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The proteins are among the most complicated and
enigmatic substances in Nature and appear to be
particularly closely related to all that we call Life.

Presentation speech, Nobel prize for Chemistry
1958
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The central dogma states that once “information” has passed into protein it cannot get
out again. The transfer of information form nucleic acid to nucleic acid, or from nucleic
acid to protein, may be possible, but transfer from protein to protein, or from protein to
nucleic acid, is impossible. Information means here the precise determination of
sequence, either of basis in the nucleic acid or of amino acid residues in the protein.
Francis Crick, 1958




Osnovni gradniki so
NUKLEOTIDI

Adenin
Gvanin

DNA

Citozin

Protein

Timin

>gi 37047698 gh | CF601391.1]CF601391 tac36g08.y1 Hydra EST -1V Hydra
magnipapillata cDNA 5" similar to TR:Q9Y1U9 Q9Y1U9 EQUINATOXIN 1V
PRECURSOR. ;, mRNA sequence
AACTAGCAAAGCAGACGCTGGAGGAGGCGCTGGAATAGCAATTTTAGGAGTATTAGCAAAAGTCGGCGTA
GAAGCTGCGTTACAGCAAATTGATAATATTTGGAAAGGAGATGTAGTGAGGTATTGGAAATGCGCTGTAG
AAAACAGATCCGATAAAACACTTTATGCTTACGGAACAACTACGGAATCGGGAAGTATGGGTACAGTTTT
TGCCGATATTCCCCCTGGAAGCACAGGAATTTTTGTGTGGGAAAAATCTAGAGGAGCTGCAACTGGAGCA
AGTGGTGTAGTTCATTATCGTTATGGAGACAAGATACTTAATTTAATGGCATCCATTCCATATGATTGGA
ACTTGTATCAATCTTGGGCTAATGCACGAGTTTCGAATGAAAAGGAAAGCTTTTACAACTTGTATAACGG
GTTAAATGGTGCGAAACCTGCTACAAGAGGAGGAAACTGGGGCGACGTTGATGGTGCAAAATTTTTTCTT
ACTGAAAAAAGTCACGCAGAGTTTAAAGTTATTTTTTCTGGTTAACCAAATGTTGTCAAAAAAATTGTTC
TTTTTCTGTAAA

Osnovni gradniki so
AMINOKISLINE

>SLIT_DROME (P24014)

MAAPSRTTLMPPPFRLQLRLL ILP I LLLLRHDAVHAEPYSGGFGSSAVSSGGLGSVG
IHIPGGGVGY I TEARCPRVCSCTGLNVDCSHRGLTSVPRKI SADVERLELQGNNLTV
IYETDFQRLTKLRMLOLTDNQIHTIERNSFQDLVSLERLDISNNVITTVGRRVFKGA
QSLRSLQLDNNQITCLDEHAFKGLVELEILTLNNNNLTSLPHNIFGGLGRLRALRLS
DNPFACDCHL SWLSRFLRSATRLAPY TRCQSPSQLKGQNVADLHDQEFKCSGLTEHA

AMINOKISLINE
Organske molekule z vsaj eno amino in eno

karboksilno skupino

Beljakovinskega izvora (20): nemodificirane,
postranslacijsko spremenjene (neobicajne)
Nebeljakovinskega izvora (ve¢ 100 razlicnih)
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« asimetricni a ogljikov atom

 opti€no aktivne stereoizomere

» vse razen Gly so kiralne

« L-aminokisline prevladujejo v naravi

* D,L-nomenklatura zasnovana na D- in
L-gliceraldehidu

COOH COOH
HBI:T'-C-'H H--C--;IH:,,

CH,OH CH,OH

L-serine D-serine

20 NARAVNIH AMINOKISLIN
enocrkovna koda, tricrkovna koda

podobnosti v lastnostih stranskih skupin, zdruzevanje
v skupine

delitev glede na polarnost stranske skupine

hidrofobne polarne, nenabite polarne, nabite

Gly G Ser S Asp D
Ala A Thr T Glu E
Val V CysC Lys K
Leu L Tyr Y Arg R
lle | Asn N His H
Pro P GIn Q

Met M

Phe F

Trp W




Skupina 1- nepolarne stranske skupine

Gly, Ala, Val, Leu, lle, Pro, Met, Phe, Trp

alifatske ali aromatske stranske skupine- hidrofoben karakter.
Nizka kemijska reaktivnost stranskih skupin. V notranjosti
proteina, stran od vodne faze.

Skupina 2- polarne, nenabite

Ser, Thr, Cys, Tyr, Asn, GIn

Razli¢ne funkcionalne skupine z enim heteroatomom (O, S ali N),
ki ima elektronski par. Lahko tvori H-vezi z vodo ali drugimi
skupinami. Cys- disulfidna kovalentna vez, pomembna za 3D
zgradbo proteinov. Na povrSini proteinov.

Skupina 3- polarne, nabite pri fizioloSkem pH

Asp, Glu, Lys, Arg, His

Kisle ali bazi¢ne stranske skupine. Neto naboj Asp in Glu pri pH
7.4 je —1, neto naboj Lys, Arg in His pa +1. Imidazolna skupina
His ima pKa pri fiziolodkih pogojih, zato ima lahko neto naboj +2.
Na povrsini proteinov.




Aromatic

Hydrophobic

n—

Delitev na tri skupine do
neke mere arbitrarna:

*G, A, W lahko tudi
polarne

*Y,C lahko tudi nabite pri
visjih pH

NEOBICAJNE AMINOKISLINE-
kemijsko spremenjene

po translaciji, pomembno za funkcijo
proteina

*4-hidroksiprolin, 5-hidroksilizin v kolagenu

histoni veliko metiliranih, acetiliranih,
fosforiliranih

*N-formilmetionin pri biosintezi prokariontskih
proteinov

+y- karboksiglutaminska kislina pri proteinih,
ki sodelujejo pri strjevanju krvi

*D-aminokisline komponente bakterijskih
celi¢nih sten, antibiotikov (gramicidin A)
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DERIVATI AMINOKISLIN Z BIOLOSKO FUNKCIJO

y-aminobutiriCna kislin (GABA)

dopamin

histamin (dekarboksiliran histidin)

tiroksin

nevrotransmiter

nevrotransmiter

lokalni mediator alergijskih reakcij
tiroidni hormon, ki vsebuje jod

INTERMEDIATI V METABOLIZMU

citrulin, ornitin
homocistein
S-adenozilmetionin

v metabolizmu uree
v metabolizmu aminokislin
donor metilne skupine

coon (]
coon . |

HN—C —H HN—C—H
HyN=—€Hl

CHCHSH

DISOCIACIJA AMINOKISLIN

Netopne v organskih topilih (aceton, eter), dobro topne v vodi.
Pri fizioloSkem pH (7.4) obstajajo kot ioni dvojcki. Amfoterne.

