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Jedno- a tfipismenné symboly L-a-aminokyselin

Jednopismenny

N<XXS<CHOTOUZZIrX—IOTMMUOW>

Tripismenny
Ala
Asx
Cys
Asp
Glu
Phe
Gly
His
lle
Lys
Leu
Met
Asn
Pro
GIn
Arg
Ser
Thr
Sec
Val
Trp
Xaa
Tyr
Glx

alanin

asparagova kys. nebo asparagin
cystein

asparagova kys.

glutamova kys.

fenylalanin

glycin

histidin

isoleucine

lysin

leucin

methionin

asparagin

prolin

glutamin

arginin

serin

threonin

selenocystein

valin

tryptofan

neznama nebo ,jina“ aminokyselina
tyrosin

glutamova kys. nebo glutamin (nebo latky
jako 4-karboxyglutamova kys. nebo 5-oxoprolin)



1. Hormony
1.1 Liberiny a statiny (,releasing” & ,inhibiting“)
Gonadorelin a jeho analogy

*hormon hypothalamu
stimuluje uvolfiovani folikuly stimulujiciho hormonu a luteinizacniho hormonu z hypofyzy
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Gonadorelin a jeho analogy
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Kratkodobé a dlouhodobé pusobeni agonistl gonadorelinu

Effects of GnAH agonist
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Analoga gonadorelinu
Antagonisté gonadorelinu

The GnRH antagonists.
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Antagon™ (ganirelix acetate)
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Gonadorelin a jeho analogy
epfiprava: chemicka syntéza
epouziti: predevSim asistovana reprodukce
*vyhody analogl: podstatné vétsi stabilita = delSi eliminaéni poloas =
—moznost podavat v podstatné delSich intervalech; injekce agonisty nahradi infuzi gonadorelinu

Vztahy mezi strukturou a aktivitou

ezamena glycinu v pozici 6 za objemnéjsi AK vede ke zvySeni stability

esekvence prvnich 3 AK nutna pro vazbu na receptor a pro agonisticky u€inek; u agonistu zachovana,
antagonisté maji zménénou za 3 nefyziol. AK, vazi se na GnRH



Kortikotropin a jeho analogy

Kortikotropin = ACTH; hormon hypofyzy stimulujici tvorbu gluko- a mineralokortikoidU v
kdfe nadledvinek a rast téchto Zlaz

epolypeptid z 39 AK; prvnich 24 totoZnych u v8ech druhu

eprvnich 24 AK odpowda za biol. aktivita, koncovych 15 AK za imunospecificitu

kortikotropin

_ SynVL
tetrakosaktid *latka pouzivana jako standard
syn. cosyntropin [USAN] k

Tetracosactidum CL 2009 MS identifikaci tetrakosktidu
Synacten®



Pouziti kortikotropinu a tetrakosaktidu
«diagnostika funkce nadledvinek
*substitucni terapie pfi nedostaku glukokortikoidu

*nahrada depotniho podavani glukokortikoidu pfi dlouh%dobé terapii

NH,
OH

tetrakosaktid
epouzivan od r. 1961
pfipravovan synteticky

*zneuzivan sportovci k dopingu



Protirelin — synteticky thyreotropin-releasing hormone (TRH)
*hormon hypothalamu, stimulujici tvorbu thyreotropinu v hypofyze a prolaktinu
*téz neurotransmitter v CNS, podili se na regulaci pfijmu potravy, reguluje

energeticky metabolismus aj,

O~_NH,
0
H
N N
07 N
H o ~" NH

protirelin

5-oxoprolyl-histidyl-prolinamid

Protirelinum CL 2009

estruktura objasnéna r. 1969, pouzivan od r. 1976

epodavan p.o.

epouzivan jako posilova¢ kognitivnich funkci k terapii nasledku poskozeni mozku
a michy a neurodegenerativnich onemocnéni (Alzheimer, Parkinson, motoricka
neuronalni choroba aj.)



Somatostatin
ecyklicky tetradekapeptid tvofeny zejména v hypothalamu
*inhibuje tvorbu rdstového hormonu (somatotropinu) v hypofyze
eovliviiuje funkci ledvin, pankreatu a GITu
*téZ neurotransmitter v CNS (,neuropeptid®)
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H—Ala— Gly— Cys— Lys— Asn— Phe—Phe— Trp— Lys— Thr—Phe— Thr— Ser— Cys— OH
Cr6H104N1801952 M. 1637,89 CAS 38916-34-6

somatostatin
Somatostatinum CL 2009
Somatostatin-UCB® inf.
epripravovan synteticky
terapie akromegalie

NH,




1.2 Somatotropin
= rustovy hormon (GH)
*peptid ze 191 AK vyluCovany v pfednim laloku hypofyzy
stimuluje mitdzu, rast bunék a diferenciaci bunék urcitych tkani
*ovlinuje expresi gent a metabolismus
*sekvence AK znama od r. 1972, sekvence nukleotidu kédujicho genu od r. 1977

terciarni struktura prasec¢iho GH

somatotropin

Somatropinum CL2009

*lidsky, pfipraveny rekombinantni technikou pouzivan od r. 1985
*substitu¢ni terapie pfi deficitu pfirozeného GH

1 MATGSRTSLL LAFGLLCLPW LQEGSAFPTI PLSRLFDNAM LRAHRLHQLA FDTYQEFEEA YIPKEQKYSF LQNPQTSLCF SESIPTPSNR EETQQKSNLE 100
101 LLRISLLLIQ SWLEPVQFLR SVFANSLVYG ASDSNVYDLL KDLEEGIQTL MGRLEDGSPR TGQIFKQTYS KFDTNSHNDD ALLKNYGLLY CFRKDMDKVE 200
201 TFLRIVQCRS VEGSCGF



