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Physicochemical complementarity
one of the most powerful paradigms in biology
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messenger RNA-protein relationship:
the cornerstone of molecular biology

linked by the universal genetic code
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What is the affinity of amino acids for pyrimidines?

~ Carl Woese
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THE CENTRAL FINDING
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A statistically robust finding of universal validity

genetic code shuffling

p-value < 10-6
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What about natural bases and,

e 3D structures of ~¥300 protein-RNA complexes

free energy proxies from

contact statistics:
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in particular, purines?

HutP, 3BOY ( protein / RNA )
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G-preference scale

0.35-0.31-0.24-0.21-0.17-0.09-0.05 -0.04 0.12 0.16 0.21 0.230.26 0.29 0.36 0.37 0.38 0.45.
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PUR-preference scale
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PYR-preference scale
*in units of kT
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median R-values for profile matching distributions

mMRNA PYR-density

Gprotein
Aprotein
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Uprotein
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MRNA PYR-density vs. protein PYR-affinity
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An important exception:
ADE-preferring amino acids tend to be encoded by PYR-rich stretches and vice versa
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Hypotheses

60S ribosomal protein L6 (Q02878) R = -0.93
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stereochemical hypothesis
(Woese CR, 1965):
“coding from binding”

Hlevnjak, Polyansky & Zagrovic, NAR, 40, 2012; Polyansky & Zagrovic, NAR, 41, 2013; Polyansky AA, Hlevnjak M & Zagrovic B, RNA Biology,
10, 2013; Hajnic, Osorio & Zagrovic, NAR, 42, 2014; Hajnic, Osorio & Zagrovic, PCCP, 17, 2015; de Ruiter & Zagrovic, NAR, 43, 2015; Hlevnjak
& Zagrovic, NAR, 43, 2015; Bartonek & Zagrovic, PLOS CB, 13, 2017
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HLA class | histocompatibility antigen B-59 « chain

MRNA recoding vs. coghate matching
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Functional significance ?
e

Potentially relevant in many areas of RNA/protein biology:

* translation regulation
* viral capsid assembly
 structure of non-membrane-bound cellular compartments
e protein interactions with DNA, IncRNA etc.
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A case study: assembly of the MS2 bacteriophage
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Comparison against a 3.6 A cryo EM structure of MS2

- oo 1678 1,905 o
S 2 8 - =
. A Hsus »
S A-protein P Replicase —3
1 3,569
I
Genomic RNA (3.56 kb) 3,569

16 high-resolution RNA stem loops with capsid protein

2’ Minor
groove

protein

Low-pass filtered to 6 A

Dai et al. Nature, 541, 2017



Profile-based predictions match experimental locations of stem loops

RNA PYR content
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MRNA-PROTEIN COMPLEMENTARITY

:'? J\ messenger RNA
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Origin of the genetic code RNA-protein interactions
coding from binding? a novel mechanistic perspective
New paradigms? R
* translation regulation
* viral capsid assembly
e cellular networks...
,

OPEN CHALLENGES

geometry; AGs; functional significance; experimental testing
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