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AlIVOZEQ OTNV TTPWTEIVOOUVOED

A GUIDETQ THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL' AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.
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single letter NH, > \ NH, ]
code N ’ \ ’ N ’
N N L
NAME ALANINE @) GLYCINE @ ISOLEUCINE @) LEUCINE @ PROLINE @ vaune @
three letter code Ala Gly Ile Leu Pro Val
DNA codons GCT, GCC, GCA, GCG GGT, GGC, GGA, GGG ATT, ATC, ATA CTT, CTC, CTA, CTG, TTA, TTG CCT, CCC, CCA, CCG GTT, GTC, GTA, GTG
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PHENYLALANINE TRYPTOPHAN () TYROSINE €D ASPARTICACID () GLUTAMIC ACID @ ARGININE ) HISTIDINE )
Phe Trp Tyr Asp Glu Ar His
TTT,TTC TGG TAT, TAC GAT, GAC GAA, GAG CGT, CGC, CGA, CGG, AGA, AGG CAT, CAC
RS D Bl N - N
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LYsINE @ SERINE ) : CYSTEINE (D METHIONINE () ASPARAGINE @) GLUTAMINE @)
Lys Ser Cys Met Asn Gin

Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.
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[TOAUTTETTTIOIKEC AAUCIOEC
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Eninedol mentidikol deopol

Side group

Trans
. Amide plane

, , & = 180°, v =180°
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Aoun TTPWTEIVWV

(a) Primary structure. The primary (b) Secondary structure. Local
structure of a protein is a regions of the resulting
sequence of amino acids linked polypeptide can then be (c) Tertiary structure. Regions of
together by peptide bonds, coiled into an a helix, one secondary structure associate
forming a polypeptide. form of secondary structure. with each other in a specific

manner to form the tertiary
structure, which describes the
final folding of the polypeptide.

(d) Quaternary structure. For
multimeric proteins, the
quaternary structure describes
the association of two or more
polypeptides as they interact
to form the final, functional
protein.

© 2012 Pearson Education, Inc.
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Aoun TTPWTEIVWYV

KataAutiko

2 upmnapdyovtag KEVTPO Y UVEVIUUO

Amoeviu o

U J
\

OAogviuo
Gopyright © 2008 Pearson Education, Inc. publishing a5 Benjamin Cummings.
Hemoglobin
Yupmapdyovtag: cuvnBwg avopyavog (LETAALIKA LovTa)
2 UVEVILUO: oUVABWC OPYaVLKO UOPLO
Ol dpol cuyyxeovtat otn BLBAoypadia.
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a-EALKQ

Amino terminus

< 3.6 apivogéa ava oTpopn

% 21a0¢gpoTToinon e deOPOUC

udpoyovou ava 4 auivocea
P 2ZuvnBwg deCidoTpOPN

% OI TTAEUPIKEG OPADEG OTO

ECWTEPIKO

< AuvarotnTa ap@i@IAnG EAIKAG

Carboxyl terminus
Figure 3-4
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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(a) Antiparallel

(b) Parallel G ]
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https://www.youtube.com/watch?v=Q1ftYq13XKk&t=6s

[TpWTEIVIKN doUN KAl AsIToupyia

[MPpWTEIVIK) QOMN: TTPOEPXETAI ATTO TNV aAAnAouyia
[MpwTEIVIKA AEITOUPYIA. TTPOEPXETAI KUPIWGS aTTO TN OOMN

Mevik apXn avadiTTAwonNg CPAPIKWY TTPWTEIVWV:
- KAAuwn Twv udpo@poBwv aNIVOLEWY OTO ECWTEPIKO
- Ta UOPOYPIAA ANIVOEEQ PHEVOUV OTNV ETTIPAVEIQ

Mevik apxn avaditTrTAwong HENRPAVIKWY TTPWTEIVWV:
- dnuIoupyia TOTTIKA UdPOPORWYV TTEPIOXWV

https://fold.it
['1a karavonaon Tou mwc¢ avadITTAWVETal Jia TTOWTEIVN
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https://fold.it/

Aopika PoTiffa

Helix-turn-helix Helix-loop-helix
DNA binding Ca*? binding
(a) (6) N
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AouIKa poTifa

B-a-B
o 2 1mapAdAAnAa B-@UAAa TTou cuvdEovTal JE Hia a-EAIKa

C (6)
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TIM barrel Rossman fold
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Aopn - AsiIToupyia

