= % 3-@ !:&!kﬂa;lﬁﬂi%ﬁ*ﬂwf.ﬁﬁf

Biotechnology F Reses

EEEETSEOEE

H
20208E2H17H

Protein Engineering Group, Biotechnology Research Institute(BRI), CAAS



L o 2
Al 3 05 WA
B E TS (@) rmsunsmennrany
)J\ E BRI

Bacterium

© Plasmid Cell containing gene
| Isolated of interest
| )y "= @ DNA o
4 O isolated = |
Bacterial  Plasmid o m 'l:::lt:d " 8
chromosome - m
Recombinant DNA Gene of DNA
(Plasmid) interest

© Plasmid put into

Anticaling
bacterial cell

Recombinant
bacterium

)

(1 HTN)

6 Cell multiplies with

Copluofgcm % go Copln of protein
. @& €0

\Y} ?
\
I f cell o

Gene for pest ;l‘_ Clone of celle Protein used to E E E%H(]QEJF'Q
resistance <3 make snow
Inserted Into form at higher
plants O temperature

\

Gene used to alter bacteria Protein used to dissolve blood

for cleaning up toxic waste clots in heart attack therapy




g hE R F 2R E MR R
EEI*: Hgﬁﬁ * ™ Biotechnology Research Institute, CAAS
E 7buw5£

. FHAE
« KM= ;
iﬁ@ﬁ ;

e ARIRBEY |

e HES - 1° ZZAR3

. R I:;\ == o e

e BEREYE

- BTENE [ B8~ ]

R S TR WZ et o i S T s
BTl

NS TS

o ATER ! R

e EMEFL : \ - A S —

' roa J? . i:gﬁmwé

o ST Lo RAHE

R ; - RBERA |

Protein Engineering Group, Biotechnology Research Institute(BRI), CAAS



R RAEERI RIS : BB ARER

T P
S AT BB R B LB

© RARWAENS THR £ . ATHLBE RS R T
B ERRE A TR Pl —
. BERIUIER T - g,
%E}ﬁﬁg 310
TR =
N /\
o i,
SR g =
L, = e

SRSV ERSMEINBRGNHER, BT —RINEARSTHRRGE
ABOKEERIARREA14065, HEZBERMWHES, TRTREGFTRIRNGE



E e Wl F3 = R e
== = | il , =] B ) oo Resaren oA

ERESHRE = ELEE EMEEREZ

W 1 2 3 4 5 6 7 8 9 1
A B
62 [
430

310 =

-

bad| 010310 ;,'

Roedual scovey (N
8 8
3

SRENERR EREnE

REEFAIRIAME L FISE TR EEE R NEE T mEY KB
BEREHRAFFRE TR,

Protein Engineering Group, Biotechnology Research Institute(BRI), CAAS



=R aFiit A%

« E@iH#t (DNABEHZEEE)

®

RE R FREDRARH AR

Biotechnology Research Institute, CAAS

[Diraqted Evolution

IHEREL, FEH5ES. 2[R v T
8 5 ik ik =
- FHENEB S Fii S Eeesit

ERNEORNENRZ HEGR - rmer] |
PR FIAUE R A RN T o

. I F=— s
FrEE >t =) —_
Wit b AR RS W FRE G R PR il p—

ITRFVTARREALE, 2R = msm——
— AR R FFHYRREG R, |




2018LEiE /R FR  YIBRdE{(LRINE

THE NOBEL PRIZE
IN CHEMISTRY 2018

—
N
13§37
EPIfe

SWERTT:

[t

¢!
¢

LJ
WS

44(;
e
jhhd

George P. Sir Gregory P.

Arnold Smith Winter

“for the directed “for the phage display of peptides N
evolution and antibodies” o

2N

[
‘

(X4
W%

\

o

of enzymes”

THE ROYAL SWEDISH ACADEMY OF SCIENCES

\ \ N N L L ’ ',’¢
BT TE L S A T A T A 25 g@
%, SELEYMEL BREE, hEEEERE



UniProt release statistics

Number of entries in UniProtKB/Swiss-Prot over time
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Fig. 1 Sequence alignment of 12 WW domains across several species and parent proteins. In the consensus, a ‘-’ is a gap, whilst a ‘+ is an ambiguous position
with no consensus. The most conserved residues are highlighted.

