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"fér datorbaserad proteindesign” ‘for proteinstrukturprediktion™

“for computational protein design” “for protein structure prediction”
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How does AlphaFold2 work?

As part of AlphaFoldZ’s development, the Al model has
been trained on all the known amino acid sequences and
determined protein structures.

1. DATA ENTRY AND
DATABASE SEARCHES

An amino acid sequence with
unknown structure is

fed into AlghaFold2, which
searches databases lor similar
amino acid sequences and
protein structures.

Have co-evolved
2.SEQUENCE ANALYSIS » (—’ﬁ

The Al model aligns all the similar amino acid

sequences - often from dillerent species - and UNKNOWN

oaTaBASES

N

— | AlphaFold2

SEQUENCE ANALYSIS

Have co-evolved

investigates which parts have been preserved
during evolution.

In the next step, AlphaFold2 explores which amino
acids could interact with each other in the three-
dimensional protein structure. Interacting amino
acids co-evolve. If one is charged, the other

has the opposite charge, so they are atlracted

to each other. If one is replaced by a water-
regellent [hydrophobic) amino acid, the other

also becormes hydrophobic.

Yiz<3
-90000- 0
-00000-: 0

v Using this analysis, »
AlphaFold2 produces

a distance map that
estimates how close

amino acids are o each
other in the structure.

“ ]

< Furthest Closest—>
apart

Charged Hydrophobic

AMINOD ACIDS

AMINO ACIDS IN

FOLDED PROTEIN

STRUCTURE
NEURAL NETWORK

DISTANCE MAP

3. AL ANALYSIS

Using an iterative process, AlphaFold2
refines the sequence analysis and distance
map. The Al model uses neural networks

called transformers, which have a great
capacity to identily important elements to
focus on. Data atout other protein
structures - il they were found in

step 1 - is also utilised.

4. HYPOTHETICAL STRUCTURE
AlphaFolé2 puts together a puzzle of
all the amino acids and tests pathways
to produce a hypothetical protein
structure. This is re-run through step 3. .'
After three cycles, AlphaFoldZ arrives ™
at a particular structure. The Al mocel -n
calculates the probability that dilterent . mmm
parts of this structure correspond "=

to reality.

CYCLE1

CYCLE 2

\
CYCLE3 ’

S

- -~

’, .
A

|0‘IpLKr’] Xn us i-a 2024 AHLVOEE'O( nAnAAQmmX:;Q.chdi:h A,:adcl'ry ::i Sciences

~ -

2016: New nanomaterials
where up to 120 proteins
spontaneously link together.

2017: Proteins that bind to an

opioid called fentanyl (purple].

These could be used to detect
fentanyl in the environment.

2022: Proteins that function
as a type of molecular rotor.

2021: Nanoparticles (yellow) with
proteins imitating influenza virus on
the surface (green) that can be used
as a vaccine for influenza. Successful
in animal models.

2024: Geometrically shaped
proteins that can change their
shape due to external influences.
Could be used for producing tiny
sensors.

©Terezia Kovalova/The Royal Swedish Academy of Sciences



KOy onticsio SISAOKTIKAC SVATATO C

TTO(DTS T\ ()

e Apvoéea
* Mpwtotaync & dsvtepotaync Soun MPWIEIVWY
* Tprtotaync & tetaptotaync dSourn MPwWTEIVWV

* Metouolwon kal mTuxwon mpwteivwyv. Moplakot cuvodo.
EAoTTwpata otnv mtuxwon. NEVeTIka voonpata.

e Aettoupyila mpwteivwv. Muooodatpivn - Alpoodaltpivn
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[THIE2

Lehninger’s Baolkec apyxec Bloxnuetog
Nelson, Cox, Hoskins

KeddAatla 3 & 4: Apwotea, Memtidia kat Mpwtelveg, H tplodlaotaotn Soun Twyv MpwIEVWY
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KUpLa onpeLla

* [evikn Soun TWV OULVOEEWVY

* Ta apwvoéea otic mpwteivec eival L-otepeoioopepn

* Taélvopunon apwoéewyv pe Baon tnv mAsvpikn opada R
* Tpomomolnpeva Kat aocuvnOlota apwvoéea

