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‘It will change everything’: DeepMind’s Al
makes gigantic leap in solving protein
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Google’s deep-learning program for determining the 3D shapes of proteins
stands to transform biology, say scientists.
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|
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~AlphaFold L 3 FHHF DS~ [FEE—, X8 %] |

3 AlphaMissenselc & 2 ZEREAMRTA

AlphaFoldBFXDIBENT T 12T AT 1V ARBRAH TR
ADOEXIZED SHEEROME. FVNIBTHLVFT

? ﬂﬂ\ﬁ'E T 3¢
Q¥+

Yobosr—
YODOSHA

https://www.yodosha.co.jp/yodobook/book/9784758122764/

fo 25V T2

BHE AR
SEroTEz

gﬂﬁi‘"—ﬂmg*& = A
- *ﬂif’ﬁiﬂomgg, 1E 55 4/,\\#

-15-




AlphaFoldi3EIFEDIRICIIDODH ? S S 27

B FRETDIRICILDODDH ?

=

2. 2NV EHMBEEERRRDRICIIOND ?
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=

MIFERETDIRICILDODD ?
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molecular

systems
Article B b|o|ogy

Mol Syst Biol,18(9):e11081, 2022.
Benchmarking AlphaFold-enabled molecular
docking predictions for antibiotic discovery

Felix Wong™>*", Aarti Krishnan%>(®, Erica | Zheng*, Hannes Stark®(®, Abigail L Manson>{),
Ashlee M Earl®, Tommi Jaakkola® & James | Collins™>*%”

TAFIBEEDE XL I XES )

iScience
iScience. 26(1):105920, 2023

How good are AlphaFold models
for docking-based virtual screening?

Valeria Scardino,** Juan |. Di Filippo,”*° and Claudio N. Cavasotto®®®4*

TAFIBEEDEXTEEFARES]

), Cold ° °
ing
= bioRyiv
g
aboratory
THE PREPRINT SERVER FOR BIOLOGY

bioRxiv 2023.01.10.523376

New Results A Follow this preprint

Assessment of AlphaFold structures and optimization methods for virtual
screening

Yanfei Peng, Xia Wu, Liang Lin, Zhiluo Deng, Limin Zhao, Hao Ke

TAFIBEED & ETHApotEEL D X< (DUD-E)

AlphaFoldDFAIEEZ VWA WA X T B st 30

WER=ZXX V)= VI RHDEE(L
AlphaFoldiZ. Ry x> JICAVWTWVWAIBEZHIES

7= BRI
..ACDEFGHT... AlphaFold2/3

EABNDI/ISA—H
o BLES— 1 L42)

. BHIFZSASASR (FBSULEDELRED) « FEPLDDEAE

- BIE[CAh > THEBEES

* recycling®EE (ZWEERVLNE) GBENT7ILTU X LZT)
« input®UH> K (EDEEZANTZD)
8481 oOfl

Ry F> IDRENRLIZDLDICTD
BFEDBEIOEL/2D (RMSDAVNELK1EB) £3(CTD #F

Uchikawa K, Furui K & Ohue M. Biochem Biophys Rep, 43: 102110, 2025.
Yasumitsu Y & Ohue M. Comput Struct Biotechnol Rep, 2: 1001957, 2025.
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PDBABIE & D AUCTH - PDBABIS & D AUCE T
| TM-score = 0.814

’y 7% . PDBi&IE .
5 REARIEE |
B by TR—X i

=l B AN RGNS R AN - S

Uchikawa K, Furui K & Ohue M. Biochem Biophys Rep, 43: 102110, 2025.