Analoga somatototropinu (ristového hormonu)

- Amino Acid Sequence of Pegv:soment Proteln

* Stippled residues indicate PEG attachment sites (Phe,, Lyssy, Lys,;, Lysso LyS;ss, LyS10. LyS 0 LySies, Lysss)

pegvisomant

eanalog — antagonista lidského rustového hormonu (GH), v némz je Gly v pozici 120
nahrazen Lys, pfidano 8 AK pro lepSi vazbu na receptor a je pegylovan na Phe v pol. 1 a
na 8 Lys

epfipravovan rekombinantni technikou a naslednou reakci s oxiranem (polyadice)
epegylace snizuje antigenicitu a prodluzuje biologicky poloCas

epouziti: IéCba akromegalie



Primarni struktura lidského somatotropinu
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1.3 Oxytocin, vasopresiny a jejich analogy
Vasotocin

= fylogeneticky prekurzor oxytocinu i vasopressinu u nizsich organismul nez savcu

NH,

CH, 0

H@M o}
N 0
H

NH HN

0] I\[(NHZ
(0] o O

OH ©

| | NH
H-Cys-Tyr-lle-GIn-Asn-Cys-Pro-Arg-Gly-NH,
Oxytocin
cyklicky nonapeptid vyluCovany zadnim lalokem hypofyzy
stimuluje kontrakce délohy a vyluCovani mléka u savcl

[ I
H—Cys— Tyr—lle—GlIn—Asn—0Cys—Pro—Leu—Gly—NH,

CazHgeN 1204252 M, 100719 CAS 50-56-6

Oxytocinum CL 2009
*pfipravovan synteticky
epouzivan k navozeni porodu a posileni déloznich stahu



Vasopresin
=antidiureticky hormon (ADH)
«oktapeptidy produkované neurohypofyzou vS§ech obratlovcl (prekurzor synt. v hypothalamu)
*sekvence AK se liSi dle druhu
fidi mnozZstvi vody v téle (regulace ledvin, plic aj.)
epotencialni neurotransmittery
epouzZivany zejmena syntetické derivéty

N N
)J\h/s\/g: )J\h/svg:
Q\(I\/V QYINT

NH
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H, VAP o
O esavci kromé Suidae pouze
Desmopressin
S
0 |
K/‘—T;.-‘r—lj he—GIn—Asn—Cys—Pro— D-Arg—Gly—NH-
CagHgaMN 1204252 M, 1069,22 CAS 16679-58-6

Desmopressinum CL 2009

cyklicky nonapeptid

epfipravovan synteticky
*antidiuretikum (enuresis nocturna, ...)



Analoga vasopresinu
Felypressin

I
H—Cys—FPhe—Phe—GI—Asn—~Cys—Pro—Lys—Gly—NH;
CagHezMN 1304132 M, 1040,22 CAS 56-58-7

Felypressinum CL2009

T Terlipressin
NH,— Gly E;Iy Gly—Cys—Tyr=Phe

GIn—Asn—Cys—Pro—Lys—Gly——NH,

| \
H-Gly-Gly-Gly-Cys-Tyr-Phe-GIn-Asn-Cys-Pro-Lys-Gly-NH,

svazokonstriktor, |IéEba krvaceni z varixt apod., |éEba obéhového Soku
Glypressin © inj., Remestyp © inj.



1.4 Insuliny a glukagon
Insulin
*secernovan prevazné B-burikami Langerhansovych ostravkl pankreatu
eumoznuje utilizaci glukosy bunkami organismu
eizolovali Banting a Best r. 1921 z pankreatu psa

NH2—F—V—N—Q—H—L—C—G—S—H—L—V—E—AL_ILu—m—aLml—lp—S(y“—nE—R—G—F—F—Y—T—P—K—T—COOH fetézec B (30 AK)

C—S—L—Y—Q—L—E—N—Y—C———N——COOH retézec A (21 AK)

NH,—G—|—V—E—Q—C € +F

N
@

H—Gly—lle—Val—Glu—GIn—Cys —E'J.' gs— Thr—3Ser—Ille—

| 1o

—D,!rs —3er—_Leu~—Tyr—GIn—Leu—Glu—As nﬂ—T'j-'r—%y 5—

[

—Asn—0OH

H—FPhe—Val—Asn—GIn—His —LE'LI—'-G']-“S —Gly—Ser—His—
10

—
—Leu—Val—Glu—Ala—Leu— Tyr—Le u—kf'al—‘:ys—a;éy—

—Glu— Arg—Gly—Fhe—Phe— Tyr— Thr—Pro—Lys—+ Thr—OH
30

CasrHa3aMNes07755 M, 5807 .60 CAS 11081-63-0



tvofi se z prekurzoru — proinsulinu o0 110 AK
10 20 30 40 50 60
MALWMRLLPL LALLALWGPD PAAAFVNQHL CGSHLVEALY LVCGERGFFY TPKTRREAED

70 80 90 100 110
LQVGQVELGG GPGAGSLQPL ALEGSLQKRG IVEQCCTSIC SLYQLENYCN

1-24 signalni sekvence;25-54 fetézec B; 57-87 peptid C; 90-110 fetézec A
*dnes ziskavan rekombinantni technikou nebo semisynteticky z praseciho
Insulinum humanum CL2009

*syn. humulin



Insulin bovinni (hovézi)