The consensus design approach has been widely successful in improving the stabilities of

functional and non-functional proteins, for example increasing melting temperatures by 10—
32°C.

Porebski, et al (2016) Protein Eng Des Sel, 29, 245-251.



PSAP (§) paxemsmenmrnay
position-specific amino acid probabilities

1. Retrieve sequences

2. Sequence alignment

3. Weight sequences

4. Calculate the PSAP based on Dirichlet mixture.

5. Calculate the position entropy

Tian et al. BMC Bioinformatics. 2007
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0.0330.052 0.01 0.0650.0390.022 0.039 0.156 0.036 0.041 0.064 0.122 0.026 0.034 0.029 0.063 0.044 0.069 0.065 0.008 0.019 4368
0.103 0.196 0.009 0.026 0.036 0.021 0.069 0.018 0.043 0.093 0.072 0.057 0.027 0.032 0.047 0.073 0.062 0.04 0.0550.007 0.017 4368
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6mA Predictor Overview

Maching and desp laming approaches have been largely resporsitie for A recent paradigm shift in image and
natwal language processing, which are among the fundamental enablers of modern artificlal inelligence advances such
as facial recog: speech 9 and self-driving vehicles. These deepdearning methodologles have been
appiied 10 blology such as agriculture and genetics. Here, we first developed a deep leaming models trained with
previous eleased GmA data for predicting and memarnizing on Both the motifs and the functional evolulionary history of
GmA in rice, With these desp leaming of rained data, we tested EmA in two Nip and 93-11 cultivars for predicting BmA
site from the whole rice genome region, The architectures will aliow all rice researchers easily enguiry and predict e
potenfial GmA ske on tangeted genes of regions.

6mA Al predictor

Type/Pater the gene sequence with the Fasta format below:

[ Prodicior il Reset |
[N
; N A0 0
= O oo
— s
N T o B o
:2IN ¢ ool
LN
Component
Motd Search: Mporeca group v N ¥ Nt ke m Please entry the keyward
MOTIF Logo RC Loge E-value Type Culivar
DAGGYR ‘A ? ';ACC,T‘; 1217472 (Y an
ANMGA D-u QA I;TC’T 1 G580 GmA N
CATVYA .,cAT,IA l:'TA‘AT 1602608 Gma, an
GANGYA !:Q AIQA ‘.‘TACQTC 1 5e-1684 Bma a1
TGRGTYR A‘T Ay TLI ‘.YAAC?N 5 Te- 0052 Bma a1
GAKGYR -: "?. 'lACQm 1 2013905 [ Np
ANCEA n.u c‘ A -;Tb‘ T 2 204800 mA [
| SN
. . R " | SR
http://www.elabcaas.cn/rice/6mA_predictor.html ... L Ml e e e
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Gene Design — synonymous codon selection

Second base of codon
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Clustering results of the codon
usage pattern of different
species.

The row and column represent
the codon usage pattern and the
different bacterial subspecies.
The species between species id 5
and 6 (red arrow) is Bacteroides
fragilis NCTC 9343. The
numbers from 1 to 64 refer to the
bacterial genera.

Many methods, including COOL, Gene Designer, Gene composer,
JCat, COStar and OPTIMIZER, have been proposed to design
heterologous genes which are expected to be efficiently
expressed in the host organism. Based on our knowledge, these
methods are prone to select the high-frequency-usage codons.




Conservation of the rare codons in the evolution
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Jacobs, W.M. et al (2017). Proc Natl Acad Sci U S A, 114, 11434-114309.
Chaney, J.L.et al . (2017). PLoS Comput Biol, 13, e1005531.
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Causes and Effects of N-Terminal Codon Bias in Bacterial Genes
Daniel B. Goodman et al.

