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Predslov

Predmet ,Proteinovy dizajn“ je venovany proteinom v najSirSom zmysle slova.

Zakladnym cielom vyucby je porozumiet tymto unikatnym stavebnym

jednotkam zivej hmoty, t.j. zakonitostiam vystavby ich molekul.

Dalsim ciefom je pochopit zasahy do Struktury proteinov na molekularne;j

urovni v snahe cielene menit ich vlastnosti.

K tomu je potrebné zvladnut poznatky o aminokyselinach, peptidovej vazbe,
vlastnostiach proteinov, detaily zo Struktury proteinov (primarna,
sekundarna, supersekundarna, terciarna, kvartérna), ich predikcie, stability
a evolucie, ako aj zaklady vztahov medzi zivymi organizmami (Eucarya,

Bacteria a Archaea).
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1. Proteiny, ich zakladna charakteristika, aminokyseliny

Proteiny su zakladnymi stavebnymi kamenmi zivej hmoty.
Su to biopolyméry zlozené z aminokyselin.
Vznikaju translaciou po transkripcii genetického kodu.

Triplet nukleotidov kéduje jednu aminokyselinu.

Zakladna charakteristika:

- vSetky proteiny su vytvorené z 20 aminokyselin;

- aminokyselina obsahuje -NH> a -COOH skupinu;

- v zivych organizmoch su len a-aminokyseliny;

- vSetky aminokyseliny (okrem Gly) su opticky aktivne;

- v zivych organizmoch su len L-formy aminokyselin.

Ako funguju proteiny:

- imunitny systém — Specifické protilatky (rozpoznavaju cudzie molekuly);
- receptory — v bunkovej membrane (informuju bunku);

- enzymy — zvySenie reakcénej rychlosti ~100x (biokatalyzatory);

- tvorba a prenos nervového vzruchu — neurotransmitery a zachytavace;
- transport a uchovavanie — kanaly a pory v membranach (hemoglobin);
- koordinacia pohybu - svaly, spermie (bic¢ik);

- mechanicka podpora — pokozka a kosti (kolagén);

- ina obrana — zrazanie krvi, toxiny, repelenty...

Zlozené proteiny:

Protein (prosteticka skupina, t.j. kofaktor):
- metaloprotein (ion kovu);

- lipoprotein (lipid);

- glykoprotein (sacharid);



- fosfoprotein (fosfat);

- hemoprotein (hém, Fe).
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KOFAKTOR

Kofaktory su dolezité pre biologicku aktivitu proteinov.
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Dr. Margaret Oakley Dayhoff (1925-1983)

autorka jednopismenového kodu aminokyselin

(Upravené podla: http://en.wikipedia.org/wiki/Margaret_Oakley_Dayhoff)

Aminokyseliny s alifatickym bo¢nym retazcom: Gly, Ala, Val, Leu, Ile

H-CH-COOH  CH;—CH-COOH H3C‘,CH—CI)H—COOH
NH. NH, HC  NH,
H?’C\,CH— CH,~CH-COOH CHQ“““,CH— CH-COOH

Nearomatické aminokyseliny s hydroxylovou skupinou: Ser, Thr

HO-CH,~CH-COOH ' 2C"CH-CH-COOH
NH, HO  NH,


http://en.wikipedia.org/wiki/Margaret_Oakley_Dayhoff

Aminokyseliny obsahujuce bocny retazec so sirou: Cys, Met

HS-CH,~CH-COOH  H3C-S—(CH,);~CH-COOH
NH NH-

Kyslé aminokyseliny a ich amidy: Asp, Asn, Glu, Gln
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NH. O NH,

HOOC-CHy—CH,—CH-COOH  HoN—C-CH,—CH,—CH-COCH
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Bazické aminokyseliny: Arg, Lys, His
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HNCN:

Aminokyseliny s aromatickym kruhom: Phe, Tyr, Trp
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Rozdelenie aminokyselin podla fyzikalno-chemickych vlastnosti:

(Upravené podla: http://mol-biol4masters.masters.grkraj.org/html/Protein_Synthesis1-Prokaryotes_Introduction.htm)
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Sumarizacia Struktur 20 aminokyselin
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Extra aminokyseliny

21. aminokyselina: selenocystein (Sec, U):

Selenocystein sa podoba na cystein, ale namiesto atomu siry ma atom
selénu. Selenocystein je kodovany kodonom UGA (stop kodon; opal);
zaradenie selenocysteinu je sposobené sekvenciou v bezprostrednom okoli

kodonu UGA. Vyskytuje sa napr. v glutationperoxidazach.

O

HSe OH
NH,

(Upravené podla: http://en.wikipedia.org/wiki/Selenocysteine)

22. aminokyselina: pyrolyzin (Pyl, O):

Pyrolyzin sa podoba na lyzin, ale ma pridany pyrolinovy kruh viazany na
koniec postranného retazca lyzinu. Pyrolyzin je kodovany kodonom UAG
(stop kodon; jantar); prirodzene sa vyskytuje v metanogénnych

archaebaktériach ako sucast ich metan-produkujuceho metabolizmu.

OH

H:C O NH,

(Upravené podla: http://en.wikipedia.org/wiki/Pyrrolysine)
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VSeobecny vzorec a-aminokseliny

zdsada
I
R — C,— COOH

premenna |

H

kyselina

R — postranny (boc¢ny) retazec:
- nim sa odliSuju jednotlivé aminokyseliny;
- urCuje, Ci je dana aminokyselina pri fyziologickom pH nabita
(protonovana) alebo nenabita (deprotonovana);

- a-uhlik (Cq) je chiralny (okrem glycinu).

VSetky zivé formy maju zabudované L-formy aminokyselin.

Protein s D-formou aminokyselin by v podstate nemohol existovat, pretoze by
boc¢né retazce boli usporiadané zlym smerom. Je to dané aj translacnou
masinériou proteosynteézy.

L-forma je zrkadlovym obrazom D-formy (rovnaky molekulovy vzorec, ale
podobna Struktura).

Nemozno ich prelozit jednu cez druhu.

CORN pravidlo

(Upravené podla: http://en.wikipedia.org/wiki/Chirality %28chemistry%290)

12
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CORN pravidlo:
- L-forma: COOH, R, NH2 a H — v smere otacania hodinovych ruciciek

- D-forma: COOH, R, NH2 a H — proti smeru otacania hodinovych ruciciek

(S)-alanin (R)-alanin

O O
H:C CH
3 O@ @O 3
G—)NH3 ®NH;

(Upravené podla: http://en.wikipedia.org/wiki/Chirality_%28chemistry%290)

(S)-Alanin a (R)-alanin v zwitterionovej forme (neutralne pH).

Zwitterion (z nemciny "Zwitter' - hybrid) je zlucenina s kyslou, aj zasaditou
skupinou v tej istej molekule.

Pri neutralnom (fyziologickom) pH zwitterion obsahuje naraz negativne
nabité aniony (COO-) a pozitivne nabité kationy (NHz*).

Navonok vsak je to ¢astica neutralna (hoci nabita).

R R
| |

NH, — C,— COOH —— NH,— C,— COO-
| |
H H

13
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2. Vznik proteinov, peptidova vazba, peptidy

e
Y/
H2N—C—C/ H2N—C—C//
| “oH | “oH
R4 R,
l-Hgo
H O H

peptidova vizba

(Upravené podrla: http:/ /www.chemicalconnection.org.uk/chemistry/topics/view.php?topic=58&headingno=3)

Peptidova vézba -C(O)-N(H)- je chemicka vézba tvorena medzi dvoma

molekulami aminokyselin.

Karboxylova skupina jednej (1.) aminokyseliny reaguje s amino skupinou

druhej (2.) aminokyseliny, pricom sa uvolni molekula vody (H20).

Je to dehydratacia.

- napr. tripeptid

E H
lz |
\\ HoOC
“y CH
H
Amino koniec
Koni Peptidové vazby Karboxy koniec
(N-koniec) (C-koniec)

(Upravené podla: http://www.cryst.bbk.ac.uk/PPS95/course/3_geometry/peptide2.html)
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Aspartam (umelé sladidlo) — L-aspartyl-L-fenylalanin metyl ester

Aspartic
acid O Phenylalanine
OH H O Methanol

H,N N 0-CHs
0

(Upravené podla: http://www.sweetenerbook.com/aspartame_2.html)

Oligopeptidy (~ 20-50 aminokyselinovych zvyskov).
Viac ako 50 zvySkov — protein.

N-koniec (zacCiatok proteinu) a C-koniec (koniec proteinu).

Peptidové roviny (jednotky)

N-koniec H O H R2 H C-koniec

(Upravené podla: Moran a kol. Principles of Biochemistry, Pearson Education, Inc., Boston, 2011)

Vazba medzi karbonylovym uhlikom a dusikom ma ciasto¢ne charakter
dvojitej vézby, rotacia je obmedzena (znemoznena).

Zaroven je peptidova jednotka planarna, pricom rotacia je dovolena na C..

15
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Dizka C-N vézby je kratSia nez dizka vazby Cq-N.

Dizka C=0 vézby je v skutocnosti dlh§ia nez normalna karbonylova vézba.
Dosledok mezomérneho ticinku atomu kyslika na volny elektronovy par na
atome dusika; vzniknuté naboje su parcialne.

Atomy peptidovej vazby N, C, O a atomy k nim pripojené lezia v jednej rovine.
Peptidova vézba je planarna.

Rotovat mozu iba vazby Ca-N a Ca—C(O) (rotacie na Cq uhlikoch).

Dihedrdlne (torzné) uhly ¢ a p

Dihedralne uhly @ a gy (voIné otacanie skupin na Cg).

Jedna dvojica torznych uhlov sa vzdy priraduje jednému C, uhliku.

16



Tripeptid
alaninu

(Upravené podla: http://www.iop.vast.ac.vn/theor/conferences/smp/ 1st/kaminuma/UCSFComputerGraphicsLab/AAA.html)

Rotacie su definované torznymi uhlami ¢ (Co—N vézba) a gy (Co—C(O) vézba).
Hodnoty torznych uhlov st ovplyvihované susednymi aminokyselinovymi
zvySkami.

C-koniec

i-ty zvySok

N-koniec

(Upravené podla: http://en.wikipedia.org/wiki/Ramachandran_plot)
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3. Primarna a sekundarna struktara proteinov

Definicie

- primarna — poradie monomérovych jednotiek, t.j. aminokyselinova
sekvencia;

- sekundarna — geometrické usporiadania usekov peptidovych retazcov
(a-Spirala, skladany list — B-vlakna, ohyby, slucky);

- terciarna — priestorové usporiadanie polypeptidového retazca (domény,
motivy...);

- kvartérna - priestorové usporiadanie podjednotiek (diméry, triméry, ...

oligomeéry).

VysSsie typy Struktur (sekundarna a terciarna) su determinované primarnou

Struktarou.

Konfigurdcie peptidovej viizby cis a trans

H C alpha
Calphs TRANS il Ca\"‘:h\a N l‘\’l
(|:|; C alpha (ﬁ \ H
O

(Upravené podla: http:/ /ictwiki.iitk.ernet.in/wiki/index.php/Peptides_and_proteins)

Energeticky vyhodnejSia je konfiguracia trans (~8 kJ/mol).

Konfiguracia cis — ak N-atom poskytuje prolin.

18
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Primarna Struktiira

a-Amylaza z l'udskych slin

MKLFWLLFTIGFCWAQYSSNTQQGRTSIVHLFEWRWVDIALECERYLAPKGFGGVQVSPP 60
NENVAIHNPFRPWWERYQPVSYKLCTRSGNEDEFRNMVTRCNNVGVRIYVDAVINHMCGN 120
AVSAGTSSTCGSYFNPGSRDFPAVPYSGWDFNDGKCKTGSGDIENYNDATQVRDCRLSGL 180
LDLALGKDYVRSKIAEYMNHLIDIGVAGFRIDASKHMWPGDIKAILDKLHNLNSNWFPEG 240
SKPFIYQEVIDLGGEPIKSSDYFGNGRVTEFKYGAKLGTVIRKWNGEKMSYLKNWGEGWG 300
FMPSDRALVFVDNHDNQRGHGAGGASILTFWDARLYKMAVGFMLAHPYGFTRVMSSYRWP 360
RYFENGKDVNDWVGPPNDNGVTKEVTINPDTTCGNDWVCEHRWRQIRNMVNFRNVVDGQP 420
FTNWYDNGSNQVAFGRGNRGFIVFNNDDWTFSLTLQTGLPAGTYCDVISGDKINGNCTGI 480
KIYVSDDGKAHFSISNSAEDPFIATHAESKL 511

MKLFWLLFTIGFCWA sp
QYSSNTQQGRTSIVHLFEWRWVDIALECERYLAPKGFGGVQVSPPNENVAIHNPFRPWWE 60
RYQPVSYKLCTRSGNEDEFRNMVTRCNNVGVRIYVDAVINHMCGNAVSAGTSSTCGSYFN 120
PGSRDFPAVPYSGWDFNDGKCKTGSGDIENYNDATQVRDCRLSGLLDLALGKDYVRSKIA 180
EYMNHLIDIGVAGFRIDASKHMWPGDIKAILDKLHNLNSNWFPEGSKPFIYQEVIDLGGE 240
PIKSSDYFGNGRVTEFKYGAKLGTVIRKWNGEKMSYLKNWGEGWGFMPSDRALVFVDNHD 300
NQRGHGAGGASILTFWDARLYKMAVGFMLAHPYGFTRVMSSYRWPRYFENGKDVNDWVGP 360
PNDNGVTKEVTINPDTTCGNDWVCEHRWRQIRNMVNFRNVVDGQPFTNWYDNGSNQVAFG 420
RGNRGFIVFNNDDWTFSLTLQTGLPAGTYCDVISGDKINGNCTGIKIYVSDDGKAHFSIS 480
NSAEDPFIAIHAESKL 496

UniProt databaza: P04745 (http://www.uniprot.org/)

- accession number (pristupové ¢islo)

BLAST Align Retrieve/ID Mapping

P04745 - amy1_HumaAN

Protein Alpha-amylase 1

NIVE033d ON3S

Gene AMY1A, AMY1
AMY1B, AMY1
AMY1C, AMY1

Organism Homo sapiens (Human)
Status H ﬁ Reviewed - @@®@®@®® - Experimental evidence at protein level*
D|Sp|ay s \, BLAST B Format @ Add to basket | @ History & Comment (0) € Feedback & Help video

Funcnon Function’
Catalytic activity”
SUBCELLULARLOC“T'ON Endohydrolysis of (1->4)-alpha-D-glucosidic linkages in polysaccharides containing three or more (1->4)-alpha-linked D-glucose units.
;
Cofactor
PTM’PROCESSING Binds 1 calcium ion per subunit.
Binds 1 chloride ion per subunit.
_—
Feature key Position(s) Length Description Graphical view N N Actions
Metal binding® 115- 115 Calcium |
i —
Metal binding 173 - 173
. Metal binding* 182 - 182
PUBLICATIONS
Binding site* 210 - 210
;
Active site’ 212-212
Metal binding® 216 - 216
Active site’ 248 - 248 Proton donor

=TED |

-

-

Calcium; via carbonyl oxygen |

-

Calcium |

-

Chloride |

-

Nucleophile |

-

Calcium; via carbonyl oxygen |

-
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Sekundarna Struktira

- a-helix
- B-skladany list (3-vlakna)
- ohyby a slucky

a-Helixy spolu su spolu s B-listami (vlaknami) zakladné — pravidelné —

elementy sekundarnej Struktury proteinov.