H—Gly—I|e—VaI—GIu—GIn—C‘;’rs—CyS-—AIa

—Ser—

Val—-Cylrs—Ser—
10

Leu—Tyr—GIn—Leu—Glu—Asn— Tyr—Cys—Asn—OH

-

|
H—~Phe—Val—Asn—GIn—His—Leu—Cys—Gly—Ser—His—Leu—Val—
10

Glu—Ala4Leu—Tyr—Leu—‘\/al——CLs—GIy—GIu—Arg—GIy—F’he—
20

Phe—Tyr-—Thr—Pro—Lys—ililja——OH

Insulinum bovinum CL2009

sizolace z hovézich slinivek

Insiilin nraseci

H—Gly—Ile—VaI—GIu—GIn—C\st—Cys——Thrh—Ser-— lle-

ETal
T

—C;lis—Ser—

Leu—Tyr—GIn—Leu—Glu—Asn— Tyr—Cys—Asn—OH

20|

|
H—Phe—Val—Asn—GIn—His—Leu—Cys—Gly—Ser—His—Leu—Val—
10

|
GIU—AIa-—Leu—Tyr—LeU—Val—Cys——%ly—GIU—Arg—Gly—Phe—

Phe—Tyr—Thr—Pro—Lys— Ala—OH Insulinum porcinum CL2009

an



Analogy insulinu

—Asn—0OH

A—Gly—lle—Val—Glu—GIn—Cys —E'Jf s— Thr—3er—Ille—

10

—D,!rs —3er—Leu— Tyr—GIn—Leu—Glu—Asn—Ty r—gy 5—

[

H—FPhe—‘al—Asn—GIn—His —Leu—-—f:*]rs —Gly—Ser—His—

10

—Leu—Val—Glu—Ala—Leu—Tyr—Le u—‘v‘al—":ys—a;g,r—

lidsky —Glu—Arg—Gly—Fhe—Phe—Tyr—Thr—Pro—Lys—Thr—OH

C 237 H 3-33-N EE\DT'-'SE

M, 5807,60

CAS 11061-62-0

H—Gly—lle—\fal—Glu—GIn—Cz.rf s—Cys— Thr—Ser—Ile—Gglrs —Ser—

—Leu—Tyr—GIn—Leu—Glu—Asn— Tyr—Cys—Asn—OH

| 10

2)

H—FPhe—Val—Asn—GIn—His —Leu—Cys —Gly—Ser—His—Leu—

10

aspart

Insulinum aspartum CL 2009
—Gly—Phe—Phe—Tyr~—Thr

C 256 H 231 N E:'hDT'ES-S

—Val—Glu—Ala—Leu—Tyr—Leu— vm—cja s—GIy—Glu—ARg—
20

_l,-j.lsp.

—Lys—Thr—0OH
a

M, 5825,58

erekombinantni technika
*kratkodobé pusobici

CAS 116094-23-8



H—Gly—Ille— %’al—GIu—GIn—E'jrfE—Eys—Thr—Eer—l_IEr.a—D‘l.rs—Eer—

—Leu—Tyr—GIn—Leu—Glu—Asn—Tyr—Cys —Asn—0OH
0
|

H—Phe—Val—Asn—GIn—His—Le u—l:}Jrs.—GIy—Ser—His—L eu—
10

—Val—Glu—Ala—Leu—Tyr—Leu— i,*al—i]zlrs—ﬁzlj}'—ﬁlu—_ﬁlrﬁg—

—Gly—Phe—Phe—Tyr—Thr—Lys—Pro—Thr—CH
a0

insulin-lispro

Insulinum lisprum CL 2009
erekombinantni
*kratkodobé pusobici



H.0 | Amino acid residues B1-B29 Lys"® J GO

insulin-detemir
fetézec B jen 29 AK, na Lys®* tetradekanoyl (myristoyl)
*rekombinantnée-polosynteticky



insulin-glargin

Gly?"-L-Arg®*®-L-Arg*"®-insulin

Lantus®

inzulin prvni volby, nestaci-li u diabetu 2. typu peroralni antidiabetika
-dlouhy T, , podavan typicky 1x denné s.c. pfed spanim



Chemical name: 3BLys-29BGlu-human insulin
CAS registry number: 207748-29-6
Molecular formula/molecular weight: CasgHigq O75N5e8:/5823

insulin-glulisin
*kratkodobé pusobici
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aH; O NH, O
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BH3 \/I/\H o) 1 \@ NH2
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(¢} o

NH
NH

CH,
OH

B29N(epsilon)-omega-karboxypentadekanoyl-gama-L-glutamoyl desB30 humanni insulin

*velmi dlouha doba pusobeni
*Tresiba ®
*s.c. podani

H



Shrnuti pouzivanych obmén insulinu

Lys B-chain

® = [nsulin lispro differs from human insulin by the substiturion of proline with lysine at positon 28 and the substirution of lysine with proline ar
position 29 of the insulin B chain.

T = Insulin aspart is designed with the single replacement of the amino acid proline by aspartic acid at position 28 of the human insulin B chain.

* = Insulin glulisine is designed with the substiturion of the amino acid lysine with asparagine ar position 3 of the human insulin £ chain and by
substitution of the amino acd lysine at position 29 with glutamine.

T = Insulin glargine differs from human insulin in that the amino acid asparagine ar position A21 is replaced by glycine and 2 arginines are added to
the C-terminus of the B chain.

# = Insulin detemir is designed to bind albumin in plasma after absorption. Threonine is omitred from position 30 of the insulin B chain and replaced
by myristic acid, a Cl4 fatty acid chain.