7% : PDB#&E
5 RREARIEIS
B by TIR=—X

AlphaFold3i3 ? = 32

W [F#%1855(PDB)
B AlphaFold35 RIE:&

Ny FUEBTEHHD

FHHERO>TWVWRCLZEBHMTI D (ESLHFBLVEE) (/—EY ML EnE)
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AlphaFold3 (F@A#IANG) —Boltz-1 (AFIARI0SS) —Boltz-2 (affinity®H Fifl)

https://www.biorxiv.org/content/10.1101/2025.06.14.659707v1

L)
<=
/ /
= L\ o r/ BFE
=]
0.7 1 -
0.6 - - Method type
B ML
c @ physics Boltz-2 (Passaro S+, bioRxiv 2025)
205 % Boltz-2 « 2Lz WAlphaFold3iite
3 » Affinity Module Tl&
S N H:rd\l\éa;ﬁ Pairformer embeddingf751 M
= 041 S e protein-ligand B EER &R %3 % masko
7 - BRI B 5o
£ 0.3- £ (BEFREORT v MEERY)
(Docking)
0.2 y MM/PBSA
BACPI ¢ -
- Low performance I-FEPI%&@;EI&%;,EU h\
Boltz-2-iptm : DOCkiﬂg <b L\ODB%FEﬁ—G% 31
/ B 1nmin 1 hour 1day
0.0 - bk i R ARRA ALY URRELLL | LLRARAL B
0.001 ! 1 10 100 1000 10000 é‘i/b (\:‘ ? ?

Time (s) [log scale]

Boltz-2I3QSARICH L THEVWHDICH B D S G 34

Evaluating Boltz-2 on Real Drug Targets: Does it work?
https://www.deepmirror.ai/post/boltz-2-real-drug-targets

Rigid - KRAS G12D (oncogenic KRAS mutant) + MRTX-1133 Flexible - cGAS + XL-3156

t v b
- ., % Ky
¥ = 4 -
3\ ( ) 3 ) A 3
1 y “ / . = -
L L
C. i 04 16

Pearsons r =086 * . & a1 )
. == R=073 L 39__ Pearsonsr= oS358

pvalue = 0064 R?=007

T F. 02 H e =

"
. n " a3
00 L £ H o "
H s 1 ™
£ 02 o G
16

s MTX-1133 £ ., ; £ XL-3117 =
1Cs00.98 uM 1Cs0 0.01 M 1Cs0296 UM & o2 P X317 XL-3123 XL-3156 £ oo L4 e
-g 5 e 1C50550 M 1Cs0 18.40 M 1Cs9 40,00 M £ #
6 3
b v . g o
£ 06 L, H
. &
pr 02
% R 08 2
% 03
N H a0 - v
2% . M
MTX-1133 " . 04
W ol 121 ® SL323
23 32 20 45 40 05 00 05
1Cs0 0.75 uM 1C50.08 M HTRF Binding Assay xase  x 3159 08 0 12 14 15
10910lICso M) 1Cs0 1110 M 1C50 2310 M Pyrophosphatase (PPiase)-coupled Activity

log1olICso M)

FEJONDIBEF->THEV, (B/ICED - BEICKSB)

*EGDECEDAREDARZRERE (FWiWwid k)
Fprotonation L72 W) Trecycling X9 (100 ") 1 Taffinity mw correction 2001 Tuse potential TRUE.
Mdiffusion samplet& 91  GIIRT — 2 DS %4 Sligand-base MLE T )L H185T)
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Boltz-2 ‘i%‘l‘gh‘g FiEW Furui K & Ohue M. Neurips Al4Mat workshop, 2025.
—Affinity ModuleZZ IF7EZITEL,  Beliz2 + AuipDedk Ving = BeltZing =