Pomembno poznavanje naboja, ker dolo¢a lastnosti proteinov!
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®)

" 1
| @

COOH

+

HN C H <
R

kation

pH 7 neto naboj 0 pH 13 neto naboj -1

®) (®)
(& Y

H* coo™ H* (ool
A M
+
— H,N—C—H “HN C H
R R

"zwitterion" (nevtralen)
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TITRACIJA GLICINA

Gly* Gly’ Gly~
COOH olelom (olelo
e~ . |
Hy;N*— CH, H;N*—CH, H,N— CH,

.. |
. —_—

0 I
1.0 = 0 > 1.0
Equivalents of H* Equivalents of OH™

TITRACIJA
GLUTAMINSKE
KISLINE

0 L0 2.0 3.0
Equivalents of OH™ added —#




pK, vrednosti aminokislin

a-karboksilna skupina (-COOH): pK, =2
o-amino skupina (—NH;*): pK, =9
Kisle aminokisline

Aspartat, Asp, D pKa3 = 3.9
Glutamat, Glu, E pKa3 =4.3
Bazicne

Arginin, Arg, R pKa3 =12.5
Histidin, His, H pKa3 =6.0
Lizin, Lys, K pKa =10.5
Cistein, Cys, C (-SH) pKa3 = 8.3
Serin, Ser, S (-OH) pKa =13
Treonin, Thr, T (-OH) pKa =13
Tirozin, Tyr, Y (fenolna) pKa = 10.1

vrednosti so priblizne in odvisne od neposredne okolice
stranske skupine

Ala (&) 4 3,12 % TITRACIJA Ribonukleaze A
Arg (R) 10 7,81 % -

Asn (N) 9 7,03 % -

Asp (D) 6 4,69 %

Gln (Q) 7 5,47 %

Glu (E) 6 4,69 %

Gly (G) 5 3,91 %

His (H) 5 3,91 %

Ile (I) 3 2,34 %

Leu (L) 2 1,56 %

Lys (K) 8 6,25 %

Met (M) 5 3,91 %

Phe (F) 4 3,12 %

Pro (P) 7 5,47 %

Ser (S) 16 12,50 %

Thr (T) 8 6,25 % -

Trp (W) 0 0,00 %

val (V) 10 7,81 % = o g
alpha-NH3 : 9,69 Asp : 3,86 . i . o - "
alpha-COOH : 2,34 Glu : 4.25 titracijska krivulja "zabrisana

e - veliko Stevilo ionizabilnih aminokislin
rg : 12,40 .
Lys : 10,50 3D struktura = pK se Iar_1ko premaknejo
His : 6,00 do nekaj enot




REAKTIVNOST AMINOKISLIN

Karboksilne skupine pretvorbe v estre, amide
Amino skupine pretvorbe v amide, Schiffove baze
Hidroksilne skupine pretvorbe v estre

Kemijske spremembe po translaciji

Imajo pomembno vlogo za strukturo in delovanje proteina
Fosforilacija tirozina, serina

Cys- disulfidna vez, alkilacija, tvorba merkaptidov
Hidroksilirana oblika prolina in lizina v kolagenu

Kemijske reakcije za detekcije aminokislin in pri analizi
proteinov

Ninhidrinska reakcija vijolicna barva
Sangerjeva reakcija rumena barva

N HN 0 KARBOKSILNA SKUPINA
R—C—COOH + NHy ﬂ* = R—C—C ~NH;

H H,0 H amid

Amino acid

H:;\—' 0
Amino acid + R'—NH, - R—C—C 1[: R

substituiran
H,N ©o  amid

Amino acid + R'—OH = R—C—C  OR Slnteza .
3 aminoacil tRNA
H,0 H ester
(8] - (o] ) t
sinteza
NHCHR — C = + NH,CHRCO —— NHCHRC —NHCHRCO- h H
! Y _ proteinov
oR' R'OH polimer
AMINO SKUPINA
R (8] R
H C NH + R C H——> H C N—C R + H
coo™ IIZU coOo- H

Amino acid

Schiffova baza

's) R
. . I H
Amino acid + R—C—Cl —T"' H—C—N—C—R + H substituiran
I :
HCI coo~ 0 amid

10



1. korak

I N
H .
R—(I:—c—o‘ ‘o—llv—o—FI>—o—|T—o—CH2 oL hdemn
NH;" on on o H |
Aminokislina ATP H I H
OH  OH
o
H .
R—CIZ—C—O—P—O—CHZ oL hdenn
NH, o H | + PR
Aminoacil -AMP H I H
OH  OH
2. korak O o
Hol ll

R—C—C—0—P—0—CH, /denn

I I
NH, o} H
; 0o H I H
Aminoacil -AMP OH OH
9 tRNA
thNA AMP

(@)
O=P—O0—CH, o Adenin
o A (terminalni 3’
| nukleotid tRNA)
H (I)s' 2

|
[0

OH

Aminoacil -tRNA
H(IZ—R

NH3"
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CCA 3’ KONEC

0.

kvasna fenilalanin tRNA

Estrska vez- lahko na 2' ™o 4
ali 3' hidroksilni skupini
—
o H. Shi and P.B.Moore, RNA
6: pp. 1091, 2000
Aminokislina
TIOLNA SKUPINA (Cys)

H H H

|
TOOC—C—CHy— 5H — 000 —C—CHy— 5 —5— (H;— C—C00~

@

HiN
cistein

HI™ NH;
cistin

0
n Bawoup

H
N —UCH,CH, + ~O000—O—OH;—5H

Hi™ Hi™

]

N-etilmaleimid

H H

| |
ICH,CO00™ + ~00C—C— CHy — SH—3 ~00C— C— CHy— § — CH,— GO0~

iodoacetat u;.'I\' I l:L-

H H
| |
ON Q 5 =5 { } NOy + ~00C=C= CH,=SH—* ~00C=C~CH,=5
- — . I
-oos - HAN HyN
5,5'-ditiobis (2-nitrobenzojska
kislina)
DTNB