% Tomka portifa fonBouv oTnV

TENIKA TPIOdIACTATN OOWN

< KaBe katnyopia ev{upwyv cuvhBwg

XapokTnpEiZeTal atro Jia TUTTIKN

Triose Phosphate Isomerase Flavodoxin {(1AGS,
{1TIM, 247 residues, TIM barrel) 175 residues, open twisted)

avadiTTAwon

% Ta porTifa ytropouv va Jag
OWOOoUV TTANPOYOPIEC YIA TOUG

OUMTTAPAYOVTEG TTOU OECEUOVTAI

Maltate Dehydrogenase

(2CMD, 312 residues) (1A4Y, 460 residues, horseshoe)
Rossmann fold in

res. 1-145, rest — yellow

A e a
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[Tapadeiypa eupeonc evCUOU ATTO MOTIO

< PAopeTivN: Xpron wg eVIOXUTIKO YAUKQVTIKAC yeUOoNG

<+ O Eubacterium ramulus katafoAilel pAaovoeidn

Schneider and Blaut (2000) Arch. Microb. 173: 71-75

OH ‘ ’y
@] O €] ﬂ HO OH OH
g
OH O
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[Tapadeiypa eupeonc evCUOU ATTO MOTIO

< PAopeTivN: Xpron wg eVIOXUTIKO YAUKQVTIKAC yeUOoNG

<+ O Eubacterium ramulus katafoAilel pAaovoeidn

Schneider and Blaut (2000) Arch. Microb. 173: 71-75

OH
HO OH OH
L
OH O

OH O \
CHI /ETRED
HO OH OH

OH O

Gall et al. (2014) Angew. Chem. Int. Ed. 53: 1429-1442
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[Tapadeiypa eupeonc evCUOU ATTO MOTIO
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Gall et al. (2014) Angew. Chem. Int. Ed. 53: 1429-1442
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EcEAicn

2. UYKAivouoa e¢EANICN

[: CONVERGENT EVOLUTION ]

Streamlined Shape due to Aquatic Environment (Shared Selection Pressure)

AL
r N
SHARK DOLPHIN .

CHONDRICHTHYES
+ Cartilaginous Skeleton
+ Gills

+ Scale Denticles in Skin

PUMA

MAMMALIA

+ Bony skeleton

+  Lungs

+  Mammary Glands

VERTEBRATA
*  Vertebrae

* Cranium

« Tri-Partite brain

DIVERGENT EVOLUTION

Branching of Vertebrata into
Mammalia and Chondrichthyes

ATtTokAivouoa €gENICN

tpy .., , ,
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EcEAICn TTPWTEIVWV

ZuykAivouoa €€€AIEN ATtrokAivouoa gEEAIEN

MoriBo a/3
udpoAaong

ZauntiAuoivn

AT oeg Mpwteaoeg
Todd et al. (2002) Trends Biochem. Sci. 27: 419-426 Gerlt & Babbitt (1998) Curr. Opin. Chem. Biol. 2: 607-612
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Katnyoplotroinon
eEVCULWV




OvouatoAoyia evCUPwVY

O Duclaux 10 1883 ovoparde 1a €vCupa cUPQWVA JE TO

UTTOOTPWHA TOUG.

-Aon: AuUuAdaon, auivoTpavo@epAon, TToOAupepAon

Y/

% Ovopa cupewva Pe To UTTOOTPWHA (TT.X. AUUAGCN)

Y/

s Ovoua ocuppwva pe Tnv avridpaaon (1r.xX. avaywyaon)

Y/

% Ovoua ocuppwva Pe TO UTTOOTPWHA KAl TNV avTidpaon

] o Emile Duclaux
(agpudpoyovaaorn Tou YaAOKTIKOU OCEOQ)

Y/

% Ovopa ouppwva e To TTPOIOV TTOU TTAPAYETAI (Poupapdan)

2.€ APKETA TTPWTEOAUTIKA £vUpa XPNOIMOTIOIEITAI N KATAANCN —ivn

(Bpuyivn, ocautrmiAucivn, BpouRivn K.4.)