Boltz-2 Pipeline .
ol , sz~~~ BOLTFINA----, ¥
;B s | ! B
N 15.0 | |
RN . ' HTENIEEtLG: Trunk Module I kJ:Ef DZE#
<~ COCCNC(=0) |
125 : Input Sequence :
R 100 | N |
5 : N s
ﬁ‘ |\ Afinity Value |
& i EETREXE T
o 2.5 o i; 25 0
Tl -
‘&by\ Docked Complex
masnan (HFFCIE D 1B R 1BIBEZ AN (Z T THdVina)
Enrichment Factor . ROV —ZVIREEIEBoltz- 2D ES (THVinak h B)
200 i Botz2 T| 2001 % Boitz2 (| ¢ IEDTdockingL THEWIeT—FZZE5AATHRL
7513 G 180 -g- o =] « Boltzina (No Pose) THB5 & 2L BLY (BRAT?)
s ~%- vina 16,0 —&- Boltzina(No Pose) Trunk TDEmbeddingT. affinityb > £<FEHF L2 ?
5 ' i
E 125 g 14.0
E 100 12.0
g 15 10.0
o 8.0 ,
. I S 6.0 Ligand B FHETER
— & 4.0 H E5;
5.0% 2.0% 1.0% 05%  5.0% 2.0% 1.0% 0.5% Boltzina (No Pos‘e) Boltz-2 D 4&iE Tl
Top K% Top K% —C‘-‘Ajj é TL% *%l%.

BELFMCIZSaL—23 DFEAR e 36

¢ E EI*}L#_EEJ’;Z-E Free Energy Perturbation (FEP)

- (LEMALBOE DRI RSN ZZE X T,
5428 9DOEMR (0<A<1) LBHSMDEEL THMAGZRED S

- AlphaFold3#&& D&
Furui K & Ohue M. ACS Omega, 10(11): 11411-11420, 2025.

- TR TEMEOREL (FastLomapiZ, PairMapiz) -
Furui K & Ohue M. J Supercomputing, 80: 14417-14432, 2024.
Furui K, et al. J Chem Inf Model, 65(2): 705-721, 2025.

- RAMEFEMR LS ADILA

Arai MA, et al. (under revision)
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XAMOD T 3 = FEFEEERORNADIERDOTH
BEIR/IL*—REEASE (FEP) DICHEA

FEREAIEER FelF4AICXT U CERAN 4T
Rocaglamide kK D (-)-4kdDFHY

#91.8 kcal/mol 3825 (FI2HIPHERE)
N16735EDHEE/FRADEZR N VRE

(BBFE A& & D HBFERZ)

T=2AZ227 1 | XKAMESHENDFEPETE S s 38

Asn16735EDHBERAD R

KL D25 H

, - © Asn167&DHEEEAD
Rocaglamide 5@%@@ / BHECE5LTES

Arai MA, et al. (under revision)
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FEPEIHEOD#ER. N167AICK UTIIFZEFDRMIENMET (wetSREBRDFERLEES)

WT Rocaglamide (WT) FHE(E (WT)

N167A Rocaglamide (N167A) $%E (&K (N167A)

AAG = -0.4 kcal/mol

— ©; W

s
i
\

Arai MA, et al. (under revision) @
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B3 FRETDRICILDDD ? =250

=

2. ANV BMBEERMEDIRICIIODD ?
3. RTFFEFADRICIIDDD?

MIFERETDIRICILDODD ?

=

T/ LEIEDRICIIDODH ?

i
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_ RERFEXF o RSB L
'/maﬁ . Yoshitaka Moriwaki @Ag_smith - Jul 19

/ AlphaFold2 can also predict heterocomplexes. All you have to do is input
the two sequences you want to predict and connect them with a long

linker.

Z D#AlphaFold-Multimer¥ L T. ARICE DA £ N3,

° Google DeepMind &

Many single protein chains can be accurately predicted using AlphaFold, but
multi-chain protein complexes remain challenging. Introducing AlphaFold-
Multimer, a model that can predict the structure of multi-chain protein

complexes with increased accuracy

AlphaFold33®X THX®DposthicitationI 113

enng g e m—— . - S ———

14. Monwakl Y. Post on X. Xhttps //x com/Ag smith/status/1417063635000598528%?lang=

en-GB (2021).
15. Baek, M. Post on X. X https://x.com/minkbaek/status/1417538291709071362?lang=en

(2021).
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AlphaFold2i2binding % BRI B 2

AlphaFoldo)FHlEEldF €/ ?
AlphaFoldi22 DD & v N7 B% AH L5 E Nl VB SNz,
THED2ODEVNIEIIARHICHEERT2D? ?