"Ellmanov reagent"

= TO0C—C— Hy— &,

<€ disulfidna vez

(4]

[}
S

H
o
+ HI

NOy + 5 S Ny,

Coo- Coon™

tiolni anion
Amax=412 nm
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NINHIDRINSKA REAKCIJA

o COOH o
T —h OH P . JOH
X + H{N—C—H > + RCHO + CO3+ NH; + )4 + H*
< ToH AT
0 = 0
ninhidrin : s
A
m OH
O
» Nhinhidrin
(8] (8]
e
AN
. 0 O
dve resonancéni 4
obliki Ruhemann -
vijoli€nega v
0 (4]
el
(8] (8]

SPEKTROSKOPSKE LASTNOSTI AMINOKISLIN

Vse absorbirajo svetlobo v infrarde¢em obmocju
Phe, Tyr in Trp absorbirajo UV

Absorbcija pri valovni dolzini 280 nm - pomoc za
zasleditev aromati¢nih aminokislin (Phe, Tyr in
Trp) in dolo€anje koncentracije proteinov

NMR spektri — znacilni za vsako aminokislino
AsimetriCne - sukajo ravnino polarizirane svetlobe
(CD-spektroskopija)

OznacCene aminokisline lahko loCujemo s HPLC
(tekoCinska kromatografija z visoko locljivostjo)-
pomembno pri dolo€anju primarne zgradbe
proteinov

13



ABSORPCIJSKI SPEKTRI AROMATSKIH AMINOKISLIN

€
[
=
=
=
(=]

Molarna absorbcija,

~
>
(=
<
==l == == =]

20 .

10 ————————IL———-

200 220 240 260 280 300 320
Valovna dolzina A (nm)

aminokisline se lahko povezujejo s peptidno vezjo

— dve aminokislini

:d‘l 1 . g &d b‘ odstranitev vode
PEPTIDNA VEZ i,

(amidna)

1902 Emil Fischer
& Franz Hofmeister

Q_ nastanek -CO-NH-
+6

amino konec karboksilni konec

14



| ostanek

N-terminalni N T C-terminalni
] residue"
konec e wc—CHs konec
HaC, Ha G,
S L L e
PN e e TNTL e e N
[ e Bk
Ll
Tyr aly aly Phe Leu YGGFL
2-9 ostankov peptidi: di-, tri-, tetra-, penta-, heksa-, hepta-, okta-, nona-

10-100 ostankov  oligopeptidi, polipeptidi
nad 100 ostankov proteini

v celici 2-2000 ostankov (molekulska teza 220-220.000 Da)
z 20 aminokislinami veliko moznosti n=2 202=400
n=3 203=8000
n=100 20'%0=1.27 x 10130

biosinteza na ribosomih, glede na zaporedje nukleotidov
razgradnja hidroliza z bazo, kislino ali encimi (proteinaze, proteaze,
peptidaze; prebavni encimi v Zelodcu!)

BIOLOSKO POMEMBNI PEPTIDI

Glutation tripeptid (Glu-Cys-Gly). Regulacija oksido-
reduktivnih reakcij. Odstranitev prostih radikalov v

celici.
2w «— GSH reduciran
DOC""-»\._.-"'"n""‘--\_.--"’kll ¥ ([.-J . Coo GSSG OkSIdIran
"(l. NHz* ! 0
v glutamat cistein glicin
Oksitocin, vazopresin nonapeptidi. Ciklizirani z disulfidno
f 1 vezjo.
G-L-P-C-N-Q-I-Y-C
Inzulin 51 ostankov. Regulira metabolizem glukoze.

Enkefalini  kontrolirajo bolecino.

Aspartam  Sinteti¢ni peptid. L-Asp-L-Phe. Umetno sladilo.

15



RIBONUKLEAZA disulfidne

. . vezi
C-terminalni

konec

o,
K Pm)f"'\(-\' 4
Val)= Val i) 119 o)
= fThe

(eys 30 4

35'/@ g% o /gl\@\/ 1y & \9—@(‘“}?‘@!@_

10

S (4 B «’_ o L2
6.6 20890000,
7 o

N-terminalni/v N 1
konec

NIVOJI PROTEINSKE STRUKTURE

Primarna zgradba

Kovalentna zgradba. Aminokisline povezane s
kovalentnimi vezmi. Zaporedje aminokislin.
Odvisna od zaporedja nukleotidov v genu.

Sekundarna zgradba

Lokalizirane regije primarne zgradbe, ki so
strukturno organizirane v urejene vzorce: o-
heliks, p—ploskev

Tridimenzionalna zgradba
Elementi sekundarne strukture se povezejo v
kompaktno strukturo

Kvartarna zgradba
Asociacija dveh ali ve¢ podenot v oligomerno
strukturo.

NATIVNA KONFORMACIJA

16



PRIKAZ PROTEINSKE STRUKTURE

>gi |122615]sp|P02023 |HBB_HUMAN HEMOGLOBIN BETA CHAIN
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMG
NPVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVL
AHHFGKEFTPPVQAAYQKVVAGVANALAHKYH

Vezi Atomi Shematsko
(skeletni) (Van der Waalsov radii cilindri (a-heliks)
atomov: Corey-Pauling- trakovi (B—ploskev)

Koltun - CPK model)

VELIKOST PROTEINOV, SESTAVA, LASTNOSTI

Proteini se razlikujejo po

Lokaciji v celici membranski, citosolni; v razli¢nih organelih
Velikosti Stevilu aminokislinskih ostankov (masi)
Obliki globularni (bolj fleksibilni; dobro topni v

vodi), fibrozni (kolagen, keratin; visoka
natezna trdnost; slabSe topni v vodi)
Zaporedju zaporedje aminokislin (od N proti C koncu),
ki gradi protein
Sestavi aminokislin  hidrofobni (membranski), polarni proteini

Stevilu podenot monomerni, dimerni, tetramerni, oligomerni
homo-oligomerni enake podenote
hetero-oligomerni razlicne podenote

Dodanih skupinah prosteti¢ne skupine. Enostavni, konjugirani

glikoproteini, lipoproteini, nukleoproteini,
fosfoproteini, metaloproteini (Ca?*, Zn?*),
kromoproteini (hemoproteini, flavoproteini ...)