* O¢1voc Kall BAOLKOC XOPOKTNPOC TWV ALLLVOEEWV

e KoipmtuAeg tithodotnong




Autvoéea

e 20 KOWQ a-aULWVOEEQ

e AOYW TNG TETPAESPLKAC SLATAENC TWV OECULKWY TPOXLAKWVY
yUpw aro tov aC, ot 4 SL1adpopeTIKEC OpAdEC pUrtopolV va
NMPOOAABOUV 2 PoVASIKES XWPOTAELKEC Slatatelc: 2 miBava
otepeoiloopepn: evavtopepn (D/L), un uneptiBepeva
KOTOTTTPLKA ELOWAQ, TOL OTIOLAL EXOUV TIOPOOLEC XNMLKEC
LoLoTNTEC AAAA SladEpouv W po¢ TV aAANAetibpaor Tou
LLE TO TTOAWUEVO PwC.

. __— a-avBpakag
COO>~

- I

* MAevptkn alvoida

ATO Ta apvolea e€aipeon amoteAel
n YAUKLvN KaBwc n tAeuptkn opada R
eilval éva atopo H kat ocuvenwc o aC
dev eival acVUUPETPOC.

Evwoelg xwplc acUPUETPO ATOUO
avOpaka dev otpEdouv to eminedo
TOU TIOAWMEVOU PwTOC (dev elval
OTTTLKAL EVEPYEC).

'CHO
HO~2C —H
“CH,OH
L-Glyceraldehyde
COO
H,N— c —H
CH,

L-Alanine

CHO

H—C—=OH

CH,OH
p-Glyceraldehyde

COO0

H— C—=NH;
CH,

p-Alanine

H R
|
e

N
/]
H H

\

9/



2TEPEOIOOUEPELD TWV OULVOEEWV

(a)

(y)

COO-
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COO

C.\
N 4

CH,

D-AAavivn

cOO

He—C—=NH,

CH,
D-AAavivn

CcOO

H-—C—NH,

CH,
p-Adavivn

NH,

Amoln o€ TPOOTTTLKN

Arton o€ npofoAn

Ta kUTTOPA CUVBETOLV
npwrteivec pe L otepeoioopepn
apvoéea, KaBwe Ta evepya
KEVTPO TWV EVIUUWV Elval
QOUMMETPA KOl EToL TIpoodidouv
OTEPEOELOIKOTNTA OTLG
avTIOPAOCELC TTIOU KaTAAUOUV.

D otepeoioopepn apLVOEE
evtomi{ovtal oTa KUTTOPLKA
TOLYWHOTO TWV BakTnpiwv.



5 KUPLEC KATNYOPLEC AULVOEEWVY LIE

Baon tic LdLoTNTEC TWV OpAdwWV R, OTIWC

TNV OALKOTNTA A TNV TAON TOUG val

aAAnAemdpolv pe ta popLla Tou vePoU

o€ puctooywko pH (~ pH 7.0).

* Mn noAwkeg, AAelpatikéc opadecg R
(U6pOdoPEg)

* Mn MOAKES, APWHATLKEC opadec R
(U6pOdoPEC)

* [loAwKEC, un dopTlopéveg opadec R
(mepLoootepo SLAAUTEC 0TO VEPO)

* Oetkad dopTLOpEVEC opadec R
(Baolkog xapaktrpag)

* ApvnTka popTtlopEvec opadec R
(0&wvog xapaktnpag)
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Nenpolar, aliphatic R groups

Co0 CO0 Co0

:—i;.\i—(lz—u H,N-C—H ,__,c.'_'f_{
H CH, H"T YH”
H,C——CH,

Glycire Alanire Froline

C00 goo

HN—C—H HN— G H
CH. H- (f -CH,

,/C{i, YH:

CH, CH, CH,

“eucine =zoleucine

Polar, uncharged R groups

CO0 CO0
HN—CH HN-C-H
CH; H—C—O0H

OH -
CO0O
HN—C—H

CH,

H:N/.%()

Co0
}i;&—([f—ki

CHs

SH

HyN—C—H

Glutamine

CO0
HN—C—H
q,
o~
.
F alar

Co0
H,N—C—H
CH,
CH,
CH,
CH,
*NH,

H,

CO0 COO

N—+—H HN—C—H
SHa CHa
coo CH,
Coo

Aspartate Glutamate

Aromatic R groups

goo COO0
H.N & H HN—C—H
CH, CH,
o’k C—CH
L \j/l NH
()
L
Tyrosirs Tryotoahan
Positively charged R groups
CO0 OO0
H,N—C—H H ,N—C—H
CH; CH,
CH, C—NH
CH; /CH
NH g
C—NH,
NH,
Arginine His