Science 342, 475 (2013);
DOI: 10.1126/science.1241934

AVAAAS

Strong Mid Weak WT Strong Mid
High High I Low Low
FIA A =

Most amino acids are encoded by multiple
codons, and codon choice has strong
effects on protein expression. Rare codons
are enriched at the N terminus of genes
in most organisms, although the causes
and effects of this bias are unclear. Here,
we measure expression from >14,000
synthetic reporters in Escherichia coli and
show that using N-terminal rare codons
instead of common ones increases
expression by ~14-fold (median 4-fold).

. Pro.moter—l RBS

10-AA N-terminal peptides from 137 genes

NEHHHERBTRES TorERNERIA. S —

(FlowSeq) 1 2 4 6 8 10 12
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Figure 3. Schematic model of co-translational folding on mRNA by ribosomes. (A) Ribosomal complex centered on the translation initiation site, AUG
(initiation codon). (B) Nascent polypeptide synthesis within the protective environment of the ribosomal tunnel. (C) Putative translational pause sites in
conjunction with co-translational folding occur within the ribosomal tunnel. Differences in codon usage frequency are shown as thick dashed lines with
arrowheads for areas representing high-frequency-usage codons, and therefore, translating rapidly (hare) and regions that are double lined represent seg-
ments of lower frequency usage codons (i.e., putative pause sites; tortoise) where translation proceeds more slowly to allow nascent polypeptide folding.

O'Brien, E. P., P. Ciryam, M. Vendruscolo, and C. M. Dobson. "Understanding the Influence
of Codon Translation Rates on Cotranslational Protein Folding." Acc Chem Res 47, no. 5

(May 20 2014): 1536-44.




The codon usage entropy of the middle amino acid with different neighbors in E.coli.
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All of the genes in E. coli were
divided into seven-codon windows.
All of the fragments with seven-
codons were clustered into the 61
groups based on the middle codon,
which were represented in the rows.
In each group, every codon was
represented as the codon usage
value in E. coli.

MIAREE, NUABED.

The effect of the ngighﬁor codons on the target codon selection in E. coli.
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The prediction accuracy with different adjacent residue number.
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The prediction performance of the 18 classifiers for target codon selection
with different matched cutoff in E. coli (A, B) and B. subtilis (C, D).
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ATGGTTAGCAAAGGCGAGGAACTGTTCACCGGTGTGGTTCCGATCCTGGTGGAGCTGGAC

ATGGTTTCCAAAGGCGAGGAACTCTTTACCGGTGTGGTCCCCATTCTGGTCGAGCTGGAC
HERERE KRRARARRRARRRRE *k RRRERRRRREE % Rk RRREE ARRRRAAAS

GGCGATGTTAACGGTCACAAGTTTAGCGTGAGCGGCGAGGGCGAAGGTGACGCGACCTAC
GGCGACGTCAATGGTCATAAATTCTCAGTTTCCGGCGAAGGTGAAGGCGACGCAACTTAC

AREEE KX KK KAEKE KX kR * % R

........ 70........80........90.......100.......110.......120

GGCAAGCTGACCCTGAAATTCATTTGCACCACCGGTAAACTGCCGGTGCCGTGGCCGACC
GGAAAATTGACACTAAAGTTTATTTGTACCACAGGGAAATTGCCAGTTCCATGGCCGACG

L L

CTGGTTACCACCCTGACCTACGGTGTTCAGTGCTTTAGCCGTTATCCGGACCACATGAAG
CTGGTGACAACCCTAACCTATGGTGTTCAATGCTTTTCCCGCTATCCGGATCACATGAAG

HRERE KE KREER REEAE KRR ERRRR KEREER AR RERREREE KR ERE A AR

....... 190.......200.......210.......220.......230.......240

CAACACGATTTCTTTAAAAGCGCGATGCCGGAGGGCTACGTGCAGGAACGTACCATCTTC
CAACACGACTTCTTCAAATCAGCTATGCCAGAAGGGTACGTTCAGGAAAGAACGATCTTC

EERRKEEE KKK KA E L L e

TTTAAGGACGATGGTAACTATAAAACCCGTGCGGAAGTGAAGTTCGAAGGCGACACCCTG
TTCAAGGACGATGGTAATTACAAAACCCGTGCTGAAGTCAAGTTCGAGGGCGATACGCTG