ﬁ,zge MpwrTeivik Mnxavikn | Alagadaveia 24

technology lab




WWW.expasy.ch/enzyme

http://www.chem.gmul.ac.uk/iubmb/

Kartartacn ev Uuwv

OvopatoAoyia kata tn Aedvn Entttporny EviUpwv (Enzyme Commission)
EC Ovopa ®duon avtidpaong

1 Oteldoavaywyaoeg Metadopd atopwyv udpoyovou f oEuyovou, 1l NAEKTpoViwV PETOEL poplwy
2 Metadopdoeg Metadoplkd AelToupyLKwV oA dwv HeTafl popiwv

3 YSépoAdoeg Aldomnaon 6E0UWV LE TNV CUUUETOXN VEPOU

4 AvAoeg Anoomnaon opdadwv (xwplc tTnv cuupeToxn vepoL)

5 loopepAoEC Evdopoplakéc avadlatatelg

6 Alyaoeg/IuvOetaosq Juvévwon 6Uo poplwv (tautoxpovn katavaiwon ATP)

7 TpovOAOKAOEC Metadopd LOVIWV i} Hoplwv HeTAl) HEoW TWV HEUBpavVWY

Kwéwkog eviupouv (Enzyme Code - EC XX. XX.XX.XX)
AplOunTtikn Katnyoplonoinon He téoospa Pndia

Mapadeyua: *

EC 2. Metadopdon HO N OH
EC2.1. Metadopd piac opadac pe Evav avopaka

EC2.1.1. MeBulopuetadopaon HO

EC 2.1.1.68 O-peBulopetadopaon Tou Kapeikol of€oC

#'a 6 Mpwrteivikl Mnxavikf | Alagdveia 25
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http://www.chem.qmul.ac.uk/iubmb/
http://www.expasy.ch/enzyme

EC1. Oceidoavaywyaoec

Reduction - Gain of electrons
A

A B A oxidized B reduced
\ J

, , Oxidation- Loss of electrons
NAaktikn aapudpoyovaon

(EC1.1.1.27, S-yaAaktiko: NAD* o€slboavaywyaon)

Arg-171 K Mobile Loog
NAD'  NADH + H’ >~;~ > s 4

\j H2N-;% _:‘;;D HN:—__-_;-E?
* F om==C, NH
?H 0 23+ 2e |0| . (o o s
/ 2 / o i? %“-‘J.-, e 1o
CHs—CH—C< L‘actate;c'i\ehydrogenase CH3—C—C< 0 VAT HW is
HoN-C e
o o -
2 . 2H" + 2e 0, — ;0
FoAaktiko oy Nupootadpulké oy h Y4
f\ p d) .l.DPHFi I
Asp 168

NAD’ NADH + H’

A W a
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EC1. Oceidoavaywyaoec

O&eldaon yAukolng

(EC 1.1.3.4., B-D-yAukoln: ofuyovo 1-avaywyaon)
OAapvovoukAeotiblo wg ouveviupo

ks

enzyme

technology lab

oxidative
half reaction

Hy0p «—— Oy

-

GOX-FAD  GOX-FADH,
CH,OH

‘ U CH,OH

0 GH\' 0 _

OH J > OH \Q)
HO reductive HO

OH half reaction OH

D-glucono-6-lactone

_Azo
CH,OH

OH
OH COOH

B-D-glucose

HO
OH

Gluconic acid
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EC2: Tpavopepdoeg

o ApwvotpavodepAoec: 5 . " ) ) -
Metadopd apvouadwy (PLP) e { Ty { |
v a-Ketoglutarate Alanine

4 Q\
o Kwaoeg: o NN
14 ’ 4 s " o ‘\0‘ 'L
N N
Metadopa dwodoplkwv opadwyv T
HO reatine ase _).:.\
(ADP/ATP) e
Creatine Phosphocreatine
NN HO N HO
| OH N HO o
) H,N'I\(J\ el s ey : o
o MeBulotpavodepaoed: e /\'lq:lm. J‘ﬁﬂ'ﬁls‘/\g:tm
METad)OPd IJ.Ee U)\O-Ol.ld6a§ (SAM) S-adenosyl methianing 5-adenosyl homocysteine
CH3
& O / | & 0
HaN \/\,’\rJLn_mm \ - I:I'.H \/\/\‘/u\ﬂ Histone
NH NH,
Lysine Lysine

