	
  zinc	
  coordinated	
  domain	
  are	
  shorter	
  
arrows.	
  The	
  zinc	
  coordinated	
  catalytic	
  motifs	
  are	
  represented	
  by	
  different	
  color	
  scheme	
  (green=	
  Z1,	
  
yellow=	
  Z2,	
  and	
  purple=	
  Z3).	
  (Figure	
  modified	
  from	
  (9,	
  12)).	
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Cancer:	
  

The	
  uncontrollable	
  division	
  of	
  cells	
  in	
  the	
  body	
  can	
  lead	
  to	
  cancer.	
  This	
  

abnormal	
  cell	
  division	
  can	
  start	
  anywhere	
  in	
  the	
  body	
  and	
  can	
  affect	
  any	
  tissue	
  of	
  

the	
  body.	
  The	
  uncontrollable	
  division	
  of	
  cells	
  may	
  develop	
  into	
  masses	
  of	
  tissues	
  

known	
  as	
  tumors.	
  These	
  tumors	
  can	
  be	
  benign,	
  in	
  which	
  the	
  cancer	
  does	
  not	
  spread	
  

to	
  other	
  tissues	
  or	
  malignant,	
  whereas	
  the	
  cancer	
  spreads	
  to	
  other	
  tissues.	
  Cancer	
  is	
  

a	
  genetic	
  disease	
  and	
  there	
  are	
  many	
  factors	
  that	
  lead	
  to	
  its	
  development.	
  These	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
	
  
Figure	
  2:	
  Restriction	
  of	
  HIV	
  replication	
  by	
  APOBEC3.	
  A3D,	
  A3F,	
  A3G	
  and	
  A3H	
  restrict	
  Vif	
  
deficient	
  HIV-­‐1	
  as	
  demonstrated	
  in	
  the	
  susceptible	
  T	
  cell.	
  HIV-­‐1	
  Vif	
  mediates	
  the	
  degradation	
  of	
  
A3D,	
  A3F,	
  A3G	
  and	
  A3H	
  as	
  demonstrated	
  in	
  the	
  infected	
  T	
  cell.	
  (Figure	
  modified	
  from	
  (9)).	
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factors	
  cause	
  changes	
  in	
  the	
  normal	
  function	
  of	
  our	
  genome.	
  One	
  recently	
  described	
  

mechanism	
  of	
  tumor	
  diversity	
  and	
  subclonal	
  evolution	
  is	
  DNA	
  cytosine	
  deamination	
  

catalyzed	
  by	
  misregulated	
  A3B	
  (Figure	
  3)	
  (11,	
  14).	
  A3B	
  was	
  identified	
  as	
  a	
  source	
  of	
  

DNA	
  damage	
  and	
  mutagenesis	
  in	
  breast,	
  head/neck,	
  cervix,	
  bladder,	
  lung,	
  ovary,	
  and	
  

to	
  lesser	
  extents	
  other	
  cancer	
  types	
  (11,	
  14,	
  15).	
  For	
  example,	
  previous	
  studies	
  have	
  

demonstrated	
  that	
  A3B	
  mRNAs	
  are	
  overexpressed	
  in	
  most	
  breast	
  tumors	
  and	
  breast	
  

cancer	
  cell	
  lines;	
  this	
  was	
  demonstrated	
  by	
  the	
  presence	
  of	
  A3B	
  and	
  cytosine	
  

deamination	
  levels	
  that	
  correlate	
  with	
  the	
  genomic	
  uracil	
  levels	
  in	
  cancer	
  genomes	
  

(5,	
  16,	
  17).	
  This	
  correlation	
  was	
  confirmed	
  through	
  knockdown	
  of	
  endogenous	
  A3B	
  

with	
  no	
  cytosine	
  deamination	
  and	
  also	
  with	
  the	
  induction	
  of	
  A3B	
  overexpression	
  in	
  

vitro,	
  which	
  results	
  in	
  major	
  DNA	
  damage;	
  leading	
  to	
  C-­‐to-­‐T	
  mutations,	
  cell	
  cycle	
  

deviations	
  and	
  cell	
  death(17).	
  Overexpression	
  of	
  A3B	
  in	
  cancer	
  cells	
  can	
  cause	
  

mutation	
  clusters	
  or	
  kataegis	
  in	
  the	
  genomic	
  DNA	
  rendering	
  DNA	
  repair	
  difficult	
  (5).	
  	
  

High	
  levels	
  of	
  mutations	
  in	
  cancer	
  tumors	
  (intratumor	
  heterogeneity)	
  are	
  

associated	
  with	
  poorer	
  clinical	
  outcomes	
  (11).	
  This	
  intratumor	
  heterogeneity	
  has	
  

been	
  determined	
  to	
  be	
  mostly	
  due	
  to	
  enzymatic	
  DNA	
  cytosine	
  deamination	
  by	
  

members	
  of	
  the	
  APOBEC	
  family,	
  which	
  were	
  identified	
  as	
  DNA	
  mutators	
  and	
  anti-­‐

viral	
  factors	
  (11).	
  These	
  DNA	
  mutators	
  such	
  as	
  A3B,	
  which	
  has	
  been	
  identified	
  as	
  a	
  

DNA	
  mutator	
  in	
  many	
  cancers	
  as	
  stated	
  above,	
  could	
  cause	
  genomic	
  instability	
  

leading	
  to	
  tumor	
  progression,	
  therefore	
  resistance	
  to	
  cancer	
  therapy	
  (11).	
  In	
  order	
  

to	
  identify	
  a	
  tool	
  that	
  could	
  be	
  used	
  to	
  counteract	
  the	
  effects	
  of	
  misregulated	
  A3B	
  in	
  

cancer,	
  a	
  lentiviral	
  Vif	
  protein	
  was	
  discovered	
  to	
  mediate	
  the	
  degradation	
  of	
  human	
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A3B	
  (huA3B)	
  (18).	
  However,	
  it	
  is	
  unlikely	
  that	
  this	
  Vif	
  protein	
  could	
  be	
  delivered	
  to	
  

cancer	
  patients	
  as	
  a	
  whole	
  viral	
  protein,	
  so	
  this	
  interaction	
  needs	
  to	
  be	
  further	
  

characterized	
  before	
  it	
  can	
  be	
  translated	
  to	
  the	
  clinic	
  to	
  help	
  cancer	
  patients.	
  

	
  

	
  

Vif:	
  	
  

HIV-­‐1	
  encodes	
  the	
  protein	
  Vif	
  (viral	
  infectivity	
  factor),	
  which	
  counteracts	
  the	
  

effect	
  of	
  restrictive	
  APOBEC3	
  enzymes.	
  This	
  protein	
  mediates	
  the	
  ubiquitination	
  of	
  

APOBEC3	
  enzymes,	
  targeting	
  them	
  for	
  proteasomal	
  degradation	
  (Figure	
  4)	
  (8).	
  	
  

The	
  process	
  of	
  HIV-­‐1	
  Vif	
  mediation	
  of	
  A3G	
  proteasomal	
  degradation	
  is	
  well	
  

described(8).	
  In	
  this	
  degradation	
  cascade,	
  CUL5	
  (a	
  scaffold	
  protein	
  from	
  the	
  cullin	
  

protein	
  family	
  that	
  inhibits	
  cellular	
  proliferation)	
  directly	
  interacts	
  with	
  EloC	
  (a	
  

component	
  of	
  the	
  Elogin	
  B/C	
  complex,	
  which	
  are	
  protein	
  adaptors)	
  and	
  RBX2	
  (aka	
  

RING	
  finger	
  protein	
  2,	
  a	
  regulator	
  for	
  the	
  cascading	
  step	
  for	
  substrate	
  

polyubiquitination),	
  which	
  also	
  interacts	
  with	
  E2	
  (ubiquitin	
  conjugating	
  enzyme)	
  

(8).	
  The	
  viral	
  Vif	
  protein	
  forms	
  a	
  complex	
  with	
  the	
  host	
  protein	
  CBF-­‐	
  β	
  and	
  A3G.	
  The	
  

	
  	
  	
  	
  	
   	
  
Figure	
  3:	
  A3B	
  in	
  cancer	
  progression.	
  Smoking,	
  oncogenic	
  viruses,	
  and	
  sun/UV	
  can	
  cause	
  
DNA	
  damage;	
  which	
  may	
  result	
  in	
  the	
  onset	
  of	
  cancer.	
  A3B	
  may	
  increase	
  mutation	
  rates,	
  
which	
  can	
  promote	
  tumor	
  evolution.	
  (Image	
  from	
  A.M.	
  Land,	
  unpublished)	
  



DEPARTMENT	
  OF	
  BIOLOGICAL	
  SCIENCES	
  MINNESOTA	
  STATE	
  UNIVERSITY	
  
	
  

	
   	
   	
   	
  
	
  

	
  

9	
  

complex	
  Vif-­‐CBF-­‐β-­‐A3G	
  interacts	
  with	
  the	
  complex	
  CUL5-­‐EloB/C-­‐RBX2-­‐E2	
  by	
  

binding	
  directly	
  to	
  CUL5	
  through	
  its	
  zinc-­‐coordinating	
  motif	
  (HCCH)	
  and	
  EloC	
  

through	
  its	
  suppressor	
  of	
  cytokines	
  (SOCS	
  box)	
  motif	
  (8).	
  The	
  binding	
  of	
  Vif-­‐	
  CBF-­‐β	
  

to	
  CUL5-­‐EloB/C-­‐RBX2-­‐E2	
  is	
  facilitated	
  by	
  the	
  cofactor	
  CBF-­‐β,	
  which	
  is	
  required	
  for	
  

Vif	
  to	
  suppress	
  the	
  antiviral	
  activity	
  of	
  A3G	
  (8).	
  A3G	
  is	
  then	
  polyubiquitinated	
  and	
  

targeted	
  for	
  proteasomal	
  degradation	
  (8).	
  	