17



Tip proteina
GLOBULARNI
inzulin
hemoglobin
mioglobin
ribonukleaza
lizocim
citokrom ¢
imunoglobulin
aktin
FIBRILARNI
kolagen

keratin

miozin

elastin
MEMBRANSKI
laktozna permeaza
rodopsin

Funkcija

hormon

transport (kisik)

skladis¢enje (kisik)

encim (hidroliza RNA)

encim (hidroliza bakterijske stene)
elektronski transport

obramba (protitelo)

premikanje (protein v misicah)

strukturni protein

strukturni protein

premikanje (protein v miSicah)
elasti¢nost

membranski kanal¢ek
detekcija svetlobe

7

i

) ’?@g;},ﬁ».

LY y o rw- .ﬂ‘\jc: W 4 .
7 s, - 9 X
f Ml I
"/' ﬂ’*i@é {

LY &)
\,“." p & s

Funkcija

Encimi
Strukturni proteini
Obramba

Transport
Shranjevanje
Regulacija

Komunikacija

Premikanje

kataliza kemijskih
reakcij

mehanska podpora
celicam in organizmom

obramba pred vdorom

tujkov, toksini
prenos snovi

hramba snovi

regulatorni proteini

prenos signalov preko

membrane
kontrakcija misic

amilaza, polimeraza,
nukleaza, proteinaza

kolagen, keratin

protitelesa, komplement,
perforin

hemoglobin, lipoproteini
feritin

transkripcijski faktorii,
translacijski faktoriji

receptorji, G-proteini

miozin, aktin, dinein

18



VELIKOST PROTEINOV
nekaj primerov

Protein Molekulska Stevilo  Stevilo
masa aminokislin podenot
Melitin (peptid-cebela) 3.000 26 1
Inzulin (goveiji) 5.733 51 2
Citokrom C (human) 13.000 104 1
Ribonukleaza A (goveja) 13.700 124 1
Lizocim (jaj€ni beljak) 13.930 129 1
Mioglobin (magji) 16.890 153 1
Kimotripsin (goveji) 21.600 241 3
Hemoglobin (Cloveski) 64.500 574 4
Fotosintetski center 132.200 1191 4
Imunoglobulin G (€loveski) 145.000 1320 4
RNA polimeraza (E.coli) 450.000 4100 5
Feritin (madiji) 450.000 4100 24
Glutaminska sintetaza 600.000 5616 12
Glutamat dehidrogenaza (goveja) 1.000.000 8300 40

o

melitin

g%

Bt

. ;“ —

fotosintetski center imunoglob*

RIBOSOM 1.5 MDa glutamin sintetaza




FUNKCIJA JE ODVISNA OD AMINOKISLINSKE SESTAVE

Aminokislina ADH Histon Kolagen lac permeaza
citosolni vezan na DNA strukturni  membranski
Ala 7.5 13.3 11.7 8.4
Arg 3.2 13.3 4.9 2.9
Asn 2.1 0.7 1.0 3.8
Asp 4.5 3.0 3.0 1.4
Cys 3.7 1.5 0 1.9
GIn 2.1 59 2.6 2.6
Glu 5.6 52 4.5 2.6
Gly 10.2 52 32.7 8.6
His 1.9 1.5 0.3 1.0
lle 6.4 52 0.8 7.9
Leu 6.7 8.9 2.1 12.9
Lys 8.0 9.6 3.6 2.9
Met 2.4 1.5 0.7 34
Phe 4.8 3.0 1.2 13.4
Pro 53 4.4 22.5 2.9
Ser 7.0 3.7 3.8 7.0
Thr 6.4 74 1.5 4.6
Trp 0.5 0 0 1.4
Tyr 1.1 2.2 0.5 34
Val 10.4 4.4 1.7 7.0

aminokisline skupine 1
*v notranjosti

*na povrsini
membranskih proteinov

aminokisline skupine 2 in 3
*na povrsini proteinov
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IZOLACIJA IN CISCENJE PROTEINOV

Kromatografske metode (preparativne)

sionsko-izmenjevalna kromatografija
*gelska kromatografija
«afinitetna kromatografija

Elektroforeze (analitske)
*NaDS-PAGE
sizoelektricno fokusiranje
*nativna elektroforeza

Ultracentrifugacija
Kristalografija, NMR spektroskopija
Masna spektroskopija (analitska)

VEC NA VAJAH!!

po naboju
po velikosti
po afiniteti

po velikosti
po naboju
po velikosti, naboju, obliki

velikost, oblika delcev
3D struktura
masa, zaporedje proteina

JOURNAL CLUB...
ionskoizmenjevalna
kromatografija
Plya 'FI.\'HEN ion

NaDS-PAGE elektroforeza
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Toshio Tomita, Kayoko Noguchi, Hitomi Mimuro, Fumio Ukaji, Kiyoshi Ito, Noriko Sugawara-

Tomita, and Yohichi Hashimoto

Pleurotolysin, a Novel Sphingomyelin-specific Two-component Cytolysin from the Edible
Mushroom Pleurotus ostreatus, Assembles into a Transmembrane Pore Complex

J. Biol. Chem., Jun 2004; 279: 26975 - 26982 ; 10.1074/jbc.M402676200
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mikroskopija

0D at 700 nm

None, PlyA, PiyE,

and PlyB4

PlyA+B

westernovo blotanje
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elektronska mikroskopija
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gelska
kromatografija

Tola329-421

Absorbance

TolA296-421

A
02 485 8101214161820
Elution velume {ml)

Gregor Anderluh, Isa Gokge, and Jeremy H. Lakey
A Natively Unfolded Toxin Domain Uses Its Receptor
as a Folding Template

J. Biol. Chem., May 2004; 279: 22002 - 22009 ;
10.1074/jbc.M313603200

Chi- Circle

SDkeV

Electrons

Focising Mirmors
{or Monoe hromator)