Figure reprinted with permission from reference 2: Oiknine R, Bernbaum M, Mooradian AD. A crirical appraisal of the role of insulin analogues in the

management of diabetes mellirus. Dirugs. 2005;65:325-40. [PMID: 156698748]



Glukagon
*peptid 0 29 AK z pankreatu podporujici Stépeni jaterniho glykogenu a zvysujici glykémii
ezpusobuje relaxaci hladkého svalstva Zaludku a stfev podobné jako cholinergika

H—His—Ser—GIn—Gly— Thr—Phe— Thr—Ser— Asp— Tyr
10

Ser—Lys— Tyr—Leu— Asp—Ser— Arg— Arg— Ala—GIn—
20

Asp—Phe—Val—0GIn— Trp—Leu—Met— Asn— Thr—OH

C1g3H205N 420408 M, 3482,78 CAS 16941-32-5

Glucagonum CL2009

*izolovan z veprovych nebo hovezich slinivek

Glucagonum humanum CL2009

epfipravovan rekombinantni technikou; sekvence AK totozna

epouziti: terapie tézké hypoglykémie, diagnostika GIT radiologicky apod.



Analoga GLP-1
GLP-1: Glucagon-like peptide 1 = glukagonu podobny peptid 1 = stfevni hormon, jenz spolu
s glukoso-dependentnim inzulinotropnim polypeptidem (GIP) potencuje sekreci inzulinu
indukovanou jidlem
*potecuje vSechny kroky biosyntézy inzulinu, ma pozitivni vliv na funkci a prezivani -bunék
*snizuje nadbyteCnou produkci glukosy v jatrech, zpomaluje vyprazdnovani zaludku, vedouci
k postprandialni hyperglykémii, centralni efekt vede ke snizeni chuti k jidlu (= pokles
télesné hhmotnosti), pravdépodobné i pozitivni uCinky na kardiovaskularni systém

*nevyhody GLP-1 jako IéCiva: nutnost podavani v kontinualni infuzi, extrémné kratky biol.

poloCas T, =2 -3 min (rychly rozklad peptidasami) = potreba stabilnéjSich analogu



Analoga GLP-1

C-16 fatty acid (palmitoyl) @

g@@@@@@@@@@

liraglutid

v-L-glutamoyl(N-a-hexadekanoyl)-Lys,**Arg**-GLP-1(7-37)

*sekvence AK zbytkl z 93 % shodna s fragmentem 7-37 nativhiho GLP-1
*silna vazba na sérovy albumin, vzajemna asociace molekul, nepodléha
glomerulami filtraci = T = 12,5 hod po s.c. injekci

*zlepSuje funkci a i f bunék

*Victoza ®



Exenatid

*syn. exendin 4

*synteticky analog exendinu 3, ktery byl izolovan z jeStérky Heloderma suspectum
ezaména Ser(2)-Asp(3) za Gly(2)-Glu(3)

Byetta ®, Bydureon ®



Kalcitonin
*tvofen C-burikami Stitné zlazy ( = parafolikularni bb. — Baber 1876), u nizSich
obratlovcl ultimobranchialnimi télisky, vznikajicimi z 5. Zaberni Stérbiny
*peptid ze 32 aminokyselin (lososi — Onchorhyncus kisutch; humanni 139 AK)

sreceptory na osteoklastech (ale téz ledviny, mozek)
*} vylugovani Ca?*z kosti (= ¥ kalcémie)

*} tvorbu osteoklastt]

*aplikace spolu s Ca?*k IéCbé osteoporozy

H—Cys—Ser—Asn—Leu—3S er—Thr—Iiiiy's.—*u‘al—Leu—GIy'—L;-.fs—Leu—Eer—SIn—EIu—
| 10

| el}—His—Lys—L eu—GIn— Thr— Tyr—Pro— Arg— Thr— Asn— Thr—Gly—Ser—Gly—
20 a0

Thr—Fro—NH;

C1asHza0MN 2404552 Mr 3431,88 CAS 47931-2541



Kalcitonin

N
O NH, 4O HN
HZNYNH_IO O« NH, OMNHz
HN 0 o 4 0 ¢ NH O
° H)T NN N N NSO
N O O
oY N HO N S
NH NH, HN\\/OH
2
g o H O H
O™ N Nﬁu/\ﬂ/NfLH/\ﬂ/N N
o ®
%o on %o

Calcitoninum salmonis CL 2009 = kalcitonin lososi (synteticky; sekvence
AK odpovida lososimu hormonu)

Miacalcic® inj., nasal; Osteodon®; Tonocalcin®



1.5 Krevni faktory erythopoetinového typu

[ 1
APPRL | CDSR

VLERYLLEAK EAEN | TTGCA
I

EHCSLNEN | T
VEVWQGLALL
L QLHVDKAVS
PPDAASAAPL

GHLELYTGEA

VPOTKVNFYA  WKRMEVGQOQA
SEAVLRGQAL LVNSSQPWEP
GLRSLTTLLR  ALGAQKEA 1S
RT I TADTFRK LFRVYSNFLR

'F RTGD

erythropoietin (EPO)

= glycosylated protein from 165 AA

M about 30 600 CA
M_of protein aglycon 18235.87

(k)

Erythropoietini solutio concentrata EP
= a solution containing a group of closely related glycoproteins, which are not to distinguish
from the natural human erythopoietin (human urine erythropoietin, huEPQO), from the point of
view of 165 amino acids sequence and their average profile of glycosylation

naturally released from kidneys of adults and in liver of foetus

stimulates stem cells of bone marrow to proliferation and differentiation

[
el

I
—
]