  

Some	
  other	
  lentiviruses	
  such	
  as	
  HIV-­‐2,	
  SIVmac,	
  SIVagm,	
  SIVcpz,	
  and	
  SIVsmm	
  

also	
  encode	
  Vif	
  proteins,	
  which	
  counteract	
  their	
  host	
  species’	
  restrictive	
  APOBEC3	
  

proteins.	
  Additionally,	
  due	
  to	
  the	
  high	
  level	
  of	
  APOBEC3	
  conservation	
  in	
  primates,	
  

Vif-­‐mediated	
  degradation	
  of	
  APOBEC3	
  proteins	
  can	
  be	
  non-­‐species	
  specific	
  (19).	
  For	
  

example,	
  SIVmac	
  is	
  a	
  retrovirus	
  that	
  infects	
  rhesus	
  macaques.	
  It	
  encodes	
  a	
  Vif	
  

protein	
  that	
  counteracts	
  human	
  A3B	
  (huA3B)	
  (18).	
  The	
  APOBEC	
  proteins	
  capable	
  of	
  

restricting	
  HIV-­‐1	
  are	
  A3D,	
  F,	
  G	
  and	
  H	
  (10).	
  HIV-­‐1	
  can	
  counteract	
  these	
  cytosine	
  

deaminases	
  by	
  expressing	
  the	
  viral	
  protein	
  Vif	
  (10).	
  The	
  important	
  determinants	
  of	
  

A3F,	
  A3G,	
  and	
  A3H	
  for	
  VifHIV-­‐1	
  and	
  VifHIV-­‐2	
  mediated	
  degradation	
  have	
  been	
  

identified.	
  HIV-­‐1	
  Vif	
  has	
  been	
  determined	
  to	
  interact	
  with	
  A3G	
  at	
  the	
  β4-­‐α4	
  loop	
  

region,	
  with	
  A3F	
  at	
  the	
  α3	
  and	
  α4	
  helices,	
  with	
  A3H	
  at	
  the	
  α3	
  and	
  α4	
  helices	
  (13,	
  20,	
  

21).	
  However,	
  the	
  important	
  determinant	
  of	
  A3D	
  for	
  VifHIV-­‐1	
  and	
  VifHIV-­‐2	
  mediated	
  

degradation	
  is	
  still	
  being	
  studied	
  (13,	
  20).	
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A3B-­‐Vif:	
  
	
  

Previous	
  studies	
  have	
  demonstrated	
  that	
  A3B	
  is	
  upregulated	
  in	
  many	
  types	
  

of	
  cancer,	
  and	
  that	
  the	
  enzyme	
  plays	
  a	
  major	
  role	
  in	
  cancer	
  diversification	
  (14,	
  22).	
  

As	
  a	
  cytidine	
  deaminase,	
  A3B	
  can	
  deaminate	
  the	
  cytosine	
  base	
  of	
  DNA	
  genomes	
  into	
  

uracil	
  (5).	
  Uracil	
  is	
  a	
  non-­‐standard	
  DNA	
  base	
  and	
  must	
  be	
  removed.	
  Repair	
  may	
  lead	
  

to	
  errors	
  and	
  genomic	
  mutation.	
  The	
  SIVmac	
  Vif	
  protein	
  has	
  been	
  established	
  to	
  

counteract	
  the	
  effect	
  of	
  A3B	
  and	
  therefore	
  is	
  likely	
  to	
  inhibit	
  genomic	
  diversity	
  

caused	
  by	
  the	
  presence	
  of	
  misregulated	
  A3B	
  (18).	
  This	
  counteraction	
  of	
  A3B	
  by	
  

SIVmac	
  Vif	
  was	
  determined	
  by	
  studying	
  the	
  interactions	
  of	
  multiple	
  lentiviral	
  Vif	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
Figure	
  4:	
  Model	
  of	
  HIV-­‐1	
  Vif	
  mediated	
  degradation	
  of	
  APOBEC3G.	
  Vif	
  
interacts	
  with	
  A3G	
  and	
  initiates	
  a	
  scaffold	
  of	
  protein	
  interactions	
  that	
  leads	
  to	
  
A3G	
  ubiquitination	
  and	
  then	
  proteasomal	
  degradation.	
  (Image	
  from	
  (8))	
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proteins	
  with	
  huA3B.	
  The	
  study	
  then	
  revealed	
  SIVmac239	
  Vif	
  as	
  a	
  potent	
  inhibitor	
  of	
  

huA3B	
  (18).	
  	
  

It	
  is	
  important	
  to	
  determine	
  the	
  region	
  on	
  huA3B	
  to	
  which	
  SIVmac	
  Vif	
  binds,	
  

in	
  order	
  to	
  characterize	
  the	
  Vif-­‐mediated	
  degradation	
  of	
  huA3B	
  that	
  could	
  lead	
  to	
  

the	
  development	
  of	
  SIVmac	
  Vif-­‐based	
  cancer	
  therapies.	
  

Hypothesis	
  and	
  Goal	
  

The	
  goal	
  of	
  this	
  thesis	
  project	
  was	
  to	
  identify	
  the	
  determinants	
  of	
  the	
  

interaction	
  between	
  SIVmac	
  Vif	
  and	
  huA3B.	
  A	
  previous	
  study	
  revealed	
  the	
  region	
  of	
  

A3F	
  that	
  interacts	
  with	
  HIV-­‐1,	
  which	
  was	
  mapped	
  to	
  be	
  the	
  α3	
  and	
  α4	
  helices	
  of	
  

huA3F	
  (23).	
  The	
  enzymes	
  from	
  the	
  APOBEC3	
  family	
  are	
  closely	
  related	
  and	
  similar	
  

at	
  both	
  the	
  sequence	
  and	
  structural	
  levels	
  (6).	
  Based	
  on	
  this	
  information,	
  I	
  

hypothesized	
  that	
  SIVmac	
  Vif	
  would	
  bind	
  huA3B	
  at	
  a	
  region	
  analogous	
  to	
  where	
  

HIV1-­‐	
  Vif	
  interacts	
  with	
  huA3F.	
  

In	
  order	
  to	
  address	
  this	
  goal,	
  a	
  structurally-­‐informed	
  comparison	
  was	
  

conducted	
  between	
  huA3B	
  and	
  rhesus	
  A3F	
  (rhA3F),	
  which	
  was	
  previously	
  thought	
  

to	
  be	
  resistant	
  to	
  SIVmac	
  Vif-­‐mediated	
  degradation	
  (24).	
  This	
  comparison	
  identified	
  

the	
  analogous	
  structural	
  region	
  between	
  huA3B	
  and	
  rhA3F,	
  which	
  identified	
  the	
  

region	
  to	
  swap	
  between	
  huA3B	
  and	
  rhA3F.	
  

Next,	
  plasmids	
  expressing	
  huA3B;	
  rhA3F	
  and	
  hA3B/rhA3F	
  chimeras	
  in	
  the	
  

same	
  vector	
  backbone	
  were	
  designed	
  using	
  mutagenic	
  primers	
  in	
  site-­‐directed	
  

mutagenic	
  PCR.	
  These	
  plasmids	
  were	
  then	
  co-­‐transfected	
  with	
  SIVmac	
  Vif	
  into	
  293T	
  

cells,	
  and	
  degradation	
  of	
  each	
  tested	
  APOBEC3	
  in	
  the	
  presence	
  of	
  SIVmac	
  Vif	
  was	
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assessed	
  by	
  immunoblot.	
  I	
  found	
  that	
  SIVmac	
  Vif	
  degraded	
  huA3B	
  and	
  rhA3F,	
  but	
  

some	
  of	
  the	
  huA3B/rhA3F	
  chimeras	
  were	
  not	
  degraded	
  by	
  SIVmac	
  Vif	
  protein.	
  I	
  

inferred	
  that	
  the	
  α3	
  and	
  α4	
  helices	
  in	
  A3F	
  and	
  the	
  α4,	
  α5	
  and	
  α6	
  helices	
  in	
  A3B	
  were	
  

important	
  for	
  the	
  interaction	
  with	
  SIVmac	
  Vif.	
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Material	
  and	
  Methods:	
  

I. Sequence	
  Alignment:	
  

Jalview	
  version	
  2.10.0b1	
  and	
  ClustalWS	
  default	
  setting	
  was	
  used	
  to	
  align	
  the	
  

amino	
  acid	
  sequences	
  of	
  A3B	
  (Accession	
  number:	
  NM_004900)	
  and	
  A3F	
  (Accession	
  

number:	
  NM_001042373)	
  (25).	
  The	
  location	
  of	
  the	
  secondary	
  structure	
  motifs	
  was	
  

determined	
  using	
  the	
  crystal	
  structure	
  of	
  huA3B	
  C	
  terminal	
  domain	
  (CTD)	
  (UniProt:	
  

Q9UH17)	
  and	
  huA3F	
  CTD	
  (UniProt:	
  Q8IUX4).	
  	
  

II. Primer	
  Design	
  and	
  Plasmid	
  Construction:	
  

Primers	
  used	
  for	
  plasmids	
  construction	
  were	
  designed	
  following	
  the	
  

NEBaseChanger	
  insertion	
  or	
  substitution	
  protocol.	
  Primers	
  were	
  purchased	
  from	
  

IDT.	
  The	
  NEB	
  (New	
  England	
  Biolabs)	
  Q5®	
  Site-­‐Directed	
  Mutagenesis	
  Kit	
  Protocol	
  

(E0554)	
  was	
  followed	
  for	
  a	
  25μL	
  PCR	
  reaction.	
  An	
  annealing	
  temperature	
  of	
  68°C	
  

was	
  used	
  for	
  PCR	
  amplification,	
  which	
  was	
  determined	
  using	
  the	
  NEB	
  Tm	
  Calculator	
  

(http://tmcalculator.neb.com).	
  DpnI	
  was	
  added	
  to	
  each	
  PCR	
  sample	
  after	
  

thermocycling.	
  This	
  ensured	
  the	
  digestion	
  of	
  methylated/in	
  vivo	
  synthesized	
  DNA	
  

while	
  mutated/in	
  vitro	
  generated	
  DNA	
  stayed	
  intact.	
  	
  

The	
  mutated	
  plasmids	
  were	
  transformed	
  into	
  Escherichia.	
  coli	
  (E.	
  coli)	
  DHIOB	
  

cells	
  following	
  standard	
  protocol	
  and	
  transformants	
  were	
  selected	
  on	
  LB-­‐Amp	
  

plates	
  (LB	
  agar+50mg/mL	
  ampicillin).	
  Select	
  clones	
  from	
  the	
  LB-­‐Amp	
  plates	
  were	
  

sub-­‐cultured	
  into	
  2ml	
  LB-­‐Amp	
  broth,	
  which	
  was	
  incubated	
  overnight	
  in	
  a	
  37°C	
  

shaking	
  waterbath.	
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Plasmids	
  from	
  the	
  selected	
  clones	
  were	
  isolated	
  using	
  the	
  IBI	
  Mini	
  I-­‐Blue	
  

Plasmid	
  Kit	
  (IB47172).	
  The	
  eluted	
  products	
  were	
  quantified	
  using	
  a	
  NanoDrop	
  One	
  

spectrophotometer,	
  and	
  then	
  digested	
  overnight	
  at	
  37°C	
  following	
  the	
  restriction	
  

enzyme	
  double	
  digestion	
  protocol	
  for	
  HindIII-­‐HF	
  (NEB)	
  and	
  SacII	
  (NEB).	
  The	
  

digested	
  samples	
  were	
  screened	
  for	
  correctly	
  sized	
  products	
  on	
  a	
  1%	
  agarose	
  gel.	
  