Helix (spirdla)

- aminokyseliny su v a-helixe usporiadané v pravotocivej zavitnicovej
Struktare (~0,5 nm Sirka);

- kazda aminokyselina sa zataca asi v 100° ohybe (posun ~0,15 nm
pozdlz osi §piraly);

- helix je tesne zbaleny, takmer bez voIného miesta;

- na jednu otacku S§piraly pripada v a-helixe 3,6 aminokyselinového
zvysku;

- vSetky aminokyselinové zvySky su orientované von zo Spiraly;

- N-H skupina aminokyseliny n mé6ze tvorit vodikovu vazbu s C=0
skupinou aminokyseliny n+4;

- kratke polypeptidy zvycajne nemozu adoptovat a-helix (strata entropie
je prilis vysoka);

- niektoré aminokyseliny — prolin a glycin — naruSaju Spiralova
Struktaru (tzv. helix breakers);

- helix ma pozitivhy naboj na N-konci a negativny naboj na C-konci
(helixovy dipol; destabilizacny vplyv); kompenzacia je obsadenim N-
konca negativne nabitym zvyskom (napr. Glu) — stabilizacia dipolu.
Menej bezné (a menej efektivne) je obsadenie C-konca pozitivne
nabitym zvySkom (napr. Lys);

- Struktara bola prvy-krat navrhnuta v roku 1951 (Pauling a Corey).

20
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Linus Pauling a Robert Corey

s ich modelom a-helixu (1951).

(Upravené podla: Eisenberg Proc. Natl. Acad. Sci. USA 2003, 100: 11207 a
http:/ /en.wikibooks.org/wiki/ Structural_Biochemistry/Proteins)

a-helix = 3,613 helix (ar) — ¢islo 13 udava pocet atomov medzi atdbmami O a H

T

. JR1 R2 R3 R4 RS R6
H, CH-(IIZ-IIJ-CH-ﬁ-IIJ-CH-(llI-I\i-CH-(llll-II\l-C (")-I\I.I-CH-ﬁ-
O H O H o H O H O H O

t I3 Inz;» ‘m

Myoglobin
Prvy protein, ktorého Struktura bola vyrieSena Rtg krysStalografiou (1958),
Max Perutz a John Kendrew; Nobelova cena za chémiu; terciarna struktara

myoglobinu obsahuje len a-Spiraly (a Statistické klbko); Ziadne B-listy.

21
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Skladany list (B-vldkna)

- Struktara B-listu bola tiez prvy-krat navrhnuta v roku 1951 (Pauling
a Corey);

- pozostava z dvoch a viac aminokyselinovych usekov (f-vlakien) v tom
istom proteine, ktoré st navzajom rovnobezné a susedia spolu;

- orientacia moze byt tym istym smerom (paralelné vlakna) alebo moze
alternovat (antiparalelné vlakna);

- vodikové vazby sa tvoria medzi dvomi vlaknami toho istého B-listu;

- postranné retazce aminokyselin st takmer Uplne rozvinuté v celom f3-
vlakne,;

- N-H skupiny kostry jedného vlakna tvoria H-vazby s C=0 skupinami
v kostre susediaceho vlakna (efekt sa kumuluje a prispieva k stabilite
B-listu a jeho Struktarnej rigidite);

- Cq atomy susednych B-vlakien su od seba vzdialené 0,35 nm;

- bocné retazce aminokyselinovych zvySkov v B-listovej Struktire moézu
byt usporiadané aj tak, ze na jednej strane listu su hydroféobne
postranné retazce, kym na protilahlej strane listu su polarne alebo
nabité (t.j. hydrofilné) retazce;

- niektoré sekvencie B-listu sa najma na prolinovych zvySkoch pozdiz
svojej kostry otacaju v tzv. vlasocnicovom ohybe (hairpin turn);

- PB-listy v skutocnosti nie st az také otvorené Struktary, ako naznacuje
ich nazov — 3-vlakna mozno povazovat za velmi volne zvinuté

pravotocivé Spiraly.
Vodikové vazby
VAacsi pocet H-vazieb sa tvori pri antiparalelnom (-liste.
Intermolekularne H-vazby st medzi roznymi polypeptidovymi retazcami, kym

intramolekularne su medzi roznymi castami toho istého polypeptidového

retazca.
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4. Terciarna a kvartérna struktara proteinov

Terciarna Struktura

Je to priestorova Struktura proteinu, jeho molekuly.

Vyriesit, resp. poznat terciarnu Strukturu proteinu znamena ziskat poziciu —
t.j. koordinaty v priestore (X, y, z) — pre kazdy atom, ktory tvori molekulu
proteinu. NajdolezitejSie su atomy tvoriace kostru polypeptidového retazca,
t.j. atomy N, Cq a C(O), ale rovnako je potrebné urcit koordinaty pre vSetky

ostatné atomy (okrem atomov vodika — kvoli malej velkosti).

Priestorova Struktura proteinu sa urcuje (rieSi):
- metoédami réntgenovej kryStalografie (protein v tuhom stave);

- metoédami NMR spektroskopie (v roztoku; mensSie proteiny).

Pre metody rontgenovej krystalografie je potrebné ziskat protein vysokej
Cistoty a nasledne krystal, ktory vhodne difraktuje. Presnost stanovenia
struktury (rozliSenie) sa udava v ,A“ (10-1°© m). Cim je hodnota v ,A“ nizsia,

tym je Struktara urcena presnejSie (t.j. s vA¢Sim rozliSenim).

(a)

Struktura triézafosfatizomerazy (PDB kod: 1TIM). Zobrazenia: (a) atémovy
model, (b) Cq kostra (c) ,CPK®“ model, (d) model stuhy so zapnutymi atomami,

(e) model stuhy s vypnutymi atomami, (f) schéma - a-helixy a B-vlakna.
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odliSené jednotlivé domény A-E.
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Structure and possile Catalvtic rosidus of Taka-amylace A-
Marnda, W/, Kaiasdo, 1

o typrcal sructural fastures of the moieciie are descrbed. A mode g of an amylare chair = the catalyA< st of the ensyme
It ol iting study, GAEAmIC A6 (GAIZ10) And A8partic acel (Ae0297), which ave focatard o the bottom of the dafl, ware condludnd to b the

Keywards:
Sinding Sites, Catatysis, Mydrogen-s Modele, Molecular, . Substrate Soechty, sloha-Amylases

Clik o abatrnct wrds and kaywords 10 acd ther 15 e saarch b,

19821018
1902-10-21

Titulna stranka v PDB (1) pre vyrieSenu terciarnu Strukturu a-amylazy
z Aspergillus oryzae (2TAA) a samotny PDB subor s koordinatami (|) pre
prvych 10 a posledné 4 zvysky a atom vapnika v molekule ,,A“.

HEADER HYDROLASE (O-GLYCOSYL) 18-0CT-82 2TAA
TITLE STRUCTURE AND POSSIBLE CATALYTIC RESIDUES OF TAKA-AMYLASE A
COMPND MOL ID: 1;

COMPND 2 MOLECULE: TAKA-AMYLASE A;

COMPND 3 CHAIN: A, B, C;

COMPND 4 EC: 3.2.1.1;

COMPND 5 ENGINEERED: YES

SOURCE MOL ID: 1;

SOURCE 2 ORGANISM SCIENTIFIC: ASPERGILLUS ORYZAE;

SOURCE 3 ORGANISM TAXID: 5062

KEYWDS HYDROLASE (O-GLYCOSYL)

EXPDTA X-RAY DIFFRACTION

AUTHOR M.KUSUNOKI,Y.MATSUURA, N.TANAKA,M.KAKUDO

REVDAT 8 13-JUL-11 2TAA 1 VERSN

REVDAT 7 24-FEB-09 2TAA 1 VERSN

REVDAT 6 15-0CT-89 2TAA 3 MTRIX

REVDAT 5 22-0CT-84 2TAA 1 SEQRES SHEET

REVDAT 4 17-JUL-84 2TAA 2 REMARK SSBOND CONECT

REVDAT 3 31-JAN-84 2TAA 1 REMARK

REVDAT 2 30-SEP-83 2TAA 1 REVDAT

REVDAT 1 21-0CT-82 2TAA 0

SPRSDE 21-0CT-82 2TAA 1TAA

JRNL AUTH Y .MATSUURA, M.KUSUNOKI, W.HARADA, M.KAKUDO

JRNL TITL STRUCTURE AND POSSIBLE CATALYTIC RESIDUES OF TAKA-AMYLASE A
JRNL REF J.BIOCHEM. (TOKYO) v. 95 697 1984
JRNL REFN ISSN 0021-924X

JRNL PMID 6609921

REMARK

1
REMARK 1 REFERENCE 1

REMARK 1 AUTH Y .MATSUURA, M.KUSUNOKI, W.HARADA, N. TANAKA,Y.IGA,N.YASUOKA,
REMARK 1 AUTH 2 H.TODA,K.NARITA,M.KAKUDO
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REMARK 1 TITL MOLECULAR STRUCTURE OF TAKA-AMYLASE A. I. BACKBONE CHAIN
REMARK 1 TITL 2 FOLDING AT 3 ANGSTROMS RESOLUTION
REMARK 1 REF J.BIOCHEM. (TOKYO) V. 87 1555 1980
REMARK 1 REFN ISSN 0021-924X
REMARK 1 REFERENCE 2

REMARK 1 AUTH  Y.MATSUURA,M.KUSUNOKI,W.DATE,S.HARADA,S.BANDO,N.TANAKA,
REMARK 1 AUTH 2 M.KAKUDO

REMARK 1 TITL LOW RESOLUTION CRYSTAL STRUCTURES OF TAKA-AMYLASE A AND ITS
REMARK 1 TITL 2 COMPLEXES WITH INHIBITORS

REMARK 1 REF J.BIOCHEM. (TOKYO) V. 86 1773 1979
REMARK 1 REFN ISSN 0021-924X
REMARK 2

REMARK 2 RESOLUTION. 3.00 ANGSTROMS.

REMARK 3

REMARK 3 REFINEMENT.

REMARK 3  PROGRAM : NULL

REMARK 3  AUTHORS : NULL

REMARK 3

REMARK 3 DATA USED IN REFINEMENT.

REMARK 3  RESOLUTION RANGE HIGH (ANGSTROMS) 3.00
REMARK 3  RESOLUTION RANGE LOW (ANGSTROMS) NULL
REMARK 3  DATA CUTOFF (SIGMA (F)) NULL
REMARK 3  DATA CUTOFF HIGH (ABS (F)) NULL
REMARK 3  DATA CUTOFF LOW (ABS (F)) NULL
REMARK 3  COMPLETENESS (WORKING+TEST) (%) : NULL
REMARK 3  NUMBER OF REFLECTIONS : NULL
REMARK 3

REMARK 3 FIT TO DATA USED IN REFINEMENT.

REMARK 3  CROSS-VALIDATION METHOD : NULL
REMARK 3 FREE R VALUE TEST SET SELECTION : NULL
REMARK 3 R VALUE (WORKING SET) : NULL
REMARK 3  FREE R VALUE : NULL
REMARK 3 FREE R VALUE TEST SET SIZE (%) : NULL
REMARK 3 FREE R VALUE TEST SET COUNT : NULL
REMARK 3  ESTIMATED ERROR OF FREE R VALUE : NULL
REMARK 3

REMARK 3 FIT IN THE HIGHEST RESOLUTION BIN.

REMARK 3  TOTAL NUMBER OF BINS USED : NULL
REMARK 3  BIN RESOLUTION RANGE HIGH (A) : NULL
REMARK 3  BIN RESOLUTION RANGE LOW (A) : NULL
REMARK 3  BIN COMPLETENESS (WORKING+TEST) (%) : NULL
REMARK 3  REFLECTIONS IN BIN (WORKING SET) : NULL
REMARK 3  BIN R VALUE (WORKING SET) : NULL
REMARK 3 BIN FREE R VALUE : NULL
REMARK 3 BIN FREE R VALUE TEST SET SIZE (%) : NULL
REMARK 3  BIN FREE R VALUE TEST SET COUNT : NULL
REMARK 3  ESTIMATED ERROR OF BIN FREE R VALUE : NULL
REMARK 3

REMARK 3 NUMBER OF NON-HYDROGEN ATOMS USED IN REFINEMENT.
REMARK 3  PROTEIN ATOMS : 11070

REMARK 3  NUCLEIC ACID ATOMS : 0

REMARK 3  HETEROGEN ATOMS : 3

REMARK 3  SOLVENT ATOMS : 0

REMARK 3

REMARK 3 B VALUES.

REMARK 3  FROM WILSON PLOT (A**2) : NULL
REMARK 3  MEAN B VALUE (OVERALL, A**2) : NULL
REMARK 3  OVERALL ANISOTROPIC B VALUE.

REMARK 3 B1l (A**2) : NULL

REMARK 3 B22 (A**2) : NULL

REMARK 3 B33 (A**2) : NULL

REMARK 3 B12 (A**2) : NULL

REMARK 3 B13 (A**2) : NULL

REMARK 3 B23 (A**2) NULL

REMARK 3

REMARK 3 ESTIMATED COORDINATE ERROR.

REMARK 3  ESD FROM LUZZATI PLOT (A) : NULL
REMARK 3 ESD FROM SIGMAA (A) : NULL
REMARK 3  LOW RESOLUTION CUTOFF (A) : NULL
REMARK 3

REMARK 3 CROSS-VALIDATED ESTIMATED COORDINATE ERROR.
REMARK 3  ESD FROM C-V LUZZATI PLOT (A) : NULL
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REMARK 3 ESD FROM C-V SIGMAA (A) : NULL

REMARK 3

REMARK 3 RMS DEVIATIONS FROM IDEAL VALUES.

REMARK 3 BOND LENGTHS (A) NULL

REMARK 3 BOND ANGLES (DEGREES) NULL

REMARK 3 DIHEDRAL ANGLES (DEGREES) NULL

REMARK 3 IMPROPER ANGLES (DEGREES) NULL

REMARK 3

REMARK 3 ISOTROPIC THERMAL MODEL : NULL

REMARK 3

REMARK 3 ISOTROPIC THERMAL FACTOR RESTRAINTS. RMS SIGMA
REMARK 3 MAIN-CHAIN BOND (A**2) : NULL ; NULL
REMARK 3 MAIN-CHAIN ANGLE (A**2) : NULL ; NULL
REMARK 3 SIDE-CHAIN BOND (A**2) : NULL ; NULL
REMARK 3 SIDE-CHAIN ANGLE (A**2) NULL ; NULL
REMARK 3

REMARK 3 NCS MODEL : NULL

REMARK 3

REMARK 3 NCS RESTRAINTS. RMS SIGMA/WEIGHT
REMARK 3 GROUP 1 POSITIONAL (A) : NULL ; NULL
REMARK 3 GROUP 1 B-FACTOR (A**2) : NULL ; NULL
REMARK 3

REMARK 3 PARAMETER FILE 1 : NULL

REMARK 3 TOPOLOGY FILE 1 : NULL

REMARK 3

REMARK 3 OTHER REFINEMENT REMARKS: NULL

REMARK 4

REMARK 4 2TAA COMPLIES WITH FORMAT V. 3.30, 13-JUL-11

REMARK 100

REMARK 100 THIS ENTRY HAS BEEN PROCESSED BY BNL.

REMARK 200

REMARK 200 EXPERIMENTAL DETAILS

REMARK 200 EXPERIMENT TYPE : X-RAY DIFFRACTION
REMARK 200 DATE OF DATA COLLECTION : NULL

REMARK 200 TEMPERATURE (KELVIN) : NULL

REMARK 200 PH : NULL

REMARK 200 NUMBER OF CRYSTALS USED : NULL

REMARK 200

REMARK 200 SYNCHROTRON (Y/N) : NULL

REMARK 200 RADIATION SOURCE : NULL

REMARK 200 BEAMLINE : NULL

REMARK 200 X-RAY GENERATOR MODEL : NULL

REMARK 200 MONOCHROMATIC OR LAUE (M/L) : NULL

REMARK 200 WAVELENGTH OR RANGE (A) : NULL

REMARK 200 MONOCHROMATOR : NULL

REMARK 200 OPTICS : NULL

REMARK 200

REMARK 200 DETECTOR TYPE : NULL

REMARK 200 DETECTOR MANUFACTURER : NULL

REMARK 200 INTENSITY-INTEGRATION SOFTWARE : NULL

REMARK 200 DATA SCALING SOFTWARE : NULL

REMARK 200

REMARK 200 NUMBER OF UNIQUE REFLECTIONS : NULL

REMARK 200 RESOLUTION RANGE HIGH (A) : NULL

REMARK 200 RESOLUTION RANGE LOW (A) : NULL

REMARK 200 REJECTION CRITERIA (SIGMA(I)) : NULL

REMARK 200

REMARK 200 OVERALL.

