
Sequence Control



Questions

• How is monomer sequence controlled in DNA and protein 

biosynthesis?

• What are factors that limit control over mononer sequence in 

conventional chain and step polymerization reactions ? 

• What are limitations of the approaches towards sequence controlled 

addition and condensation polymers that have been described in the 

articles you have studied ? 



Ribonuclease A: molecular weight = 13 690,29 gr/mol

124 amino acids (degree of polymerization = 124) 

(Anal. Chem. 1990, 62, 1836)

Biological Polymers

Proteins: Perfect control of chain length and sequence

Đ = 1.0



DNA Replication
- Unwinding of DNA helices from the nucleosome

- Untwisting of the DNA double helix (helicase)

- Each single strand acts as a template for a new strand

- Leading strand (5‘ → 3‘; DNA polymerase)

- Lagging strand (Fragment condensation; DNA ligase)

- DNA replication is semiconservative

(one „old“ and one „new“ strand)

http://www.ncbi.nlm.nih.gov/books/bookres.fcgi/mcb/ch12anim1.mov



Protein Biosynthesis



Information Transfer

During Protein Biosynthesis

DNA

RNA

DNA

(T replaced by U)



Synthetic Polymers are Mixtures!

• Due to statistical variations in the polymerization process, polymers even in

their purest form, are usually mixtures of molecules of different molecular

weights

• Both the average molecular weight and the molecular weight distribution are

needed to fully characterize a polymer

(Anal. Chem. 1990, 62, 1836)

Ribonuclease A: Polystyrene (Mn = 9000 Da):

(Acta Polymer. 1998, 49, 272)

MALDI TOF mass spectra of a natural polymer (protein) vs. that of a synthetic polymer

Chain length heterogeneity: 



Step copolymerization

• Polymerization is usually carried out to 100 % conversion

• Most step polymerizations are equilibrium reactions, i.e. the initially
obtained copolymer composition is rapidly changed by equilibration
(„chain scrambling“)

Copolymer composition = composition of the monomer feed

„random“ copolymer, i.e. purely statistical comonomer sequence

The situation, however, can be different for chain copolymerization

• Copolymer composition and comonomer sequence depend on the
relative concentrations of both monomers and their relative reactivities

Copolymer composition

Comonomer sequence

Relative monomer concentrations

Relative reactivities

This implies that analysis of copolymer composition
can provide information about monomer reactivity

Monomer sequence distribution in copolymerizations: 



Improving Control over Sequence

• Solid phase peptide synthesis

• Addition polymers

• Condensation polymers 



Solid Phase Peptide Synthesis

Chemspeed PSW1100 Peptide Synthesizer
R. B. Merrifield, J. Am. Chem. Soc. 1963, 85, 2149

Nobel Prize in Chemistry 1984

☺ Perfect control of monomer sequence

(primary structure) 

☹ Multistep synthesis

☺ Uniform chain lengths

☹ Limited molecular weight

(total yield = [yield per step]n)

Automated solid phase

peptide synthesis



Addition Polymers



Would this also work

with conventional

free radical polymerization ?



Why Styrene and Maleimides ?



Monomer reactivity ratios: r1 = k11/k12 and r2 = k22/k21

Alternating copolymerization: r1r2 = 0 (r1, r2 < 1)

• Extreme alternating behavior: r1 and r2 are zero and 

The copolymer has a perfect alternating structure irrespective of the
comonomer feed composition

• Moderate alternating behavior occurs when:
(i) both r1 and r2 are small (r1r2 very small, close to 0)
(ii) one r value is small and the other is zero (r1r2 = 0)

The copolymer tends towards alternation but is not perfectly alternating

Monomer Reactivity Ratios

and Copolymerization Behavior



Synthesis of Sequence Controlled

St/Ml Copolymers





Condensation Polymers



Iterative Synthesis

See also:

Solid phase peptide

synthesis





Sequence Specific Polyesters
Monomer / Segmer synthesis

Polymerization





Monomer Sequence Matters !



• Understand the mechanistic principles that underlie protein and DNA 

biosynthesis.

• Understand the limitations of conventional step and chain 

polymerizations in terms of controlling monomer sequence.

• Be familiar with two basic strategies that provide enhanced control 

over monomer sequence in synthetic polymers

Learning Objectives