Samples	
  that	
  yielded	
  bands	
  of	
  the	
  anticipated	
  sizes	
  were	
  sent	
  to	
  GENEWIZ®	
  

(www.genewiz.com)	
  for	
  sequence	
  analysis.	
  The	
  resulting	
  trace	
  files	
  of	
  sequences	
  

were	
  interpreted	
  using	
  SEQUENCHER™	
  version	
  5.4.1(Gene	
  Codes	
  Coorporation).	
  	
  

Once	
  sequences	
  were	
  confirmed	
  (pcDNA3.1-­‐huA3B-­‐SacII-­‐3xHA	
  and	
  

pcDNA3.1-­‐rhA3F-­‐SacII-­‐V5);	
  both	
  plasmids	
  were	
  digested	
  with	
  HindIII	
  and	
  SacII.	
  The	
  

rhA3F	
  open	
  reading	
  frame	
  was	
  purified	
  using	
  the	
  DNA	
  Extraction	
  From	
  Agarose	
  

Gels	
  Protocol	
  from	
  the	
  IBI	
  Gel/PCR	
  DNA	
  Fragments	
  Extraction	
  Kit	
  (IB47020);	
  and	
  

then	
  subcloned	
  into	
  pcDNA3.1-­‐3xHA	
  plasmid	
  backbone	
  using	
  the	
  NEB	
  Ligation	
  

Protocol	
  with	
  T4	
  DNA	
  Ligase	
  (M0202).	
  The	
  ligated	
  samples	
  were	
  transformed	
  into	
  

E.	
  coli	
  and	
  selected	
  clones	
  were	
  sub-­‐cultured	
  for	
  plasmids	
  isolation.	
  Plasmids	
  were	
  

then	
  screened	
  onto	
  1%	
  agarose	
  gel	
  to	
  ensure	
  success	
  of	
  ligation.	
  	
  

Chimeric	
  plasmids	
  (huA3B-­‐rha3F	
  α3,	
  and	
  huA3B-­‐rhA3F	
  α4)	
  were	
  created	
  

using	
  NEBase	
  Changer	
  Substitution	
  protocol	
  using	
  pcDNA3.1-­‐huA3B-­‐3xHA	
  as	
  a	
  

template.	
  Chimeric	
  plasmids	
  (rhA3F-­‐huA3B	
  α4,	
  α5,	
  and	
  rhA3F-­‐huA3B	
  α6)	
  were	
  

similarly	
  created	
  using	
  pcDNA3.1-­‐rhA3F-­‐3xHA	
  as	
  a	
  template.	
  Plasmids	
  used	
  for	
  

transfection	
  of	
  293T	
  cells	
  were	
  prepared	
  by	
  transforming	
  them	
  into	
  E.	
  coli,	
  culturing	
  

single	
  isolated	
  clones	
  into	
  2mL	
  LB-­‐Amp	
  broth	
  for	
  6-­‐7	
  hours,	
  then	
  expanding	
  them	
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into	
  200mL	
  LB-­‐Amp	
  broth	
  in	
  a	
  37°C	
  shaking	
  waterbath	
  overnight.	
  The	
  plasmids	
  

were	
  isolated	
  at	
  a	
  high	
  concentration	
  using	
  the	
  IBI	
  Fast	
  Ion	
  Maxi	
  Plasmid	
  Kit	
  

Protocol.	
  

III. Cell	
  Culture	
  

293T	
  cells	
  were	
  propagated	
  in	
  complete	
  DMEM	
  (Dulbecco	
  Modified	
  Eagle	
  

Medium),	
  containing	
  10%	
  FBS	
  (Fetal	
  Bovine	
  Serum)	
  and	
  100X	
  PenStrep	
  diluted	
  to	
  

1x	
  (10,000	
  U/mL	
  Penicillin,	
  10	
  mg/mL	
  Streptomycin)	
  (VWR	
  LIFE	
  SCIENCE)	
  at	
  37°C	
  

and	
  5%	
  CO2.	
  The	
  cells	
  were	
  maintained	
  in	
  10	
  cm	
  plates	
  at	
  10-­‐100%	
  confluency.	
  	
  

IV. Transfection,	
  Immunoblot	
  and	
  Protein	
  Quantification:	
  

Prior	
  to	
  transfection,	
  293T	
  cells	
  were	
  counted	
  and	
  2	
  x	
  105	
  cells	
  were	
  plated	
  

into	
  each	
  well	
  of	
  a	
  6	
  well	
  plate.	
  After	
  24	
  hours,	
  the	
  cells	
  were	
  transfected	
  with	
  

different	
  concentrations	
  of	
  APOBEC3	
  (A3)	
  and	
  Vif	
  expression	
  plasmids	
  (following	
  

Table	
  III	
  in	
  appendix)	
  and	
  8μL	
  of	
  1	
  mg/mL	
  PEI	
  (polyethylenimine)(Polysciences	
  

Inc)(Figure	
  5).	
  After	
  48	
  hours,	
  the	
  293T	
  cells	
  were	
  removed	
  from	
  the	
  plates,	
  

harvested	
  into	
  microcentrifuge	
  tubes,	
  pelleted,	
  then	
  resuspended	
  and	
  boiled	
  in	
  

reducing	
  sample	
  buffer	
  for	
  20	
  minutes.	
  	
  

The	
  cell	
  lysates	
  were	
  separated	
  by	
  SDS-­‐PAGE	
  on	
  a	
  10%	
  polyacrylamide	
  gel	
  

(Bio-­‐Rad).	
  The	
  proteins	
  were	
  transferred	
  onto	
  a	
  polyvinylidene	
  difluoride	
  (PVDF)	
  

membrane	
  (Immun-­‐Blot®	
  PVDF	
  Membranes	
  for	
  Protein	
  Blotting,	
  Bio-­‐Rad).	
  The	
  

membrane	
  was	
  blocked	
  with	
  4%	
  milk	
  in	
  PBS,	
  probed	
  with	
  a	
  primary	
  antibody	
  (4%	
  

milk	
  in	
  PBS-­‐T	
  +	
  1/1000	
  rabbit	
  tubulin	
  (GeneTex)	
  +	
  1/5000	
  mouse	
  HA	
  (Biolegend)	
  +	
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azide)	
  overnight	
  at	
  4°C	
  and	
  then	
  probed	
  with	
  a	
  secondary	
  antibody	
  (4%	
  milk	
  in	
  

PBS-­‐T	
  +	
  1/10000	
  goat	
  anti-­‐rabbit	
  tubulin	
  680	
  (Life	
  Technologies	
  Alexa	
  Fluor®)	
  +	
  

1/10000	
  goat	
  anti-­‐mouse	
  HA	
  800	
  (IRdye®)+	
  azide)	
  at	
  room	
  temperature	
  for	
  1	
  hour.	
  

Antibody	
  binding	
  was	
  visualized	
  using	
  an	
  infrared	
  ODYSSEY®	
  Fc	
  LI-­‐COR	
  imaging	
  

system.	
  Additionally,	
  ODYSSEY®	
  Fc	
  LI-­‐COR	
  imaging	
  system	
  western	
  analysis	
  was	
  

performed	
  to	
  detect	
  protein	
  bands	
  (A3	
  and	
  tubulin).	
  Licor	
  densitometry,	
  which	
  

included	
  lane	
  and	
  band	
  adjustments,	
  and	
  protein	
  normalization,	
  was	
  used	
  to	
  

determine	
  the	
  intensity	
  of	
  the	
  A3	
  and	
  tubulin	
  bands	
  from	
  the	
  immunoblots.	
  A3	
  

protein	
  signal	
  relative	
  to	
  tubulin	
  (tub)	
  was	
  measured	
  as	
   !!
!"#
	
  for	
  each	
  lane	
  of	
  the	
  

immunoblot.	
  The	
  normalized	
  A3	
  values	
  were	
  plotted	
  to	
  enable	
  comparison.	
  

	
  	
  

	
  

	
  

	
  
Figure	
  5:	
  Experimental	
  design	
  to	
  determine	
  SIVmac239	
  Vif	
  mediated-­‐degradation	
  of	
  
A3	
  enzymes	
  after	
  transfection	
  of	
  293T	
  cells	
  with	
  huAPOBEC3B/rhAPOBEC3F	
  and	
  Vif	
  
vectors.	
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Experimental	
  Results:	
  

I. Sequence	
  Alignment	
  of	
  huA3B	
  and	
  rhA3F:	
  

	
   In	
  order	
  to	
  compare	
  huA3B	
  (Accession	
  number:	
  NM_004900)	
  and	
  rhA3F	
  

(Accession	
  number:	
  NM_001042373),	
  their	
  amino	
  acid	
  sequences	
  were	
  aligned	
  

using	
  Jalview	
  software	
  to	
  perform	
  a	
  ClustalWS	
  alignment	
  (25)	
  (Figure	
  6).	
  The	
  

location	
  of	
  the	
  secondary	
  structure	
  motifs	
  was	
  determined	
  based	
  on	
  the	
  crystal	
  

structure	
  of	
  huA3B	
  C	
  terminal	
  domain	
  (CTD)	
  (UniProt:	
  Q9UH17)	
  and	
  huA3F	
  CTD	
  

(UniProt:	
  Q8IUX4),	
  as	
  the	
  crystal	
  structure	
  of	
  rhA3F	
  has	
  not	
  yet	
  been	
  solved.	
  This	
  

alignment	
  demonstrated	
  the	
  amino	
  acid	
  homology	
  between	
  the	
  two	
  enzymes	
  and	
  

assisted	
  in	
  the	
  determination	
  of	
  α4,	
  α	
  5,	
  and	
  α6	
  regions	
  of	
  huA3B	
  to	
  be	
  analogous	
  to	
  

α3	
  and	
  α4	
  regions	
  of	
  rhA3F,	
  which	
  is	
  the	
  region	
  bound	
  by	
  HIV-­‐1	
  Vif	
  (20).	
  This	
  

sequence	
  alignment	
  also	
  allowed	
  for	
  the	
  design	
  of	
  the	
  hybrid	
  plasmids	
  that	
  were	
  not	
  

predicted	
  to	
  have	
  altered	
  protein	
  folding.	
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II. Creation	
  of	
  huA3B	
  rhA3F	
  chimeric	
  expression	
  vectors:	
  

The	
  first	
  step	
  to	
  creating	
  the	
  plasmid	
  constructs	
  for	
  this	
  project	
  was	
  to	
  

engineer	
  rhA3F	
  to	
  be	
  expressed	
  with	
  the	
  same	
  epitope	
  tag	
  as	
  huA3B.	
  HuA3B	
  was	
  

originally	
  in	
  a	
  pcDNA3.1	
  plasmid	
  with	
  3xHA	
  epitope	
  tag,	
  while	
  rhA3F	
  was	
  in	
  a	
  

pcDNA3.1	
  plasmid	
  with	
  a	
  V5	
  epitope	
  tag	
  (Figure	
  8).	
  pcDNA3.1-­‐3xHA	
  was	
  selected	
  as	
  

the	
  backbone	
  and	
  epitope	
  tag	
  for	
  this	
  experiment,	
  requiring	
  rhA3F	
  to	
  be	
  moved	
  into	
  

pcDNA3.1-­‐3xHA	
  vector.	
  In	
  order	
  to	
  move	
  rhA3F	
  to	
  pcDNA3.1-­‐3xHA,	
  SacII	
  restriction	
  