REMARK 200 COMPLETENESS FOR RANGE (%) : NULL

REMARK 200 DATA REDUNDANCY : NULL

REMARK 200 R MERGE (I) : NULL

REMARK 200 R SYM (I) : NULL

REMARK 200 <I/SIGMA(I)> FOR THE DATA SET : NULL

REMARK 200

REMARK 200 IN THE HIGHEST RESOLUTION SHELL.

REMARK 200 HIGHEST RESOLUTION SHELL, RANGE HIGH (A) : NULL
REMARK 200 HIGHEST RESOLUTION SHELL, RANGE LOW (A) : NULL
REMARK 200 COMPLETENESS FOR SHELL (%) : NULL

REMARK 200 DATA REDUNDANCY IN SHELL : NULL

REMARK 200 R MERGE FOR SHELL (I) : NULL

REMARK 200 R SYM FOR SHELL (I) : NULL

REMARK 200 <I/SIGMA(I)> FOR SHELL : NULL
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REMARK 200

REMARK 200 DIFFRACTION PROTOCOL: NULL

REMARK 200 METHOD USED TO DETERMINE THE STRUCTURE: NULL
REMARK 200 SOFTWARE USED: NULL

REMARK 200 STARTING MODEL: NULL

REMARK 200

REMARK 200 REMARK: NULL

REMARK 280

REMARK 280 CRYSTAL

REMARK 280 SOLVENT CONTENT, VS (%): 65.65

REMARK 280 MATTHEWS COEFFICIENT, VM (ANGSTROMS**3/DA): 3.58
REMARK 280

REMARK 280 CRYSTALLIZATION CONDITIONS: NULL

REMARK 285

REMARK 285 THE ENTRY COORDINATES

REMARK 285 ARE NOT PRESENTED IN THE STANDARD CRYSTAL FRAME.
REMARK 290

REMARK 290 CRYSTALLOGRAPHIC SYMMETRY

REMARK 290 SYMMETRY OPERATORS FOR SPACE GROUP: P 1 21 1

REMARK 290

REMARK 290 SYMOP  SYMMETRY

REMARK 290 NNNMMM ~ OPERATOR

REMARK 290 1555  X,Y,%

REMARK 290 2555  -X,Y+1/2,-7%

REMARK 290

REMARK 290 WHERE NNN -> OPERATOR NUMBER
REMARK 290 MMM -> TRANSLATION VECTOR
REMARK 290

REMARK 290 CRYSTALLOGRAPHIC SYMMETRY TRANSFORMATIONS

REMARK 290 THE FOLLOWING TRANSFORMATIONS OPERATE ON THE ATOM/HETATM
REMARK 290 RECORDS IN THIS ENTRY TO PRODUCE CRYSTALLOGRAPHICALLY
REMARK 290 RELATED MOLECULES.

REMARK 290 SMTRY1 1 1.000000 0.000000 0.000000 0.00000
REMARK 290 SMTRY?2 1 0.000000 1.000000 0.000000 0.00000
REMARK 290 SMTRY3 1 0.000000 0.000000 1.000000 0.00000
REMARK 290 SMTRY1 2 -1.000000 0.000000 0.000000 0.00000
REMARK 290 SMTRY2 2 0.000000 1.000000 0.000000 66.66667
REMARK 290 SMTRY3 2 0.000000 0.000000 -1.000000 0.00000
REMARK 290

REMARK 290 REMARK: NULL

REMARK 300

REMARK 300 BIOMOLECULE: 1, 2, 3

REMARK 300 SEE REMARK 350 FOR THE AUTHOR PROVIDED AND/OR PROGRAM
REMARK 300 GENERATED ASSEMBLY INFORMATION FOR THE STRUCTURE IN

REMARK 300 THIS ENTRY. THE REMARK MAY ALSO PROVIDE INFORMATION ON
REMARK 300 BURIED SURFACE AREA.

REMARK 300 REMARK: THE CRYSTALLOGRAPHIC ASYMMETRIC UNIT FOR THIS ENTRY
REMARK 300 CONTAINS THREE AMYLASE MOLECULES. THEY CAN BE GENERATED
REMARK 300 FROM CHAIN A OF THIS ENTRY BY APPLYING THE

REMARK 300 NON-CRYSTALLOGRAPHIC THREE-FOLD SCREW AXIS GIVEN BY THE
REMARK 300 MTRIX RECORDS BELOW.

REMARK 350

REMARK 350 COORDINATES FOR A COMPLETE MULTIMER REPRESENTING THE KNOWN
REMARK 350 BIOLOGICALLY SIGNIFICANT OLIGOMERIZATION STATE OF THE
REMARK 350 MOLECULE CAN BE GENERATED BY APPLYING BIOMT TRANSFORMATIONS
REMARK 350 GIVEN BELOW. BOTH NON-CRYSTALLOGRAPHIC AND

REMARK 350 CRYSTALLOGRAPHIC OPERATIONS ARE GIVEN.

REMARK 350

REMARK 350 BIOMOLECULE: 1

REMARK 350 AUTHOR DETERMINED BIOLOGICAL UNIT: MONOMERIC

REMARK 350 APPLY THE FOLLOWING TO CHAINS: A

REMARK 350 BIOMT1 1 1.000000 0.000000 0.000000 0.00000
REMARK 350 BIOMT2 1 0.000000 1.000000 0.000000 0.00000
REMARK 350 BIOMT3 1 0.000000 0.000000 1.000000 0.00000
REMARK 350

REMARK 350 BIOMOLECULE: 2
REMARK 350 AUTHOR DETERMINED BIOLOGICAL UNIT: MONOMERIC
REMARK 350 APPLY THE FOLLOWING TO CHAINS: B

REMARK 350 BIOMT1 1 1.000000 0.000000 0.000000 0.00000
REMARK 350 BIOMT2 1 0.000000 1.000000 0.000000 0.00000
REMARK 350 BIOMT3 1 0.000000 0.000000 1.000000 0.00000
REMARK 350
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REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
DBREF

DBREF

DBREF

SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES

350 BIOMOLECULE: 3

350 AUTHOR DETERMINED BIOLOGICAL UNIT: MONOMERIC

350 APPLY THE FOLLOWING TO CHAINS: C

350 BIOMT1 1.000000 0.000000 0.000000 0.00000

350 BIOMT2 0.000000 1.000000 ©0.000000 0.00000

350 BIOMT3 0.000000 0.000000 1.000000 0.00000

620

620 METAL COORDINATION

620 (M=MODEL NUMBER; RES=RESIDUE NAME; C=CHAIN IDENTIFIER;

620 SSEQ=SEQUENCE NUMBER; I=INSERTION CODE) :

620

620 COORDINATION ANGLES FOR: M RES CSSEQI METAL

620 CA A 479 CA

620 N RES CSSEQI ATOM

620 1 ASP A 175 0oD2

620 2 ASN A 121 opl1 92.1

620 3 ASP A 175 oDl 43.0 81.5

620 N 1 2

620

620 COORDINATION ANGLES FOR: M RES CSSEQI METAL

620 CA B 479 CA

620 N RES CSSEQI ATOM

620 1 ASP A 476 0

620 2 ASN B 121 oDl 56.1

620 3 SER A 477 N 1.2 56.5

620 4 SER A 477 o] 2.8 58.7 3.1

620 5 ASP B 175 oDl 101.8 81.5 100.8 103.6

620 6 ASP B 175 ob2 73.7 92.1 72.4 74.0 43.0

620 7 SER A 477 0G 2.2 56.5 3.3 2.5 104.0 75.6

620 N 1 2 3 4 5

620

620 COORDINATION ANGLES FOR: M RES CSSEQI METAL

620 CA C 479 cCA

620 N RES CSSEQI ATOM

620 1 ASN C 121 OD1

620 2 ASP C 175 oDl 81.5

620 3 ASP C 175 OoD2 92.1 43.0

620 N 1 2

700

700 SHEET

700 THE NINE-STRANDED SHEET BS1 DESCRIBED BELOW IS ACTUALLY

700 AN EIGHT-STRANDED BETA BARREL. THIS IS DENOTED BY THE

700 FIRST STRAND RECURRING AS THE LAST STRAND.

800

800 SITE

800 SITE IDENTIFIER: ACl

800 EVIDENCE CODE: SOFTWARE

800 SITE DESCRIPTION: BINDING SITE FOR RESIDUE CA A 479

800

800 SITE IDENTIFIER: AC2

800 EVIDENCE CODE: SOFTWARE

800 SITE DESCRIPTION: BINDING SITE FOR RESIDUE CA B 479

800

800 SITE IDENTIFIER: AC3

800 EVIDENCE CODE: SOFTWARE

800 SITE DESCRIPTION: BINDING SITE FOR RESIDUE CA C 479

2TAA A 1 478 UNP P10529 AMYA ASPOR 22 499

2TAA B 1 478 UNP P10529 AMYA ASPOR 22 499

2TAA C 1 478 UNP P10529 AMYA ASPOR 22 499
1 A 478 ALA THR PRO ALA ASP TRP ARG SER GLN SER ILE TYR PHE
2 A 478 LEU LEU THR ASP ARG PHE ALA ARG THR ASP GLY SER THR
3 A 478 THR ALA THR CYS ASN THR ALA ASP GLN LYS TYR CYS GLY
4 A 478 GLY THR TRP GLN GLY ILE ILE ASP LYS LEU ASP TYR ILE
5 A 478 GLN GLY MET GLY PHE THR ALA ILE TRP ILE THR PRO VAL
6 A 478 THR ALA GLN LEU PRO GLN ASP CYS ALA TYR GLY ASP ALA
7 A 478 TYR THR GLY TYR TRP GLN THR ASP ILE TYR SER LEU ASN
8 A 478 GLU ASN TYR GLY THR ALA ASP ASP LEU LYS ALA LEU SER
9 A 478 SER ALA LEU HIS GLU ARG GLY MET TYR LEU MET VAL ASP
10 A 478 VAL VAL ALA ASN HIS MET GLY TYR ASP GLY ALA GLY SER
11 A 478 SER VAL ASP TYR SER VAL PHE LYS PRO PHE SER SER GLN
12 A 478 ASP TYR PHE HIS PRO PHE CYS PHE ILE GLN ASN TYR GLU
13 A 478 ASP GLN THR GLN VAL GLU ASP CYS TRP LEU GLY ASP ASN
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LEU
LYS
ILE
LEU
ALA
ALA
TYR
PRO
THR
ALA
VAL
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THR
THR
GLN
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THR
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MET
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GLY
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LEU
GLU
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VAL
TYR
ASN
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ASP
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THR
ALA
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LEU
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SER
PRO
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ASP
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TYR
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HIS
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TYR
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LEU
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SER
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VAL
TYR
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GLY
SER
ALA
ALA
ALA
ASP
ILE
THR
ALA
ILE
LEU
LEU
SER
PRO
LYS
ALA
ASP
CYS
GLN
GLY
LEU
TYR
GLY
HIS
ASN
TYR

PRO
TRP
ILE
LYS
TYR
THR
TYR
THR
THR
THR
TYR
PHE
GLY
ASN
SER
ARG
TYR
MET
LEU
SER
THR
ASP
ARG
ILE
ASP
ARG
ASN
GLY
PHE
PRO
TRP
THR
GLU
HIS
SER
PRO
VAL
PRO
TRP
ILE
LYS
TYR
THR
TYR
THR
THR
THR
TYR
PHE
GLY
ASN
SER
ARG
TYR
MET
LEU
SER
THR
ASP
ARG
ILE
ASP
ARG
ASN
GLY
PHE
PRO
TRP
THR
GLU
HIS
SER

ASP
TYR
ASP
ASP
CYsS
CYS
PRO
SER
VAL
PHE
THR
ILE
GLN
ARG
GLU
ASN
LYS
ARG
SER
LEU
GLU
GLY
VAL
CYS
TRP
PHE
THR
ILE
THR
GLN
GLN
ALA
ARG
MET
VAL
PHE
GLU
ASP
TYR
ASP
ASP
CYs
CYs
PRO
SER
VAL
PHE
THR
ILE
GLN
ARG
GLU
ASN
LYS
ARG
SER
LEU
GLU
GLY
VAL
CYS
TRP
PHE
THR
ILE
THR
GLN
GLN
ALA
ARG
MET
VAL

LEU
ASP
GLY
PHE
ILE
PRO
ILE
GLY
LYS
VAL
ASN
ILE
GLU
GLU
LEU
TYR
ASN
LYS
ASN
SER
VAL
ASN
LEU
SER
ARG
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ALA
ILE
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ASP
THR
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GLY
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PHE
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LEU
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LYS
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ASN
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ASN
SER
VAL
ASN
LEU
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ARG
ALA
ALA
ILE
ALA
ASP
THR
ASP
GLY
GLY
PHE

31

ASP
TRP
LEU
TRP
GLY
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TYR
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CYS
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TYR
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LYS
SER
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VAL
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PRO
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LEU
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ALA
LEU
ILE
LYS
LYS
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TYR
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PRO
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MET
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LYS
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VAL
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ILE
LYS
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THR
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MET
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SER
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LEU
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SER
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SER
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THR
THR
MET
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TYR
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CYSs
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ASP
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VAL
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SER
TYR
ASP
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LEU
THR
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MET
LEU
LEU
ASP
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SER
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THR
THR
MET
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TYR
SER
CYS
TYR
PRO
ASP
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LEU
VAL
GLY
SER

VAL
VAL
VAL
LYS
GLY
ASP
ASN
TYR
SER
PRO
LYS
PRO
GLY
GLY
SER
THR
ASP
GLN
ASP
ALA
VAL
ALA
LEU

PHE
THR
GLY
ILE
VAL
ALA
ASN
SER
ASP
SER
GLN
GLU
ASN
VAL
VAL
VAL
LYS
GLY
ASP
ASN
TYR
SER
PRO
LYS
PRO
GLY
GLY
SER
THR
ASP
GLN
ASP
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VAL
ALA
LEU

PHE
THR
GLY
ILE
VAL
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SER
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GLN



SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
HET
HET
HET
HETNAM
FORMUL
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
HELIX
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
SHEET
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16
17
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23
24
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CA
CA
CA
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C 478 ASP TYR
C 478 ASP GLN
C 478 THR VAL
C 478 VAL LYS
C 478 SER ASN
C 478 LYS HIS
C 478 ALA ALA
C 478 ASP PRO
C 478 GLY VAL
C 478 ALA PHE
C 478 ASN MET
C 478 THR LEU
C 478 ARG PHE
C 478 ASN VAL
C 478 1ILE ILE
C 478 ASN ASP
C 478 TYR PRO
C 478 ALA ASN
C 478 GLY PHE
C 478 THR THR
C 478 1ILE VAL
C 478 SER TYR
C 478 GLY GLN
C 478 THR VAL
C 478 GLY GLY
C 478 ALA GLY
A 479 1
B 479 1
C 479 1
CA CALCIUM ION
CA 3(CA 2+)
H1 GLY A 44
H2 ASP A 99
H3 VAL A 182
H4 PHE A 215
HS5 ALA A 237
H6 PRO A 253
H7 ASP A 270
H8 ILE A 308
H9 GLU A 357
H11 GLY B 44
H12 ASP B 99
H13 VAL B 182
H14 PHE B 215
H15 ALA B 237
H16 PRO B 253
H17 ASP B 270
H18 ILE B 308
H19 GLU B 357
H21 GLY C 44
H22 ASP C 99
H23 VAL C 182
H24 PHE C 215
H25 ALA C 237
H26 PRO C 253
H27 ASP C 270
H28 ILE C 308
H29 GLU C 357
BS1 9 SER A 10
BS1 9 THR A 58
BS1 9 MET A 112
BS1l 9 GLY A 202
BS1 9 TYR A 226
BS1 9 GLY A 248
BSl 9 LEU A 289
Bsl 9 GLY A 323
BS1 9 SER A 10
BS2 3 HIS A 122
BS2 3 THR A 170
BS2 3 TRP A 165
BS3 8 ASN A 384
BS3 8 THR A 392