G AlphaFold2 B FRIL 7= &2 >IN BA L BOEEER,

EHERIZACBIZEEER L AL,
(WetEEBTHHN > TWVWBRER)

P
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Count

BINRT & EBYRT | DR = 11 FEWVD DD S5 4L
FRAEEEOHEEEREOI V20 MEREOK FRESEOEEERE D FEpLDDT

BN Negative Pairs W Positive Pairs BN Negative Pairs WM Positive Pairs
400 - 500 -
350 -
400 -
300 -
250 - B
£ 300
=
Q
200 - O
200 -
150~
100 -
100 -
N . h I i I
O.L..Ll"' ol..J'I'
0 10 20 30 40 S50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
n_contact Average Interface pLDDT Score
Rosetta K w > 227 EERERDE Rosetta K F > J 2 A7 L HRERDDT
W—Negative Pairs W Positive Pairs = W Negative Pairs  WEN Positive Pairs ol e Negative Pairs

...' | Ihl lI‘ Iliili..__

Hu W & Ohue M. Comput Struct Biotechnol J, 23: 1214-1225, 2024.

Institute of

AlphaFold2 A BT MIMEN 5 KB % T S5

SpatialPPl AlphaFold2h A L7=PPIRt TRV E /) H TV hERSIFZFAETIL

Protein Structure Prediction Deep Learning Prediction

Sequence A ] Sequence B ]

Data Augmentation

K L D4 A

AlphaFold Multimer f[ v

Prediction

)
))
v K Backbones \

Protein Structure P, PR .
PDB file ! ResNetBlocks ! DenseNet Blocks

Preprocessing

ROC curve

J10MIBN |einaN

1.0-

----------------------- 0.8 -
Interface Center &
A 4 Dense Layers 0.6-

—>[ Interface Calculation ] K /

3

[ 5

Q

>

Tensorization ] \ I B

o

o

1
[ One-Hot ][ Volume ][ Distance ] = —— SpatialPPI(area = 0.876)
i i i DeepTrio(area = 0.845)
Encoldlng Encoldlng Encoldmg 2 ,* .ol et
| PPI / Non-PPI ] | Confidence ] ’ —— D-script (Origin)(area = 0.679)

~——— D-script (Topsy-Turvy)(area = 0.741)
Tensors —— PEPPI(area = 0.762)
0.0~ " ] ; | ]
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

Hu W & Ohue M. Comput Struct Biotechnol J, 23: 1214-1225, 2024.
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& EDCNND 5% 5 7CNN & PLMA (SpatialPPIv2)

K L D4 A

SpatialPPIv2 is an advanced graph-neural-network-based model that predicts PPIs by using protein language

models (PLMs) to embed sequence features and Graph Attention Networks to capture structural information.

v B gt Construct Protein Graph Representation \\\

’

Residue Feature

| . Sequence A =11 PLM A B

Precision-Recall curve with AlphaFold3

i )
1 1
! 1
! 1
i Sequence B C——1 ! 1.0
1

1 1
i Adjacency Matrix Graph 1
i ‘ 7 Representation i
' Coordinates A | ! 0.9 1
’ :
| H
! Coordinates B i
i ! 0.8-
\ [

kY]

&
/ 0.7
| measurement
E —— SpatialPPIv2 (AP=0.978)
' —— SpatialPPI (AP=0.924)
| 061 — FoldDock (AP=0.954)
i —— pLDDT (AP=0.877)
i —— N_contacted (AP=0.889)
i 0.5 T T T T
| 0.0 0.2 0.4 0.6 0.8 1.0
\ recall