R

....... 310.......320.......330.......340.......350.......360

GTTAACCGTATCGAGCTGAAGGGTATTGACTTTAAAGAAGATGGCAACATTCTGGGTCAC
GTTAACCGGATTGAACTTAAGGGAATCGATTTTAAAGAGGACGGTAATATCCTCGGGCAT

B L L L T

AAGCTGGAGTACAACTATAACAGCCACAACGTGTACATCATGGCGGATAAGCAGAAAAAC
AAACTGGAGTATAATTACAACTCTCATAATGTCTATATCATGGCTGACAAGCAAAAAAAT

EE REEEERRE KK KK Ak R HE KR KR Rk RRRRERRE KR RRE R Rk AR

GGCATCAAGGTTAACTTCAAGATCCGTCACAACATTGAAGACGGTAGCGTGCAACTGGCG
GGCATCAAAGTTAATTTTAAAATTCGCCATAATATTGAAGATGGCAGCGTACAGCTGGCC

B L

GATCACTACCAGCAARACACCCCGATCGGTGACGGTCCGGTTCTGCTGCCGGATAACCAC
GATCATTACCAACAAAATACGCCCATTGGCGATGGGCCCGTGCTATTACCCGATAACCAT

B L L L T T

....... 550.......560.......570.......580.......590.......600

TATCTGAGCACCCAAAGCGCGCTGAGCAAGGACCCGAACGAGAAACGTGATCACATGGTG
TATTTATCAACCCAATCCGCCTTGAGTAAAGATCCCAACGAAAAAAGAGACCATATGGTG

EET EREEEE  KEE REEE Rk KK KR REERE KRRk KK Kk RRAERE

CTGCTGGAATTCGTTACCGCGGCGGGCATTACCCTGGGTATGGATGAACTGTATARA
CTGCTGGAATTCGTGACAGCAGCTGGAATTACCCTCGGCATGGATGAACTATATAAA

B L R T
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ATGGTTAGCAAGGGCGAGGAAAACAACATGGCGATCATTAAGGAGTTCATGCGTTTTAAA
ATGGTTTCCAAAGGAGAAGAAAATAATATGGCAATCATTAAAGAATTTATGCGATTCAAA

R KEE KK AR KERRE KK KA EE K EAEIRER Ak kR ARk R AR kR

l....ee 10. .00 0ne 20...000. 30....0000 40........ 50........ 60

GTGCACATGGAAGGCAGCGTTAACGGTCACGAGTTTGAAATCGAGGGTGAAGGCGAGGGT
GTTCATATGGAAGGCAGTGTTAACGGCCACGAGTTTGAAATCGAAGGCGAAGGGGAAGGA

KR KE KRR RRRRRIAIE KRR E RAARRRRAA IR RRARS * R AR ok **

CGTCCGTACGAGGCGTTCCAGACCGCGAAGCTGAAAGTGACCAAGGGTGGCCCGCTGCCG
AGACCCTACGAAGCATTCCAGACAGCCAAGCTGAAAGTTACAAAAGGCGGCCCGCTGCCT

R R

TTTGCGTGGGACATTCTGAGCCCGCAATTCATGTACGGCAGCAAGGTTTATATCAAACAC
TTCGCCTGGGATATATTATCACCTCAATTTATGTACGGTTCAAAGGTTTATATCAAACAT

Rk KK RERREE kK * R KEEEE KRR E A EK s

CCGGCGGACATTCCGGATTATTTCAAACTGAGCTTTCCGGAGGGTTTCCGTTGGGAACGT
CCTGCGGACATACCGGACTATTTCAAATTAAGTTTCCCAGAAGGTTTTCGCTGGGAGCGC

KR KKK IREIE KRR AE AR AARIIE Kk k KE kK KR AKX RE Ak KRR Kk

GTGATGAACTTTGAAGACGGTGGCATCATTCACGTTAACCAGGACAGCAGCCTGCAAGAT
GTGATGAATTTTGAAGACGGCGGTATCATTCACGTTAATCAGGACTCCTCGCTTCAAGAT