PHE
THR
SER
ASN
TYR
VAL
GLY
ALA
LEU
LYS
ILE
LEU
ALA
ALA
TYR
PRO
THR
ALA
VAL
ILE
THR
THR
GLN
GLY
LEU
SER

GLN
ARG
VAL
ALA
TYR
ALA
LYS
LEU
SER
GLN
ARG
VAL
ALA
TYR
ALA
LYS
LEU
SER
GLN
ARG
VAL
ALA
TYR
ALA
LYS
LEU
SER
LEU
PRO
VAL
ASP
VAL
TYR
VAL
ALA
LEU
GLY
ASP
ASN
ASP
GLY

HIS
GLN
LEU
GLU
SER
GLN
VAL
TYR
ASN
SER
ASN
GLY
SER
ALA
ALA
ALA
ASP
ILE
THR
ALA
ILE
LEU
LEU
SER
PRO
LYS
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PRO
VAL
PRO
TRP
ILE
LYS
TYR
THR
TYR
THR
THR
THR
TYR
PHE
GLY
ASN
SER
ARG
TYR
MET
LEU
SER
THR
ASP
ARG
ILE

53
110
195
222
242
261
280
320
374

53
110
195
222
242
261
280
320
374

53
110
195
222
242
2601
280
320
374

15

64
118
206
231
252
293
329

15
127
175
169
390
398

PHE CYS PHE ILE GLN ASN TYR
GLU ASP CYS TRP LEU GLY ASP
ASP LEU ASP THR THR LYS ASP
TYR ASP TRP VAL GLY SER LEU
ASP GLY LEU ARG ILE ASP THR
ASP PHE TRP PRO GLY TYR ASN
CYS ILE GLY GLU VAL LEU ASP
CYS PRO TYR GLN ASN VAL MET
PRO ILE TYR TYR PRO LEU LEU
SER GLY SER MET ASP ASP LEU
VAL LYS SER ASP CYS PRO ASP
PHE VAL GLU ASN HIS ASP ASN
THR ASN ASP ILE ALA LEU ALA
ILE ILE LEU ASN ASP GLY LEU
GLN GLU GLN HIS TYR ALA GLY
ARG GLU ALA THR TRP LEU SER
GLU LEU TYR LYS LEU ILE ALA
ASN TYR ALA ILE SER LYS ASP
LYS ASN PRO TYR ILE LYS ASP
ARG LYS GLY THR ASP GLY SER
SER ASN LYS GLY ALA SER GLY
LEU SER GLY ALA SER TYR THR
GLU VAL ILE GLY CYS THR THR
GLY ASN VAL PRO VAL PRO MET
VAL LEU TYR PRO THR GLU LYS
CYS SER ASP SER SER

1HELIX IS BENT AT 49 TO 50

HELIX IS BENT AT 49 TO 50

HELIX IS BENT AT 49 TO 50
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ASN
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VAL
VAL
LYS
GLY
ASP
ASN
TYR
SER
PRO
LYS
PRO
GLY
GLY
SER
THR
ASP
GLN
ASP
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VAL
ALA
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11
13
18
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SSBOND
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LINK
LINK
LINK
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LINK
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LINK
SITE
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BS7
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CA
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1 AC1
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SER
GLY
THR
VAL
LEU
SER
THR
MET
GLY
TYR
GLY
LEU
GLY
SER
HIS
THR
TRP
ASN
THR
ILE
SER
GLY
THR
VAL
LEU
SER
THR
MET
GLY
TYR
GLY
LEU
GLY
SER
HIS
THR
TRP
ASN
THR
ILE
SER
GLY
THR
VAL
LEU
30
150
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30
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CA
CA
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CA
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404
417
430
440
450
458
10
58
112
202
226
248
289
323
10
122
170
165
384
392
404
417
430
440
450
458
10
58
112
202
226
248
289
323
10
122
170
165
384
392
404
417
430
440
450
458
CYs
CYs
CYs
CYs
CYs
CYs
CYs
CYs
CYs
CYs
CYs
CYs
479
479
479
479
479
479
479
479
479
479
479
479
479

3 ASN A 121

ASN A 410
GLY A 424
VAL A 436
GLY A 445
GLY A 456
THR A 465
LEU B 15
PRO B 64
VAL B 118
ASP B 206
VAL B 231
TYR B 252
VAL B 293
ALA B 329
LEU B 15
GLY B 127
ASP B 175
ASN B 169
ASP B 390
GLY B 398
ASN B 410
GLY B 424
VAL B 436
GLY B 445
GLY B 456
THR B 465
LEU C 15
PRO C 64
VAL C 118
ASP C 206
VAL C 231
TYR C 252
VAL C 293
ALA C 329
LEU C 15
GLY C 127
ASP C 175
ASN C 169
ASP C 390
GLY C 398
ASN C 410
GLY C 424
VAL C 436
GLY C 445
GLY C 456
THR C 465
A 38

A 1lo64

A 283

A 474

B 38

B 164

B 283

B 474

C 38

C 1lo4

C 283

Cc 474
GLU A 162
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OD2
OD1
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OD2
oG
oD1
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oD2

ASP
ASN
ASP
ASP
ASN
SER
SER
ASP
ASP
SER
ASN
ASP
ASP

ASP A 175
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121
175
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175
175
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.79
.88
.06
.23
.79
.88
.06
.23
.79
.88
.06
.23
.03
.11
.07
.82
.11
.95
.93
.07
.03
.46
.11
.07
.03



SITE
SITE
CRYST1
ORIGX1
ORIGX2
ORIGX3
SCALE1
SCALEZ2
SCALE3
MTRIX1
MTRIX2
MTRIX3
MTRIX1
MTRIX2
MTRIX3
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

1 AC2 3 ASN B 121 GLU B 162 ASP B 175
1 AC3 3 ASN C 121 GLU C 162 ASP C 175
91.900 133.300 94.300 90.00 102.70
1.000000 0.000000 ©0.000000 0
0.000000 1.000000 ©0.000000 0
0.000000 0.000000 1.000000 0.
0.007110 0.000000 0.008600 0
0.000000 0.007500 0.000000 0
-0.006650 0.000000 0.008600 0.
1 -0.537662 0.842761 0.003491 -13.
1 -0.843195 -0.537874 -0.015704 15.
1 -0.011223 -0.011613 0.999697 37.
2 0.494189 0.868623 0.024926 -18.
2 0.869382 -0.494682 0.002191 40.
2 0.014088 0.020356 -0.999516 4.
1 N ALA A 1 -8.065 17.989 -10.
2 CA ALA A 1 -7.235 16.799 -11.
3 C ALA A 1 -8.117 15.784 -10.
4 0 ALA A 1 -8.999 16.398 -09.
5 CB AIA A 1 -6.004 16.975 -10.
6 N THR A 2 -8.015 14.404 -10.
7 CA THR A 2 -8.896 13.246 -10.
8 C THR A 2 -9.123 12.010 -11.
9 O THR A 2 -9.377 12.191 -12.
10 CB THR A 2 -10.220 13.886 -10.
11 OGl THR A 2 -10.752 14.492 -11
12 CG2 THR A 2 -10.711 14.297 -8.
13 N PRO A 3 -9.514 10.811 -10.
14 CA PRO A 3 -9.710 9.413 -11.
15 C PRO A 3 -9.923 9.115 -12.
16 O PRO A 3 -9.607 8.022 -13.
17 CB PRO A 3 -10.985 8.930 -10.
18 CG PRO A 3 -11.690 10.193 -10.
19 CD PRO A 3 -10.510 10.925 -9.
20 N ALA A 4 -10.732 9.869 -13.
21 CA AILA A 4 -11.084 9.554 -15.
22 C ALA A 4 -10.120 10.164 -16.
23 0O ALA A 4 -10.000 9.792 -17.
24 CB ALA A 4 -12.470 10.143 -15.
25 N ASP A 5 -9.434 11.136 -15.
26 CA ASP A 5 -8.405 11.693 -16.
27 C ASP A 5 -7.125 10.824 -16.
28 O ASP A 5 -6.799 10.080 -17.
29 CB ASP A 5 -8.065 13.135 -16.
30 CG ASP A 5 -9.163 14.202 -15.
31 OD1 ASP A 5 -10.034 14.483 -16.
32 OD2 ASP A 5 -9.000 14.932 -14.
33 N TRP A 6 -6.514 10.824 -15.
34 CA TRP A 6 -5.387 9.985 -14.
35 C TRP A 6 -5.008 8.680 -15.
36 O TRP A 6 -4.044 8.664 -16.
37 CB TRP A 6 -5.563 9.719 -13.
38 CG TRP A 6 -4.994 10.840 -12
39 CD1 TRP A 6 -5.610 11.803 -11.
40 CD2 TRP A 6 -3.649 11.181 -12.
41 NE1 TRP A 6 -4.659 12.657 -11.
42 CE2 TRP A 6 -3.517 12.280 -11.
43 CE3 TRP A 6 -2.549 10.625 -13.
44 Cz2 TRP A 6 -2.282 12.801 -11.
45 CZzZ3 TRP A 6 -1.297 11.203 -12.
46 CH2 TRP A 6 -1.175 12.255 -11
47 N ARG A 7 -5.891 7.718 -15.
48 CA ARG A 7 -6.089 6.461 -16.
49 C ARG A 7 -5.225 6.355 -17.
50 O ARG A 7 -4.551 5.388 -17.
51 CB ARG A 7 -7.616 6.542 -16.
52 CG ARG A 7 -8.668 5.409 -1e6.
53 CD ARG A 7 -10.181 5.879 -16.
54 NE ARG A 7 -11.291 4.895 -16.
55 CZ ARG A 7 -12.622 4.978 -16.
56 NH1 ARG A 7 -13.455 3.980 -16.
57 NH2 ARG A 7 -13.143 6.195 -16.
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00000

.31300
.13700

41400
11357
05393
58095
69613
90763
56432
906
163
473
862
304
731
275
254
428
054
.225
666
733
371
890
351
675
224
647
615
029
059
230
170
575
441
324
224
005
732
589
744
184
770
543
250
334
.496
679
475
141
589
112
292
844
.940
470
239
529
745
606
216
077
498
258
429
040
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ATOM
ATOM
ATOM
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ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
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ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
TER

HETATM11074 CA

CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT

MASTER
END

58 N SER
59 CA SER
60 C SER
61 O SER
62 CB SER
63 OG SER
64 N GLN
65 CA GLN
66 C GLN
67 O GLN
68 CB GLN
69 CG GLN
70 CD GLN
71 OEl GLN
72 NE2 GLN
73 N SER
74 CA SER
75 C SER
76 O SER
77 CB SER
78 OG SER
pokracovanie
3664 N SER
3665 CA SER
3666 C SER
3667 O SER
3668 CB SER
3669 OG SER
3670 N ASP
3671 CA ASP
3672 C ASP
3673 O ASP
3674 CB ASP
3675 CG ASP
3676 ODl1 ASP
3677 OD2 ASP
3678 N SER
3679 CA SER
3680 C SER
3681 O SER
3682 CB SER
3683 OG SER
3684 N SER
3685 CA SER
3686 C SER
3687 O SER
3688 CB SER
3689 OG SER
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Porovnavanie terciarnych Struktur (structure alignment, overlay):
- vzajomné prelozenie terciarnych Struktur proteinov;
- superpozicia atomovych koordinat s udanim poctu koreSpondujucich

Cq atémov a hodnoty rmsd (A; root-mean square deviation).

MU |'|'IPI"O1' a @9 'ﬁtﬂ ‘rﬁ? Napr. program MultiProt: http://bioinfo3d.cs.tau.ac.il/MultiProt/
e’ = ¥ o o

[Back to Home Page]

PDB IDs separated by a space: (e.g. ladj:A The7:4 1v95)

Upload zip file of pdb structures: Prehladava.. | Nie jo zvoleny sibor
Accuracy (in Angstroms) 3
Sequence Order: Yes ® No

Odoslat’ | Clear

* for NMR structures only the first model is considered *

Contact: max.shatsky@gmail.com

MultiProt is a fully automated highly efficient technique which detects the multiple structural alignments of protein structures. It finds the common geometrical cores between the input molecules. Most of the existing methods
require that all the input molecules be aligned, while MultiProt does not require that all the input molecules participate in the alignment. Actually, it efficiently detects high scoring partial multiple alignments for all possible number
of molecules from the input.

The final structural alignment can either preserve the sequence order (like sequence alignment), or be sequence order independent

Reference:
Shatsky, M. and Nussinov, R. and Wolfson, H.J., 4 method for simultaneous alignment of multiple protein structures. Proteins: Structure, Function, and Bioinformatics. 2004 Jul 1:56(1):143-56.

Kvartérna Struktura

Je to priestorové usporiadanie podjednotiek proteinu (jeho jednotlivych
polypeptidovych retazcov).

Z monomeéru sa vytvarajua oligoméry — diméry, triméry, ...

Tvorba kvartérnej Struktury je ¢asto podmienena zvySenou vykonnostou
proteinu (napr. pri enzymoch — viac spolupracujucich aktivnych centier).

Nie kazdy protein musi mat kvartérnu Struktuaru.

Priklad:
- cyklomaltodextrinaza z Bacillus sp. I-5 (PDB kod: 1EA9) vytvara
kvartérnu Strukturu - v zavislosti podmienok — monomeér — dimeér -
haxamér — dodekamér — pH <6 dimér, pH >6,5 dodekamér (zlozeny zo

6 homodimérov).

Cyklomaltodextrinaza
dimér
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18.0A

=

(Blo)g 3
L ||§

o

Active site 'CIS

Z

8.0A
molecule 1 molecule 2

EE C-terminal
s N-terminal

Dodekameér cyklomaltodextrinazy (6 homodimeérov).

L y. \H\
dimer monomer

dodecamer

Disociacia-asociacia oligomerizacie cyklomaltodextrinazy.

(Upravené podla: Lee a kol. Biologia 2005, 60 (Suppl. 16): 73)
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Ramachandranov diagram

Spobsob vizualizacie dihedralnych uhlov @ a yp aminokyselinovych zvySkov

proteinu.

Udava mozné konformacie uhlov @ a y v realnom proteine.

V proteine vézby hlavného retazca N-Cq a Cq-C(O) mozu rotovat.

Tieto rotacie su reprezentované dihedralnymi (torznymi) uhlami ¢ a y.

Urcité kombinacie uhlov @ a y nie st dovolené.

Ramachandranov diagram.

1801
*pst s
0
p g i Pravotocivy alfa-helix
- Bﬂ' N
-180 - phi 0 + phi 180

(Upravené podla: http://www.cryst.bbk.ac.uk/PPS95/course/3_geometry/rama.html)
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Biele oblasti v diagrame koreSponduju konformaciam, pri ktorych sa atomy

v proteine dostanu blizSie, nez je suma ich van der Waals polomerov.

Tieto oblasti su stéricky zakazané pre vSetky aminokyselinové zvysky okrem

glycinu (nema postranny retazec).

Cervené oblasti koreSponduju konformaciam, pre ktoré neexistuju stérické

prekazky, t.j. su dovolené — a-helikalna a B-listova konformacia.

ZIté oblasti naznacuju ¢iastoéne dovolené kombinacie uhlov @ a g — pripady,
kedy na vypocet boli pouzité skratené van der Waals polomery, t.j. atomy sa
mozu dostat navzajom bliz§ie spolu. Toto vysvetluje oblast lavotocivého a-

helixu.

L-aminokyseliny zvycajne (okrem glycinu) nemozu tvorit rozvinuteé
(pretiahnuté) formy lavotocivej Spiraly (nevyhodna konformacia); obcas tiez
plati pre kyselinu asparagovu alebo asparagin — schopné tvorit H-vazby

s hlavnym retazcom (stabilizuju inak nevyhodnu konformaciu).