#’a a Mpwrteivikl Mnxavikf | Alagdveia 28
enzyme

technology lab




EC3: YOpoAdoeC

Awunaoec / Eotepadoeg

Katnyoptormoinon oo to UNKo¢ Tou UITOCTPWUATOC

snl —0O0OC-R —OH —OH —OH
Lipase Lipase Lipase
sn2 —O0OC-R - 00C-R - 0O0C-R - OH + 3 R-COOH
H-O HRO H-D
sn3 Q00C-R Q0C-R OH OH
Triglyceride Diglycende Monoglyceride Glycerol Fatty acid
Adaoeg Nentidaoeg
O Amidase O N-ten"ninug.?q N-termiur}:ﬂus therminui
),I\ W"" )I\ + NHj NH NH . .
R NH 2 R OH ENZYI""G"""“\NU /%‘I:\S:f'b Enzyme""““\Nu R el Enzyme““““\Nu 1 Szo
A =4 HO
HN>—.R2 — HZO) —)
0=C H,N H,N
HC-terminus ’ >'—R2 ’ >—R2
0=C¢ 0=C¢
O -L‘C terminus L'ZC terminus
+
)—I\ o NH4 Enzyme + Substrate Acyl-enzyme intermediate Enzyme + Product,
R (@) + Product, + Product,

% w —
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EC4: Audoec

& o 0 0 o -

HO o g W _O_T_O\)J\/OH ¥ H)k(\o—g—O‘
) = |

AASONACEC ol o 0 Lo L

(6]
OH |
o-
D-Fructose-1,6-diphosphate Dihydroxyacetone phosphate D-Glyceraldehyde-3-phosphate
® oo
His-s _— ——coo- i
|£ ®) ——coor
HO——co0r o= =
—_— (\ _— - coo
. H——t——c00 H———C00-
Aconitate hydroatease E,) | ;
e e cis-aconitate
citrate
rotate 1807
(flip) His
.[..-J
H
—CO0- H ‘—)UH
rotate back for — 000 —
H=————C00"  easier viewing "0ac aH |
~— o00c—f—H +© DOG-&
HO=——1——C00"  (notan Ii.:.:ual | H-O-Ser
step in | —
H mechanism) 000 — 0a0
isocitrate

% w o
enzyme MpwrTeivik Mnxavikn | Alagaveia 30
technology lab




ECS: loopepaoec

Pakepdon aAavivnc loopepdon XaAKOVNG
(EC5.1.1.1, PLP) (EC 5.5.1.6, NADH)

o

I H ¥
O)\r L].ys Enz

NH,

NS
OPO,
Lalamne \
OH
HO OH ‘ CHI HO 8] W
Lys -Enz ‘ |
o I ILys-Enz -—f——
N NH,
© X oPO | OH O OH O

L I N7 : HI. o OPO4 Chalcone {Naringenin)

Flavanone
: Lys -Enz CHI: Chalcone isomerase
D- alanlne

DadA
2[H] + NH3 |

pyruvate
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ECG6: 2uvBeTdoec

Awyaon DNA 2uvOetdon yAoutapivng
(EC6.5.1.1, ATP) (EC6.3.1.2, ATP)
DMA ligase DMA ligase
LR ) A.TP /L’<—_
NH-AMP NH:2
IE"::I'P
0: / /O /O
. 4y CH,— ¢ CHy—C/
g /LDH & g/l/ /I/F/ / /|~r:u|-| afg/l/P/l/ 2 o ATP ADP NH,
AMP COO™ COO~
‘45«\ NHj7 Pi
1 /I//I/ / L ﬂfﬁ/l/ /I/P/ Glutamate Glutamine
C - ¢ ?
-G G-A -G G—A

s " o
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ETEPOAOYN
EKPPAON TTPWTEIVWV




ETepOAoyn EKQpACN TTPWTEIVWV
,

Your Gene of Interest

'.{.«
< MeTta@opd yeveTikoU UAIKOU aTTé £va l === k3
o , o |
OpYaVvIOUO o€ €vav AANO JE OKOTTO - sere St
e e l’ Bactl: bm Ya!st Q Mamiallan O "idm é
TNV EKPPOAON TNG TTPWTEIVNG TTOU _ o b 4 “""“'1“‘“"' 12
plasmidinto £ coft  “SE— pastons cols | transiection  stableceline L ot
KWOIKOTIOIEITAI PE XPrion TS dopdesll latT O
) ) " :’"‘,,m“‘;:"ﬁ ‘ B ranerpo- B 1 1) |
METAYPAPIKAC KAl JETAPPACTIKAG w.:::.l:.::;w 'T CC N
«MNXAVNG» TOU KUTTAPOU EEVIOTH). '“"’T_Lu "’T"’" }

1% w e
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‘Ekppacn og BakThpia

Escherichia coli - O 1Mo ouxva XpnoIJOTIOIOUPEVOG OPYAVIOUOC CEVIOTHC

% Gram apvnrikd Bakthpla

% [ovidiwpa 4.6 ekatoppupiwy euywyv PAccwy

(TTAPno aAAnAouxion 1o 1997)