LR * R KEEERR

GGTGTGTTTATCTACAAGGTTAAACTGCGTGGCACCAACTTCCCGAGCGATGGTCCGGTG
GGGGTGTTTATCTACAAGGTCAAGCTGCGCGGCACTAACTTCCCCTCTGACGGTCCAGTC

I *k KRR EE Kk

ATGCAGAAGAAAACCATGGGCTGGGAGGCGAGCGAGGAACGTATGTATCCGGAGGACGGT
ATGCAAAAAAAAACCATGGGCTGGGAAGCGTCTGAAGAGCGGATGTACCCGGAAGACGGT

LR T KK KK KK KRKRE KRR R AARRRR

....... 430.......440.......450.......460.......470.......480

GCGCTGAAAAGCGAAATTAAGAAACGTCTGAAGCTGAAAGATGGTGGCCACTACGCGGCG
GCACTGAAAAGTGAAATCAAAAAAAGATTAAAGTTAAAAGATGGCGGTCATTATGCGGCC

KE KAKRKRAE KRR AE KK KAk x * o KEE Kk KRR RRAAK Kk AKX Kk AR KRR

GAAGTGAAGACCACCTATAAAGCGAAGAAACCGGTTCAGCTGCCGGGCGCGTACATCGTG
GAGGTGAAAACGACCTACAAAGCAAAGAAGCCAGTGCAACTACCTGGTGCTTACATTGTT

B I L

GACATTAAGCTGGATATCGTTAGCCACAACGAGGACTACACCATTGTTGAACAATATGAG
GACATCAAGCTGGACATCGTGAGTCACAATGAAGATTACACCATTGTTGAACAGTATGAA

KEKEE KRXXAKIXIE AXXXR Xk XXX E XX Kh XXX AARIRR AR AR R Ak d k|

CGTGCGGAAGGTCGTCACAGCACCGGTGGCATGGATGAACTGTATAAA
CGAGCTGAAGGACGTCACTCCACCGGCGGGATGGATGAACTATATAAA

R KK KRR AE KA RAAK I o




codons AA Codon usage D4_GFP D6_GFP codons AA Codon usage D4_GFP D6_GFP

GCA A 20.21 0 2 AAC N 21.58 13 4
GCC A 25.53 0 2 AAT N 17.67 0 9
GCG A 33.68 8 0 CCA P 8.46 0 3
GCT A 15.23 0 4 CccC P 5.47 0 5
TGC C 6.48 2 1 CCG P 23.25 10 2
TGT C 5.17 0 1 CCT P 6.99 0 0
GAC D 19.08 9 8 CAA Q 15.36 4 6
GAT D 321 9 10 CAG Q 28.86 4 2
GAA E 39.53 9 11 AGA R 2.07 0 2
GAG E 17.78 7 5 AGG R 1.2 0 0
TTC F 16.51 7 7 CGA R 3.56 0 0
TTT F 22.2 5 5 CGC R 22 0 2
GGA G 7.92 0 3 CGG R 5.44 0 1
GGC G 29.63 10 9 CGT R 20.9 6 1
GGG G 11.05 0 4 AGC S 16.04 10 1
GGT G 24.73 12 6 AGT S 8.75 0 1
CAC H 9.71 9 2 TCA S 7.16 0 3
CAT H 12.91 0 7 TCC S 8.6 0 4
ATA I 4.4 0 0 TCG S 8.95 0 0
ATC | 25.17 7 5 TCT S 8.43 0 1
ATT | 304 5 7 ACA T 7.07 0 4
AAA K 33.67 9 14 ACC T 23.37 16 7
AAG K 10.32 11 6 ACG T 14.45 0 4

ACT T 8.92 0 1

GTA Vv 10.9 0 1

GTC Vv 15.28 0 5

GTG Vv 26.19 9 6

GTT Vv 18.29 9 6

TAC Y 12.21 6 6

TAT Y 16.12 5 5




R Rl 7 3 IR W B AR 5P

D e S I g n Of t h e ge n e S gfp Biotechnofogy Research Institute, CAAS

mAnnlo)
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Fluorescence intensity of E. coli containing the reporter genes (egfp or mApple).
The reporter genes (egfp-codon and mApple-codon) were designed based on the model in
this study




Single point mutations on eGFP
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C-terminal region of egfp-codon o
related to the production of eGFP :
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Structure of eGFP @ BER AL E I DA

iotechnology Research Institute, CAAS
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Advantages of thermostability in industrial processes

» Use of enzymes at high temperatures

» Thermostability => stability against other denaturating
agents (e.g., detergents, proteolytic attack, organic solvents)

» 10 °C increase in temperature => >2-fold increase in
reaction rate

» Endothermic reaction => equilibrium is shifted toward
the final product at high temp.