4-Clrele Gonoimeter ( Eulerfan or Kappa Geometry)
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2D NaDS-PAGE
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e
.". 3w .S “‘ZASLEDOVANJE DIFERENCIALNEGA
- F- " IZRAZANJA PROTEINOV
" - ;
-
s 3 4 ' e Proteini izrazeni v:
4 3 s - , : . Normalnih jetrih  vijoli€no
2 - - . : LR ' Jetrnem tumorju zeleno
- = ‘.. - e - Obeh érno
- e 1 . - Bioprobes 38, October 2001,
. ’ .. Molecular Probes, Eugene, USA
™ -
—
e o
MASNA SPEKTROMETRIJA
] .
Uporablja se za - IR \)’Qfﬂ L
identifikacijo proteinov . Ll \Sﬂ’-—«b
Dolo¢eno proteinsko Do 7 S poide
toCko izrezemo iz 2DG B
Protein s proteazo (npr. o |
tripsinom) razrezemo na : m T Iw
peptide é -
Po MS iz spektra mas E

peptidov poskusamo o do | ko | 1o |

dolociti protein
Ce ni primernega

odgovora, dolo¢imo Se —
aminokislinsko zaporedje e
enega od peptidov na

tandemskem MS MVKWPDVOKEKCGMNERYRAPFY WEHDTYIVALPPSTTSVK.

Sequence and protein identified

Gurrant Opinicn in Chermical Bialogy|
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DOLOCANJE ZAPOREDJA
INZULIN (goveji) AMINOKISLIN

veriga A: 21 aminokislin

P&
Efi=

ENE
SEIENES

S o

POEF®-

veriga B: 30 aminokislin © 4
3 disulfidne vezi ® @
Frederick Sanger 1953 @ @
« Sanger: vse molekule enega proteina \; i
imajo enako zaporedje aminokislin 4 @
 Zaporedje aminokislin proteinov lahko @ +
dolo€imo na dva nacina: w §

- dejansko zaporedje aminokislin @ e

- zaporedje nukleotidov v genu (ali %‘; /@
mRNA), ki dolo¢a protein @ @

* Dolocitev aminokislinske sestave e E:D
kisla in alkalna hidroliza do prostih ®
aminokislin, kromatografija in doloCitev “®
posameznih aminokislin Sanger, F., Thompson, ~ &
Odlogitev za nacin fragmentacije E.O.P. and Kitai, R. =

. . L. . 1955) Biochem. J. 59,
(vsebnost lizina, metionina itd.) éog )

0

DOLOCANJE ZAPOREDJA AMINOKISLIN

Postopek:

. Ce veé polipeptidnih verig, logitev.

. Cepitev (redukcija) disulfidnih vezi

. Dolocitev sestave vsake verige

. Dolocitev N- in C-terminalnih ostankov

. Cepitev vsake verige na manj$e fragmente in
dolocitev zaporedij za vsakega

. Ponovitev koraka 5 z drugim na¢inom cepitve, da dobimo
drugacen niz fragmentov.

7. Rekonstrukcija zaporedja proteina iz prekrivajoCih se

fragmentov
8. Dolocitev polozaja disulfidnih vezi

arwON -

(o}




IDENTIFIKACIJA N-TERMINALNIH OSTANKOV

Edmanova degradacija:
— Fenil-izotiocianat (FITC)
— Derivati: feniltiohidantoini (PTH-derivati)

) ) () )
- FITC N N Y
N N—H N—H Sibka N 5
1 | i kislina o
C c=5 [ > ' ’
| | N/ 5 H—C—N
s H—N 4 \u
+ v H ¥ (I_ R
Sibka R—CH .
NH baza LT 4 00 PTH derivat
R CH > _\ ,
c—o0 H—N HyN
H N R CH R CH
R—cH C=0 c—o0
c—0 H—N H—N
H—N R —CH R'"— CH
R CH \ © G o
C s} .I v
! protein krajsi za eno
P N-teminus proteina aminokislino

fluorescenca

HPLC OZNACENIH AMINOKISLIN

zaradi razlicne polarnosti stranskih skupin se razlicno
zadrzujejo na nosilcu kolone

100
(=g
(@]
50 T
o
0 W

Asn
Asp Glu Ser Trp Lys
) S E—
0 5 10 15 20 25 30 35

¢as (min)
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FRAGMENTACIJA VERIG

* Encimska fragmentacija

— tripsin — cepitev peptidne vezi za Lys, Arg

— kimotripsin — cepitev za Phe, Tyr, Trp

— klostripain - kot tripsin, vendar za Arg bolj kot za Lys

— stafilokokna proteaza
za Glu, Asp v fosfatnem pufru
specificno za Glu v acetatnem ali bikarbonatnem
pufru

+ Kemijska fragmentacija
— cianogen bromid- cepitev za Met

REKONSTRUKCIJA CELOTNEGA ZAPOREDJA

» uporaba dveh ali ve€ fragmentacijskih nizov peptidov
* doloCanje zaporedja vsem dobljenim peptidom
(Edmanova degradacija)

* poravnava prekrivajoCih se peptidnih zaporedij

* Tripsinska cepitev
A-E-F-M-S-G-I-T-P-K L-V-G-K
Stafilokokno-proteazna cepitev
F-M-S-G-I-T-P-K L-V-G-K-A-E
cianogen bromidna cepitev
L-V-G-K-A-E-F-M  S-G-I-T-P-K

Prekrivanje

L-V-G-K A-E-F-M-S-G-I-T-P-K
L-V-G-K-A-E F-M-S-G-I-T-P-K
L-V-G-K-A-E-F-M S-G-I-T-P-K

Konéno zaporedje
L-V-G-K-A-E-F-M-S-G-I-T-P-K

28



Tk _

.:'r: .l:r:1 e s 1% mravljinéna kislina

cianogen bromid — i Bt
- N , I s
hidroksilamin -
7
'n'-'_ 12 M HCI ﬁJ
B¥rroursawres ¥ s
T7h-HCT- 35 (85,7} TRGAGE TTR-HCESS 1101
TR 7T \ tripsin
I, g = T g5
endoproteinase Asp-N thermolysin
- p
A T
& l.(; . K9
r Achromobacter protease |
Primarno zaporedje flamutoksina
S. aureus V8 protease Tomita et al. (2004) J. Biol. Chem. 279 (52): 54161

The Nobel Prize in Chemistry 1958
Frederick Sanger

"for his work on the structure of proteins, especially that of
insulin"

Doctor Frederick Sanger. It sometimes happens that an important scientific
discovery is made so to say "overnight™ - if the time is ripe and the necessary
background is there. Yours is not of that kind. The first successful determination
of the structure of a protein is the result of many years of persistent and
zealous work, in which the final solution of the problem has been
approached step by step. You knew when you began to look into the structure
of the insulin molecule 15 years ago that the problem was a formidable one.