Nedovolené oblasti existuju v dosledku stérickych prekazok medzi skupinami

na Cg uhlikoch a atomami hlavného retazca.

Glycin, ktory nema postranny retazec, méze adoptovat kombinacie uhlov

@ a g vo vSetkych kvadrantoch Ramachandranovho diagramu (napr. ohyby).
Fibrilarne proteiny

- na ich opis staci oblast ar alebo B-region

Globularne proteiny

- vSetky dovolené oblasti, pretoze retazec meni smer
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5. Supersekundarna Struktura proteinov, motivy a domény

Zjednodusena charakterizdcia Struktiry proteinov

primarna — sekvencia;
sekundarna — geometria;
terciarna — priestor;

kvartérna — oligoméry.

Vyssie typy Struktur (2D, 3D) st determinované primarnou Strukturou,

ktora je (vo vSeobecnosti) kodovana DNA.

Pridané urovne Struktury proteinov

supersekundarna Struktura — urcity vzor interakcii medzi helixami

a vlaknami, ktoré st navzajom blizko v sekvencii; m6zu mat vlastnu
biologicku funkciu (napr. vazbu DNA), pripadne su ¢astou vacsich
Struktarnych zoskupeni;

doména (modul) — vacSie zoskupenie s vlastnym vzorom zvinutia so
zdanlivo nezavislou stabilitou; v herarchii je medzi supersekundarnou
a terciarnou Struktuarou;

modularny protein — multidoménovy protein.

Slucky a ohyby

Slucky a ohyby (loops, turns) su nepravidelné elementy sekundarnej

Struktury proteinov. Su lokalizované najma na povrchu molekul

globularnych proteinov.
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Motivy
- B-vlasocnica (B-hairpin);

- a-vlasocCnica (a-hairpin);

- B-a-B-jednotka (B-a-B-unit).

NI
)

Jednoduché motivy (a) sa kombinuju a tvoria zlozené motivy (b), z ktorych
potom moze byt vytvoreny modul (doména), ktora moéze byt celym proteinom

alebo jeho sucastou.
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V molekule cyklodextringlukanotransferazy z Bacillus circulans (PDB kod:
1CDG) su motivy (a) a ( b) z predchadzajuceho obrazku zvyraznené zelenou,

resp. zltou farbou.

Nie vSetky proteiny maju modularnu Struktuiru, t.j. su zloZzené z viacerych
domén. MensSie proteiny (aj vo velkosti 200-300 aminokyselinovych zvyskov)

mozu byt tvorené len jednou doménou, napr. TIM-barel — (3/a)s-barel.

TIM-barel — katalyticka doména tvoriaca celu proteinovu molekulu enzymu
TriozafosfatlzoMeraza; z nazvu enzymu pochadza aj nazov domény (1. raz
bola tato casta proteinova Struktura urcena prave v tomto enzyme).
Struktura ako stuha (a) a so zvyraznenim a-$piral a B-vlakien (b), pricom

pohlad je zhora (vlavo) a zboku (vpravo).
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Viizby a interakcie v proteine

N -koniec
Hydrofobne
mfcmkclc

Veodikove
vazby c
& 50"
:_(.: 00 Sol'ny
? H ﬁ‘ mostik
H O > ~CH,
: ] cC
O-? /CHz
CH CH,
C-keniec
(Upravené podla: Bohinski Modern Concepts in Biochemistry, Allyn and Bacon, Boston, 1983)
Idedlny protein

- hydrofébne jadro (interiér) a hydrofilny povrch (exteriér)

Redlny protein

- hydrofébne jadro (interiér), v ktorom ale mé6zu byt hydrofilné molekuly

vody (napr. kvoli nutnosti transportu substratu do aktivneho miesta

enzymul);
- hydrofilny povrch (exteriér), na ktorom ale mozu byt rézne hydrofobne
skupiny (napr. aminokyselinové zvySky s hydrofobnymi retazcami

zabezpecujuce vézbu dolezitych latok na povrchu proteinu).

Odklon od idealneho stavu v realite je podmieneny biologickou funkcénostou.
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6. Katalogizacia struktar proteinov

Struktiira proteinu vs. Struktura textu

AMINOKYSELINY PISMENA

SEKUND ARNA STRUKTURA SLOVA
SUPERSEKUNDARNA STRUKTURA FRAZY

DOMENY VETY A ODSTAVCE
TERCIARNA STRUKTURA KAPITOLY
KVARTERNA STRUKTURA CELA KNIHA

Klasifikdcia proteinov podla obsahu sekunddrnej Struktury

a-helix — sekundarna Struktara iba alebo takmer iba z a-helixov;
- PB-list — sekundarna Struktura iba alebo takmer iba z 3-listov;
- (a+PB) — a-helixy a B-listy separované v odliSnych ¢astiach molekuly
proteinu (absencia B-a-3 motivov);
- a/p - struktuara je vytvorena alternovanim a-helixov a B-listov
(pritomnost B-a-f motivov);
- a/P linearna — Ciara cez stred B-vlakien listu je ~linearna;
- a/P barely — ¢iara cez stred B-vlakien listu je ~kruhova (elipsa)

- malo alebo ziadna sekundarna struktura.

myoglobin (hlavne a) chymotrypsin (hlavne ) papain (a+p)
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flavodoxin (a/B) triozafosfatizomeraza (a/p) feredoxin (malo 2D)

linearna barel (elipsa)

Katalégy Struktur proteinov

Existencia mnozstva proteinovych Struktar priniesla potrebu ich

katalogizacie.

wwuw-systém
- vhodnost, dostupnost, umoznuje prehladavanie a vyberanie dat, ich
uchovavanie, prezentaciu (zobrazovanie), vzajomné prepojenie (vratane

bibliografickych databaz).

CATH - Class, Architecture, Topology, Homologous superfamily
SCOP - Structural Classification Of Proteins

CATH

PROTEIN STRUCTURE CLASSIFICATION

STRUCTURAL CLASSIFICATION OF PROTEINS

http:/ /www.cathdb.info/ http://scop.mrc-lmb.cam.ac.uk/scop/
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CATH
- sekvencna superrodina (podobné sekvencie; > ako 35%; domény);
- homologicka superrodina (spolo¢ny predok);
- topologia (fold; podobné 3D Struktury);
- architektara (rozne spojenie a a B);

- trieda (a, B, zmes a-f).

Search CATH by

CATH Classification of Protein Structures Gene3D Structures Assigned to Genomes

CATH provides information on protein structures that are related by Gene3D takes CATH domains and uses Hidden Markov Models
evolution. Protein structures (from the PDB) are chopped into (HMMs) to assign these structures to the millions of protein
structural domains then grouped into evolutionary superfamilies. sequences without structural information.

What's New? Latest News Release Statistics

The CATH website has recently undergone a big overhaul.

We really hope you find the new pages more useful, easier CATH v3.5 based on PDB dated September 20, 20
to use and quicker to load. Please get in touch and let us 173,596 GATH Domains
know what you think.
R 2,626 CATH Superfamilies
Searching CATH
51,334 PDBs

» Search by ID/ keyword

» Search by FASTA sequence

» Search by PDB structure GenedD v11 released March 18, 2012

"Using CATH-Gene3D to study the evolution of
Example pages your protein and find its functien” - Prof Orengo 1,639 Cellular Genomes
presents the new CATH website at ECCB

1,016 Viral Genomes
« PDB "1dan’ « Functional Family
» Domain "1cukA01" « FunFam Alignment 14,063,305 Protein Sequences
« Relatives of "1cukA01" « Search for "enolase"
« Superfamily "HUPs" « Superfamily Comparison 16,207,076 CATH Domain Predictions
CATH News Get Started Download About
Support Documentation Home WebServices The Orengo Group
Jobs Tutorials Software Web accessibility

CATH je personalne spravovana hierarchicka klasifikacia doménovych
Struktar proteinov, ktora usporaduva proteiny na Styroch hlavnych
urovniach:

Class (C), Architecture (A), Topology (T) and Homologous superfamily (H).
Trieda (C), architektura (A), topologia (T) a homologicka superrodina (H).

V sucasnosti sa pridava este sekven¢na rodina — sequence family (S, O, L, I,

D) - viac ako 35% identita: S — 35%; O — 60%; L — 95%; I — 100%.

46



Popis jednotlivych turovni v CATH.

Uroven Pismeno Nazov Kritéria

1 C Class Secondary structure content

2 A Architecture General spatial arrangement of
secondary structures

3 T Topology Spatial arrangement and connectivity

N

O© 00 N O Ul

of secondary structures (fold)

Homologous Superfamily Manual curation of evidence of
evolutionary relationship

Sequence Family (S35) >= 35% sequence similarity
Orthologous Family (S60) >= 60% sequence similarity
“Like” domain (S95) >= 95% sequence similarity
Identical domain (S100) 100% sequence similarity
Domain counter Unique domains

ay

g~ ow

trieda, odvodena z obsahu sekundarnej Stuktury, je pripisana pre viac
nez 90% proteinovych Struktir automaticky;

architektura, ktora opisuje hrubu orientaciu elementov sekundarnej
Struktary nezavisle od spojenia, je v suCasnosti prisudzovana
manualne,;

topologia zoskupuje Struktury podla ich topologického spojenia

a poctu prvkov sekundarnej Struktary (fold);

homologické superrodiny obsahuju proteiny s velmi podobnymi
Struktarami a funkciami (spolo¢ny povod);

prisudenie Struktur k trovniam topolégia a homologicka superrodina
st robené pomocou porovnania sekvencii a Struktur;

cela klasifikacia je robena az na uroven jednotlivych domén, t.j. kon¢i
az na urovni sekvencnych superrodin; kazda doména ma svoje

unikatne CATHSOLID Cc¢islo.

CATH Statistika

verzia 4.0 na zaklade PDB (Protein Data Bank) z 26. marca 2013;
2 738 superrodin;

277 688 domén;

69 058 anotovanych PDB Struktur.
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Ilustracia klasifikacnej schémy (postupnosti) v CATH

-

TIM barrel Sandwich Roll

g

flavodoxin B lactamase
(4fxn) (1mblA1)

(Upravené podla: Orengo a kol. Structure 1997, 5: 1093)

SCOP
- organizuje proteinové Struktury v hierarchii podla ich evolucnej
pribuznosti a Struktarnej podobnosti;
- doména (z PDB);
- rodina (> ako 30% sekvenc¢na identita);
- superrodina (< ako 30% sekvencna identita);
- fold (podobna sekundarna Struktuara);

- trieda (a, B, a+B, a/p).
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Popis jednotlivych trovni v SCOP.

Trieda Pocet foldov  Pocet superrodin  Pocet rodin
All alpha proteins 284 507 871

All beta proteins 174 354 742

Alpha and beta proteins (a/B) 147 244 803

Alpha and beta proteins (a+p) 376 552 1,055
Multi-domain proteins 66 66 89
Membrane and cell surface proteins 58 110 123

Small proteins 90 129 219

Total 1,195 1,962 3,902

Tlustracia klasifikacnej schémy (postupnosti) v SCOP

Hierarchia v katalogu SCOP

(Upravené podla: http://scop.mrc-lmb.cam.ac.uk/scop/data/scop.b.html)
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SCOP Statistika

verzia 1.75 z juna 2009;
110 800 domén;
s vylucenim nukleovych kyselin a teoretickych modelov;

38 221 anotovanych PDB struktur.

CATH vs. SCOP

SCOP a CATH nie su uplne kompatibilné;

jednotlivé kategorie nie su definované rovnako;

nie vzdy sa totiz mysli to isté tvrdenim, Ze ,nieco je podobné“ alebo
ynieco je rozdielne“;

SCOP: 4 triedy, resp. CATH: 3 triedy.

Sumarizdcia

vSetky proteiny maju spolo¢nu chemicku ¢értu: polypeptidovy retazec
(kostru);

kazdy protein ma ale rozdielnu sekvenciu bo¢nych retazcov;

v dosledku flexibility kostry moze mat retazec neobmedzené mnozstvo
konformacii;

v prirodzenom proteine ale interakcie medzi bo¢nymi retazcami
vyselektuju jednu trojrozmernu Strukturu;

skutocna terciarna Struktura sa od ostatnych moznych odliSuje pri
danych fyziologickych podmienkach a teplote omnoho va¢Sou
termodynamickou stabilitou;

kazdy protein ma teda jedinecnu konformaciu;

presna terciarna Struktura je nevyhnutna pre plnenie biologickej

funkcie proteinu.
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- jednorozmerna geneticka informacia;
- jednorozmerna aminokyselinova sekvencia;

- trojrozmerna Struktura proteinu.

Nativny protein pozostava z 1 alebo viac domén (kompaktné zoskupenie

aminokyselinovych zvyskov s vlastnou funkciou).

Akykolvek usek v proteine:
- nizka volna energia;
- husté zbalenie zvyskov dovnutra;
- uspokojenie potencialu polarnych skupin (H-H vazby);

- ukrytie hydrofébneho povrchu.

Kostra opisuje krivku traverzujucu priestor zaberany molekulou proteinu.

Tvar tejto krivky zahfna Standardné elementy sekundarnej Struktury.
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7. Predikcie Struktary proteinov

Vznik novych proteinov
prirodzeny vyvoj proteinov
sucasnost
génové manipulacie
proteinové inzinierstvo

proteinovy dizajn

Sekvenovanie kompletnych genémov

Haemophilus influenzae- 1,83 Mb - 1743 génov - jul 1995
Methanococcus jannaschii-1,66 Mb - 1738 génov - august 1996
Saccharomyces cerevisiae-12 07 Mb - 5885 génov - oktdber 1996
Mycaoplasma genitalium- 0,58 Mb - 470 génov - oktéber 1995

Escherichiacoli- 4,64 Mb -4288 génov - september 1997
Bacillus subtilis- 4,21 Mb - 4100 génov - november 1997

Homo sapiens - ~3 000 Mb
- chromozom 22 - 33 4 Mb - december 1999
-99% - 3000 Mb - 23 tisic génov - 1,5% kéduje proteiny

Klicova je terciarna Struktura (3D)
Jej experimentalne urcovanie je stale pomalé v porovnani so stanovenim

primarnej Struktury (aminokyselinovej sekvencie - 1D)

52



- udaje z konca augusta a zaciatku septembra 2014:

Pocet sekvencii (GenBank): ~ 174 milidnov

C
d N C B I www.nebi.nlm.nih.gov

Pocet struktur (PDB): ~ 103 tisic

- = » -
= | = ] . .
PROTEIN DATA BANK www.resborg

(~166 giga baz)

Existuju snahy o predikciu terciarnej struktury z poznania Struktary

primarnej. Toto je ale stale nie Uplne vyrieSeny problém.

Pre pocitacovy program to znamena 2 moznosti:
- (i) hladat medzi vSetkymi moznymi konformaciami konformaciu
S najnizsou energiou;

- (ii) hladat urcité vzory zvinutia pozdlz polypeptidového retazca.

Homologické proteiny
- proteiny s podobnymi aminokyselinovymi sekvenciami;

- proteiny s evolu¢nou pribuznostou.

Mame protein, ktorého sekvenciu (primarnu Struktaru) pozname a chceme

teoreticky urcit jeho Strukturu (3D).

V pripade predikcie terciarnej Struktary ,homologickych proteinov® uz
existuje protein, ktory je sekvencne podobny s mojim proteinom, (t.j. je s nim

homologicky) a jeho terciarna struktira uz bola vyrieSena.

Homologické proteiny maju jadro (elementy sekundarnej Struktury, vnutro)
podobné. Aj vzdialene pribuzné proteiny maju hrubé rysy jadra (tzv. fold)
podobné, ale maju nizku sekvenénu podobnost. Cim je vy§sia sekvenéna
podobnost, tym viac pribuzné (podobné) su aj trojrozmerné Struktary. Toto je

velmi doblezité pri tvorbe modelov proteinov (pomocou znamej terciarnej
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Struktuary). Ak je identita sekvencii pod 20%, je velmi tazko predikovat
(modelovat) Strukturu sekvencie pomocou znamej Struktuary proteinu

s podobnou sekvenciou.