» Temperatures > 60 °C inhibit microbial growth and
>70 °C kill almost all pathogenic bacteria.
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Protein Stability ®

* Protein stability is an important protein character, related to its
application in biotechnology industry and organismal fitness.

* Lots of methods to be proposed to design the mutations.

Foldx, Eris, CC/PBSA, SDM, I-mutant, Prethermut ....
* There are lots of factor/forces affected the protein stability.

Hydrophobic, H-bond, ionic bond, compactness,
Quaternary structures, ......
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[nitial coordinates have bad contacts, causing high energies and forces.

Minimization finds a nearby local minimum.

Equilibration escapes local minima with low energy barriers.

—

Conformation

=

Water Channels in Cell Membranes

de Groot BL et al Science. 2001 Dec 14;294(5550):2353-7.



Unfolding DHFR with
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The unfolding figures of DHFR at the
temperature (1.5) with different Monte
Carlo Steps.

Monte Carlo method
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Area of Circle  mr?
Area of Square (2r)?

NE

#!/usr/bin/env python
from random import random
from math import sqrt
total = 10000
X =y =inn =out = 0.0
for i in range(total):
X = random() O 47—
2 random Pythonz2/51617T
if (i % (total/10) == 0):
print(i)
if (sqrt(x * x +y *y)<1.0):
inn +=1.0
else:
out += 1.0
print(total, inn, out)
print(inn*4 / total)

total=10000RT , IHEHIZEERH3.15
Mtotal=1000000T , iT+EHIEER3.14528
total=10000008T , ITERIZEER93.141228
Ltotal=100000008 , ITERVEER /93.141518
total=100000000F7 , itEAIZEER/93.14186572
Ltotal=10000000008 , IHEHIZER/93.14166922
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Monte Carlo protein simulation approach
The all-atom energy function is as following:

E=Econ+ Wi ™ Eyrp + Whp * Epp + Wee * Egy

E... is the pairwise atom—atom contact potential.

Ey, is the hydrogen bonding potential.

E,,, is the sequence-dependent local torsional potential.
E... is the side-chain torsional angle potential.

Detailed information on the following publications:

Yang, J. S., S. Wallin, and E. I. Shakhnovich. PNAS. 105, (2008): 895-900.

Yang, J. S., W. W. Chen, J. Skolnick, and E. |. Shakhnovich. Structure 15, (2007): 53-63.
Hubner, I. A, E. J. Deeds, and E. |. Shakhnovich. PNAS. 103, (2006): 17747-52.
Hubner, I. A, E. J. Deeds, and E. |. Shakhnovich. PNAS. 102, (2005): 18914-19.
Kussell, E., J. Shimada, and E. I. Shakhnovich. PNAS. 99, (2002): 5343-48.
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Protein Unfolding procedure

Target structure was minimized with
NAMD for 5000 steps.

Temperature is 0.1, running of
1,000,000 steps.

Temperature ranges from 0.1 to 3.2,

which the temperature step is 0.1.




RMSD

Protein simulation results-RMSD
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T., of DHFRs:

WT :51.7 °C
1115A:46.1 °C
1155T :43.4 °C

Each protein was
simulated in 50
replications for
2,000,000 MC steps.
The RMSD is the
average RMSD in all
of the 50 replications.



Unfolding Curves of DHFR WT
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Temperature

The protein was simulated in 50 replications for 2,000,000 MC steps.
The points were the average RMSD, energy or the contact number in the last 1,000,000
steps in the 50 replications. The Tm values were simulated the sigmoid function.
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Unfolding Curves of other proteins

All beta protein 1CSP
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Each protein was simulated in 50 replications for 2,000,000 MC steps.
The points were the average RMSD or energy in the last 1,000,000 steps in the 50

replications. The Tm values were simulated the sigmoid function.