Negatively charged R groups




Mn rtoAwkar autvoéea — aAetpatikec aluoidec

* [Aukivn- Gly - G

/ YuvaBpoilovtal peoca otic oPaLpLKEC TIPWTEIVEC
° A)\QVLVF] —Ala-A Kall TIC otaBepomolouv peow udpodoPfwv

° Ba)\'LVT] _ VaI -V aAAnAemibpacewv

* Aeukivn —Leu - L

* [coAeukivn —lle - |
* MeBelovivn — Met - M
* MpoAivn—Pro-P

EAattwvel Tn SouLK eVAUYLOLO TWV
TLOAUTTETTTLO LKWV TTIEPLOXWV
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AA\avivn

COOH

.Cl-l3 H:N éH




BaAlvn

COOH

l
CH HzN—(|:—H
N
CH, CH,

latpikn Xnueia 2024 Apwo&éa MAMNAAOMOYAQOY



A€vuKivN looAgUKLVN
?OOH

|

CIHZ L H3C CH HzN—iic;H
CH

a5

CH,CH, CH,




MeBelovivn
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AuLvoéea UE APpWUATIKEC XAUCIOEC

* Qawulalavivn —Phe - F | Y8podopes aMnAeruSpdoeig

° TUPOGWH _ Tyr -Y Asopol ubpoyovou
Mo moALka amo tn ¢patvulaAavivn

Amntoppodnon pwtoc ota 280nm

* Tounttodpavn —Trp - W
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Dawulaiavivn | Tupooivn

| CH,
|CH2 COOH

(l: H.N—C—H
H:2N H o

a
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%OOH

OH



Tpuntopavn
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AToppo®non tou UIEPLWOOUC PWTOC QIO T APWUATLKY OUIVOEED

6
TputrTOogavn

)

4
—
£
"3
X
& 3
o
E
<

o

Tupooivn

Davoladavivn
0 ' T —
230 240 250 260 270 280 290 300 310

Mrkog kbpaTog (nm)
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[loAtka autvoéea — un oviloueva

e Jepivn - Ser - S

o G)peovivn-Thr -T I Y6atodlaAuta, oxnpatilouvv deopouc H pe 1o vepo

e Aomtapayivn- Asn- N
e [Aoutapivn- GlIn—-Q

* Ku otetlvn — Cys -C MNpayuatomnolel acBeveic Seopouc H pe O i N. Ofeldbwvetal
gUKoAa pe AAAO HOPLO KUOTEIVNG Kal ouvtiBetal kuotivn (oAU
v6podoBo)
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2epivn

CHz . COOH

OH
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KuoTteivn

CH,
SH COOH COOH

HN—C—H H.N—C—H

CH CH
SH ------ SH




Opeovivn

COOH

|
HOCH =L
CH,

CHs




AoTmapayivn I')\o LUTOMLVN
l
CH, CH
COOH

5 CH,

l Lo
ANEDRY:

0 AN
AN H,N O




[ToAwka autvoéea — toviloueva (-)

e AoTtaptiko o&U — Asp - D Y806bha

° r}\OUTCll.,lLK(') OE,L') —Glu-E Apvntikad ¢optiopéva o pucloAoyko pH
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AoTtapTiKO o€V AOUTOMLKO OEU

COOH




[ToAika aptvoéea — toviloueva (+)

* Avolvn — Lys - K YSpdd\a

OeTIkA popTtlopEva og ducLoAoyko pH

e Apywvivn —Arg - R

* l[ottbivn — His - H Y6p6dNo
To povadiko apvoll pe Lovtllopevn MAevpkn R pe pKa™~6 mou
UTtopel va elvat BeTikd i apvntkad poptlopévn o€ puoloAoyko pH
YHMANTIKOZ poAog oTig eVIUULKEC aVTLOPAOELG
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| ApyLvivn

| ,
Avolvn
CH,
|

COOH
H:N—C—H

COOH

|
H.N—C—H




CH,
C—NH
\
CH
/
HC— NH*

loTtdivn

COOH
H.N—C—H




Aouvnutlota autvoéea

e 4-OH-mtpoAivn

* v-KapBoEUYAOUTALLLKO OEV

e Aecpooivn

e YeAevokuoTteivn (21° apwvoé)
* MuppoAuacivn (22° auvoéy)