Alfa-amylaza
Alteromonas haloplanctis Izoamyldza Pseudomonas sp.

Homologické proteiny - amylolytické enzymy a-amylaza (PDB kod: 1AQH)
a izoamylaza (PDB kod: 1BFI) - liSiace sa v najma absenciou-pritomnostou

N-terminalnej domény (vpravo hore).

Slucky spajaju elementy sekundarnej Struktury (helixy a vlakna), a zaroven
variruju v dizke a sekvencii (ale aj §truktuire!); a to aj pre homologické

proteiny.

Problém predikcie terciarnej Struktury proteinu, ktorého sekvencia je
homologicka so sekvenciou proteinu so znamou terciarnou Strukturou, je
vlastne otazka predikcie Struktury pre slucky po tom, ¢o fold bol v hlavnych

rysoch urceny (na zaklade homologie).
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Slucky tiez nemaju nahodnu Strukturu. Struktura slucky zavisi od:
- (i) poctu aminokyselin, ktoré ju tvoria;
- (il od typu sekundarnej Struktury, ktoré spaja (alfa—>alfa, alfa>beta,
beta—>alfa, beta>beta);

- (iii) menej od aktualnej sekvencie slucky.

Databaza sluciek. Cize sa ziska model jadra — fold (hruby) — potom st
z databazy ,dolepené“ slucky — ziska sa hlavny retazec — potom sa robia
minimalizacie energie (vypocty) — ziskaju sa konformacie bo¢nych retazcov -

a nasleduje spresnenie (,doladenie“, refinement) modelu.

Neexistencia homologického proteinu

Co vtedy, ak sa pre sekvenciu proteinu, ktorého §truktiiru chceme teoreticky
spoznat, nenajde ziadny homologicky protein, t.j.protein s podobnou
sekvenciou a uz znamou (vyrieSenou) terciarnou Struktirou?

- t.j., mame protein, ktorého primarnu Struktaru (t.j. aminokyselinova
sekvenciu; 1D) pozname a chceme teoreticky urcit jeho terciarnu
Struktaru (3D), ale nemame k dispozicii homologicky protein s uz
vyrieSenou terciarnou Struktirou

Je mozné modelovat terciarnou Strukturu len zo samotnej sekvencie?

Dnes nie je mozné ziskat presny model len zo znalosti aminokyselinovej

sekvencie. Je to ale velmi aktivna oblast vyskumu.

Je vSak mozné ziskat aspon predstavu o type proteinu (a, 3, a+3, resp. a/p).

Takéto prediktivne metody spocivaju v predikcii sekundarnej (2D) Struktuary.

To znamena: ktoré aminokyseliny su v a-Spiralach a ktoré v -vlaknach?
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Teda zakladné obmedzenie pre predikciu terciarnej Struktury je v nemoznosti
100% spravne predpovedat sekundarnu Strukturu. Ak je vSak sekundarna
Struktura spravne urcena, terciarna Struktara sa da v dobrom pribliZzeni
predpovedat na zaklade zakonitosti ovladajucich zbalenie elementov
sekundarnej struktary, aspon v zmysle, Ze sa urci maly subor moznych

Struktar.

Predikcia sekundarnej Struktury je v centre predikcie terciarnej Struktury.

Nanestastie pre prediktivne metody: oba typy Struktury proteinov - aj
sekundarna, aj terciarna - s navzajom velmi prepojené; terciarna Struktara

je vlastne sekundarna Struktuara v danej oblasti aranzovana do priestoru.

To, ako sa dany usek sekvencie proteinu zachova, t.j., ¢i bude a-helix, 3-
vlakno alebo slucka, je ovplyvinované nielen sekvenciou, ale aj okolitym
prostredim v priestorovej Strukture. Napr. urcity sekvenény region je

v jednom proteine a-helix, kym v druhom proteine je to 3-vlakno, pripadne

slucka v inej Strukture.

Tato medzizavislost ¢casto komplikuje predikcie sekundarnej Struktury
proteinov, ale moze aj pomoct tak, ze sa predbezne priradi sekundarna
Struktara, ktora pomoze v hrubom urceni Struktury terciarnej (t.j. foldu -
napr. TIM-barel); o nasledne obmedzi dalSie moznosti pre sekundarnu

Strukturu, ktori mozno takto spresnit.

Predikcie sekunddarnej Struktury proteinov

Rozdielne algoritmy:

- stereochémia

- Statistika

-  neuronové siete

56



Stereochemicky pristup
- zalozeny na poznani fyzikalno-chemickych vlastnosti;
- doraz na kompaktnost Struktury;

- predpoklad: tesne zbalené hydrofobne jadro s polarnym povrchom.

Limova metoda — Lim V.I. (1974) Structural principles of the globular organization of

protein chains. A stereochemical theory of globular protein secondary structure. J. Mol. Biol.

88: 857-872.

Statisticky pristup
- zalozeny na empirii;
- vychadza z analyzy znamych terciarnych Struktur;

- predpoklad: lokalna sekvencia urcuje lokalnu Strukturu.

GOR metoda — Garnier J., Osguthorpe D.J. & Robson B. (1978) Analysis of the accuracy

and implications of simple methods for predicting the secondary structure of globular

proteins. J. Mol. Biol. 120: 97-120.

Predpoklad lokalnosti obmedzoval vSetky metody. Nahodna hodnota

predikcie ~33%. Zaciatkom 90. rokov: 65 + 2% — maximum!

APPLICATIONS NOTE " 5% osmontmetcarincs

Structural bioinformatics

GOR V server for protein secondary structure prediction

Taner Z. Sen,!2 Robert L. Jernigan,’2 Jean Garnier® and Andrzej Kloczkowski'*

1|L.H. Baker Center for Bicinformatics and Biological Statistics, lowa State University Ames, 1A 50011, USA,
2Department of Biochemistry, Biophysics and Molecular Biclogy, lowa State University, Ames, IA 50011, USA
and 3INRA—Unite MIG, Bat. 233, Domaine de Vilvert, 78352 Jouy en Josas Cedex, France

Received on February 23, 2005; revised on March 21, 2005; accepted on March 22, 2005

Advance Access publication March 29, 2005

ABSTRACT

Summary: We have created the GOR V web server for protein
secondary structure prediction. The GOR V algorithm combines
information theory, Bayesian statistics and evolutionary information
In its fifth version, the GOR method reached (with the full jack-knife
procedure) an accuracy of prediction Q5 of 73.5%. Although GOR V
has been amang the most successful methods, its online unavailability
has been a deterrent to its popularity. Here, we remedy this situation
by creating the GOR V server.

Availability: The GOR V server is freely accessible to public users
and private institutions at http://gor.bb.iastate.edu/

from erystallographically determined coordinates. Although DSSP
defines eight different structural elements, these eight states are
commeonly translated into three secondary structure states: a-helix,
f-sheet and coil. This translation is usually performed in the fol-
lowing manner: (1) e-helix in the three letter code corresponds to
H («-helix), G (31 helix) and I (;r-helix) from the DSSP 8-letter
code, (2) sheet corresponds to B (bridge—single residue sheet), and
E (extended S-strand) in DSSP nomenclature and finally, (3) coil
in 3-letter code corresponds to the remaining three DSSP states: T
(B-turn), S (bend) and C (coil). In the GOR V output, a-helix is
represented by a letter H, S-sheet by E and coil by C.
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GOR metoda na internete: http://gor.bb.iastate.edu/ — 73,5%

~

7\ \
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Laurence H. Baker Center for Bioinformatics and Biological Statistics

I Please use our improved CDM Secondary Structure Prediction Server that also includes GOR V results 11!

GOR V PROTEIN SECONDARY STRUCTURE PREDICTION SERVER

The GOR (Garnier-Osguthorpe-Robson) method uses both information theory
and Bayesian statistics for predicting the secondary structure of proteins.

Over the vears, the method has been improved by including larger databases
and more detailed statistics, which account not only for amino acid
composition. but also for amino acid pairs and triplets. The most crucial
change m the algorithm was the inclusion of evolutionary mformation using
PSI-BLAST (Altschul e al. Nucl. Acids Res. 25, 3389, 1997) to increase the
information content for improved discrimination among secondary structures.
In GOR V. the prediction accuracy Q3 using full-jackknifing reached 73.5%.

Sequence name (optional):
Your e-mail address :

Paste a protein sequence below:
(Please use one-letter amino acid codes with no comment line- -the submission is limited to 1000 residues)

aER

Neuronové siete

rok 1993 — Burkhard Rost >70% — metéda zalozena na neurénovych

sietach;

- novy a klacovy aspekt bol vyuzitie evolucnej informacie vo forme
zrovnania sekvencii, ktoré je pouzité namiesto jednotlivej sekvencie
ako vstup pre predikciu;

-  pre ~ 36% zvyskov je predikcia ~ 88%;

- sekvencia = zrovnanie = predikcia — vysledok je spolahlivost (0-9;

reliability), ze dany aminokyselinovy zvySok je a-Spirala (H; helix), 3-

vlakno (E; extended structure) alebo slucka (L; loop).

PHD metoda — Profile network prediction Heidelberg — Rost B. & Sander C. (1993)
Prediction of protein secondary structure at better than 70% accuracy . J. Mol. Biol. 232:

584-599.
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Nucleic Acids Research, 2004, Vol. 32, Web Server issue

The PredictProtein server

W321-W326
DOI: 10.1093/nar/gkh377

Burkhard Rost"?*, Guy Yachdav'® and Jinfeng Liu'?

'CUBIC and ®North East Structural Genomics Consortium (NESG), Department of Biochemistry and Molecular
Biophysics, Columbia University, 650 West 168th Street BB217, New York, NY 10032, USA and *Columbia University
Center for Computational Biology and Bioinformatics (C2B2), Russ Berrie Pavilion, 1150 St Nicholas Avenue,

New York, NY 10032, USA
Received February 13, 2004; Revised and Accepted March 15, 2004

ABSTRACT

PredictProtein (http://www.predictprotein.org) is an
Internet service for sequence analysis and the predic-
tion of protein structure and function. Users submit
protein sequences or alignments; PredictProtein
returns multiple sequence alignments, PROSITE seq-
uence motifs, low-complexity regions (SEG), nuclear
localization signals, regions lacking regular structure
(NORS) and predictions of secondary structure,
solvent accessibility, globular regions, transmem-
brane helices, coiled-coil regions, structural switch
regions, disulfide-bonds, sub-cellular localization
and functional annotations. Upon request fold recog-
nition by prediction-based threading, CHOP domain
assignments, predictions of transmembrane strands
and inter-residue contacts are also available. For all
services, users can submit their query either by elec-
tronic mail or interactively via the World Wide Web.

Attempt to simplify output by incorporating a hierarchy
of thresholds

The attempt to “pre-digest’ as much information as possible to
simplify the ease of interpreting the results is another unique
pillar of PP. For example, by default PP returns only those
proteins found in the database that are very likely to have a
similar structure to the query protein (1). Particular predictions,
such as those for membrane helices. coiled-coil regions, signal
peptides and nuclear localization signals, are not returned if
found to be below given probability thresholds. Over the years,
we have added so many methods into the output of PP that our
original ‘easy-to-interpret’ goal is challenged. We hope that a
variety of improvements in the near future will reduce this
problem.

Each request triggers the application of over

20 different methods

Currently, users receive a single output file with the follow-
ing results (some of these are optional, Table 1). Database
searches: similar sequences are reported and aligned by a

PHd metéda na internete: http:/ /www.predictprotein.org/

Enter an amino-acid sequence

PredictProtein

WHAT WE PROVIDE

PredictProtein integrates feature prediction for secondary structure, solvent accessibility, transmembrane helices, globular regions, coiled-coil regions, structural switch

_

(one letter code) or click a link in the bar on the right to see an example input.

regions, B-values, disorder regions, intra-residue contacts, protein-protein and protein-DNA binding sites, sub-cellular localization, domain boundaries, beta-barrels, cysteine

Analysis Methods
bonds, metal binding sites and disulphide bridges
Visualization PredictProtein features data visualizations using the Jbio interactive visualization library
Features
Data Storage and  PredictProtein caches the prediction for each new query sequence it processes for quick and easy retrisval

Caching
Job Managment

Extensive Support

Licensing Options

PredictProtein users can store their jobs for later reference
The senvice features
1. On screen help tooltips

2. Complete user documentation
3. Online discussion board EZIH ES51

We currently provide two licenseing options for your convenience

Currently the PredictProtein cache contains 8,425,519 annotated proteins

1. Commercial License - SAFEGUARDING YOUR INTELLECTUAL PROPERTY
2. Academic License - SUPPORTING ACADEMIC STUDY AND RESEARCH

\

]

Questions? Contact Us


http://www.predictprotein.org/

Predikcie terciarnej Struktury proteinov

S ohlfadom na existenciu homologickych proteinov, resp. nemoznost ich

vyuzitia — ak ich niet — predikéné metody delime na dve skupiny:

(1) induktivne — vyuzivaju databazy sekvencii a Struktar (homologické
proteiny);
(2) deduktivne — ab initio pristupy (nevyuzivaju databazy, neexistencia

homologického proteinu).

Deduktivne metody

snaha predikovat Strukturu proteinu na zaklade vSeobecnych
principov fyziky, chémie a biologie, bez zrejmého vyuzitia znamych
sekvencii a §truktur;

avSak vyvoj aj tychto metoéd zavisi na stave poznania znamych
sekvencii a Struktur proteinov; iba sa tato znalost priamo nevyuziva
pri predikcii (iba pri metodike);

rozdiel je v tom, ze dosiahnuté poznanie sa premietne do vSeobecnych
principov, ktoré sa aplikuju bez ,pozerania“ do databaz;

deduktivne metody sa zdokonaluju velmi pomaly.

Induktivhe metody

tieto metody sa rozvijaju velmi rychlo a ich vykonnost je taktiez velka;
sCasti zavisi na naraste udajov v databazach;

viac znamych sekvencii a Struktar znamena vacsiu pravdepodobnost,
ze novy protein (o predikciu Struktury ktorého je zaujem) bude

podobny uz znamemu proteinu (so znamou terciarnou Struktarou).

Dva typy induktivnych metod:

(i) homologické modelovanie (homology modelling);

(ii) rozpoznanie Struktury (fold recognition).
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Homologické modelovanie
Predikcia cielovej Struktury na zaklade blizko pribuzného proteinu so

znamou Strukturou. Napr. Swiss-Model: http://swissmodel.expasy.org/

Schwede T., Kopp J., Guex N. & Peitsch M.C. (2003) SWISS-MODEL: an automated protein
homology-modeling server. Nucleic Acids Res. 31: 3381-3385 .

Nucleic Acids Research, 2003, Vol. 31, No. 13 3381-3385

DOI: 10.1093/nar/ekg520

SWISS-MODEL: an automated protein

homology-modeling server

Torsten Schwede'#*, Jirgen Kopp'?, Nicolas Guex® and Manuel C. Peitsch®*

'Biozentrum der Universitat Basel, Klingelbergstr. 50-70, CH 4056 Basel, Switzerland, “Swiss Institute of
Bicinformatics, Basel, Switzerland, 3GlaxoSmithKline, Research Triangle Park, NC 27709, USA and *Novartis AG,

4002 Basel, Switzerland

Received February 15, 2003; Revised and Accepted March 20, 2003

ABSTRACT

SWISS-MODEL (http://swissmodel.expasy.org) is a
server for automated comparative modeling of three-
dimensional (3D) protein structures. It pioneered the
field of automated modeling starting in 1993 and is
the most widely-used free web-based automated
modeling facility today. In 2002 the server computed
120 000 user requests for 3D protein models. SWISS-
MODEL provides several levels of user interaction
through its World Wide Web interface: in the ‘first
approach mode’ only an amino acid sequence of a
protein is submitted to build a 3D model. Template
selection, alignment and model building are done
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SWISS-MODEL is a fully automated protein
structure homology-modeling server, accessible via
the ExPASy web server, or from the program
DeepView (Swiss Pdb-Viewer). The purpose of this
server is to make Protein Modelling accessible to all
biochemists and molecular biologists worldwide.