	
  
Figure	
  6:	
  	
  Amino	
  acid	
  sequence	
  alignment	
  of	
  huA3B	
  and	
  rhA3F.	
  The	
  dark	
  color	
  shows	
  where	
  the	
  
two	
  sequences	
  have	
  identical	
  amino	
  acids	
  residues.	
  The	
  boxed	
  regions	
  correspond	
  to	
  the	
  region	
  of	
  
A3F	
  that	
  interacts	
  with	
  HIV-­‐Vif.	
  These	
  boxed	
  regions	
  also	
  show	
  the	
  analogous	
  regions	
  in	
  huA3B	
  
and	
  rhA3F,	
  which	
  are	
  swapped	
  in	
  this	
  project	
  to	
  create	
  chimeric	
  proteins.	
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sites	
  (5’CCGC^GG)	
  were	
  created	
  between	
  the	
  C	
  terminus	
  of	
  rhA3F	
  and	
  the	
  V5	
  

epitope	
  tag,	
  and	
  between	
  the	
  C	
  terminus	
  of	
  huA3B	
  and	
  the	
  3xHA	
  epitope	
  tag	
  to	
  

facilitate	
  molecular	
  engineering	
  (Figure	
  9).	
  This	
  was	
  done	
  by	
  introducing	
  a	
  three-­‐

nucleotide	
  insertion	
  of	
  5’ACC	
  in	
  both	
  plasmids	
  using	
  the	
  NEB	
  Q5	
  Site-­‐Directed	
  

Mutagenesis	
  kit	
  protocol,	
  creating	
  the	
  SacII	
  site	
  and	
  keeping	
  the	
  open	
  reading	
  frame	
  

of	
  the	
  APOBEC/epitope	
  tag	
  intact	
  (Figure	
  7).	
  Primers	
  were	
  designed	
  following	
  the	
  

NEBaseChanger	
  system	
  in	
  order	
  to	
  perform	
  the	
  mutagenic	
  PCR	
  experiment	
  (see	
  

Appendix	
  Table	
  I	
  for	
  primer	
  sequence).	
  	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Figure	
  7:	
  	
  Schematic	
  showing	
  the	
  creation	
  of	
  SacII	
  site	
  keeping	
  the	
  open	
  
reading	
  frame	
  of	
  huA3B/HA-­‐tag	
  intact.	
  The	
  top	
  sequence	
  of	
  bases	
  
represents	
  the	
  gene	
  of	
  huA3B	
  with	
  HA-­‐tag	
  but	
  without	
  a	
  SacII	
  site	
  
(underlined	
  sequence;	
  5’CCGC^GG).	
  The	
  insertion	
  of	
  ACC	
  to	
  the	
  top	
  
sequence	
  creates	
  a	
  SacII	
  site	
  (Bottom	
  sequence).	
  The	
  addition	
  of	
  ACC	
  did	
  
not	
  change	
  the	
  amino	
  acid	
  sequence	
  of	
  A3B	
  or	
  HA-­‐tag;	
  therefore,	
  the	
  open	
  
reading	
  frame	
  of	
  huA3B/HA-­‐tag	
  is	
  intact.	
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After	
  the	
  mutagenic	
  PCR,	
  the	
  plasmids	
  were	
  transformed	
  into	
  chemically	
  

competent	
  E.	
  coli,	
  and	
  screened	
  on	
  LB-­‐Amp	
  plates.	
  Plasmids	
  from	
  select	
  clones	
  were	
  

isolated,	
  and	
  the	
  introduction	
  of	
  the	
  SacII	
  site	
  was	
  confirmed	
  by	
  restriction	
  digest	
  

and	
  by	
  sequence	
  analysis	
  (Figure	
  10).	
  	
  

The	
  rhA3F	
  open	
  reading	
  frame	
  was	
  subcloned	
  from	
  pcDNA3.1-­‐V5	
  using	
  

HindIII	
  (cut	
  site	
  already	
  present)	
  and	
  SacII	
  into	
  pcDNA3.1-­‐3xHA.	
  The	
  newly	
  ligated	
  

plasmid	
  was	
  transformed	
  and	
  screened	
  on	
  LB-­‐Amp	
  plates.	
  Plasmids	
  from	
  select	
  

clones	
  were	
  isolated	
  and	
  the	
  ligation	
  of	
  rhA3F	
  into	
  pcDNA3.1-­‐3xHA	
  was	
  confirmed	
  

by	
  restriction	
  digest	
  and	
  sequence	
  analysis	
  (Figure	
  11).	
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Figure	
  8:	
  Parent	
  plasmids	
  of	
  huA3B	
  (pAL008)	
  and	
  rhA3F	
  (pAL012).	
  The	
  top	
  
plasmid	
  represents	
  huA3B	
  in	
  a	
  pcDNA3.1-­‐3xHA	
  backbone.	
  The	
  bottom	
  
plasmid	
  represents	
  rhA3F	
  in	
  a	
  pcDNA3.1-­‐V5	
  backbone.	
  Both	
  plasmids	
  
already	
  contain	
  an	
  ampicillin	
  resistance	
  gene	
  and	
  a	
  restriction	
  enzyme	
  site	
  
for	
  HindIII	
  before	
  mutagenic	
  PCR.	
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Figure	
  9:	
  HuA3B	
  (pAL029)	
  and	
  rhA3F	
  (pAL030)	
  plasmids	
  with	
  3xHA	
  epitope	
  
tag	
  after	
  mutagenic	
  PCR.	
  The	
  top	
  plasmid	
  represents	
  huA3B	
  in	
  a	
  pcDNA3.1-­‐
3xHA	
  that	
  contains	
  an	
  ampicillin	
  resistance	
  gene,	
  and	
  restriction	
  enzyme	
  sites	
  
for	
  HindIII	
  and	
  SacII	
  after	
  mutagenic	
  PCR.	
  The	
  bottom	
  plasmid	
  represents	
  
rhA3F	
  now	
  in	
  a	
  pcDNA3.1-­‐3xHA	
  that	
  contains	
  an	
  ampicillin	
  resistance	
  gene,	
  
and	
  restriction	
  enzyme	
  sites	
  for	
  HindIII	
  and	
  SacII	
  after	
  mutagenic	
  PCR.	
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Figure	
  10:	
  	
  HuA3B	
  and	
  rhA3F	
  plasmids	
  screened	
  by	
  HindIII	
  &	
  SacII	
  
double	
  digest	
  on	
  an	
  agarose	
  gel	
  after	
  Q5	
  Site-­‐Directed	
  Mutagenesis.	
  The	
  
size	
  of	
  each	
  band	
  is	
  indicated	
  based	
  on	
  2-­‐log	
  DNA	
  ladder	
  0.1-­‐10.0Kb	
  
(NEB).	
  The	
  parental	
  plasmids	
  for	
  both	
  huA3B	
  and	
  rhA3F	
  were	
  predicted	
  
to	
  yield	
  7.5KB	
  (A3B	
  parent)	
  and	
  6.5Kb	
  (A3F)	
  bands,	
  while	
  the	
  newly	
  
created	
  huA3B	
  and	
  rhA3F	
  were	
  predicted	
  to	
  yield	
  5.4kb	
  and	
  21kb	
  
(huA3B+SacII),	
  5.4kb	
  and	
  1.1kb	
  (rhA3F+SacII)	
  bands.	
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Figure	
  11:	
  RhA3F	
  plasmids	
  screened	
  by	
  HindIII	
  &	
  SacII	
  double	
  digest	
  on	
  an	
  
agarose	
  gel	
  after	
  Q5	
  Site-­‐Directed	
  Mutagenesis	
  and	
  after	
  ligation	
  into	
  
pcDNA3.1-­‐3xHA.	
  The	
  size	
  of	
  each	
  band	
  is	
  indicated	
  based	
  on	
  2-­‐log	
  DNA	
  ladder	
  
0.1-­‐10Kb	
  (NEB).	
  The	
  parental	
  plasmid	
  for	
  rhA3F	
  was	
  predicted	
  to	
  yield	
  a	
  
6.5kb	
  band;	
  while	
  the	
  newly	
  created	
  rhA3F	
  was	
  predicted	
  to	
  yield	
  5.4kb	
  and	
  
1.1kB	
  bands,	
  and	
  the	
  rhA3F	
  ligated	
  to	
  pcDNA3.1-­‐3xHA	
  was	
  predicted	
  to	
  yield	
  
5.4kb	
  and	
  1.2kb	
  bands.	
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In	
  order	
  to	
  create	
  A3B/A3F	
  chimeras,	
  primer-­‐directed	
  mutagenic	
  PCR	
  was	
  

performed	
  using	
  plasmids	
  pcDNA3.1-­‐huA3B-­‐3xHA	
  and	
  pcDNA3.1-­‐rhA3F-­‐3xHA	
  to	
  

construct	
  a	
  series	
  of	
  A3B/A3F	
  hybrids	
  with	
  the	
  α4,	
  5	
  region	
  of	
  A3B	
  swapped	
  with	
  

the	
  α3	
  region	
  of	
  A3F;	
  with	
  the	
  α6	
  region	
  of	
  A3B	
  swapped	
  with	
  the	
  α4	
  region	
  of	
  A3F;	
  

and	
  where	
  both	
  of	
  these	
  regions	
  were	
  swapped	
  (Figure	
  12)	
  (see	
  Appendix	
  Table	
  II	
  

for	
  plasmids	
  utilized	
  and	
  constructed).	
  In	
  order	
  to	
  create	
  these	
  A3B/A3F	
  hybrids,	
  

primers	
  targeting	
  the	
  region	
  to	
  be	
  swapped	
  (amino	
  acids	
  254	
  –	
  302)	
  of	
  huA3B	
  

(contains	
  α4,	
  5,	
  &	
  α6)	
  and	
  (amino	
  acids	
  250	
  –	
  296)	
  of	
  rhA3F	
  (contains	
  α3,	
  &	
  α4)	
  

were	
  designed	
  using	
  the	
  NEBaseChanger	
  protocol	
  (Figure	
  6).	
  The	
  hybrid	
  plasmids	
  

were	
  screened	
  by	
  HindIII	
  and	
  SacII	
  double	
  digest	
  on	
  an	
  agarose	
  gel	
  after	
  primer-­‐

directed	
  mutagenic	
  PCR	
  (Figures	
  13,	
  &	
  14).	
  Select	
  plasmids	
  were	
  sequenced	
  and	
  

sequences	
  were	
  confirmed	
  using	
  the	
  predicted	
  plasmids	
  created	
  using	
  ApE-­‐	
  A	
  

plasmid	
  Editor	
  v2.0.49	
  (http://jorgensen.biology.utah.edu/wayned/ape/)	
  (Figure	
  

15).	
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Figure	
  12:	
  HuA3B	
  and	
  rhA3F	
  hybrids	
  constructs.	
  This	
  schematic	
  
demonstrates	
  the	
  different	
  chimeras	
  created.	
  The	
  top	
  bars	
  with	
  no	
  insertion	
  
of	
  different	
  colored	
  bar	
  (s)	
  represent	
  the	
  parents	
  plasmids	
  with	
  the	
  HA	
  
epitope.	
  The	
  other	
  bars	
  with	
  one	
  or	
  two	
  different	
  colored	
  bars	
  insertion	
  
represent	
  the	
  different	
  hybrids	
  constructed.	
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Figure	
  13:	
  HuA3B	
  hybrid	
  with	
  α	
  3,	
  4	
  helices	
  of	
  
rhA3F	
  swapped	
  in	
  and	
  parental	
  huA3B	
  plasmids	
  
screened	
  by	
  HindIII	
  &	
  SacII	
  double	
  digest	
  on	
  an	
  
agarose	
  gel	
  after	
  primer-­‐directed	
  mutagenic	
  PCR.	
  