1
e

produced in vitro mostly in rodent cell lines by a method based on the recombinant DNA

technology

INN names: epoetin + greek letter spelt in full (eg. epoetin beta)
various epoetins differ in glycosylation, complex branched oligomeric sugar chains are

attached

treatment of anaemia in chronic kidney failure, missused for doping



Epoetin Alfa
(Genetical Recombination)

IRTFL TIL77(EBEFHEER)

Protein moiety
APPRLICDSR VLERYLLEAK EAENITTGCA EHCSLNENIT VPDTKVNFYA
4 |—|

WEEMEVGUOA VEVWUGLALL SEAVLRGQAL LVNSSQFEWEF LOLHVDEAVS

GLRSLTTLLE ALGAQEEAIS PEDAASAARPL RTITADTFRE LFRVYSNELRE
1

GELELYTCER CRTGD

N24, N38, N83 and S126: glycosylation

Carbohydrate moiety (structure of major glycans)
N24, N38 and N8&3

3Galp1-4GIeNACR 1~ g

Manal 6
g 3Galp1-4GIcNAch1 <2 s
(NeuAcci2-);.4 (3Gal[1-4GIcNAC 10531 3G131-4GIcNA p‘““manm/amanm 4GIeNAC[1-4GIcNAS

3Galf14GIcNACR1Z 2

FI.IGl.t]

S126

(NeuAca2)o g

(NeuAou2-)g 13Galp1-3GalNAe

Cg(}ngjmlNgggOMﬂSj: 18235.70 (PI"D[CiIl moic[y)
[113427-24-0)



Epoetin Beta
(Genetical Recombination)

IRIF, ~—%GEEGEFHBRT)

Protein moiety
APPRLICDSR VLERYLLEAK EAENITTGCA EHCSLNENIT VPDTEKVNEYA
e P LR - | |—|

WERMEVGOOA VEVWOGLALL SEAVLEGOAL LVNSEQPWEP LOLEVDEAVS

GLRSLTTLLE ALGAQREALE PPLAASAAPL RTITADTEFREK LERVYSHNELR

|
GELKLYTGEA CETGD

N24, N38, N83 and S126: glycosylation

Carbohydrate moiety (structure of major glycans)

N24, N38 and N83

3Gal|i1-4GIcNACH T~ g Fucax

Man s,
3Galp1-4GlcMAck1 72 B
(Meuhcud-)z 44 (3GalP1-4GleMAGET-)g 5
SGaI[E1-4GIcNﬂc[ﬁ1\4FMm1/3

3Gl 1-4GINACL 1 2

Manf1-4GleMAcf1-4GleMA:

5126
I:N auhwﬂ}c._1

(NeuAci2-)g 13Galf1-3GalNAS

Cg{]gH];mNgggOngg: 18235.70 (Pl'DtCiﬂ mDiC‘t}’)
[122312-54-3]



INN name:

epoetin

alfa

beta

gama

delta

epsilon
zeta

theta

kappa

Struény prehled dosud popsanych epoetinu

Year of
discover
y/approv
al

2000

1997

1990

2002 -
2009

1995
2007

2009

2010

Production
organism /
tissue

Chinese
hamster ovary

Chinese
hamster ovary

C127 murine cells
transfected with
huEPO cRNA

human
fibrosarcoma
cell line HT-
1080

Chinese
hamster ovary

Chinese
hamster ovary

Chinese
hamster ovary

M r
CAS

113427-24-
0

122312-54-3

28 000-31
000

130455-76-4
261356-80-3

154725-65-2
32 000-40 000

604802-70-2

762263-14-9

11096-26-
14

Glycosylatio
n pattern

similar to
uhEPO

less O-
acetyls in O-
glycan
chains;
similar to
uhEPO

sugars

represent 40
% of total M_

Originator

product/biosimila

r

orig/biosim

orig

orig

orig

orig

biosim. of
EPO alfa

orig

biosim. of
EPO alfa

Brand
names ®,
generic
codes

Eprex,
Binocrit,
Abseamed

Neorecormo
n

TYB-5220

Dynepo

Silapo,
Retacrit

Biopoin,
Eporatio

Epoetin
alfa BS

-



Epoetins” glycosylation

APPRLICDSR  VLERYLLEAK EAiz_ﬂiqun EHCSLNENIT VPDTKVNFYA
- N-Linked Glycans
WKRMEUGQQA VEVWQGLALL SEAVLRGQAL LVNSSQPWEP LQLHVDKAVS

“a . O-Linked Glycan
GLRSLTTLLR “ . ALGAQKEAIS PPDA&SMPL RTITADTFRK LFRVYSNFLR

"-.
l|.

GKLKLYTGEA CRTGD

........................ o

. D Lmked 5
Glycan *\---
‘-.ﬂ__ ’_’-‘j.,f"___r'll-I
w * o km‘ = "
» e N-Linked
P .# Glycans

Sites of N-glycosylation: Asn24, Asn38, Asn83 (= N24, N38, N83)
Site of O-glycosylation: Ser126 (= S126)



Epoetins” glycosylation: some more specific occuring sugars

N-acetylneuraminic
acid (= sialic acid)

N-acetyllactosamine

HO H
H O CH3
HO : OH
OH
L-fucose



Epoetins” glycosylation: secondary structure of N-attached oligosaccharide chains