+ Find more news on SWISS-MODEL Blog

experimental protein structures are deposited in the Protein
Data Bank (PDB) (1). Nevertheless, the number of structurally
characterized proteins is low compared to the number of
known protein sequences: taken together, the SWISS-PROT
and TrEMBL databases hold about 850 000 sequence entries
(2), which exceeds the number of known different structures by
about two orders of magnitude. Thus, no structural information
is available for the wvast majority of protein sequences.
Therefore, it is an obvious demand to bridge this ‘structure
knowledge gap” and computational methods for protein
structure prediction have gained much interest in recent years.

Among all current theoretical approaches, comparative
modeling is the only method that can reliably generate a 3D
model of a protein (target) from its amino acid sequence (3.4).
..
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SWISS-MODEL

SWISS-MODEL Team

Torsten Schwede:  Project Leader

Florian Kiefer: SWISS-MODEL Repository

Lorenza Bordoli: Method Development and user
support

Konstantin Arnold:  SWISS-MODEL Workspace
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Rozpoznanie Struktary
Zhodnotenie kompatibilnosti Studovanej aminokyselinovej sekvencie
s kniznicou znamych vzorov zvinutia proteinov.

Napr. PHYRE: http://www.sbg.bio.ic.ac.uk/phyre2/
Kelley L.A. & Sternberg M.J. (2009) Protein structure prediction on the web: a case study

using the Phyre server. Nature Protocols 4: 363-371.

PROTOCOL |

Protein structure prediction on the Web: a case study
using the Phyre server

Lawrence A Kelley & Michael ] E Sternberg

Structural Bioinformatics Group, Division of Molecular Biosciences, Department of Life Sciences, Imperial College London, South Kensington Campus, London SW7
2AZ, UK. Correspondence should be addressed to LAK (Lakelley@imperial.ac.uk).

Published online 26 February 2009; doi:10.1038/nprot.2009.2

Determining the structure and function of a novel protein is a cornerstone of many aspects of modern biology. Over the past decades,
a number of computational tools for structure prediction have been developed. It is critical that the biological community is aware of
such tools and is able to interpret their results in an informed way. This protocol provides a guide to interpreting the output of
structure prediction servers in general and one such tool in particular, the protein homology/analogy recognition engine (Phyre). New
profile-profile matching algorithms have improved structure prediction considerably in recent years. Although the performance of
Phyre is typical of many structure prediction systems using such algorithms, all these systems can reliably detect up to twice as many
remote h logies as e-profile searching. Phyre is widely used by the biological community, with > 150

submissions per day, and provides a simple interface to results. Phyre takes 30 min to predict the structure of a 250-residue protein.

it

NATURE PROTOCOLS | VOL.4 NO.3 | 2009 | 363
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331214 submissions since Feb 14 2011

Phyre is for academic use only

Please cite: Protein structure prediction on the web: a case study using the Phyre server
Kelley LA and Sternberg MIE. Nature Protocols4, 363 - 371 (2009) [pdf] [Import into BibTex]

® Structursl Bisinformstics Group, Imperisl Collsge, London : ~ Imperial College
Lavirence Kebey, Bentanin Jeffervs ; London
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Tlustracny priklad

Predikcia sekundarnej a terciarnej Struktury genetoninu-1:
- - genetonin-1 je cicavci protein z kostrového svalu s doteraz neznamou
funkciou;
- 358 aminokyselinovych zvySkov; C-terminalna oblast 263-354 je

homologicka so Skrob-viazucou doménou mikrobialnych amylaz.

R R S e I R R R R R L I R A RN R T - IR T - I
AL sequence QVSVRFOVHYVTSTDVQF IAVTGDHECLGRWNTYIPLHYNKDGFWSHSIFLPADTVVEWKFVLVENGGVTRWEECSNRFLETGHEDKVVHAW
EEEEE EEEEE EEEEEE HEHHHHHH EEEE
GOR pred CCCEEEEECCCCCCCCCEEEEECCCCCCCCCCCCCCCCCCCCCCEEEEEECCCCCCHEHHHHHHCCCCCEEEECCCCCCCCCCCCCCCCCCT
aresanen O R TR R R LERETREERE P - PR - A PRI - IR P
AL sequence QVSVRFOVHYVTSTDVQF IAVTGDHECLGRWNTYIPLHYNKDGFWSHSIFLPADTVVEWKFVLVENGGVTRWEECSNRFLETGHEDKVVHAW
FROF_sec EEEEEEEEE EEEEEEE EE EEEEEEEE EEEEEEEEE EEEEE EEEE EEEE

Reliasbility OZ5677764100234306888614332355454432121576425778881577536777886862786156520665033304430266417

EEEEEEEEE EEEEEEE EE E----EEEEEEE EEEEEEEEE EEEEE E-EEE EEEE
Genetonin 263 QVSVRFOVHYVTSTDVOF IAVTGDHECLGRWNTY--IPLHYNEDGF----WSHS IFLPAD TVVEWKFVLVENGGVTRUEECSNR-FLETGHEDKVVHAW
Tk AL * * * *k * * Ty * *t * *w TK XX K n *
CGTéza 586 QVTVRFVINMNATTALGONVFL TGNVSELGNWDPNNAIGEFNYNOWVVYOYPTH Y YDVSVEAGOTIEFKF LEKQGS TVT-WEGGANRTF TTPTSGTATVIVI
EEEEEEEEE EEEEEE HHH HHH E E EEEEEEEE EEEEEEEEEE EEE-E EEEE EEEEEEE
skrob-viazuca doména ,$krob-viazuca doména"
cycklodextrin glukanotransferdzy genetoninu-1
(PDB: IPAM) (3D model)

(Upravené podla: Janecek Bioinformatics 2002, 18: 1534)
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8. Molekulova evolucia proteinov

Jednym zo zakladov molekularnej biologie je fakt, ze aminokyselinova

sekvencia proteinu urcuje jeho Struktaru, a to znamena aj jeho funkciu.

Jednorozmerna geneticka informacia sa prelozi do trojrozmerného sveta,

ktory obyvame.

Zakonitosti vystavby molekul proteinov:
- hierarchia;
- Struktary (primarna, sekundarna, terciarna, ...);
- motivy, domény;

- vzory zvinutia Struktury.

RozliSujeme:
- protein folding - proces zaujatia nativnej Struktury;
- protein folding motif — motiv zvinutia nativnej Struktury (~fold, napr.

TIM-barel).

Klasifikacia proteinov — na zaklade ich sekundarnej a terciarnej struktary

(all a, all B, a/B, a+p).

Klasifikacia z hladiska Struktiry — do jednotlivych rodin proteinov — odraza

evoluciu.

Divergentna evolucia — zo spoloc¢ného predka — podobné:
- aminokyselinové sekvencie;
- priestorové (terciarne) Struktury;

- funkcie.
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Konvergentna evolucia — vo vSeobecnosti nezavisla tvorba vyhodnej
Struktury, resp. Strukturnych ¢rt, pri ktore;j:
- priestorové struktury moézu byt podobné;

- aminokyselinové sekvencie a funkcie su nepodobné.

Porovnanie sekvencii proteinov

Aky je vzajomny vztah medzi dvomi a viac proteinmi?

Je potrebné urcit koreSpondencie medzi aminokyselinovymi sekvenciami, t.j.
navzajom si odpovedajuce useky, t.j. zrovnanie sekvencii (amino acid
sequence alignment).

- parové zrovnanie (pair-wise alignment);

- nasobné zrovnanie (multiple alignment).

Je nevyhnutné uvazovat:
- delécie;
- inzercie;

- substitacie.

Nasobné zrovnanie — multiple alignment:
- viac sekvencii;
- viac informativny;
- odhalyje vzory, sekvencné motivy, konzervované regiony;
- naznacuje, Co je, resp. co by mohlo byt vyznamné z hladiska Struktury

a funkcie porovnavanych proteinov.

Pre vzdialene pribuzné proteiny moze byt nemozné urcit spravne zrovnanie
len zo sekvencii. Je to dosledok toho, Ze trojrozmerna Struktira proteinu je
viac konzervovana ako aminokyselinova sekvencia. Preto sa porovnavaju

Struktary proteinov.
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Vznika tzv. background noise (Sum pozadia), resp. hovorime o naraste Sumu

pozadia (tzv. background noise increase). Sum pozadia pri zrovnavani

viacerych sekvencii menej pribuznych proteinov je vzdy, to znamena, Ze

nedokazeme spravit ich jediné spravne zrovnanie — zrovhame konzervované

oblasti a zvySky sekvencii (moZe to byt podstatna ¢ast ich dizok) st zrovnané

len s urcitou pravdepodobnostou.

Zrovnanie zalozené na Strukture (structure-based alignment)

hladaju sa koreSpondencie medzi zvySkami, ktoré maju tu ista
priestorovu dispoziciu;

moze odhalit evoluénu pribuznost medzi tak velmi vzdialene
pribuznymi proteinmi, Ze na rovni sekvencii uz ni¢ nemozno

detekovat.

Primarne udalosti v tvorbe biologickej diverzity:

mutacie, inzercie a delécie nukleotidov v DNA;

transpozicie (vacSie preskupenia kusov genetického materialu).

Stadia a zmeny v evolucii proteinovych struktar:

pribuzné proteiny si zachovavaju vacsinu elementov sekundarne;j
Struktary (a-Spiraly a B-vlakna);
jadro struktury — zhluk centralnych a-helixov a/alebo 3-listov — si
udrzuje svoju topologiu (vzor zvinutia):
- pre blizko pribuzné proteiny jadro predstavuje takmer celu
Strukturu
- pre vzdialene pribuzné proteiny jadro moéze byt tvorené menej
ako polovicou zvyskov
okrajoveé regiony mimo jadra mozu menit svoj vzor zvinutia Uplne;
relativna geometria elementov sekundarnej Struktury, dokonca aj
v jadre, sa meni;
v dosledku mutacii sa a-helixy a B-listy mézu posuvat alebo navzajom

rotovat;
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- pre evoluciu, pri ktorej sa konzervuje funkcia, Strukturne zmeny su
obmedzované, aby sa chranila funkcia, napr. udrzanie integrity
aktivneho miesta;

- pre evoluciu, pri ktorej sa funkcia meni, tie obmedzenia su nahradené
inymi obmedzeniami, ktoré su vyzadované zmenenou funkciou, ¢o

rezultuje vo vacsej Strukturalnej zmene.

Molekularna uroven
- vznik - Siroka jednota (jednotnost) — DNA - protein (vSetko je
rovnaké);
- vyvoj — evolucia — velka diverzita (rozmanitost) —- DNA - protein (kazdy

je iny).

Mozno dat do suvisu molekulové tdaje s vysledkami tradi¢nych
makroskopickych evolu¢nych studii?
- resp. do akej miery molekulové udaje potvrdzuju, dopliaju alebo
modifikuju nase pochopenie tradi¢nych fylogenetickych vzajomnych

vztahov, ziskanych z porovnavacej anatomie, embryologie a fosilii?

Divergencia sa deje paralalne na molekuldrnej, aj makroskopickej tirovni

Homologické proteiny z pribuznych druhov maju podobné, ale nie identické

aminokyselinové sekvencie.
Vo vSeobecnosti:

- >10x génov (x 2 5) 2 ~10% sekvencnych rodin 2 ~103 Strukturnych
rodin = ~102 architektur = ~10 motivov (! tzv. superfoldy).
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Proteinové motivy (superfoldy).

, @Globin—like
Y.

Up-Down

OB

(Upravené podla: Orengo a kol. Structure 1997, 5: 1093)

Divoky gén (tzv. wild-type gene) a mutacie:
- (i) alternativny protein s ekvivalentnou funkciou (neutralna mutacia);
- (ii) protein s tou istou funkciou, ale so zmenenym rychlostnym alebo
Specifitnym profilom;
- (iii) protein so zmenenou funkciou;

- (iv) protein nefunk¢ny, pripadne nezvinuty (letalna mutacia).

Priklad:
- divoky gén koduje a-amylazu — Stiepi a-1,4-glukozidové vazby
v Skrobe;
- mutaciami moze vzniknut:
- (i) izozym a-amylazy s nezmenenou funkciou;
- (ii) pribuzna a-amylaza, ktora Stiepi tie isté vazby v tom istom
substrate (Skrob), ale inou rychlostou, pripadne je viac

Specificka na rovnaké vazby napr. v kratsich
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maltooligosacharidoch — G3, G4, G5, G6 a G7 (t.j. zmena
v Specifite);

- (iii) pululanaza neschopna Stiepit vazby a-1,4, ale schopna
Stiepit a-1,6-glukozidové vazby v pululane;

- (iv) mutaciou v katalytickom mieste (napr. Asp—>Asn) protein nie
je schopny katalyzovat danu biochemicku reakciu vobec, alebo
su problémy s jeho expresiou, pripadne adoptuje nespravnu

konformaciu.

Divergentna evoliicia je evoliicia zo spolocného predka (common ancestor).

Homologické sekvencie:
- sekvencie, ktoré maju spoloéného evolu¢ného predka;
- inak, pokial spolo¢ny povod nie je zrejmy, sa podobné sekvencie

oznacuju iba ako podobné.

Ortolégy a paralégy
- ortology — homologické sekvencie existujuce v roznych druhoch ako
dosledok vyvoja druhov;
- paralogy — homologické sekvencie existujuce v tom istom druhu ako

dosledok multiplikacii génov.

Horizontdlny prenos génov

Horizontalny prenos génov (horizontal or lateral gene transfer) je proces,

v ktorom organizmus prenasa geneticky material (DNA) to inej bunky, ktora
nie je jeho potomstvom. Pri klasickom vertikalnom prenose organizmus
ziskava geneticky material od svojho predka, t.j. od rodica alebo druhu,

z ktorého pochadza (resp. sa vyvinul). V genetike sa uvazovalo najma

o vertikalnom prenose génov, ktory je dominantny, avSak podla najnovsieho
poznania je zrejmeé, ze horizontalny prenos je najma u mikroorganizmov

vyznamnym fenoménom.
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Priklady

Microbulbifer degradans — tri kopie a-amylazy:

bakterialny typ (Escherichia coli: SI=34.1%, SS=49.8%);
rastlinny typ (jacmen: SI=42.6%, SS=55.9%);
ZivoCisny typ (Clovek: SI=45.1%, SS=56.4%).
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Konvergentna evolicia je evoliicia k niecomu spolocnému

Konvergencia je adaptivna zmena, v ktorej menej pribuzné entity sa zdaju

byt viac pribuzné, ako v skutocnosti su.

Funkéna konvergencia — rovnaka molekulova funkcia sa objavi nezavisle viac

ako 1x (napr. metaloproteazy, Asp-proteazy, Ser-proteazy).

Mechanisticka konvergencia — rovnaky chemicky mechanizmus — napr.
serinové proteazy chymotrypsin (s katalytickou triadou His357, Asp102,
Ser195) a subtilizin (Asp32, His64 a Ser 221).

Struktirna konvergencia — rovnaka Struktura — vnutorna stabilita,
jednoducha tvorba, napr. TIM-barelové proteiny — TIM barelova (katalyticka)
doména sa vyskytuje v cca 10% proteinov (enzymov), ktorych terciarna

Struktiira uz bola urcena.

\\\@ / H rs&{[j l/

Priklad mechanistickej konvergencie: prasaci trypsin (vlavo): His57, Asp102
a Ser195 (PDB kod: 1MCT), resp. subtilizin z Bacillus subtilis (vpravo):
Asp32, His64 a Ser221 (PDB kod: 1SUP). Obidva enzymy su serinové
proteinazy, ale poradie v katalytickej triade je rozdielne, t.j. nie je mozné tieto

Struktary prelozit tak, aby si navzajom koresSpondovali katalytické zvysky.
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9. Stabilita a stabilizacia proteinov

Rovnovaha medzi stabilizujucimi a destabilizujucimi interakciami, t.j. rozdiel

v Gibbsovej energii medzi zvinutym a nezvinutym proteinom je ~40 kJ/mol.