The	
  size	
  of	
  each	
  band	
  is	
  indicated	
  based	
  on	
  2-­‐log	
  
DNA	
  ladder	
  0.1-­‐10kb	
  (NEB).	
  The	
  hybrid	
  huA3B-­‐
rhA3F	
  plasmid	
  and	
  huA3B	
  plasmid	
  were	
  both	
  
predicted	
  to	
  yield	
  5.4kb	
  and	
  2.1kb	
  bands.	
  

Figure	
  14:	
  RhA3F	
  hybrid	
  with	
  α	
  4,	
  5,	
  6	
  helices	
  of	
  
huA3B	
  swapped	
  in	
  and	
  parental	
  rhA3F	
  plasmids	
  
screened	
  by	
  HindIII	
  &	
  SacII	
  double	
  digest	
  on	
  an	
  
agarose	
  gel	
  after	
  primer-­‐directed	
  mutagenic	
  PCR.	
  
The	
  size	
  of	
  each	
  band	
  is	
  indicated	
  based	
  on	
  2-­‐log	
  
DNA	
  ladder	
  0.1-­‐10kb	
  (NEB).	
  The	
  hybrid	
  rhA3F-­‐
huA3B	
  plasmid	
  and	
  rhA3F	
  plasmid	
  were	
  both	
  
predicted	
  to	
  yield	
  5.4kb	
  and	
  1.2kb	
  bands.	
  
	
  

2l
og
	
  D
NA
	
  la
dd
er
	
  

2l
og
	
  D
NA
	
  la
dd
er
	
  

pc
DN
A3
.1
-­‐h
uA
3B
-­‐r
hA
3F
	
  α
3,
4-­‐
	
  

3x
HA
+S
ac
II	
  

pc
DN
A3
.1
-­‐h
uA
3B
-­‐

3x
HA
+S
ac
II	
  

pc
DN
A3
.1
-­‐r
hA
3F
-­‐h
uA
3B
	
  α
4,
5,
6-­‐
	
  

3x
HA
+S
ac
II	
  

pc
DN
A3
.1
-­‐r
hA
3F
-­‐

3x
HA
+S
ac
II	
  



DEPARTMENT	
  OF	
  BIOLOGICAL	
  SCIENCES	
  MINNESOTA	
  STATE	
  UNIVERSITY	
  
	
  

	
   	
   	
   	
  
	
  

	
  

28	
  

	
  

	
  
	
  

Figure	
  15:	
  HuA3B	
  and	
  rhA3F	
  with	
  swapped-­‐in	
  regions.	
  The	
  top	
  plasmid	
  represents	
  
huA3B	
  in	
  a	
  pcDNA3.1-­‐3xHA	
  that	
  contains	
  an	
  ampicillin	
  resistance	
  gene,	
  restriction	
  
enzyme	
  sites	
  for	
  HindIII	
  and	
  SacII,	
  and	
  a	
  highlighted	
  region	
  of	
  A3B	
  to	
  be	
  swapped	
  
out.	
  The	
  bottom	
  plasmid	
  represents	
  rhA3F	
  in	
  a	
  pcDNA3.1-­‐3xHA	
  that	
  contains	
  an	
  
ampicillin	
  resistance	
  gene,	
  restriction	
  enzyme	
  sites	
  for	
  HindIII	
  and	
  SacII,	
  and	
  a	
  
highlighted	
  region	
  of	
  A3F	
  to	
  be	
  swapped	
  out.	
  
	
  



DEPARTMENT	
  OF	
  BIOLOGICAL	
  SCIENCES	
  MINNESOTA	
  STATE	
  UNIVERSITY	
  
	
  

	
   	
   	
   	
  
	
  

	
  

29	
  

V. Co-­‐expression	
  of	
  APOBEC	
  and	
  Vif	
  proteins	
  in	
  293T	
  cells	
  to	
  

determine	
  interaction	
  region:	
  

In	
  order	
  to	
  determine	
  the	
  region	
  of	
  interaction	
  between	
  SIVmac239	
  Vif	
  and	
  

huA3B;	
  293T	
  cells	
  were	
  transfected	
  with	
  hybrids	
  huA3B-­‐rhA3F	
  and	
  SIVmac239	
  Vif,	
  

parents	
  huA3B/rhA3F	
  and	
  SIVmac239	
  Vif,	
  and	
  with	
  an	
  empty	
  vector	
  and	
  

SIVmac239	
  Vif.	
  Cell	
  lysates	
  were	
  experimentally	
  tested	
  through	
  several	
  

immunoblots.	
  Plasmids	
  from	
  the	
  immunoblots	
  were	
  probed	
  and	
  the	
  results	
  are	
  

shown	
  below	
  (Figure	
  16)	
  (see	
  Appendix	
  Table	
  III	
  for	
  transfection	
  conditions).	
  	
  

First,	
  the	
  interaction	
  of	
  huA3B	
  and	
  rhA3F	
  plasmids	
  with	
  SIVmac239	
  Vif	
  was	
  

tested	
  (Figure	
  16A).	
  293T	
  cells	
  were	
  transfected	
  with	
  huA3B	
  and	
  SIVmac239	
  Vif;	
  

and	
  with	
  rhA3F	
  and	
  SIVmac239	
  Vif	
  (see	
  Appendix	
  Table	
  III).	
  293T	
  cells	
  were	
  also	
  

transfected	
  with	
  empty	
  vector	
  and	
  SIVmac239	
  Vif,	
  which	
  represented	
  our	
  control	
  

plasmid	
  for	
  the	
  experiment.	
  No	
  APOBEC3	
  (No	
  A3)	
  represented	
  the	
  control	
  section	
  

on	
  the	
  immunoblot	
  (Figure	
  16A);	
  and	
  tubulin	
  was	
  used	
  as	
  a	
  loading	
  control	
  to	
  assess	
  

transfection.	
  The	
  expression	
  of	
  SIVmac239	
  Vif	
  in	
  the	
  absence	
  of	
  transfected	
  

APOBEC3	
  proteins	
  was	
  also	
  visualized.	
  	
  

The	
  protein	
  expression	
  levels	
  of	
  both	
  huA3B	
  and	
  rhA3F	
  decreased	
  in	
  the	
  presence	
  

low	
  levels	
  of	
  SIVmac239	
  Vif	
  (Figure	
  16A).	
  Quantification	
  of	
  the	
  immunoblot	
  

revealed	
  a	
  decrease	
  in	
  rhA3F	
  in	
  the	
  presence	
  of	
  low	
  levels	
  of	
  SIVmac239	
  Vif.	
  

However,	
  when	
  the	
  amount	
  of	
  transfected	
  Vif	
  increased;	
  the	
  amount	
  of	
  rhA3F	
  

increased,	
  but	
  was	
  lower	
  than	
  rhA3F	
  in	
  the	
  absence	
  of	
  Vif	
  (Figure	
  16A).	
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Surprisingly;	
  this	
  result	
  was	
  in	
  direct	
  contrast	
  to	
  the	
  result	
  of	
  SIVmac239	
  Vif	
  not	
  

mediating	
  the	
  degradation	
  of	
  rhA3F	
  stated	
  in	
  a	
  previous	
  report	
  (24).	
  Additionally,	
  

quantification	
  of	
  the	
  immunoblot	
  showed	
  a	
  decrease	
  in	
  huA3B	
  in	
  the	
  presence	
  of	
  

low	
  levels	
  of	
  SIVmac239	
  Vif.	
  This	
  result	
  was	
  in	
  agreement	
  with	
  the	
  result	
  of	
  

SIVmac239	
  Vif	
  mediating	
  the	
  degradation	
  of	
  A3B	
  stated	
  in	
  previous	
  literature	
  (18).	
  

However,	
  when	
  the	
  amount	
  of	
  transfected	
  Vif	
  increased;	
  the	
  amount	
  of	
  huA3B	
  also	
  

increased,	
  but	
  was	
  lower	
  than	
  huA3B	
  in	
  the	
  absence	
  of	
  Vif	
  (Figure	
  16A).	
  	
  

Next,	
  the	
  sensitivity	
  of	
  huA3B-­‐rhA3F	
  hybrids	
  to	
  Vif-­‐mediated	
  degradation	
  

was	
  assessed	
  (Figure	
  16B).	
  The	
  interaction	
  of	
  the	
  hybrid	
  huA3B-­‐rhA3F	
  α4	
  plasmid	
  

with	
  SIVmac239	
  Vif	
  was	
  tested	
  by	
  transfecting	
  293T	
  cells	
  with	
  huA3B-­‐rhA3F	
  α4	
  and	
  

SIVmac239	
  Vif	
  expression	
  plasmids	
  or	
  empty	
  vector.	
  The	
  protein	
  expression	
  level	
  of	
  

huA3B-­‐rhA3F	
  α4,	
  compared	
  to	
  the	
  level	
  of	
  huA3B-­‐rhA3F	
  α4	
  in	
  the	
  absence	
  of	
  Vif,	
  

did	
  not	
  change	
  in	
  the	
  presence	
  of	
  lowest	
  amount	
  of	
  SIVmac239	
  Vif	
  transfected.	
  