Structures of asialo N-linked saccharwdes oblained from recombinant erytnropoeun

Saccharide - o ) Structure® o s _ )
Fuc
Galfl—4GleNAcf1—2Manal al
N |
) 6 6
Biantennary Mang1—4GleNAcf1—-4GleNAcOH
3
V
Galfl1—4GlcNAcfl—2Manal
Fuce
Galf1—4GlcNAcfl1—2Manal al
N |
6 6
Galf1--4GlcNAcA1 Manf1—4GlcNAcf1—4GlcNAcOH
“u 3
4 ”
Manal
2
Va
Galgl—4GleNAegl
Triante
E Galfl—-4GlcNAcS1
Ty
6 Fue
Manal al
2 N l
” 6 6
Galf1—4GleNAcg1 Manfg1—4GlcNAcS1—-4GIcNACOH
3
Vol
Galf1—4GlcNAcf1—=2Manal
Fuc
Galgl—4GleNAeg1—2Manal al
N l
6 6
Galfg1—4GleNAcS1l—3Galfl—-4GleNAcH1 Manf1—4GlcNAcf1—4GlcNAcOH
Triantennary Lac, N 3
4 7
Manel
2
e

Galf1—4GlcNAcs1

Relative amount

T g

1.4

3.6

6.5

3.5

uar0dody K45 JuDUIQUIOIBY UDWN Jo auniondlS andpAyoqun))



Epoetins” glycosylation:
continued

Tetraantennary

Tetraantennary Lac,

Tetraantennary Lac,

secondary structure of N-attached oligosaccharide chains

Galg1—4GleNAcS1
N
6
Manaxl Fuc
2 al
p v !
Galf1—4GleNAcAl 6 6
Mang1—4GleNAcf1—4GleNAcOH
Gal31—4GlecNAcS1 3
N
4 7
Manal
2
Vad
Galgl—4GleNAeS1
Galf1—4GleNAcf1—3Galfl—4GleNacgl
N
B
Manel Fuc
2 al
’ v !
Galg1l—4GlcNAcA1 6 6
Mang1—4GleNAcS1—4GleNAcOH
Galfgl—4GlcNAcS1 3
A"
4 7
Manal
2
/'l
Galp1—=4GleNAcs1
Galg1—4GleNAcS1
A"
6
Manal Fue
2 \ al
7 |
Galp1—4GleNAcs1 6 6
Mangl—»4GleNAcS1—4GlcNAcOH
Galg1—4GleNAcH1—3Gal 1 —4GleNAes1 3
N 7
4
Manal

/‘
Galfl—4GleNAcegS1

318

3.2

u13a10do4y1A4/g IUDUIQUIO0Y UDWNEY JO 24n30N43G 2]D4PAYOQID))



Epoetins” glycosylation:
continued

CI'ABLE IlI-Continued

secondary structure of N-attachedoligosaccharide chains

Saccharide Structure® Relative amount
%
Galg1—4GleNAcg1
A
6
Manal Fuc
2 \ al
7 1
Galf1—4GlcNAcA1—3Galg1—4GlcNAcs1 6 6
Tetraantennary Lac, Manf1-+4GlcNAcA1—-4GleNAcOH a.2
Galf1—4GleNAcg1 3
A"
4 7
Manal
2
”
Galf1—4GleNAcS1
Galf1—4GleNAcA1—+3Galf1—4GlcNAcS1
.
6
Manal Fuc
2 v al
7 )
Galfl—+4GleNAcS1—+3Galf1—4GlcNAcS1 6 6
Tetraaniennary Lac, Mang1—4GlcNAcf1—4GleNACOH 13.2
Galf1—4GlcNAcs1 3
"
4 f
Manal
2
}
Galf1—+4GlcNAcS1
Galf1—4GleNAcS1—3Galf1—4ClcNAcA1
N
8
Manal Fuc
2 k‘ al
’ i
Galf1—4GlcNAcS1 6 6
Tetraantennary Lac, Mang1--+4GleNAcS1—4GleNAcOH 3.3
Galf1—4GleNAcf1—3Galf1—4GleNAcA1 3
N
4 7
Manal

unat0dosyI a5 JUDUIQUI0ddY UDWNE] JO 24M)MUIS 3IDIPAYOQID)



Epoetins” glycosylation: secondary structure of N-attached oligosaccharide
chains continued

(Galg1—+4GlcNACs1
e
6
Maneal Fue
2 \ al
Galf1—4GlcNAcS1—3 ol l &
Galg1—-4GleNAcg1 6 6
Tetrantennary Lac, Galﬁl—-i-GlcNAcﬁl—-’aﬁ Manf1—4GlcNAcf1—4GlcNAcOH
Galf1—4GlcNAcA1 3
Galf1—4GlcNAef1—3 N 7
4
Manal
2
”
L'Gnl.e 1—4GlcNAcg1
-
Galg1—4GleNAcS1
N
6
Manal Fue
Galfl—4GleNAcg1—3 2 \ al
” {
Galfl—4GlcNAcS1 i} [
Tetraantennary Lacs Galf1—4GleNAcf1—3Galfl—4GlcNAcf1—3 Mangl—4GleNAcf1—-+4GleNACOH
Galf1—4GlcNAcA1 3 4
b 7
4
Maneal

P
Galfl—-4GlcNAcS1

47

o 15% of the saccharides l:ck fucose éttached to the reducing terminal N-acetylglucosamine.

unatodosylus JuDuIqUIcOdY UDWNE Jo aunjondiS a04pAYoqLD))



Differences in individual epotins' glycosylation pattern:
European Pharmacopoea continued

.
=in

Eprex .
P =epoetin alfa
e
4 7
VU JL
o5 FD ES 70 75 20 25

Migration time, n

Fig. 3 CE-UV analysis of the four EPO products.