Comparison with other methods

Methods N]::lrr;(l);r I\P;f:r:r(lili)cetr Accuracy Correlation
Monte Carlo method 13 42 0.69 0.65
Eris 21 42 0.50 -0.06
Foldx 19 42 0.55 -0.25
Popmusic 15 37 0.59 -0.55
SDM 19 37 0.49 0.31

Foldx: Guerois R, Nielsen JE, Serrano L (2002). J Mol Biol 320: 369-387.

Popmusic: Dehouck Y, Grosfils A, Folch B, Gilis D, et al. (2009). Bioinformatics 25: 2537-2543.
SDM: Worth CL, Preissner R, Blundell TL (2011). Nucleic Acids Res 39: W215-222.

Eris: Yin S, Ding F, Dokholyan NV (2007) Nature Methods 4: 466-467.




Unfolding simulation of all DHFR mutations
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Mutation number:
159%19=3,021

Positive mutation: 570
Positive

rate :570/3021=18.9%

Green: WT(T,,=51.7°C)
Yellow: 1155A(T,,=38.5°C)
Every mutation was simulated
in 7 replications with
1,000,000 MC steps.

The last 500,000 MC step data

were used to simulate the Tm.



Experimental Results - single point mutations

Mutation Tm(DSC) Cm(CD)

wt
D27F
T113V
Q108D
$138Y
D116F
T68N
E120P
V119F
$135I
C152i

Units: T,,:

54.1
61.7
58.0
55.7
55.6
55.5
55.5
55.3
54.9
54.8
54.2

3.09
4.55
3.28
3.18
3.33
3.43
3.26
3.25
3.12
3.33
3.15

kcat

24.60
N.D.
13.67
24.60
24,51
24.80
29.36
30.02
28.50
33.35
22.99

kcat/Km Mutation Tm(DSC)

14.07
N.D.
10.86
10.35
9.33
9.53
13.32
13.91
12.57
16.66
11.44

H114R
S49E
H141F
E157F
G15W
L156Y
E139V
D87P
G43P
W74F
G67H
A6l

°C,Ch: M, kei: 5L, k'K i s pM1

54.1
53.5
53.0
52.4
52.3
51.3
51.3
51.0
51.0
50.5
48.1
47.2

Cm(CD)

3.07
2.89
2.94
3.07
3.07
2.62
2.73
2.88
2.83
2.96
2.65
3.05

kcat

28.31
10.55
12.07
29.07
10.55
6.02
24.80
25.73
10.07
3.44
17.20
19.66

kcat/Km

14.06
5.24
6.00

14.45
5.24
3.00

12.31

13.18
5.02
1.71
8.57
9.79



T value of the residues in DHFR
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The residues with low min-Tm is very Min Tm 1.4 1.5

important for its structure stability.




Experimental Results — Multiple point mutations

Mutation Tm(DSC) Cm(CD) k.t Kot/ K

T68N,
Q108D,
T113vV, 61.3 3.52 32.63 12.20
E120P,
$138Y
T113V,
E120P, 58.5 3.49 31.13 13.10
$138Y
T68N,
Q108D,
E120P,
$138Y
T68N,
Q108D
E120P,
$138Y

56.4 3.47 22.80 10.94

55.8 3.14 17.99 15.24

55.6 3.29 16.01 10.81

Units: T,:°C, C,,: M, kcat: (s™1), k.v/Kn:stuM1
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Each protein was simulated with 2,000,000 MC steps.
The replication number is 50. The last 1,000,000 step

data were used to simulated T,,.
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* Monte Carlo protein unfolding method (MCPUM)
Simulate the protein unfolding.
Evaluate the stability of mutations.
Find the key contact of the protein structure.

Calculate the protein unfolding free energy.

* The simulation performance may be improved by
optimizing the energy function, temperature function,
and so on.

Tian, Jian et al, PLoS Computational Biology (2015).
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An animation of the gradient descent method
predicting a structure for CASP13 target T1008
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