Quantification	
  of	
  the	
  immunoblot	
  revealed	
  a	
  higher	
  level	
  of	
  huA3B-­‐rhA3F	
  α4	
  in	
  the	
  

presence	
  of	
  increasing	
  levels	
  of	
  SIVmac239	
  Vif	
  than	
  huA3B-­‐rhA3F	
  α4	
  in	
  the	
  absence	
  

of	
  Vif	
  (Figure	
  16B).	
  

	
  The	
  interaction	
  of	
  the	
  hybrid	
  huA3B-­‐rhA3F	
  α3,	
  α4	
  plasmid	
  with	
  SIVmac239	
  

Vif	
  was	
  also	
  tested	
  by	
  transfecting	
  293T	
  cells	
  with	
  huA3B-­‐rhA3F	
  α4	
  and	
  SIVmac239	
  

Vif	
  expression	
  plasmids	
  or	
  empty	
  vector.	
  The	
  immunoblot	
  data	
  showed	
  decreased	
  

levels	
  of	
  huA3B-­‐rhA3F	
  α3,	
  α4	
  in	
  the	
  presence	
  of	
  lowest	
  level	
  of	
  SIVmac239	
  Vif	
  

compared	
  to	
  huA3B-­‐rhA3F	
  α3,	
  α4	
  in	
  the	
  absence	
  of	
  Vif.	
  Quantification	
  of	
  the	
  

immunoblot	
  revealed	
  a	
  higher	
  level	
  of	
  huA3B-­‐rhA3F	
  α3,	
  α4	
  in	
  the	
  presence	
  of	
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Figure	
  16:	
  The	
  interaction	
  of	
  huA3B,	
  rhA3B	
  and	
  huA3B-­‐rhA3F	
  hybrids	
  with	
  SIVmac239	
  Vif.	
  
293T	
  cells	
  were	
  transfected	
  with	
  huA3B,	
  rhA3F,	
  a	
  huA3B-­‐rhA3F	
  hybrid,	
  or	
  an	
  empty	
  vector	
  
(control)	
  and	
  Vif	
  (See	
  Appendix	
  Table	
  III).	
  In	
  each	
  panel	
  the	
  bars	
  over	
  a	
  region	
  of	
  the	
  
immunoblot	
  indicate	
  the	
  A3	
  used	
  in	
  the	
  transfection.	
  The	
  triangles	
  indicate	
  the	
  level	
  of	
  Vif	
  with	
  
O	
  representing	
  no	
  Vif	
  added.	
  Quantification	
  of	
  A3	
  relative	
  to	
  tubulin	
  are	
  shown	
  in	
  the	
  graph	
  
below	
  the	
  immunoblot.	
  A.	
  Both	
  huA3B	
  and	
  rhA3F	
  are	
  degraded	
  in	
  the	
  presence	
  of	
  low	
  levels	
  of	
  
Vif.	
  Increased	
  level	
  of	
  huA3B	
  and	
  rhA3F	
  are	
  seen	
  with	
  increasing	
  amount	
  of	
  Vif.	
  B.	
  HuA3B-­‐
rhA3F	
  α4	
  is	
  not	
  degraded	
  in	
  the	
  presence	
  of	
  low	
  levels	
  of	
  Vif,	
  while	
  huA3B-­‐rhA3F	
  α3,	
  α4	
  is	
  
degraded	
  in	
  the	
  presence	
  of	
  low	
  levels	
  of	
  Vif.	
  Each	
  A3	
  shows	
  an	
  increased	
  level	
  of	
  protein	
  with	
  
increasing	
  amount	
  of	
  transfected	
  Vif.	
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increasing	
  levels	
  of	
  SIVmac239	
  Vif	
  than	
  huA3B-­‐rhA3F	
  α3,	
  α4	
  in	
  the	
  absence	
  

of	
  Vif	
  (Figure	
  16B).	
  

Additionally,	
  the	
  interaction	
  of	
  rhA3F	
  with	
  SIVmac239	
  Vif	
  was	
  tested	
  again	
  

(Figure	
  16B).	
  

The	
  interaction	
  huA3B-­‐rhA3F	
  α3,	
  rhA3F-­‐huA3B	
  α4,	
  α5,	
  rhA3F-­‐huA3B	
  α6,	
  and	
  

rhA3F-­‐huA3B	
  α4,	
  α5	
  and	
  α6	
  hybrids	
  with	
  SIVmac239	
  Vif	
  were	
  also	
  tested.	
  293T	
  

cells	
  were	
  transfected	
  with	
  the	
  A3B/rhA3F	
  hybrid	
  and	
  SIVmac239	
  Vif	
  or	
  vector	
  

control	
  (see	
  Appendix	
  Table	
  III).	
  The	
  result	
  for	
  these	
  assays	
  were	
  inconclusive	
  as	
  

the	
  A3B/A3F	
  hybrid	
  and	
  or	
  Vif	
  was	
  not	
  observed	
  be	
  expressed	
  (data	
  not	
  shown).	
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Discussion:	
  

The	
  human	
  A3B	
  (huA3B)	
  enzyme	
  is	
  a	
  cytosine	
  deaminase	
  that	
  has	
  the	
  

capability	
  to	
  alter	
  the	
  DNA	
  of	
  cancer	
  cells.	
  This	
  change	
  can	
  lead	
  to	
  the	
  evolution	
  of	
  

cancer,	
  which	
  consequently	
  can	
  lead	
  to	
  possible	
  resistance	
  to	
  cancer	
  therapy	
  (11,	
  

14,	
  22).	
  Overexpression	
  of	
  huA3B	
  correlates	
  with	
  high	
  mutation	
  rate	
  in	
  cancer	
  cell	
  

lines	
  such	
  as	
  HCC1569,	
  MDA-­‐MB-­‐468,	
  and	
  MDA-­‐MB-­‐453	
  (17).	
  This	
  high	
  mutation	
  is	
  

thought	
  to	
  be	
  caused	
  by	
  the	
  enzymatic	
  activity	
  (deamination	
  of	
  cytosine	
  to	
  uracil)	
  of	
  

huA3B	
  in	
  these	
  cancer	
  cell	
  line	
  (17).	
  	
  

SIVmac239	
  Vif	
  was	
  determined	
  to	
  mediate	
  the	
  degradation	
  of	
  huA3B	
  even	
  

though	
  SIV	
  only	
  infects	
  simian	
  primates.	
  Land	
  et	
  al	
  have	
  demonstrated	
  this	
  in	
  a	
  

previous	
  study	
  where	
  a	
  decrease	
  in	
  huA3B	
  protein	
  in	
  the	
  presence	
  of	
  increasing	
  

amounts	
  of	
  SIVmac239	
  Vif	
  was	
  observed(18).	
  

The	
  mutations	
  caused	
  by	
  enzymes	
  from	
  the	
  APOBEC3	
  family	
  are	
  considered	
  

to	
  be	
  part	
  of	
  a	
  defense	
  system	
  against	
  viral	
  infections.	
  Viruses	
  have	
  been	
  determined	
  

to	
  cause	
  cancer	
  by	
  disrupting	
  cell	
  behavior	
  (DNA	
  damage,	
  mutation	
  in	
  DNA,	
  affect	
  

on	
  cell	
  regulation).	
  APOBEC3	
  enzymes	
  may	
  view	
  the	
  abnormality	
  in	
  cancer	
  DNA	
  as	
  a	
  

viral	
  infection	
  and	
  develop	
  a	
  defense	
  system	
  against	
  cancer	
  cells.	
  The	
  human	
  A3B	
  

enzyme	
  deaminates	
  cytosine	
  to	
  uracil	
  in	
  the	
  genome	
  of	
  many	
  type	
  of	
  cancers	
  (17).	
  

This	
  deamination	
  is	
  thought	
  to	
  cause	
  those	
  cancer	
  types	
  to	
  be	
  resistance	
  to	
  therapy	
  

(11).	
  	
  In	
  order	
  to	
  investigate	
  how	
  to	
  halt	
  this	
  resistance	
  of	
  the	
  affected	
  cancer	
  cells	
  

my	
  thesis	
  focused	
  on	
  identifying	
  the	
  determinants	
  of	
  the	
  interaction	
  between	
  

SIVmac239	
  Vif	
  and	
  huA3B.	
  This	
  study	
  revealed	
  regions	
  of	
  huA3B	
  that	
  may	
  be	
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important	
  for	
  interaction,	
  which	
  is	
  a	
  positive	
  step	
  into	
  fulfilling	
  the	
  ultimate	
  goal	
  of	
  

developing	
  a	
  therapy	
  to	
  degrade	
  overexpressed	
  huA3B.	
  	
  

I	
  had	
  hypothesized	
  that	
  the	
  region	
  of	
  huA3B	
  analogous	
  to	
  the	
  region	
  of	
  

huA3F	
  that	
  interacts	
  with	
  HIV-­‐1,	
  which	
  I	
  determined	
  by	
  sequence	
  alignment	
  to	
  be	
  

the	
  α4,	
  5,	
  and	
  6	
  helices,	
  was	
  the	
  region	
  that	
  would	
  interact	
  with	
  SIVmac239	
  Vif.	
  I	
  

first	
  designed	
  huA3B	
  and	
  rhA3F	
  expression	
  constructs	
  in	
  identical	
  vector	
  backbones	
  

with	
  the	
  same	
  epitope	
  tag.	
  This	
  experiment	
  allowed	
  the	
  insertion	
  of	
  5’ACC	
  

nucleotides	
  using	
  different	
  pairs	
  of	
  primers	
  for	
  each	
  plasmid	
  in	
  order	
  to	
  create	
  a	
  

SacII	
  site	
  downstream	
  of	
  each	
  open	
  reading	
  frame	
  (huA3B	
  or	
  rhA3F)	
  but	
  upstream	
  

of	
  the	
  epitope	
  tag.	
  Neither	
  plasmid	
  initially	
  contained	
  a	
  recognition	
  site	
  for	
  the	
  SacII	
  

restriction	
  enzyme;	
  therefore,	
  creating	
  the	
  SacII	
  site	
  allowed	
  the	
  enzyme	
  to	
  cut	
  both	
  

plasmids	
  only	
  once.	
  Both	
  plasmids	
  initially	
  contained	
  a	
  single	
  recognition	
  site	
  for	
  

the	
  HindIII	
  restriction	
  enzyme	
  upstream	
  of	
  the	
  open	
  reading	
  frames.	
  The	
  purpose	
  

for	
  creating	
  a	
  SacII	
  site	
  was	
  to	
  cut	
  the	
  APOBEC3	
  genes	
  from	
  their	
  vector	
  backbones,	
  

and	
  ligate	
  the	
  rhA3F	
  open	
  reading	
  frame	
  to	
  huA3B	
  vector	
  backbone;	
  resulting	
  in	
  

both	
  huA3B	
  and	
  rhA3F	
  having	
  pcDNA3.1-­‐3xHA	
  as	
  their	
  vector	
  backbone.	
  This	
  

ultimately	
  allowed	
  both	
  constructs	
  to	
  be	
  probed	
  using	
  the	
  same	
  antibody	
  during	
  our	
  

immunoblot.	
  	