Retacrit _
=epoetin zeta
5
416
3 7
8
55 fo 65 70 75 80 85

Migration time, r

CZE in accordance with the

Migration time, r

Brinks V. et al., Pharm. Res. 28, 386-393 (2011)

Binocrit
51 =epoetin alfa
6
4 5
N 7
24
4

1.

3 8

d VAL
gﬂbﬂ———“‘} o
P 55 I k0 65 70 75 80 8s
Migration time, r
Dynepo
7 = i
S 6 epoetin delta
4
5
3
2 4 8
1 3
ANVUUUW

B e o
qo 55 fo 65 70 75 80 85



Epoetin conjugates
Methoxy-polythylenglycol-epoetin beta

Total Mr cca 60 000

O Lys52 (Lys45)
EPO chain
NH—EPO chain

Attachement of poly(oxoethylene) chain to EPO by a ,monamide” linker

ONo
Wave
0O n
@)

Plasmatic T, cca 139 h = ,continuous erythropoietin receptor activator, CERA
Mircera ® (s.c. or i.v.) for treatment of anemia in chronic renal disease



Epoetin analogues with altered protein sequence

Darbepoetin alfa

*sequence of EPO alfa changed: Asn30, Thr32, Val87, Asn88 and Thr90 = 2 new

sites of N-glycosylation = 5 sites of N-glycosylation in total; 2 new oligosaccharide

chains attached
ototal Mr 30 000 - 37 000

*recombinant

*indicated for treatment of anemia caused by a chemotherapy of non-myeloid cancers
or by chronic renal failure

Aranesp ® (originator); Nespo ® (biosimilar — approved in EU 2001 - 2008)

HN-APPRLICDSR VLERYLLEAK EAENITTGCN ETCSLNENIT VPDTKVNFYA
WKRMEVGQQA | VEVWQGLALL SEAVLRGQAL LVNSSQVNET LQLHVDKAVS
GLRSLTTLLR|ALGAQKEAIS PPDAASAAPL RTITADTFRK LFRVYSNFLR
GKLKLYTGEA CRTGD-OH

Primary structure of darbepoetin alfa aglycone. New asparagine residues, to which new cabohydrate chains are attached, are in red, other
changed amino acid residues in blue.



= proteins supporting survival and expansion of pluripotent stem cells
and stimulate them to differentiation into various types of leukocytes

. Granulocyte macrophage colony stimulating factor

10 20 30 40 50
MWLQSLLLLG TVACSISAPA RSPSPSTQPW EHVNAIQEAR RLLNLSRDTA
60 70 80 90 100
AEMNETVEVI SEMFDLQEPT CLQTRLELYK QGLRGSLTKL KGPLTMMASH
110 120 130 140
YKQHCPPTPE TSCATQIITF ESFKENLKDF LLVIPFDCWE PVQE

signaling peptide
GM-CSF

Sites of glycosylation: O-: Ser22, Ser24, Ser26, Thr27; N-: Asn44, Asnd4

https://www.uniprot.org/uniprot/P04141



1.6 Faktory stimulujici kolonie
APARSPSPST QPWEHWVNAIGD EARRLLNLSR
DTAAEMNETY VISEMFDLG  EPTCLQTRLE
LYKQGLRGSL  TKLKGPLTMM  ASHYKQHCPP

TPETSCATQI ITFESFKENL KDFLLVIPFD
WEPYQE
CezaH1oo7MN 1710 19633 M, 14 477 44 CAS 99283-10-0

molgramostim

= rekombinantni forma faktoru stimulujiciho kolonie granulocytl a makrofaga (GM-CSF)

stimuluje diferenciaci a proliferaci pluripotentnich kmenovych bunék leukocytu ve zralé granulocyty a
makrofagy

*neni glykosylovany

evyroba rekombinantni technikou za pouziti bakterii jako hostitelskych bunék

* |é¢ba leukopenie pfi chemoterapii nadort a AIDS (Ledcomax-®)

sargramostim

*glykosylovany analog GM-CSF

*Pro23 — Leu23

«3 hlavni komponenty o M_19 500, 16 800 a 15 500

erekombinantné na S. cerevisiae

pfi utlumu tvorby leukocytu pfi chemoterapii; pro mobilizaci leukocytl v periferni krvi pfed
leukaferézou; pro urychleni normalizace poctu leukocytll po transplantaci kostni dfené
*Leukine ® (reg. v USA)



Filgrastim a pedfilgrastim
G-CSF = humanni faktor stimulujici kolonie neutrofilnich granulocytu; neglykosylovany, 174 AK
Sekvence G-CSF a jeho prekurzoru

SLPOSFLLECLEOVEETDGDGEAMAT, EKLEILT‘;:'KLCEIPEEL'-..-'LL-."'.—EISL-."'.—IPI-'HLP

I A0 3o 40 =11 &0

o
_—————————

LOLAGCLSOLHSGLFLYOGLLOALEGISPELGETLDTLOLDVADFATTIW

F'"-—IL:'___Jr______

——VWWWWWWWWWWWWW-

E

MEELGMAPALOFTOCAMPAFASAFOREAGGVLVASHLOSFLEVSYRVLEHLAL]

=L

126 137 - ) 172

filgrastim: analog G-CSF s pfidanym Met na N-konci

erekombinantné na E. coli

*|éCba neutropenie pfi chemoterapii nadorovych onemocnéni a pri AIDS

*S.C., I.V.

Neupogen ®, Accofil ®, Filgrastim Hexal ®, Filgrastim Ratiofarm ®, Nivestim ®, Tevagrastim ®,
Zarzio ®.