% [NpoalpeTIKA avagpOoPIOg - XNMUEIOETEPOTPOPOC
% Xpovog diaipeonc: 20-30 min o€ BEATIOTEC oUVONKeS (37°C)

% EUKoAia xelpiopou oTo epyacTiplo (Bepuokpacia, HECO avATITUENG)
% Xpnon TTAACMIBIWY YIa UETAPOPA YEVETIKOU UAIKOU

% AUo KUpla epyaoTnpIiaka oTeAEXN: K-12 and B

% e ——
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PUBuIoN TNGC EKPPACNC

CH,OH -
gen L 1pTG Induction

OH

OH

HOST CELL
for Expression
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PUBuIoN TNGC EKppaang

Stationary phase l

E4
3
o
e
K-
> e
2 Some cells
é remain
~ viable.
E
£
§
| | | | | 1
20 25 30 35 40 45
Hours
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technology

AloouA@10Ikoi deopoi oTta E. coli

7/
¢

Oceidwon dUo KUOTEIVWV

Y/
%

EukapuwTika KUTTapA: OCEIDWTIKO TTEPIBAANOV OTO KUTTAPO

Y/
%*

E. coli: AvaywyIiko TTepIBAANOV OTO KUTTAPOTTAQC A

7/
%?

2UoowWuaTWHATA oTO KUTTapOTTAaoua (“inclusion bodies™)

Y/
%?

[TpwTOKOAQ eTTAVADIATACNG META TOV KOBAPIOUO

X/
%®

MeTagpopa oTo TTEPITTAAC A

X/
%®

‘Ek@paon Dsb-trpwrteivwv 01O TTEPITTAQO MO
HHO HHO £%.
[ | [ g

—N-C-C- —N-C-C-

Nucleoid region
Ribosomes

Cytosol

c|:H2 GH. Plasma membrane
SH — IS Periplasmic space
SH S Cell wall

I I
CH, cl:Hz u‘t:er membrane

—l}l—C—C":— —N-C-C- Pili
I | 1l
HHO HHO
2 x Cystein Cystin Flagella
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‘EKppaon oTo TrepiTTAaoua
4 "y <

| o
- N _? _C_ - N _? _C_ PrOtKED PrOtMIS-OXI PrOtOXI
CH, CH, -o@ > % —D—>
4+
SH S '
- I '
Y :
CH. CH.
- '?I _9_%_ - hl'l —?—C”:— periplasm
HHO HHO RREERRERRIE ‘
2 x Cystein Cystin ,. ‘,. ‘}([([l]. sl A
anaerobic aerobxc
cytoplasm
8Q| T ‘
NADPH
MAgovékTnO MeiovéKTnpa
Meiwpévn TTpwTedAUON 2UCCWPEUCN TTPWIKWYV TTPWTEVWV
Meiwon Twv CUCCWUATWHATWY MeTagpopd
O&eidwTIKO TTEPIBAAAOV XaunAo eTritredo €kppaong

2woTr avadiTTAwon dICOUAQPIBIKWY OOl WV

s " o
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AANayN TTEPIBAANOVTOG

. i i Thioredoxin System
< AVOywYIKEC TUVORKEC OTO
KUTTAPOTTAGO O g — fhicrecaxdiy, |
& MET6MEN KUTTapOTIAGGGTGY - e N
AVAYWYOAO WV \ J— _.-a Pkt
% Avaywydon 0si0pedogivng (trxB) gluathions (gl)
< Avaywydon yhoutaBelovivng (gor) @o,) gtaredosin 1
o ;IT?)\hé?(guBgoned oTnN BIWCINOTNTA TOU S
2TEANEXOG MeTaAAadeig
Origami trxB/gor/ahpC*
Rosetta-gami trxB/gor/ahpC*
‘Ek ’1'r TEIVWV 1 A@151KOU UG OTO KUTTAPOTTA AD494 trxB
BL21trxB trxB

1% w e
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https://international.neb.com/tools-and-resources/video-library/disulfide-bond-formation-in-the-cytoplasm-of-shuffle-cells
https://international.neb.com/tools-and-resources/video-library/disulfide-bond-formation-in-the-cytoplasm-of-shuffle-cells

Bacillus subtilis

X/
%?

