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Organ iz at ion

• DNA Com p u t in g

• Pep t id e Com p u t in g

• Prop osed  Mod el

• Ad d it ion  Algor ith m

• Su bt ract ion  Algor ith m

• Discu ss ion
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DNA Com p u t in g

• Uses  DNA s t ran d s  an d  Watson -
Crick Com p lem en tar ity as  
op erat ion

• High ly non- d eterm inist ic
• Mass ive p a ra lle lism
• Solves  NP- Com p lete Prob lem s  

qu ite efficien t ly



TCS Lab, IITM

Pep t id e Com p u t in g

• Uses  p ep t id es  an d  an t ibod ies
• Op erat ion  – b in d in g of 

an t ibod ies  to  ep itop es  in  
p ep t id es

• Ep itop e  – Th e s it e in  p ep t id e 
recogn iz ed  by an t ibod y

• High ly non- d eterm inist ic
• Mass ive p a ra lle lism
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Pep t id e Com p u t in g
Con td ..

• Pep t id es  – sequ en ce of am in o 
acid s

• Twen ty am in o acid s . 

   Exam p le – Glycin e, Valin e

• Con n ected  by covalen t  bon d s
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Pep t id e Com p u t in g
Con td ..

• An t ibod ies  recogn iz es  ep itop es  
by b in d in g to  it

• Bin d in g of an t ibod ies  to  
ep itop es  h as  as sociated  p ower  
called  a ffinity   

• High er  p r ior ity to  th e an t ibod y 
with  larger  affin ity p ower
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Com p u t in g
 DNA Vs  Pep t id e

• Four bu ild ing blocks
• Ad enine (A), 

Guanine(G), Cytosine 
(C), Th iam ine (T)   

• Only one reverse 
com plem ent  – 
Watson- Crick 
Com plem ent

• Com plem ent  (A) =  T 
and  Com plem ent  (G) 
=  C 

• Twenty bu ild ing 
blocks  (20 am ino 
acid s)

• Exam ple: Glycine, 
Valine

• Differen t  an t ibod ies  
can  recogniz e 
d ifferen t  ep itopes

• Bind ing affin ity of 
an t ibod ies  can  be 
d ifferen t
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Prop osed  Mod el

• Con s is t s  of a  p ep t id e an d  set  of 
an t ibod ies

• Pep t id e sequ en ce h as  n  p os it ion  
sp ecific ep itop es

• Ep itop es  ep i = y i x i z i, y i an d  z i a re 
sw itch in g epitopes for  th e ith  bit . 
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y4 x 4 z4 y0 x 0 z0

Peptide  Sequence  for a 5 - bit num ber
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An t ibod ies

• A = {A0, A1, …, An- 1}

• B = {B0, B1, …, Bn- 1}

• TAB = {TAB0, TAB1, …, TAB(n- 1)}

• TBA = {TBA0, TBA1, …, TBA(n- 1)}
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Bin d in g Sites

For Ai

yix i

x i

yix i >  x i

For Bi

x iz i

x i

x iz i >  x i

TABi yiTBAiZi
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Affin ity

• af f (T ABi) >  af f (A i)

• af f (T BAi) >  af f (Bi)

• af f (T ABi) =  af f (T BAi)
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Wh at  it  d en otes?

• Ai – d en otes  ith b it  is  z ero

• Bi – d en otes  ith b it  is  on e

• TABi – u sed  to  switch  ith b it  from  z ero 
to  on e

• TBAi – u sed  to  switch  ith b it  from  on e 
to  z ero
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Rep resen tat ion  of Bin ary 
Nu m bers

• If th e ith  bit  is  0  th en  th e an t ibod y Ai 

is  bou n d ed  to  th e ep itop e y ix i

• If th e ith  bit  is  1  th en  th e an t ibod y Bi 

is  bou n d ed  to  th e ep itop e x iz i
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Exam p le

10101

B4 A3 B2 A1 B0
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Ad d it ion  of Two Bin ary Nu m bers

A = a n- 1a n- 2 …a 0 B = bn- 1b n- 2 …b0

C = cn cn- 1cn- 2 …c0
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0114

1013

1102

0001

c ib ia i

XOR
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Ad d it ion  (Con td ..)

• Firs t  s tep  – gu ess in g equ ivalen t  to  
XOR gate.

• Th e b it  cn is  in it ia liz ed  to  z ero .

• Carry p rop agat ion .
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Ad d it ion  (Con td ..)

• Carry occurs  on ly when  both  the bit s  a i 

and  b i are 1.

• Carry is  p ropagated  to the left  un t il both  
the bit s  a j and  b j(j >  i) are 0.

• If no such  j exis t s  then  p ropagat ion  s tops  
m aking n th bit  1 .

• j.j- 1….i+ 1 is  called  the carry block.
• For each  carry block j.j- 1….i+ 1 invert  the 

d igit s  ck  (i+ 1 ≤ k ≤ j)
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Algor ith m

1. Ad d  an t ibod ies  Ai where a i =  0 and  b i =  0 or  a i 

=  1 and  b i =  1.

2. Ad d  an t ibod ies  Bi where a i =  0 and  b i =  1 or  a i 

=  1 and  b i =  0.

3. For all carry block jkjk- 1…ik+ 1 d o the following 
in  p arallel. For ik + 1 ≤ s  ≤ jk

a) Ad d  an t ibod ies  TABs, 

b) Ad d  an t ibod ies  Bs, 

c) Ad d  an t ibod ies  TBAs, and

d)  Ad d  an t ibod ies  As.
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Exam p le

A5 A4 A3 B2 A1
B0

000101
1011
0 

1001
1

+
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Exam p le (Con td ..)

B5 A4 B3 B2 A1
B0

101101
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Exam p le (Con td ..)

B5 A4 B3 A2 A1
B0

101001
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Algor ith m

1. XOR(A,B,C)

2. BlockIn vers ion (I1,I2,…Ik,C) wh ere Ij 

are car ry b locks  an d  k is  th e 
n u m ber  of car ry b locks .

ADD(A,B,C)
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Algor ith m  -  Sam e(C)

1. Ad d  excess  of ep itop es  y i 

2. Ad d  an t ibod ies  Ai

3. Ad d  excess  of ep t iop es  z i

4. Ad d  an t ibod ies  Bi

To get the peptide sequence with 
ant ibodies in workable form
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Algor ith m  -  Su bt ract ion

• BlockIn vers ion (I1,, B, B’) wh ere I1  =  

    n - 1…0

• ADD(B’, ONE, B’’) wh ere

    ONE =  a n- 1a n- 2…a 11, a i =  0

• ADD(A, B’’, C)

• In ver t toz ero(C,n )

SUB(A,B,C)
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Algor ith m  – In ver t toz ero

• Sam e(C)

• Ad d  an t ibod y TABi

• Ad d  an t ibod y Ai

Invert tozero(C,i)
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Discu ss ion

• To ext ract  num bers  from  th is  sys tem
NMR can  be used  or
X- ray crystallograp hy

• Lim itat ions
Obtain ing m onoclonal an t ibod ies
Manual p rocess

• Im p lem entat ion  ?
• Universal operat ions  ?
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“They were built  by 3 billion years of 
evolut ion, and we’re just beginning to tap 
their potent ial to serve non- biological 
purposes. Nature has given us an incredible 
toolbox, and we’re start ing to explore what 
we might build” Leonard Adleman