29



The Nobel Prize in Chemistry 1980
Walter Gilbert
Frederick Sanger

"“for their contributions concerning the determination
of base sequences in nucleic acids”

Sanger is responsible for the first complete determination of the sequence of a DNA
molecule. He has established the sequence of the 5375 building blocks in DNA from a
bacterial virus called phi-X174.

Sequence investigations with the methods of Gilbert and Sanger together with the
recombinant-DNA technique make excellent tools for continued investigations of the
structure and function of the genetic material.

ZAKAJ JE POMEMBNO POZNAVANJE
PRIMARNE STRUKTURE
(ZAPOREDJA AMINOKISLIN):

Iskanje podobnih proteinov v podatkovnih zbirkah.
Homologi- evolucijsko sorodni proteini, ki imajo lahko isto
funkcijo. Zato je navadno primarna struktura zelo
ohranjena.

Studij evolucijskih odnosov, tvorba filogenetskih dreves.
citokrom c, globinska druzina

Iskanje mutacij. Spremenjeno zaporedje gena se odraza v
spremenjenem (in nefunkcionalnem) proteinu. LaZje je
takSne spremembe detektirati z genetskimi metodami.
srpastoceliCna anemija

Poznavanje zaporedja olajSa sklepanje o 3D strukturi
proteina. Omejeno Stevilo vzorcev zvitja.
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ALPHAL ATEUGAHAGHY] PN 80
ALPHA2 -GAHAGI UALTNAVAHVDDMIA 80
THETA R~LWEKLGSN VYT Tiof WREIT )3 AA AWK T 43S HLDLS P~ - - - - BRIV RAHGEK VL AL SHAVIIILDDL)3: (AN [V
GAMMA [TSiAgc14% .- - \YEDA GGEELGRL YPWTORFFPISFENLSS . SATMENPKVKAHGKK VLI EDAI SIHGGT 85
BETA WALWGEK VNEES (GGEALGRL ¥ PWNTORFFINSFEDLST) - AVMENPKVKAHGKKV LieA SDELAHLDNL GT 85
EPSILON LWEKMN AGGEALGRL) YPWTORFFPSFEGNLSS) 41A ILGNPKVKAHGKKVLAINMDNL Pn 85
DELTA ALWEKVNEVIAYCEEALGRLI YPWNTORFFINSFEGDLSS) v iA 85
MYOGLOBIN 86
ALPHAl
ALPHA2
THETA
GAMMA KLHVDPENFKLLGNTLV
BETA KLHVDPENFRLLGNYLV|
EPSILON KLHVDPENFKLLGN\MVITILA
DELTA IKLHVDPENFRILLGN\YLV| A
MYOGLOBIN
/
.-'.’
/
/
/
" prednik
hemoglobina
Ammatc
prednik
globinov
10 20 30 40 50 60
Clovek HLTPEEKSAVITALWGKVNVDEVGGEALGRLLVVYPWIQRFFESFGDLSTPDAVMENPH 59
§impanz HLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
Zajec N
Zlata ribica
Lastovka
Krokodil
Clovek
Simpanz 2
Zajec KAHGKKVLiAFSEGLSHLDNLKGTFAILSELHCDKLHVDPENFRLLGNVLVIVLEHHFG 120
Zlata ribica ARCSATIRIEGLERMKN TN ISIA! N \PIASVIVEIS ELSA:AI D iR dAICh ;E 119
Lastovka A EEAVIQLDNHIKNIFYLSELHCDKLHVD PENFRLLGD I LVVVLAH G -]
Krokodil 119
Clovek 146
Simpanz 147
Zajec 147
Zlata ribica 147
Lastovka 146
Krokodil 146

Taksni proteini so homologi!




citokrom c- encim udelezen pri respiraciji

znano zaporedje velikega Stevila vrst

od okoli 100 aminokislin je

38 invariantnih (ista aminokislina na istem mestu) pri vseh vrstah
55 invariantnih med konjem in kvasovko

*8 mest je hipervariablinih

ezaporedje je identi¢no pri konju, svinji, ovci, kravi

SRPASTOCELICNA ANEMIJA

MOLEKULARNA BOLEZEN-

VZROK V SPREMEMBI ZAPOREDJA AMINOKISLIN
OMIM g :

Online Mendelian Inhervitance in Man

All Datab ases FubMed Nucleotide

Search| OMIM v e

|' Limits ] Presieminmex [ History f Cliphnar f Details "|

[ Display ” Detailed V‘ Show:|ZD "H Send to “Te)d
|A|I! 1

#603903
SICKLE CELL ANEMIA

TEXT

A number sign (#) iz used with this entry because sickle cell anemia 13 the result of mutant beta globin (HEB; 141
mutation causes sickling of hemoglobin rather than reduced amount of beta globin which causes beta-thalassermia

The most common cavse of sickle cell anemia is Hb S (141900.0243), with 55 disease being most prevalent in .

CLINICAL FEATURES

In many children with sickle cell anemia, functional asplenia develops during the first year of life and septicemmia is
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HISTORY

Noel, a first-year dental student at the Chicago
College of Dental Surgery, was admitted to the
Presbyterian Hospital in late 1904 where Ernest
E. Irons, a 27-year-old intern, obtained a history
and performed routine physical, blood, and urine
examinations. He noticed that Noel's blood
smear contained 'many pear-shaped and
elongated forms' and alerted his attending
physician, James B. Herrick, to the unusual
blood findings. Irons drew a rough sketch of
these erythrocytes in the hospital record.
Herrick and Irons followed Noel over the next 2.5
years through several episodes of severe illness
as he continued his dental studies. Thereafter,
Noel returned to Grenada to practice dentistry.
He died 9 years later at the age of 32.