* OpviBivn

* KitpouAivn
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0 0
*NH; C// ‘NHp. A
U_ \O- C\O.
Proline HO Hydroxyproline

Yépoéu-ripoAivn, Baokd cuCTATLKO TOU KOAAOYOVOU

-
Vitamn K eponido reductase
Same s G N
(hysroaurcne forn) 3 ™ (Y (epenit for)
Polypegide {reduced) (cndized)
\ \ ob co, /
— Gy — P Sm— Gy — 2 M,0
-Glolamy! carboxyfase
CH, CH,
Rooeo { o, cH
Coo" 00" €00

y-kapBoéuyAoutaiko oéU, ELOAYETAL OTLG
MPWTEIVEC pe peta-petaypadikn kapBotuAiwon
TOU YAouTapLkoU o€Eoc.
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CHp) COOH

CO{ (CH2)3 /

CH—CH CHZ')'E‘(I:"
i
2 NeS NH-C—~CHo - S-S-R
(?H2)4 - x© 0
CH
Né coon

Aegouooivn, Bploketal otnv eAaotivn mou amoteAet
OUOTOTLKO TOU OUVOETIKOU LOoTOU.

>
3
I
b 7]
o
>£$ '
2 N
v
+
T.

SePO,
@ses @
+ATP
; ATP Sec-tRNAlSeriSec
AMP+PPi ATP
tRNAlSerIsec Ser-tRNAlSerIsec PSer-tRNASerIsec

AMP + Pi
SPO,

#

gg/

Cys-tRNAISerisec

JEAEVOKUOTEIVN, CUOTATLKO QVTLOEELOWTIKWYV TIPWTEIVWV



TDOTTOTTOLNOELC KOLVWV OULVOEE WV

O
0 o O CH, © DOwodpopuMwoELg OH

I [ 0
P 1 NH
HO'T\O/\([LOH HO/I\OJ\(“\OH HO-P-O .
OH OH OH

Phospho-tyrosine

O HoN H

)J\ ' OH adenyltyrosine LS °:J\/©
AketuAiwon Avoivng og{f ;
HsC™ N by
H !

O

6-N acetylisine
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Aouvvnidiota ouLvoéea

- 3 JUMHETOXH OTOV KUKAO TNG ouplog

H,0 0
Poupapkd Apyiwivn g
5 ’ . o= g —
Qupla
Ornithine NH,
CsHy2N2O;
~ ” ApVIVIVONAEKTPIKS OpviBivn
PWoPopIKo Kapfauidio
R— C— NH
X I
O O 4 0
)J\ | Aomapayviké KitpouAhivn ]
R'— NH. CO; + NH,
HN™ N OH |
NH,
citrulline
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Ta apvoéea pumopouv vo SpAoouV oo o&eal Kal oav BAOELC

AM@OAUTIKOG 16V
(Zwitterion): cva
OUQETEPO UOPIO UE Eva
OETIKO Kal Eva apvnTIKO
PopTiO.

1016TNTEC AAATWV:
KPUOTAAAIKA, upnAd
onueia Eoewcg, Kal
OIOAUTA OTO VEPO

lotpuk) Xnpela 2024 Apwogéa NMAMAAOMOYAOY

O
+ | B
H3N—C|H C—O
CHOH

|
CHs

Threonine—zwitterion

In acidic solutions,

zwitterions accept protons.

T /

R

+ +
HBN—(le—C—O_ + H" —— H3;N—CH
R
i
H,N—CH—C—O~ + OH-

X 1

In basic solutions,
zwitterions lose protons.

R

i



Ta AULVOEED EXOUV XAPAKTNPLOTIKEC KAUTTUAEC TITAOOOTNONC )

NH,
| pK,
CH,

|
COOH

e Jtadlakn poconkn N adaipeon mMPpwIOViwY

13
~ Glycine

* To LoONAEKTPLKO ONLLELO |
(pI) avadepetal otnv TLun tou pH otnv e
omota €va 6eiypa SLaAUpOTOC
OLLLVOEEODC EXEL LOOL APVNTLKA KOl OETIKA
doptia. pH

* 2’aUTO TO onpELo to KaBapo doptio
OAWV TWV HOPLWV TOU apLvoéEoC o€
KaBapo Selypa eivat undev.