Gram BeTIkO agpofio BakThpIo

7/
%

[TpoaIpETIKA AEPOPIO OE€ CUYKEKPIYEVA PECA

X/
254

Opyaviouog ATTONOVWHEVOGS ATTO TO £€0APOC

X/
%®

KaAr katavonon Tou opyaviouou
% TMapaywyn evOoaTTopiwyV
< 'Ekkpion TTpWTEIVWV OTO NECO

% Xpovog dITTAacIiagpou: 26 min @ 40°C

ﬁzge MpwrTeivik Mnxavikn | Alagavea 41
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Bacillus subtilis

% Movotrdar Ekkplong Sec
% Movortrar ékkpiong Tat
% Xpnon ABC uetagpopewyv
% 2v0otnua SUMO (ékppaaon yovidiwv puBuiouévn atrd TN OCAUTITIAUCIVN)
< 'Ekgpaon pe xprion " -y

@ IPTG

% =UAodn

% MaAtodn

1Y w e
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[TAeovekTnuara / MelovekTnuarta

MAgovéKTnUA MeiovékTnpa
GRAS 2UCOWPEUC TTPWIMWYV TTPWTEIVIV
MoAU otravia TTOB0YOVO MeTagopd

‘EKKpION TWV TTIPWTEIVWV (HovA MEMPBPAvVN)  XaunAo eTTiTTEdO EKPPACNG
2TaBepOTNTA TWV EVOOCTIOPI WV E¢wkuTTdpIEg TTPpWTEACES
Quoikf OeKTIKOTNTA MePITTAOKOG KUKAOG (VOO TTOPIA)

YwnAnf TTapaywyikotnta (20-25 g o1o AiTpo)

ﬁc w S
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Pichia pastoris

% EukapuwTiKOG opyaviopos (ACOKOUUKNTAG)

X/
0’0

MeBuAOTPOPIKOS

7/
2 %4

['vwoTo wg “The E. coli of eucaryotes”

\\ ‘_: a 9
O1 0ce1dadoeg aAkoOANnG puBpuifovtal auoTnPEA aTrd UTTOKIVATEC
AOX Kai JTTopoUV VA eKPPACTOUV O€ €wWG Kal 30% Tou ouvoAou

TWV KUTTOPIKWY TTPWTEIVWV

Y/
%

% Xpovog dITTAaCIacuoU 2-4 wpeg o€ BEATIOTEC OUVONAKEC

% TMAéov avaépeTal we Komagataella phaffii (av kai €xel
KaB1epwOei To TTaAio dvoua)

A MpwrTeivikA M 1 | Alapéveia 44
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Pichia pastoris

Selection of host strain:

« wild types
+ protease-deficient strains Protein secretion

+ auxotrophic strains
+ glyco-engineered strains

Genomlc integration:
|| - single-/multicopy

+ homologous recombination
+ ectopic integration

Secretory pathway:
« secretion signals:
S.c. a-MF, Pp. PHO1

Promoter: - proteolytic processing, e.g.:
« constitutive Kex2p, Ste13p
Y Intracellular protein expression | glycosylation:

Selectable marker:

% % N- or O-linked
« drug resistance % + membrane-associated proteins
- auxotrophy —"| + surface display anchors

s w v it
enzyme MpwTteivik Mnxavikn | Alagaveia
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[TAeoveKTAHATO

% EUKOAN yeveTIKA TpOTTOTTOINON - OTABEPA XWPIC AVTIRIWTIKA

% POnva péoa KaAiEpyelag

% 2XETIKA OUVTOMNOCG XpOVvog dITTAaCIaouoU

% T1oAU upnA£g TTUKVOTNTEG KUTTAPWY € KOAAIEpYIES (< 600 g/L)
% AOX utrokivnTEg

% 'EKKpION OTO YEOO

% EUKOPUWTIKEC NETAUETAPPACTIKEG TPOTTOTTOINCEIG

% w S
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2.UYKpIon

Escherichia coli

- Expresses >80 % of
commercial microbial
products

— Expresses simple to
moderately complex
proteins including
Fabs

— Soluble expression
simplifies recovery
and downstream
processing

— Produces
aglycosylated
proteins

— ldeal for plasmid DNA
production

n w W
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AVOPWTTIVEC KUTTAPIKEC TEIPEC

AuvaTr n TTapaywyn EUKAPUWTIKWYV TTPWTEIVWYV Kol OUOKOAWYV
OUNTTAOK WV

% AIOAUTEC TTPWTEIVEG KOl CWOTA avadITIAWMEVES
% 2WOTEC METAUETAPPACTIKEG TPOTTOTTOINCEIC

% 'Ekppaon avBpwTTivwyv TTPWTEIVWYV, WG gival

[Mapaywyn T11.X. OEPATTEUTIKWY TTPWTEIVWV

% w S
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2

HEK 293

Human Embryonic Kidney

% H mAéov XpnoipgotToloupEVn OEIPA KUTTAPWY aTrO AvBpwTTO VIO
EKPPACN TTPWTEIVWV

% XpnAon yia TNV avamrtugn ePBoAiwyY, BEPATTEUTIKWY TTPWTEIVWY, KOl
BEKTOPEC ADEVOIWV.