Incomrect base in DNA
==
Valine in number & position in 3 polypeptide |
i

Abnormal ﬁemog\obin
bl

= s S _

| Overactivity of
| bone mamow

—
Tmedness D|Iat
ol hear
HhEtITIatEm | Abdomlrral
p pain

[ 1
Rapid destruction Clumping of cells,
uf sickle cells causing interferance
with blood circulation
I L
+ Local failures in blood B'-WN
——
uscle Dama to
Joint gastfmnlednal
darnage
Heart Kla II'I Lu
dama dama damay age

“Tower skull'

Heart failure || Kidney I'allu'e| | Paralyss | |Pneumonla \ | cf spleen
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1949 - Linus Pauling s sodelavci objavi
"Sickle Cell Anemia, a Molecular
Disease" v reviji Science. Clanek
pojasni uporabo proteinske
elektroforeze pri pojasnitvi razlik med
normalnim in hemoglobinom srpastih
celic. PrviC so vzrok bolezni povezali s
spremembo v strukturi proteina.

Pesition along Electrophoresis Gel Position along Electropharesis Gel

' 1
a) Moremal c) Sickle Cell Trait
| .

L

lA

ZONE ELECTROPHORESIS AND THE MINOR
HEMOGLOBIN COMPONENTS OF NORMAL HUMAN BLOOD

HENRY G, KUNKEL

Filter paper electruphoresis because of its simplicity and widespread avail-
abili been of great value in elucidating the various abaormal hemo-|
globins, For population screening a simple technique of this type was essen-
tial. However, a number of limitations have gradually become apparent;

adsorption in the path of migration, inequality of migration in different parts|
of the paper and poor adaprability to preparative isolation represent a few of]
these limitations.

As an alternative procedure we have been interested in the use of other]
supporting media such as potato starch and polyvinyl chloride particles, par:
ticularly for the isolation of various hemoglobin fractions. Both of these]
media, employed in the form of a thin siab, although possessing inherent
limitations of their own, have been of some value for these purposes. Thel
starch block technique has the disadvantage that extrancous materials In‘n}
the starch imself frequently contaminate the purified hemoglobin fractions,
The polyvinyl chloride supporting medium avoids this limitation. However)
the ease of handling the starch, the homogeneity of migration, the low elec;
troosmotic flow and the ready visibiliry of minor colored components against
the white starch background have made this procedure more generally useful,

Fig. 1 illustrates a raken with light on orthochro-
matic film of the red components of various normal and abnormal hemo-
globins separated on a thin starch block. The separation is in general very

Fi. L—Comparison of different Hbd
seps slab. Lini

1956 - Vernon Ingram in J.A.
Hunt sta dolocila zaporedje
hemoglobinu in odkrila, da je
sprememba aminokisline v
HbS vzrok za srpastoceli¢no
anemijo.

a Chain
I 2 16 30 5738 &8 1E 141
+ - + - +
Vb Lo Y5 B, B IS S0 A e 1 prpprreen Arg
Ho L Ase.
H HE Syonpiura - 30
stanje leta 1962 "% -
HE Mgasion Tyr,
M8 Conitaaeighia Ay
HE O jngonesi Ly
B chain
a3 & 7 26 63 6T 121 146
HE oo @& 2o
ol His. Les, ... Gle .Gl .. 8o Hitee. MOk ooy e sss s e Bl M8
HbC .l.;i,
Vernon M. Ingram O s o,
Sickle-Cell Anemia Hemoglobin: The Molecular FEE o
Biology of the First "Molecular Disease"—The HE Nt susee .
. . Hb Dpypjop (2031
Cru0|a_l Importance of Serendipity i = Slatoty,
Genetics, Vol. 167, 1-7 Hb B s




SRPASTOCELICNA ANEMIJA

MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPVK
AHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGKEF
TPPVQAAYQKVVAGVANALAHKYH

HbB CCT GAG GAG

/ CCT GTG GAG

MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPVKAHGKKVLGAF
SDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANALA
HKYH

MVHLTPVEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPVKAHGKKVLGAF
SDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANALA
HKYH

ASFDPHEKQL I GDLWHKVDVAHCGGEALSRML IVYPWKRRYFENFGD I SNAQA IMHNEKVQAHGKKVLASF
GEAVCHLDG IRAHFANLSKLHCEKLHVDPENFKLLGD 1 1 1VLAAHYPKDFGLECHAAYQKLVRQVAAALA
AEYH

GLSDGEWQLVLNVWGKVEAD IPGHGQEVL IRLFKGHPETLEKFDKFKHLKSEDEMKASEDLKKHGATVLTA
LGG I LKKKGHHEAE IKPLAQSHATKHKIPVKYLEFISECI I1QVLQSKHPGDFGADAQGAMNKALELFRKDM
ASNYKELGFQG

MALEKSLVRLLLLVLILLVLGWVQPSLGKESRAKKFQRQHMDSDSSPSSSSTYCNQMMRRRNMTQGRCKPV
NTFVHEPLVDVQNVCFQEKVTCKNGQGNCYKSNSSMHITDCRLTNGSRYPNCAYRTSPKERH I I VACEGSP
YVPVHFDASVEDST
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50 60 70 80

ALPHAl A A 1 SAEIR 828 S) Y TINK T) 43 PH)IDLSH- - - - — PN’ 80
ALPHA2 A A 1 SAEIR 828 S) W TIK T) 43 PH)JDLSH- - - - — (B3I Ne]VK e HGKK VL LIALTNAVAHVDDM 3 A 80
THETA A A AR T}43SHLDLSP----- G-SSQ| RAHG@(V‘ LSEAV JLDDL}3: (A 80
GAMMA YPWTQRFFSFGNLSS CSIATMENPKVKAHGKKV Lyl EDAI IMIAGT 85
BETA YPWTOREF|IYSFGDLST) 2V AVMENPKVKAHGKKV LEA SDELAHLDNL GT 85
EPSILON YPWTOREFPSFGNLSS) A ILGNPKVKAHGKKVLAINMDNL Pn 85

DELTA Y PWTOREFINSFEDLSS) DAVMENPKVKAHGKKVLEA3SDE L AHLDNLK ¢l s :1-]

MYOGLOBIN AT\ AT SIGGIWKKKGHHEAE 86
ALPHAL 142
ALPHA2 142
THETA A 142
GAMMA A KLHVDPENFKLLGNELV LA 147
BETA A KLHVDPENFRLL GN\YLV VLA N 147
EPSILON A KLHVDPENFKLLGN{MVIILA AbiA 147
DELTA KLHVDPENFRLL GN)LVEVLA 147
MYOGLOBIN A AlG) (A} 154