Konjugaty filgrastimu

Pegfilgrastim ma kovalentné vazany PEG fetézec o M_cca 20 000 na N-konci

*pfipojen na aminoskupinu N-konc. Met pres propylovou spojku
«delSi eliminaéni poloCas
evyroba rekombinantni a polosynteticka

*Neulasta ®
*na 1 cyklus chemoterapie staci jedina davka

S

Polyethylene
glycol (PEG) molecule

Filgrastim



Konjugaty filgrastimu
lipegfilgrastim (Longquex ®)
z N-Met-G-CSF vypustény aminokyseliny 37-39, na OH Thr133 pfipojena 2-deoxy-o.-
galaktopyranosylova jednotka, na ni molekula kys. neuraminové, na jeji aminoskupinu pak

fragment N-karboxyglycinu, na ktery je karbamatovou vazbou kone¢né napojen
polyoxoethylenovy fetézec, zakonCeny CH,

«glykosylovany; celkova M, je asi 39 000

balugrastim (CG10639) = konjugat G-CSF, z jehoz sekvence byly vypustény Ala1, Val37, Ser38

a Glu39, s humannim sérovym albuminem o 585 AK

«celkova sekvence 759 AK, M, cca 85 000
T, ,cca 19 dni!

eve studiich 2. a 3. faze pfi IéCbé nadoru prsu ucinnost srovnatelna s pegdfilgrastimem



Human stem cell factor (SCF)

1 MEGICRNRVT NNVKDVTKLV ANLPKDYMIT LKYVPGMDVL PSHCWISEMV
51 VQLSDSLTDL LDKFSNISEG LSNYSIIDKL VNIVDDLVEC VKENSSKDLK
101 KSFKSPEPRL FTPEEFFRIF NRSIDAFKDF VVASETSDCV VSSTLSPEKD
151 SRVSVTKPFM LPPVAA

* ligand for the receptor-type protein-tyrosine kinase KIT (= synonym KITLG).

* plays an essential role in the regulation of cell survival and proliferation,
hematopoiesis, stem cell maintenance, gametogenesis, mast cell development,
migration and function, and in melanogenesis

* KITLG/SCF binding can activate several signaling pathways

* 166 AA

* two differentially glycosylated forms, LMW-SCF and HMW-SCF

* peripheral blood progenitor cell mobilization

http://www.uniprot.org/uniprot/P21583



A recombinant form of SCF: ancestim (Stemgen ®)
edimer
*non-glycosylated

eindicated for the setting of autologous peripheral blood progenitor cell transplantation in

patients at risk of poor peripheral blood progenitor cell mobilisation combined with filgrastim
stemporarily approved e.g. in Canada and New Zealand, currently withdrawn

*namisto n€j pouzivana mala molekula — plerixafor Mozobil ®

http://www.medsafe.govt.nz/regulatory/ProductDetail.asp?ID=8093



1.7 Imunomodulatory - interferony

COLPUTHSLG SRETLMLLAG MP@ISLFE lle KDRHDFGFPQ
|
EEFGNQFOKA | ETIPVLHEMI QQIFNLFSTK DSSAAWDETL

LDKFY TELYW GLHDLEAJ}.’ | QGVGEVTETPL MKEDSILAVE

KYFUORITLYL KEKKYS F’J;" W EVVRAEIMRS FSLSTNLOES
LRSKE

interferon a,

Interferoni alfa-2 solutio concentrata CL 2017
X1 =Lys o,

X1=Arg o,

eprotivirova aktivita v pribéhu syntézy virové RNA a bilkoviny

eantiproliferaCni aktivita

*vyroba rekombinantni technikou na bakteriich

Introna ® , Roferon ®

*téZ pegylovany: peginterferon alfa-2a (Pegasys ® ) - na N-konci N?, N°-dikarboxy-Lys
esterifikovany PEG-monomethyletherem



interferon 3

= peptid ze 166 AK
eprodukovan fibroblasty jako odpovéd na stimulaci zivym nebo inaktivovanym virem nebo dvouvlaknovou RNA

—~/VVWWWWWE——FF/ WV —yVW

MSYNLLGFLORSSNFOCOELLWOLNGELEYCLEDEMNFDIPEEI KDLOOFQEEDAALTIY

10 20 A0 40 50 B0

mmwmwvwvwwn v

EMLONIFATFRODS S5 TGWNET IVENLLANVYHDINHLETVLEEELEKEDEFTRGELMS

70 BO 20 100 110 120

VVWWWW - WWWWWW\—

HLERYYGRILHYLEAKEYSHCAWT IVEVEILENFYFINRELTGEYLEN

terapie roztrousené sklerdzy
*Avonex ® , Betaferon ® , Extavia ® : i.m. injekce



interferon y_

*vylu€ovan lidskymi T-lymfocyty jako odpovéd na virove infekce a jina agens
simunomodulacni ucinky
*nekovalentni dimer 2 identickych monomeru

Sekvence monomeru: vl

QDPYVKEAEN LEKKYFNAGHS DVADMNGTLFL GILKNWKEES
DRKIMQSAIY  SFEYFKLFKNF  KDDQSIOKSY ETIKEDMNVE

FFNSHNEKKRD DFEKLTMNYSY TDLNVOREKAI HELIOWVMAEL
SPAAKTCKRKE RSOMLFRGR C734H1168N2040216Ss M. 16 464,76

*vyroba rekombinantni technikou na bakteriich
Interferoni gamma-1b solutio concentrata CL 2017

*roztok formy interferonu vy, ktera ma na N-konci Met
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