* To pl kaBe apvoéeoc eival
SLapopeTIKO, AOYW TNC SLAPOPETLKAC

TMAEUPLKNC aAucidac. 0 0.5 1 15 2
OH "~ (equivalents)
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1 H 1
0 10 2.0 3.0
(@ OH™ (equivalents)
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QO0OH (f()o CO0 Q0
HN—CH H:N—CH H.N—CH H.N—CH
;H'z H ?Hz H CH; H H; H
T o o 1 o T oo 1)
CH K K CH K CH
C\ '_/ ~—p ~ '_/ ~—p Rs C\ / ~—p 2 C //
H N H N H N H N
H H
+2 +1 0 -1

b ———————————————————————————

8 E
pH 6T E
4 s
2f- s
0 1.0 2.0 3.0
(b) OH~ (equivalents)



Twéc pK,
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Auwoéu Zuvtunon/ | MB pk;, pK, pK, pl Agiktng Zuyvotnra
ZuuBoio (-COOH) | (-NH3*) | (oucdda R) Yéponadsiag | otig

MPWTEIVES
(%)

Mn oAKEG, aAeldpatikéG opadeg R

Mukivn GlyG 75 2.34 9.60 5.97 |-0.4 7.2

Alavivn Ala A 89 2.34 9.69 6.01 | 1.8 7.8

MpoAivn ProP 115 1.99 10.96 6.48 [1.6 5.2

BaAivn Val Vv 117 2.32 9.62 5.97 (4.2 6.6

Agukivn LeulL 131 2.36 9.60 5.98 [3.8 9.1

looAevukivn lle | 131 2.36 9.68 6.02 | 4.5 5.3

MeBeLovivn Met M 149 2.28 9.21 574 | 1.9 2.3



Tiuég pK,

Auwvoéu Zuvtunon/ | MB pk;, pK, pK, pl Agiktng Zuyvotnta
ZouBodo (-COOH) | (-NH3*) | (oucdda R) Yéponadsiag | ot
NPWTEIVES
(%)
ApwpatikéG opadeg R
@awviaiavivn Phe F 165 1.83 9.13 5.48 [ 2.8 3.9
Tupooivn TyrY 181 2.20 9.11 10.07 5.66 [-1.3 3.2
Tpurnttodavn Trp W 204 2.38 9.39 5.89 [-0.9 1.4
MNoAwég, un poptiopéveg opadegR
Zepivn Ser S 105 2.21 9.15 5.68 |-0.8 6.8
Opeovivn ThrT 119 2.11 9.62 5.87 |-0.7 5.9
Kuoteivn CysC 121 1.96 10.28 8.18 5.07 | 2.5 1.9
Acmapayivn Asn N 132 2.02 8.80 5.41 |-3.5 4.3
Moutapivn GInQ 146 2.17 9.13 5.65 [-3.5 4.2
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Tipég pK,

Auwoéu Zuvtunon/ | MB pk; pK, pKg pl Acgiktng Zuyvotnra
ZuuBoio (-COOH) | (-NH3*) | (oucada R) Yépona- ot
deiac* NMPWTEIVEC
(% * ¥

Octikd poptiopéveg opadeg R

Auaivn Lys K 146 2.18 8.95 10.53 9.74 |-3.9 5.9

lotdivn His H 155 1.82 9.17 6.00 7.59 -3.2 2.3

Apywivn Arg R 174 2.17 9.04 12.48 10.76 |-4.5 5.1

Apvntikd ¢poptiopéveg opadeg R

AoTtapTLKO Asp D 133 1.88 9.60 3.65 2.77 |-3.5 5.3

AOUTAULKO GluE 147 2.19 9.67 4.25 3.22 |-35 6.3

*Mua kKA lpaka tou ouvdudalel tnv vdpodoPia kat tnv vdpodhia Twv opadwv R. Mmopel va xpnotponotnBel wg HETPO TNG
TAong evog apwvoééog va avalnta éva udatiko neptBailov (apvnTikég TIHEG) 1) éva udpodofo neptBaAlov (BETIKES TIUEG)

** Méon ouxvotnta o€ ndvw anod 1150 npwteiveg

latpikn Xnueia 2024 Auwvoéeéa NMANAAOMNOYAQY