Hemoglobin se pojavlja v ve¢ oblikah-1

odrasli HbA, o, -
odrasli HbA, 0ly05 | =l
fetalni HbF oY -
embrionalni Hb Gower-1 Coesp '
embrionalni Hb Portland Eova
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ZGRADBA VIRUSA INFLUENCE

Nukleoprotein
Nukleokapsida

=L = Nevraminidaza
Lipidna
membrana

Kapsida-
proteinski ovoj

http://micro.magnet.fsu.edu/cells/viruses/influenzavirus.html

En virusni delec tako vsebuje

okoli 500 molekul hemaglutinina (H; HA)

okoli 100 molekul nevraminidaze (N; NA)

okoli 3000 molekul proteina matriksa

8 molekul RNA

na vsako molekulo RNA je vezano vecje Stevilo nukleoproteina (NP)
nekaj molekul RNA polimeraze, ki je sestavljena iz treh podenot
nestrukturni protein z neznano funkcijo

i '—Virion

V glavnih viogah

hemaglutinin
nevraminidaza
membranski protein
protein matriksa
nukleoprotein
nestrukturni protein

.\ Transcription)
mRNAS Splicing
% OO

Golgi prot. jedrnega eksporta
Apparatus polimeraza

http://www.ncbi.nlm.nih.gov/genomes/VIRU
SES/virusreplication_scheme.html

8 kosov (890-2341 nt)
skupaj 14 kb

organizma)
ribonukleoproteini

REPLIKACIJA VIRUSA

1.
2. sprostitev vsebine virusa (nukleokapside) v citoplazmo. Transport v jedro.

3. podvojevanije in prepisovanje virusna mRNA z virusno RNA polimerazo.

4.

5. sinteza HA, NA, M2 v ER, GA, celi¢na membrana. NP, M1, NS1 in NEP gredo v jedro, kjer se
6.
7. zorenje novih virusov in sproS€anje iz celice.

vezava ha membrano in endocitoza.

prehod nove mRNA v citoplazmo, Kjer pride do translacije.

vezejo na nove kopije RNA.
povezava nukleokapside z membrano, ki vsebuje HA, NA, M2 preko M1 proteina.

00—

Z I

M2
M1

NS
NEP
PA
PB1
PB2

(=ves genetski material nekega

@@
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i '—Virion

V glavnih viogah

hemaglutinin TH
nevraminidaza TN
membranski protein ] M2
protein matriksa o M
nukleoprotein O NP
nestrukturni protein NS
prot. jedrnega eksporta NEP
polimeraza PA
PB1
PB2

RNA snwsn—
8 kosov (890-2341 nt)
skupaj 14 kb
(=ves genetski material nekega
organizma)
ribonukleoproteini ot

HEMAGLUTININ IN NEVRAMINIDAZA STA
GLAVNA VIRULENCNA DEJAVNIKA!

Po njih lo€ujemo tipe influence Al

vezavna mesta za
celiCne receptorje

38



Tip A
16 tipov glede na hemaglutinin H1-H16
9 tipov glede na nevraminidazoN1-N9

Divje ptice rezervoar za vse tipe tipa A (izvorne);
nekateri visoko patogeni, npr. H5 in H7

Prasiéi so lahko okuZeni s €loveskimi in pti€jimi virusi. Lahko pride do
socasne infekcije z obemi

Cloveski tipi so H1, H2, H3

1918
1957
1968
1977
1997
2003

H1N1 22?2 Spanska gripa 20-40 milijonov mrtvih
H2N2 Pti¢i  Azijska gripa  70.000 mrtvih v ZDA
H3N2 Pti¢i  Hong Kong 34.000 mrtvih v ZDA
H1N1 Pti¢i  Ruska gripa

HS5N1 Pti€¢i  Hong Kong; Pticja gripa

H7N7 Pti¢i  Nizozemska; Pti¢ja gripa 1 mrtev
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3D struktura je ohranjena, spremenjene so
doloceni deli- ki so npr. pomembni za
aktivacijo HA, vezavo na celi¢ni receptor in
zlitje membran.
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Ha Y. et al. (2002) H5 avian and H9 swine influenza
virus haemagglutinin structures: possible origin of
influenza subtypes. EMBO Journal 21, 865-875.
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Tamm K. L. et al. (2003) Membrane fusion: a structural perspective on the Membrane
interplay of lipids and proteins. Current Opinion in Structural Biology 13, 453-
466.
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ZAKAJ PTICJI VIRUS NE INFICIRA CLOVESKIH CELIC?
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Hemaglutinin prepozna N-acetilneuraminsko kislino (sialna kislina)
vezano na glikolipide in glikoproteine na celi€ni povrsini.

Vsi HA pti€jih virusov prepoznajo sialno kislino vezano z a2-3 vezjo na
galaktozo. Vsi HA €loveskih virusov prepoznajo sialno kislino vezano z
a2-6 vezjo.

Okuzba ¢€loveskih celic s pti¢jimi virusi zato zahteva spremembe v
vezavni specificnosti.
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Gamblin S.J. et al. (2004) The Structure and Stevens J. et al. (2004) Structure of the
Receptor Binding Properties of the 1918 Uncleaved Human H1 Hemagglutinin from the
Influenza Hemagglutinin. Science 303, 1838- Extinct 1918 Influenza virus. Science 303, 1866-
1842. 1870.
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Stem Domain

ZAKAJ SO TIPI H5 IN H7
TAKO INFEKTIVNI?

Gruca pozitivno nabitih aminokislin,
ki tvorijo mesto cepitve, kar vodi do
lazje aktivacije virusa.

Stevens J. et al. (2004) Structure of the
Uncleaved Human H1 Hemagglutinin from the
Extinct 1918 Influenza virus. Science 303, 1866-
1870.

KAKSEN JE VISOKO INFEKTIVEN
VIRUS?

Mnogo (slabo poznanih) faktorjev omogoca
virulenénost virusov:
-HA za vezavo na celi¢ni receptor
-Interakcije virusnih proteinov med seboj in s
komponentami celic
-Efektivnost replikacije
-Prilagojenost gostitelju
-Transmisibilnost

PB2 PB1 PA NP NA M1 M2 N51 NS2

51V
R56K N143T

Holmes E.C. et al. (2004) Whole-Genome Analysis of Human
Influenza A Virus Reveals Multiple Persistent Lineages and
Reassortment Among Recent H3N2 Viruses. Plos Biology 3,
1579-1589.
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