% H ogipd Twv KUTTApWYV €£yive aBavarn pEow NS diapoAuvong PE To
DNA 1ou adevoiou 5 (1973)

NMAgovekTAMOTA: MeiovEKTHUOTO:
<% EUKoAn KoANIEpPYEID < AKpIBO péoo kaANiEpyelag
<% EUkoAn diapdAuvon % MeydAog xpovog dirTAaaiaouou (24h)

% "Ekkpion TpwTeiviov oTo oo * EUKOAN empoAuvon

% In vivo avaAuon

X
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Henrietta Lacks cells

Henrietta Lacks (1920-1951), méBave 31 xpovwyv atd Kapkivo
TPOAXNAOU TNG UNTPag

% lpwrtn “aBavartn oeipd”

KUTTApWYV avBpwTrou

HPV role in

B
)
(%)
8
O
©
A
g

1** human cell line.

“» EUKoAn KaAAIEpyela

Henrietta Lacks'death.

% AugdvovTal ypnyopoTepa atro
KAVOVIKQ KUTTapa

% PuoIOAOYIKOC METABOANIOUOC

% MrTTopouv va TpotroTToinBouv
Va TTPOCOUOIWVOUV KATTOIOUG
10TOUG

ﬁzyme MpwrTeivikl Mnxavikn | Alagaveia 50
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E.coli vs. HEK293

XpoOvog yeveag 30 min ~20h

Nopaywylkotnta YPNAEG CUYKEVTPWOELC XaUNAEG CUYKEVTPWOELG
Kootog KaAALEpYELOG XapnAo YynAo

MéEoo KaAALEPYELAG EUkoAn BeAtiotomnoinon MeplmAoko peEco
MeTapeTadpp AoTIKEC

TPOTTOTIOLNOELG

Npwtetvec (MW) <30 kDa >100 kDa

ElOLKEC oUVONKEC Koptla Xpnon kol enwaotripa

#'a 6 MNpwrTeivik Mnxavikn | Alagaveia 51
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2.UyKplon
VVORST

B NOY-
L N O
o “::j:f‘ (s ﬁ- o

Bacteria

; % e 2
= (ol PR e (O

——— %i\ mm\ @
A Ia \

GOVERNMENT i
REGULATION  Tra .mz 2

topy o , ,
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Organisms

Prokaryote

Baciius subtilis

Eukaryote
5. cerevisias

Komagataella pastoris

Filarmentous fungi

Flant call

Insects

Mammal cells

.
o Bon

Growth and culture
condition

Fast and high efficiency,
simple media
requirement

Fast, high efficiency,
and safe

Fast and high efficiency,
easy scak-up

High cel density, easy
scale-up
Fast and high efficiency

Safe and efficacious

Safe for vertebrates,
more demanding
culture conditions
Slow growth and
expensive nutrent
requirement, limited
large-scale industrial
production