  

Once	
  the	
  plasmids	
  were	
  successfully	
  created,	
  construction	
  of	
  huA3B	
  hybrid	
  

plasmids	
  was	
  initiated	
  using	
  primers	
  specifically	
  designed	
  for	
  the	
  substitution	
  of	
  

target	
  regions	
  of	
  huA3B	
  with	
  rhA3F.	
  These	
  target	
  regions,	
  the	
  sequences	
  of	
  huA3B	
  

analogous	
  to	
  those	
  of	
  rhA3F	
  that	
  interact	
  with	
  HIV-­‐1,	
  were	
  carefully	
  predicted	
  from	
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the	
  sequence	
  alignment	
  of	
  huA3B	
  and	
  rhA3F	
  so	
  as	
  to	
  not	
  disrupting	
  protein	
  folding	
  

when	
  substituted.	
  The	
  hybrid	
  plasmids	
  were	
  screened	
  on	
  an	
  agarose	
  gel	
  by	
  

restriction	
  digest,	
  and	
  sequenced	
  to	
  ensure	
  that	
  there	
  was	
  no	
  additional	
  change	
  in	
  

nucleotides	
  sequence	
  besides	
  the	
  substituted	
  regions.	
  

Lastly,	
  transfection	
  experiments	
  were	
  designed	
  to	
  test	
  the	
  interaction	
  of	
  all	
  

the	
  A3	
  proteins	
  with	
  SIVmac239	
  Vif.	
  	
  

Figure	
  16A	
  demonstrates	
  that	
  SIVmac239	
  Vif	
  mediated	
  the	
  degradation	
  of	
  

both	
  huA3B	
  and	
  rhA3F.	
  These	
  results	
  were	
  determined	
  as	
  robust	
  A3	
  expression	
  was	
  

observed	
  in	
  the	
  absence	
  of	
  Vif,	
  while	
  A3	
  protein	
  levels	
  increased	
  with	
  increasing	
  

level	
  of	
  SIVmac239	
  Vif,	
  but	
  not	
  higher	
  than	
  the	
  level	
  of	
  A3	
  in	
  the	
  absence	
  of	
  Vif.	
  

These	
  results	
  illustrate	
  the	
  degradation	
  of	
  A3B	
  in	
  the	
  presence	
  of	
  SIVmac239	
  Vif,	
  

which	
  are	
  in	
  agreement	
  with	
  Land	
  et	
  al(18).	
  However,	
  although	
  a	
  low	
  level	
  of	
  Vif	
  

mediates	
  huA3B	
  degradation;	
  higher	
  levels	
  of	
  Vif	
  do	
  not	
  show	
  increased	
  

degradation.	
  Interestingly,	
  my	
  results	
  indicated	
  that	
  rhA3F	
  was	
  also	
  sensitive	
  to	
  

degradation	
  mediated	
  by	
  SIVmac239	
  Vif.	
  This	
  is	
  in	
  contrast	
  to	
  the	
  results	
  observed	
  

in	
  the	
  study	
  conducted	
  by	
  Virgen	
  et	
  al	
  (24).	
  Additionally,	
  an	
  increase	
  in	
  rhA3F	
  with	
  

increasing	
  concentration	
  of	
  SIVmac239	
  Vif	
  was	
  observed.	
  Possible	
  explanations	
  for	
  

rhA3F	
  degradation	
  result	
  include	
  the	
  difference	
  in	
  the	
  experimental	
  methods	
  for	
  

transfection.	
  In	
  Virgen	
  et	
  al	
  293T	
  cells	
  were	
  transfected	
  with	
  a	
  fixed	
  amount	
  of	
  

SIVmac239	
  Vif	
  (150ng)	
  and	
  an	
  increasing	
  amount	
  of	
  rhA3F	
  (75,	
  150,	
  300ng),	
  while	
  

in	
  my	
  study	
  I	
  transfected	
  293T	
  cells	
  with	
  higher	
  amount	
  of	
  SIVmac239	
  Vif	
  (0,	
  200,	
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400,	
  600,	
  and1000ng)	
  relative	
  to	
  a	
  fixed	
  amount	
  of	
  rhA3F	
  (200ng);	
  therefore,	
  

degradation	
  may	
  only	
  be	
  observed	
  at	
  specific	
  rhA3F:	
  Vif	
  ratios.	
  

Figure	
  16B	
  illustrates	
  that	
  SIVmac239	
  Vif	
  did	
  not	
  interact	
  with	
  huA3B-­‐rhA3F	
  

α4,	
  while	
  huA3B-­‐rhA3F	
  α3,	
  α4	
  interacted	
  with	
  SIVmac239	
  Vif.	
  The	
  results	
  from	
  the	
  

immunoblot	
  showed	
  that	
  both	
  huA3B-­‐rhA3F	
  α4	
  and	
  huA3B-­‐rhA3F	
  α3,	
  α4	
  hybrids	
  

had	
  robust	
  protein	
  expression	
  in	
  the	
  absence	
  of	
  SIVmac239	
  Vif.	
  The	
  result	
  from	
  the	
  

immunoblot	
  revealed	
  that	
  huA3B-­‐rhA3F	
  with	
  α3,	
  α4	
  hybrid	
  was	
  only	
  partially	
  

degraded	
  in	
  the	
  presence	
  of	
  SIVmac239	
  Vif	
  as	
  opposed	
  to	
  no	
  Vif.	
  RhA3F	
  α3,	
  α4	
  is	
  

homologous	
  to	
  huA3B	
  α4,	
  α5,	
  and	
  α6,	
  suggesting	
  that	
  this	
  region	
  may	
  be	
  important	
  

for	
  SIVmac239	
  Vif	
  binding	
  to	
  huA3B.	
  HuA3B-­‐rhA3F	
  with	
  α4	
  hybrid	
  did	
  not	
  get	
  

degraded	
  in	
  the	
  presence	
  or	
  absence	
  of	
  SIVmac239	
  Vif.	
  RhA3F	
  α4	
  is	
  homologous	
  to	
  

huA3B	
  α6,	
  suggesting	
  that	
  this	
  region	
  alone	
  may	
  be	
  important	
  for	
  SIVmac239	
  Vif	
  

binding	
  to	
  huA3B.	
  Overall,	
  these	
  results	
  suggest	
  that	
  the	
  region	
  from	
  residue	
  289-­‐

299	
  of	
  huA3B	
  that	
  corresponds	
  to	
  α	
  helix	
  6	
  may	
  be	
  major	
  determinant	
  of	
  the	
  

interaction	
  with	
  SIVmac239	
  Vif.	
  	
  

Additionally,	
  the	
  quantification	
  of	
  A3	
  data	
  for	
  all	
  immunoblots	
  revealed	
  an	
  

increase	
  in	
  all	
  A3	
  protein	
  levels	
  with	
  increasing	
  level	
  of	
  SIVmac239	
  Vif.	
  A	
  possible	
  

explanation	
  is	
  that	
  the	
  viral	
  protein	
  SIVmac239	
  Vif	
  increased	
  in	
  toxicity	
  with	
  

increasing	
  concentration.	
  This	
  increased	
  toxicity	
  may	
  have	
  affected	
  cell	
  viability	
  and	
  

possibly	
  A3	
  stability	
  during	
  transfection.	
  However,	
  further	
  studies	
  would	
  be	
  needed	
  

to	
  verify	
  this	
  conclusion.	
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In	
  Wang	
  et	
  al;	
  additional	
  amino	
  acids	
  residues	
  important	
  for	
  the	
  interaction	
  

between	
  SIVmac239	
  Vif	
  and	
  huA3B	
  have	
  been	
  determined	
  (26).	
  The	
  study	
  revealed	
  

that	
  the	
  substitution	
  of	
  amino	
  acids	
  121RLYYYW127	
  in	
  the	
  N	
  terminal	
  domain	
  with	
  

alanine	
  residues	
  decreased	
  the	
  degradation	
  of	
  huA3B	
  by	
  SIVmac239	
  Vif	
  (26).	
  It	
  

would	
  be	
  informative	
  to	
  combine	
  the	
  α6	
  (289-­‐299)	
  residue	
  substitution	
  in	
  this	
  

study	
  with	
  the	
  121-­‐127	
  residue	
  substitutions	
  from	
  Wang	
  et	
  al	
  and	
  determine	
  if	
  the	
  

regions	
  work	
  together	
  to	
  mediate	
  interaction	
  with	
  SIVmac239	
  Vif.	
  

It	
  is	
  important	
  to	
  understand	
  the	
  molecular	
  basis	
  of	
  the	
  interaction	
  between	
  

SIVmac239	
  Vif-­‐human	
  A3B	
  in	
  order	
  to	
  develop	
  novel	
  cancer	
  therapies	
  to	
  neutralize	
  

the	
  effect	
  of	
  huA3B	
  in	
  cancer	
  evolution.	
  This	
  study	
  exploring	
  the	
  site	
  of	
  interaction	
  

between	
  SIVmac239	
  Vif	
  and	
  huA3B	
  is	
  one	
  step	
  closer	
  to	
  identifying	
  huA3B	
  

interacting	
  surface	
  of	
  SIVmac239	
  Vif.	
  This	
  research	
  revealed	
  the	
  regions	
  of	
  huA3B	
  

that	
  may	
  be	
  important	
  for	
  interacting	
  with	
  SIVmac239	
  Vif.	
  This	
  information	
  can	
  be	
  

used	
  in	
  future	
  studies	
  focused	
  on	
  the	
  neutralization	
  of	
  APOBEC3	
  by	
  SIVmac239	
  Vif.	
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Appendix:	
  

Table	
  I:	
  Primers	
  used	
  for	
  this	
  project	
  
	
  

Primer	
  Name	
   Primer	
  Sequence	
   Primer	
  Purpose	
  

	
  1.	
  SacII	
  sites	
  in	
  
huA3B	
  Forward	
  

ACCGCGGCTACCCATACGATG	
  
	
  

Primer	
  pair	
  used	
  to	
  create	
  and	
  
amplify	
  a	
  restriction	
  site	
  for	
  SacII	
  
in	
  pcDNA3.1-­‐huA3B-­‐3xHA	
  (huA3B	
  
original	
  plasmid)	
  

	
  2.	
  SacII	
  sites	
  in	
  
huA3B	
  Reverse	
  

CCTCGACTCCCTCGACGT	
  
	
  

	
  3.	
  SacII	
  sites	
  in	
  
rhA3F	
  Forward	
  

ACCGCGGCGGTAAGCCTATCC	
  
	
  