Hu W & Ohue M. Comput Struct Biotechnol J, 27: 508-518, 2025.
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Bioinformatics Advances, 2025, 00, vbaf056
https://doi.org/10.1093/bioadv/vbaf056
Advance Access Publication Date: 14 March 2025
Original Article OXEORD
AlphaFold - PROTACS

BEES e
Structural bioinformatics I
Fos
Challenges in predicting PROTAC-mediated -
protein—protein interfaces with AlphaFold reveal a AAES o h,.,.,_LhL ki
general limitation on small interfaces Sl i

Gilberto P. Pereira™?*, Corentin Gouzien®*, Paulo C.T. Souza'?, Juliette Martin™*®

FTAF2HAF3 (ligand#EL) . PROTACE=TTEEIERDPPIDET VT IZA X F S ]

. ®
' hem R X I V - How To Submit Browse About News [

Theoretical and Computational Chemistry

Enhancing PROTAC Ternary Complex Prediction with
Ligand Information in AlphaFold 3

06 March 2025, Version 1

Working Paper

Erancisco Erazo ¥, Nils Dunlop ', Farzaneh Jalalypour, Rocio Mercado Show author details

TAF3 (ligandd D) 72 SPROTACETLHEEHEDET UV JIEECEITEI £ 31
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1. BSFHEFDRICILDDD 2 »>Z5H0

2. 2N EREEFRARARDRICIIO2DOH? 250
3. RTFREEFDRICILODH ?

4. MIAERETDIRICILDODD?

5. 7/ LEIEDRICIIDODD ?

AINIEIBEFUMER2AIINDETHT LY S
s 48

2 NI EIUBEETH

DIQVQVNIDDNGKNF DYTYTVTTESEL

QKVLNE L MDYIKKQGAKRVRISITART
KKEAEKF/—\AILIKVFAELGYNDINVTF ‘
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BONTETHAY
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AIZUNOE

Top7 DF 1> Do

(Baker, Science 2003) P T ESIg:r::eianI:z‘l,:l Gl:‘bmar
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Atomic-Level Accuracy

Brian Kuhlman,'"}

,'*+ Gautam Dantas,'*

Gabriele Varani,'? Barry L. Stodd.ardcingi:;y!d s;:‘t‘o;;-‘
; er’
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1 Backbone Design 2 Sequence Generation 3 Reprediction

Inputs

Update ff 0s o1 o w2t WPrediCt ESMFold /
‘» T ’ Alphafold2

o ProteinMPNN

5 B T
i Output
Gradient Siptaslds ° MEGAL..
CHaBIE o— —) _MHGKL. =P —
gk il s ..MLGSL..
o5 D02 1 os iy
Filter by:
Usage of soluble weights It :zir;i%tlh (;ugg(s’ QA PAEV
Backprch Loss / Calculate All Atom Initialization pLDDT

L(x) = LPLDDT(x) +...

Complex Problems

Rapid Prototyping

Lossy,pelix = True

e

Lossy,peiix = False

Institute of
e 52

SHRT, LNGI&
BGLESRRSROEEFEZHER
(CYTXIFEEARIESNT)

100

N SHRT binder
N LNG binder

80

Survival (%)
2

Iy
&

20

5

[$]
w
. . T + T
.
- Y
!‘ o= 1:10 Toxin:binder 1:5 Toxin:binder

Vazquez Torres S, et al. Nature, 2025.
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AlphaFold2D#ED3E LFAT. BELE5BARTF REEFIE R

KL DIET 2

AlphaFold2 outputs
— AlphaFold2 confidence —

[ V]
Target protein AlphaFold2 pLDDT L* 2,
template = | :
" or 7
- - ; i -. PAE =
N All atom coordinates
BINDERSEQUENCE '.-‘\ \ r ? with binder

-{ Sequence [x] }—

x = stop_gradient(X — 9) +9 Backprop

X = one_hot(argmax(y))
$ = softmax(y)
4( , +— Update S
Tt Y=Y —AVIIVI Sxiemms

logits [y] Gradient [V]