Genetic
transformation

Well-defined, simple,
and high efficiency

Comvenient for gene
modification

Well-establihed
manipulation

Well-established
rmanipulation

Complex manipulation
and lower
transformation
efficiency

Complex manipulation,
long pericd, and lower
transformation
efficiency

Excellent tool for
recombinant
glycoprotein production
Complicated
technology

MpwrTeivik Mnxavikn | Alag@aveia 53

Posttranslational
modification

Mo postiranslational

Almost none

Yes but
hyperglycosylation

Yes but
hyper-mannosylation
Typical eukaryotic
postiranslational
modifications

Tailor-made glycans

Glycosylation of protein
temninal with mannose
ghycans

Proper protein folding,
posttranslational
modifications

Expression efficiency

High without efficient
sacration

High yield with
secretory expression
and produces no
lipopolysaccharide

Moderate and
mannosyation of
secreted proteins
Moderate of secreted
proteins

High and efficiency
secrelion

High expressing

High expressing but
cannot ba expressad
continuously

Moderate

Cost

Low cost

Low cost

Low cost

Low cost

Low cost

Cost and potential
contamination with
MICroOnganisms

High cost
High cost and potential

contamination with
animal vinuses

technology lab



MeTa-UETAPEOAOTIKN TEOTTOTTOINCON

4

Ndvrta va okEPTEOTE TNV TEAKN €
mRNA

Ribosome
Hydroxylation

Attaches a hydroxyl
group (-OH) to a side
chain of a protein

Methylation

Adds a methyl group,
usually at lysine or
arginine residues

Lipidation
g Attaches a lipid, such

] 5{) as a fatty acid, to a
¢ protein chain

Acetylation
.’é, Adds an acetyl gro;:.lp

' 4 to an N-terminus of a
MEE% protein or at lysine
g residues

Disulfide Bond

oyn Katd TV nopaywyn the mpwTteivng

Phosphorylation
Adds a phosphate to
serine, threonine or
tyrosine

Glycosylation

Attaches a sugar, usually
to an "N” or 0" in an o!
amino acid side chain

Ubiquitination

Adds ubiquitin to lysine
residue of a target
protein for degradation

SUMOylation
Adds a small protein

SUMO (small s
ubiquitin-like modifier) 0' %
to a target protein

Covalently links the "S"
atoms of two different o‘
cysteine residues

By l. ROCKLAND'

[l antibodies & assays
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Alapopéec otnv YAUKolUAiwon

mammalian insect co(r::uso?(sz);laéu)on
cal Gk:NAc-c}aI cells (antigenic to humans)
(lactosamine) o0 &
extensions

high : & extension
n

bisecting triantennary mannose A®A  owerarm
GlcNAc Q |
tetraantennary \ galactose/
sialic acid
é i .
i paucimannose g
(short mannose

glycans)
. . fucosylation
sialylation
(AR hybrig ~ ComPlex
plants L
e
core
fucosylation
(«-1,8)
terminal GalNAC core fucosylation («1,3)

high xylose side chain

.; mannose (antigenic to humans)
high mannose yeasts
glycans

gal-gal ssalylatnon
groups epitope (NGNA)

high hyper-
\ 4 manonse mannosylation
(non-human)
@ mannose O galactose A fucose 4 sialic acid (N-acetylneuraminic acid, NANA)

M GlcNAc (N-acetyiglucosamine) [)GalNAc (N-acetylgalactosamine) *xylose oualncacu (N-acetylglycolic acid, NGNA)
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Ava@OopEC

< Bioxnueia — Stryer

% Evqupikn Texvohoyia — I. KAwvng (r} EvQupoAoyia — |. KAwvng)

< BiotexvoAoyia - Kupiakidng

% Z1eNén BakTnpiwv yia €ékpacon http://wolfson.huji.ac.il/e xpression/bac-strains-prot-exp.html

< Berkmen, M. (2012). Production of disulfide-bonded proteins in Escherichia coli. Protein Expr Purif 82(1): 240-251.

% Prinz et al. (1997) The role of the thioredoxin and glutaredoxin pathways in reducing protein disulfide bonds in the Escherichia coli
cytoplasm. J Biol Chem 272(25): 15661-15667

< de Marco, A. (2009). Strategies for successful recombinant expression of disulfide bond-dependent proteins in Escherichia coli.
Microb Cell Fact 8: 26.

« Denoncin, K. and J. F. Collet (2013). Disulfide bond formation in the bacterial periplasm: major achievements and challenges
ahead. Antioxid Redox Signal 19(1): 63-71.

<% http://parts.igem.org/Help:Bacillus subtilis/Advantages and disadvantages

% Maarten van Dijl J., Hecker M. (2013) Bacillus subtilis: from soil bacterium to supersecreting cell factory. Microb Cell Fact 12: 3.

« Siggers K.A., Cammie F.L. (2008), The Yeast Saccharomyces cerevisiae: A Versatile Model System for the Identification and
Characterization of Bacterial Virulence Proteins. Cell Host Microbe 4(1): 8-15

< Demain, A.L. & Vaishnav, P. (2009): Production of recombinant proteins by microbes and higher organisms. Biotechnol Adv. 27(3):
297-306.

< Kartse, K., Bleckmann, M., van den Heuvel, J. (2017): Not Limited to E.coli: Versatile Expression Vectors for Mammalian Protein

Expression. Methods Mol Biol. 1586: 313-324.
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http://wolfson.huji.ac.il/expression/bac-strains-prot-exp.html
http://parts.igem.org/Help:Bacillus_subtilis/Advantages_and_disadvantages
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