Primer	
  pair	
  used	
  to	
  create	
  and	
  
amplify	
  a	
  restriction	
  site	
  for	
  SacII	
  
in	
  pcDNA3.1-­‐rhA3F-­‐V5	
  (rhA3F	
  
original	
  plasmid)	
  

	
  4.	
  SacII	
  sites	
  in	
  
rhA3F	
  Reverse	
  

CCTCGACTCCCTCGACTC	
  
	
  

5.	
  Forward	
  primer	
  
α3	
  (A3F)	
  in	
  A3B	
  

GACATATTGGACCCGGCCCAGATCTA
CAGGGTCACTTGGTTCATCTCCTGGA
GCCCCTG	
  

Primer	
  pair	
  used	
  to	
  substitute	
  α3	
  
helix	
  from	
  pcDNA3.1-­‐rhA3F-­‐3xHA	
  
with	
  α4,5	
  helices	
  of	
  pcDNA3.1-­‐
huA3B-­‐3xHA	
  	
  

6.	
  Reverse	
  primer	
  
α3	
  (A3F)	
  in	
  A3B	
  

CTCGCAGAACCAGGAGAGGAAGCACC
TTTCTGCATGGCGGCCGTAAAAGCCA
CAGAGAAGATTCTTAG	
  

7.	
  Forward	
  primer	
  
α4	
  (A3F)	
  in	
  A3B	
  

GTGGCCGAGTTCCTGGCCAGGCACAG
TAATGTGAGACTGCGCATCTTCGCTG
CC	
  

Primer	
  pair	
  used	
  to	
  substitute	
  α4	
  
helix	
  from	
  pcDNA3.1-­‐rhA3F-­‐3xHA	
  
with	
  α6	
  helix	
  of	
  pcDNA3.1-­‐huA3B-­‐
3xHA	
  	
  

8.	
  Reverse	
  primer	
  
α4	
  (A3F)	
  in	
  A3B	
  

CTCCCCTGCACAATCTAGGCAGGGGC
TCCAGGAGATGAACCAAGTGACCCTG
TAGATCTG	
  

9.	
  Forward	
  primer	
  
α4,	
  5	
  (A3B)	
  in	
  A3F	
  

CAGCTGTCTCCTAACACAGACTACCG
GGTCACCTGGTACACATCTTGGAGCC
CTTG	
  

Primer	
  pair	
  used	
  to	
  substitute	
  α4,5	
  
helices	
  from	
  pcDNA3.1-­‐huA3B-­‐
3xHA	
  with	
  α3	
  helix	
  of	
  pcDNA3.1-­‐
rhA3F-­‐3xHA	
  	
  

10.	
  Reverse	
  primer	
  
α4,5	
  (A3B)	
  in	
  A3F	
  

CAAAGAAGGAACCAGGTCCAAGAAGC
GCAGCTCCGCATGACAACGGCTCTCA
GGATC	
  

11.	
  Forward	
  primer	
  
α6	
  (A3B)	
  in	
  A3F	
  

GAAGTGCGTGCGTTCCTTCAGGAGAA
CACACACGTGAAGCTCGCCATCTTTG
CTGCC	
  

Primer	
  pair	
  used	
  to	
  substitute	
  α6	
  
helix	
  from	
  pcDNA3.1-­‐huA3B-­‐3xHA	
  
with	
  α4	
  helix	
  of	
  pcDNA3.1-­‐rhA3F-­‐
3xHA	
  	
  

12.	
  Reverse	
  primer	
  
α6	
  (A3B)	
  in	
  A3F	
  

CCCGGCACAGCCCCAGGAGAAGCAAG
GGCTCCAAGATGTGTACCAGGTGACC
CGGTAG	
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Table	
  II:	
  Plasmids	
  used	
  for	
  this	
  project	
  
	
  
pAL	
  #	
  (Allison	
  
Land	
  plasmid	
  #)	
  

Plasmid	
  Name	
   Plasmid	
  
Identity/Function	
  

pAL008	
   pcDNA3.1-­‐huA3Bi-­‐3xHA	
  
RSH2705	
  

Parent	
  huA3B	
  utilized	
  to	
  
create	
  SacII	
  site	
  and	
  
produce	
  pAL029	
  

pAL012	
   pcDNA3.1-­‐rhA3F-­‐V5	
   Parent	
  rhA3F	
  utilized	
  to	
  
create	
  SacII	
  site	
  and	
  
produce	
  pAL028	
  

pAL028	
   pcDNA3.1-­‐rhA3F-­‐V5+SacII	
   RhA3F	
  plasmid	
  utilized	
  to	
  
produce	
  pAL030	
  

pAL029	
   pcDNA3.1-­‐huA3Bi-­‐3xHA	
  
RSH2705+SacII	
  

Plasmid	
  utilized	
  to	
  
produce	
  hybrids	
  of	
  huA3B	
  

pAL030	
   pcDNA3.1-­‐rhA3F-­‐3xHA	
  
RSH2705+SacII	
  

Plasmid	
  utilized	
  to	
  
produce	
  hybrids	
  of	
  rhA3F	
  

pAL043	
   pcDNA3.1-­‐huA3Bi-­‐3xHA	
  
RSH2705+SacII+α3	
  (A3F)	
  

Hybrid	
  huA3B	
  plasmid	
  
with	
  rhA3F	
  α3	
  swap-­‐in	
  

pAL040	
   pcDNA3.1-­‐rhA3F-­‐3xHA	
  
RSH2705+SacII+α4,5	
  (A3B)	
  

Hybrid	
  rhA3F	
  plasmid	
  
with	
  huA3B	
  α4,	
  5	
  swap-­‐in	
  

pAL038	
   pcDNA3.1-­‐huA3Bi-­‐3xHA	
  
RSH2705+SacII+α4	
  (A3F)	
  

Hybrid	
  huA3B	
  plasmid	
  
with	
  rhA3F	
  α4	
  swap-­‐in	
  

pAL039	
   pcDNA3.1-­‐rhA3F-­‐3xHA	
  
RSH2705+SacII+α6	
  (A3B)	
  

Hybrid	
  rhA3F	
  plasmid	
  
with	
  huA3B	
  α6	
  swap-­‐in	
  

pAL041	
   pcDNA3.1-­‐huA3Bi-­‐3xHA	
  
RSH2705+SacII+α3,4	
  (A3F)	
  

Hybrid	
  huA3B	
  plasmid	
  
with	
  rhA3F	
  α3,	
  4	
  swap-­‐in	
  

pAL042	
   pcDNA3.1-­‐rhA3F-­‐3xHA	
  
RSH2705+SacII+α4,5,6	
  
(A3B)	
  

Hybrid	
  rhA3F	
  plasmid	
  
with	
  huA3B	
  α4,	
  5,	
  6	
  swap-­‐
in	
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Table	
  III:	
  Transfection	
  Samples	
  Set-­‐Up	
  for	
  this	
  project	
  
	
  

Well	
   Vif	
   Vif	
  (ng)	
   A3	
   A3	
  (ng)	
   Vector	
  
(ng)	
  

Total	
  (ng)	
  

1	
   none	
   0	
   none	
   0	
   1400	
   1400	
  
2	
   SIV	
  mac	
   400	
   none	
   0	
   1000	
   1400	
  
3	
   SIV	
  mac	
   800	
   none	
   0	
   600	
   1400	
  
4	
   SIV	
  mac	
   1200	
   none	
   0	
   200	
   1400	
  
5	
   none	
   0	
   huA3B	
   200	
   1200	
   1400	
  
6	
   SIV	
  mac	
   400	
   huA3B	
   200	
   800	
   1400	
  
7	
   SIV	
  mac	
   800	
   huA3B	
  	
   200	
   400	
   1400	
  
8	
   SIV	
  mac	
   1200	
   huA3B	
   200	
   0	
   1400	
  
9	
   none	
   0	
   huA3B	
  α4	
  	
   200	
   1200	
   1400	
  
10	
   SIV	
  mac	
   400	
   huA3B	
  α4	
  	
   200	
   800	
   1400	
  
11	
   SIV	
  mac	
   800	
   huA3B	
  α4	
  	
   200	
   400	
   1400	
  
12	
   SIV	
  mac	
   1200	
   huA3B	
  α4	
  	
   200	
   0	
   1400	
  
13	
   none	
   0	
   huA3B	
  α3	
   200	
   1200	
   1400	
  
14	
   SIV	
  mac	
   400	
   huA3B	
  α3	
   200	
   800	
   1400	
  
15	
   SIV	
  mac	
   800	
   huA3B	
  α3	
   200	
   400	
   1400	
  
16	
   SIV	
  mac	
   1200	
   huA3B	
  α3	
   200	
   0	
   1400	
  
17	
   none	
   0	
   huA3B	
  α3,	
  4	
   200	
   1200	
   1400	
  
18	
   SIV	
  mac	
   400	
   huA3B	
  α3,	
  4	
   200	
   800	
   1400	
  
19	
   SIV	
  mac	
   800	
   huA3B	
  α3,	
  4	
   200	
   400	
   1400	
  
20	
   SIV	
  mac	
   1200	
   huA3B	
  α3,	
  4	
   200	
   0	
   1400	
  
21	
   none	
   0	
   rhA3F	
   200	
   1200	
   1400	
  
22	
   SIV	
  mac	
   400	
   rhA3F	
   200	
   800	
   1400	
  
23	
   SIV	
  mac	
   800	
   rhA3F	
   200	
   400	
   1400	
  
24	
   SIV	
  mac	
   1200	
   rhA3F	
   200	
   0	
   1400	
  
25	
   none	
   0	
   rhA3F	
  α4,5	
   200	
   1200	
   1400	
  
26	
   SIV	
  mac	
   400	
   rhA3F	
  α4,5	
   200	
   800	
   1400	
  
27	
   SIV	
  mac	
   800	
   rhA3F	
  α4,5	
   200	
   400	
   1400	
  
28	
   SIV	
  mac	
   1200	
   rhA3F	
  α4,5	
   200	
   0	
   1400	
  
29	
   none	
   0	
   rhA3F	
  α6	
   200	
   1200	
   1400	
  
30	
   SIV	
  mac	
   400	
   rhA3F	
  α6	
   200	
   800	
   1400	
  
31	
   SIV	
  mac	
   800	
   rhA3F	
  α6	
   200	
   400	
   1400	
  
32	
   SIV	
  mac	
   1200	
   rhA3F	
  α6	
   200	
   0	
   1400	
  
33	
   none	
  	
   0	
   rhA3F	
  α4,5,6	
   200	
   1200	
   1400	
  
34	
   SIV	
  mac	
   400	
   rhA3F	
  α4,5,6	
   200	
   800	
   1400	
  
35	
   SIV	
  mac	
   800	
   rhA3F	
  α4,5,6	
   200	
   400	
   1400	
  
36	
   SIV	
  mac	
   1200	
   rhA3F	
  α4,5,6	
   200	
   0	
   1400	
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