Cg distogram

Y

Define loss function

AlphaFold2 confidence
and
Solubility index

RICH LBV TEREDLBKIEICRES
— hydropathy index7: & THi1E

ColabDesignz & & L TR
Kosugi T, Ohue M. Biomedicines, 10(7): 1626, 2022. https://github.com/sokrypton/ColabDesign

AlphaFold2il & 35T F Fi&st (MDM2) S & 54

pLDDT pAE

peptide

1A
R
i B MDM2
= Q
&) k] - é
% A
g a E | lwllFZI
- .|
L
T o P53 peptide
0 10
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pLDDT

cyclic peptide

target protein

amino acids
<<E-NTNZAF-IOHMONTZAP

AlphaFold2%# BZE L CEiR{bEsRE o 10

Relative positional positions
encoding (with
eyclic offset)

Relative positional
encoding (Standard)

12345678 =~

[ resicue_index (1)

Kosugi T, Ohue M. Int J Mol Sci, 24(17): 13257, 2023.
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AF3APE. BATHFRATESSLSICH

CyclicBoltz1 (bioRxiv, 2025) ICKk B IFIRET = /BE « IWIARTF FOBETF A

Sar Vv A

’ 49»‘ G Cc

Example of a cyclic peptide containing
non-canonical amino acids

GRCTKSIPPICFPD

CylicBoltz1

*s Predicted cyclic structures
TCTRSIPPICNPNG A
0 -1 2 3 -4 5 i )
1 0 1 2 -3 -4
RMSD: 0.360
2 1 0 1 -2 3 RMSD: 0.913
3 2 1 0 1 2 p ~a
4 3 2 1 0 -1 LA Ak (Multimer)
W \\;: =)
5 4 3 2 1 0 -y ’_s
Relative Positional Cyclic Offset with RMSD: 0.310 RMSD: 0.210
Offset ncAAs
Binding
- C\
[} %_\ 3
+ | - )<_\O > D
| 225 0
- 220
CyclicBoltz1 .
multimer CyclicBoltz1
monomer

Target

Peptide sequence with
initial random weights

U Mutate
Sequence
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B3 FHETDIRICILODD ? >Z 50

=

2. ANV ERHEEERAMEDORICID2DON? 2250
3. RTFREFHDRICIDDD 225750

4. MFRETDIRICILDODD?

i

T/ LEIEDRICIIDODH ?

IS OMIFERHRERML (CDR) OERFIERE s

AlphaFold2

Structure
! ' Wl Model antibody
/ ‘ . X-ray antibody
g . Model antigen
. X-ray antigen

AlphaFold2IZFE DI ABEDIRER FRITE %,
S EBLANBI TTFRTNELD RBVMAKZIRT A TEZDTIE?

AlphaFold2

Target protein ) . pLDDT @&
(antigen)
Binder protein
(antibody) Cg distogram
SMYXXXXXXXGV...

VYVRKLKKKGV %

pLDDT

m utate PAE

fu
T3
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SFOBWREETFHFL TS : €DD AlphaFoldD;EFR

AlphaFold hallucination

- . AlphaFold T4ERE L 7= A {é 1
IRSRECH sk el e \% A LB B2 Hik
(CDR%EIH) ﬁ' (B NEC)
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@ Ueki T & Ohue M. J Supercomputing, 80: 11989-12002, 2024.
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Furui K & Ohue M. J Chem Inf Model. 2025. (ASAP article)
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MACHINE LEARNING (Cheng, et al. Science 2023) Input
Accurate proteome-wide missense variant effect -
prediction with AlphaMissense i o
Jun Cheng*, Guido Novati, Joshua Pant, Clare Bycroftt, Akvilé Zemgulytét, Taylor Applebaumt, Missense Caa DNA
variant: VVAMYNRTVATM Protein

Alexander Pritzel, Lai Hong Wong, Michal Zielinski, Tobias Sargeant, Rosalia G. Schneider,
Andrew W. Senior, John JumEr, Demis Hassabis, Pushmeet Kohli*, Ziga Avsec*
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https://www.biorxiv.org/content/10.1101/2025.02.18.638918v1
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https://arxiv.org/abs/2505.23579

Stacked DNA and Text Embeddings

.. | —’

T—J T Qwen3-4B

—» Qwen3 Tokenizer —» Qwen3 Embedding Matrix
<|dna_start|><|dna_pad|><|dna_end|>
L1 <|dna_start|><|dna_pad|><|dna_end|>
Learnable dim Qwen3 Chromosome Number: 12 \n Network Definition ... <think>
Linear - b Step 1: The C>A substitution at position 40310433
Projection d! Evo2 ’ BioReason Chat on chromosome 12 occurs in the LRRK2 gene,
5 TSN Template which encodes leucine-rich repeat kinase 2, a large
multi-domain protein with both kinase and GTPase

Chromosome Number: 12 activities.
Frozen Network Definition of the Pathway: Step 2: This mutation likely results in a gain-of-
Evo2-1B LRRK2* -> CYCS == APAF1 -> CASP9 -> CASP3 function effect, enhancing LRRK2's kinase activity,
which is a common mechanism
Genes in the Pathway:
LRRK2; leucine rich repeat kinase 2 | CYCS; cytochrome c, [truncated full response]

AAAAAAAAAAA somatic | APAF1; apoptotic peptidase activating factor 1 | o .
CASP9; caspase 9 | CASP3; caspase 3 with its characteristic motor symptoms.
</think>

GG | (.(.AGC—.(_TCGCG(. T ILI H. Given this context, what is the biological effect of this LRRK2
CCTCCAGGCTGGCGCTTCTTC L allele, specifically what disease does this contribute to?

Parkinson’s disease

DNA Sequences Question Response (with reasoning)

Figure 1: BIOREASON Architecture. Schematic representation of our novel multimodal framework
that integrates a DNA foundation model with a Large Language Model.

Question Ground Truth (KEGG) BioReason’s Output
Question Step 1: The variant KEGG_800 represents a C>G
substitution at position 4945969 on chromosome 17, " Step 3: This mutatin kelyaters the prof
<lim_startj>user occurring in the PFN1 gene which encodes profilin-1 Fincon of i . potentaly afectin s iy 1o bind
. Chice Number: 17 protein! actin monomers or regulate actin polymerization.
£ Step 2: This nucleotide change ... potentiall affecting a et r P F N '] 7R 0) y % P
. " 3 smen 10: This specific mutation contributes to ALS through a /\

§ Network L*m-nl_m;gfr xm;:;znw_ay. hm:(nunallv important domain. okt rteostass pthay % JOA =] °
b Step 10: The progressive loss of motor neurons resuits in This C>G mutation in the PENA gene el dirpts prin ope -+ A .
QO | Genesin the Pathway: muscle weakness, atrophy, and eventually paralysis - the function, impairing its ability to regulate actin dynamics by 7]
| ACTB:actin beta | ACTG1; actin gamma 1 | PFN1; profiin hallmark clinical features of ALS. binding monomeric actin and nromcnng lemenzahoa The p ro 11 n -] R e | a C | n =/

1 1
w
3 The C>G mutation in the PEN1 gene ... This cytoskeletal transport and cellular homeostasis, cenlnbutms tothe ——

Given this context, what is the biological effect of this dysfunction contributes to axonal transport defects and f familial amyotrophi ) — n e u ro n — A L S

PEN1 allele, specifically what disease does this contribute motor neuron degeneration, ultimately leading to familial Ahink> [==]

to? Amyotrophic Lateral Sclerosis (ALS).

sl A A Answer: amyotrophic lateral sclerosis (ALS)<[im_end|>
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