Extrémostabilné proteiny — ni¢ nové, t.j. ziadna ina aminokyselina, ani

ziadna ina interakcia.

Vazby a interakcie v proteine:

vodikové vazby;
hydrofébne interakcie;
soIné mostiky;

disulfidové mostiky.

Vsetky tieto vazby a interakcie sa musia v proteine stabilnom v extrémnom

prostredi zosilnit, alebo sa musi ich pocet zvysit.

Ako ziskat stabilné enzymy?

1. izolacia z extrémofilnych (mikro-)organizmov;
2. produkcia v geneticky manipulovanych neextrémofilnych
hostitel'skych producentoch;
3. stabilizacia nestabilnych enzymov modifikaciou:
- imobilizacia;
- chemicka modifikacia;
- proteinové inzZinierstvo;

4. pouzitie aditiv.

GMO - geneticky modifikované organizmy

Treba brat do uvahy riziko spésobené moznym uvolnenim GMO do zivotného

prostredia.

GRAS - generally recognised as safe
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Stabilizacia proteinov — je to najlepsi sposob ako ziskat stabilné proteiny

(hoci nie vzdy ten najjednoduchsi a najefektivnejsi).

Denaturdcia proteinov

TEPLOTA MOCOVINA

poskodenie jadra /K podstatné rozvinutie

(Upravené podla: Janecek Process Biochem. 1993, 28: 435)

Imobilizdcia proteinov
- premena z mobilného stavu na nemobilny (imobilizovany) stav;
- stabilizacia sa dosahuje v désledku:
- fixacie (proti agregacii alebo autolyze);
- zvySenia rigidity (proti rozvinutiu);

- ochrany pred inaktivaciou (pH, Oz, H20> ...).

Vyhody imobilizacie:
- kontinualnost procesu;
- vysoka stabilita;
- vysoka reakc¢na rychlost;
- vysoka koncentracia enzymu;
- jednoducha separacia;

- nasobné pouzitie.
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Nevyhody:
- odpor proti prestupu latky;
- imobilizovanie;

- cena imobilizacie.

[lustracné priklady imobilizacie proteinov.

% % - adsorpcia

kovalentné pripojenie

-
zosiet'ovanie bifunkénymi Cinidlami
@
enkapsuldcia

uchytenie v polymérnom géli

(Upravené podla: Klibanov Science 1983, 219: 722)

Chemicka modifikdcia proteinov
- ide o zachovanie pohyblivej (mobilnej) formy;
- vonkajsSie (povrchové) funkéné skupiny lahko reaguju s modifikujucimi

C¢inidlami.
Moznosti:

- modifikacia s bifunkénymi ¢inidlami (zosietovanie);

- modifikacia s nepolarnymi ¢inidlami (hydrofobne interakcie);
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- zavedenie novych polarnych alebo nabitych skupin (doplnujuce
vodikové a ionové vazby);
- hydrofilizacia povrchu (ochrana pred nevyhodnym hydrofobnym

efektom — redukcia nevyhodného kontaktu s vodou).

Schéma stabilizacie chemickou modifikaciou hydrofilizacie povrchu proteinu.

modifikator

hydrofobny

hydrofilizacia /

modifikator

nativny protein

(Upravené podla: Mozhaev a kol. Eur. J. Biochem. 1988, 173: 147)

Proteinové inzinierstvo
- vo vSeobecnosti mozno napr. menit:

- kinetické vlastnosti;
- termostabilita a Topt;
- stabilita a aktivita v organickych rozpustadlach;
- substratova a produktova Specifita;
- poziadavky na kofaktory;
- pH optimum;
- odolnost voci proteazam;

- molekulova hmotnost a podjednotkova (kvartérna) Struktura.
Ako to mozno menit:

- najméa metody cielenej mutagenézy — napodobnovanie prirodzene

stabilnych proteinov alebo na zaklade predikcie stabilizujucich efektov.
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Priklady:

zavedenie vnutornych alebo povrchovych disulfidovych mostikov -
konformacna stabilita — vhodna pozicia v Strukture (aby S-S mostik
mohol vzniknut);

zlepSenie vnutorného hydrofobneho zbalenia (Leu—>Val — 1x -CHa
medzera destabilizuje ~4,6 kJ/mol);

narast vnutornych vodikovych vézieb — prispevok moze byt
porovnatelny s hydrofobnym efektom;

narast povrchovych solnych mostikov (izolovany naboj vo vnutri
proteinu moze destabilizovat >15 kJ/mol);

aromatické interakcie — zavedenie aromatickych zvyskov (tzv.

»Stacking® interakcie).
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10. Faktory stability proteinov

Rigidita

- rigidita — je nevyhnutna na ochranu struktury aktivnych centier
a chrani ich pred rozvinutim;

- aminokyselinové substiticie — nie su systematickeé, ale z porovnania
velkého poctu enymov je mozné zovSeobecnit, ze stabilizujuce
substitucie: (i) zdokonaluju ti¢innost zbalenia Struktury (vyplnenim
dier/kavit v jadre a zvySenim jeho hydrofébnosti) a (ii) zvysuju jej
celkovu rigiditu (stabilizacia a-Spiral, optimalizacia elektrostatickych

interakcii a redukcia konformac¢ného pnutia).

Hydrofébne interakcie

- poskytuju energiu nevyhnutnu pre zvinutie proteinu vo vodnych
roztokoch;

- v priemere kazda ukryta —CH> skupina prispieva ku konformacne;j
stabilite prispevkom ~5,4 kJ/mol,

- tesne zbalené aromatické ,jadro-jadro“ interakcie (aromatické
interakcie — ,stacking“) ~4,2 kJ/mol;

- napr. 3-izopropylmalatdehydrogenaza z Thermus thermophilus
obsahuje dva hydrofébne zvysky (Leu246 a Val249) na dimérovom
medzipovrchu, ktoré su v mezozyme z Escherichia coli nahradené
menej hydrofobnymi zvySkami (Glu a Met). Vysledkom je IahSia
disociacia diméru z E. coli vplyvom mocoviny. Zavedenie Leu246
a Val249 do E. coli enzymu ho naozaj stabilizovalo voci disociacii

a denaturacii.
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Vodikové véizby

dlho znamy prispevok vodikovych vézieb — podporeny cielenou
mutagenézou — mnoho pripadov;

jedno z najlepSich porovnani bolo umoznené porovnanim Struktur
glyceraldehydfosfatdehydrogenazy z psychrofila (morsky rak),
mierneho termofila (Bacillus stearothermophilus), termofila (Thermus
aquaticus) a hypertermofila (Thermotoga maritima);

najlepsia korelacia bola najdena medzi termostabilitou a poc¢tom
vodikovych véazieb typu ,nabity-neutralny;

tento typ vodikovych vézieb je v termozymoch uprednostnovany pred

solnymi mostikmi a H vézbami typu ,neutralny-neutralny*.

Ucinnost zbalenia

kedze jadra proteinov su zvacSa hydrofobne, zvySena ticinnost
zbalenia je ¢asto v korelacii so zvySenou hydrofébnostou;

potencial zvysit termostabilitu proteinu vyplnenim hydrofébnych dier
(kavit) v zvinutej Strukture (t.j. zvySenim hydrofébnosti zbalenia
Struktury) bol demonstrovany cielenou mutagenézou vychadzajucou
z detailnej znalosti trojrozmernej Struktury;

napr. tvorba vnutornych kavit mutaciami (zamenami Leu a Phe za Ala)
destabilizovala T4 fagovy lyzozym s priemernym prispevkom ~8,4
kJ/mol, pricom pri dvojitom mutante L99A/F153A bol pokles

v stabilite ~34,8 kj/mol;

ukryté polarne aminokyselinové zvysky vSak nemusia nevyhnutne
destabilizovat protein — A166S substitticia v neutralnej proteaze

z Bacillus stearothermophilus viedla k tomu, ze -OH skupina Ser
nahradila ukrytta molekulu H20 a zdokonalila lokalnu siet vodikovych

vazieb, ¢im bola zvySena aj uc¢innost zbalenia, aj stabilita.
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Solné mostiky

- velké mnozstvo experimentalnych Studii identifikovalo solné mostiky
ako stabilizujuce interakcie;

- Casto stabilizuju elementy sekundarnej Struktury, ¢im zvysuju rigiditu
celkovej struktury;

- Statisticky bolo zistené, ze termozymy maju vysSsi pomer Arg:Lys ako
mezozymy (Arg je lepSi v udrziavani solnych mostikov pri vyssich
teplotach — ma vyssSiu hodnotu pKa. ako Lys a dlhSi postranny retazec);

- napr. fosfoglyceratkinaza z Bacillus stearothermophilus a z kvasinky sa
lisi o 15 solnych mostikov;

- glyceraldehydfosfatdehydrogenaza z Thermus aquaticus ma
stabilizujuci solny Arg mostik (Arg22 a Arg248), ¢o chyba v menej
termostabilnom enzyme z Bacillus stearothermophilus, ktory ma na
koreSpondujucich miestach dva Lys zvySky s krat§im retazcom —

neschopné analogickej stabilizujucej interakcie.

Stabilizdcia slucdiek

- slucky a ohyby boli dlho povazované za slabé miesta Struktury
proteinov medzi elementami jadra;

- velmi pravdepodobne sa proces rozvinutia pri teplotnej denaturacii
zaCina prave na sluckach;

- slucky termozymov su Casto kratSie nez slucky v odpovedajucich
mezozymoch;

- skratenie sluciek zvysuje kompaktnost Struktury a redukuje jej
flexibilitu (priamy efekt);

- nepriamy efekt je, Ze slucky a ohyby sa podielaju na stabilizacii
interakcii medzi elementami sekundarnej Struktury a jednotlivymi
doménami;

- prolin moéze udrziavat slucky alebo ohyby spésobom podobnym zipsu;
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- napr. citratsyntazy z Pyrococcus furiosus a Thermoplasma acidophilum
obsahuju skratenu verziu slucky, ktora je pritomna v ,nestabilnej“

citratsyntaze z prasata.

Redukcia konformacného pnutia

- neglycinové zvySky pritomné v proteinoch, pokial nie su stabilizované
intramolekulovymi nekovalentnymi interakciami, svojou Tavotoc¢ivou
Spiralovou konformaciou ¢asto sposobuju nestabilitu;

- lokalne konformacné pnutie vznika v désledku blizkeho kontaktu f3-
uhlika s karbonylovym kyslikom;

- v tychto pripadoch ¢asto pomoéze substitiicia za Gly, najma ak su
zvySky sposobujuce pnutie v ohybovych oblastiach spajajucich
elementy sekundarnej Struktury;

- napr. DNA-vazbovy protein HU z Bacillus subtilis obsahuje GlulS, kym
jeho termostabilny analog z Bacillus stearothermophilus na
koreSpondujuicom mieste v ohybe medzi dvomi a-Spiralami obsahuje
Gly, t.j. mutacia Gly15Glu v enzyme z B. stearothermophilus otvara al-
ohyb-a2 konformaciu, ¢im potlaca jednu zo stabilizujucich vodikovych

vazieb (helix-ohyb-helix).

Stabilizdcia a-Spirdl

- pristup je napr. substitucia tych zvyskov v a-Spiralach, ktoré maju
nizku schopnost vytvarat a-Spiralové useky (alebo zabudovavat sa do
nich), za zvysky, ktoré maju vysokeé predpoklady pre a-Spiraly (Ala);

- nie je vSak zisteny ich skutocny prispevok, ktory je nizky (pod 4
kJ/mol);

- alaninovy zvySok dominuje v Spiralach termozymov;

- do uvahy sa berie aj tzv. helixovy dipol — substituicie na koncoch Spiral

(elektrostaticke interakcie) — helix ma pozitivnhy naboj na N-konci
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a negativny naboj na C-konci (helixovy dipdl; destabilizacny vplyv) —
kompenzacia je obsadenim N-konca negativne nabitym zvySkom (napr.
Glu) - stabilizacia dipolu;

- menej bezné (a menej efektivne) je obsadenie C-konca pozitivne

nabitym zvySkom (napr. Lys).

Redukcia entropie rozvinutia

- v nezvinutom stave proteinu je to Gly (nema B-uhlik), ktory je zvySkom
s najvacSou konformacnou entropiou;

- v procese zvinutia je preto ovela viac energie treba na vymedzenie
presnej konfiguracie pre Gly ako pre vSetky ostatné zvysky;

- Pro so svojim pyrolidinovym kruhom moéze adoptovat iba niekolko
konfiguracii, ktoré obmedzuju konfiguracie dovolené pre
predchadzajuci zvysok;

- substitucie Gly najma za Pro v akomkolvek mieste by mala znizit
entropiu proteinu v nezvinutom stave;

- aby vSak doslo k stabilizacii, je potrebné starostlivo vybrat vhodné
miesto, ¢o nie je jednoduché (3-D Struktura);

- mutacné miesto by malo dovolovat zvysku konformaciu, ktora je
podobna pre dovolené konformacie nového zvySku, priCom novy zvySok
by nemal vytvarat objemové interferencie a nemal by rusSit
stabilizujuce nekovalentné interakcie;

- napr. T4 lyzozym — ucinok Pro zvySkov na stabilizaciu proteinu -
Ala82Pro a Ile3Pro mutanty: (i) v prvom pripade (Ala82Pro) boli
podmienky starostlivo preskimané a mutacia stabilizovala protein
najma zniZzenim entropie rozvinutia, a (ii) ale v druhom pripade
(Ile3Pro) substittcia eliminovala hydrofobnu interakciu tvorenu Ile
s vysledkom, Ze celkovo mutacia bola destabilizujuca, pretoze stupen
entalpickej destabilizacie bol vac¢si nez entropicky stabilizujuci

prispevok zo zavedenia prolinu.
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Rezistencia voci kovalentnej destrukcii

- nevratna denaturacia molekuly proteinu vplyvom kovalentnej
modifikacie vyvolanej teplotou je aktualna iba pri vysokych (zvySenych)
teplotach;

- destrukcia a oxidacia Cys, deamidacia Asn a Gln, hydrolyza
peptidovych vézieb;

-  kym mezozymy sa inaktivuju rozvinutim (kolaps veduci k inaktivne;j
forme proteinu), termozymy sa inaktivuju kovalentnou modifikaciou;

- napr. a-amylazy z Bacillus amyloliquefaciens a Bacillus
stearothermophilus su inaktivované rozvinutim, za inaktivaciu
rigidnejSej a stabilnejSej a-amylazy z Bacillus licheniformis je
zodpovedna deamidacia;

- plati, ze viac stabilné enzymy su viac odolné voci kovalentnej
modifikacii;

- napr. disulfidové mostiky stabilizujuce proteiny pri teplotach ~60-80
oC su Casto nepritomné v termozymoch izolovanych z hypertermofilov;

- hydrolyza peptidovej vazby medzi Asn-Xaa (doprevadzana uvolnenim

amoniaku) je bezny sposob inaktivacie termozymov.
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11. Extrémofilné mikroorganizmy a extrémostabilné proteiny

Podla optimalnej rastovej teploty mozno mikroorganizmy klasifikovat do

Styroch skupin:

- (1) hypertermofily (nad 80 °C);

- (2) termofily (50-80 °C);

- (3) mezofily (20-50 °C);

- (4) psychrofily (0-20 °C).

Extrémofilné mikroorganizmy

Kde je horny (dolny) limit pre Zivot?

- teplota:

- >100 °C (hypertermofily; horuce pramene)
-~ 15 °C (psychrofily; zemské poly)

- ~1 (acidofily; kyslé sirne pramene)
- ~9-11 (alkalifily; sol'né jazera)
- salinita:
- ~20% (halofily; extra slané moria)
- tlak:
- ~700 atm (barofily; priekopy v oceanoch)

Enzymy z termofilnych mikroorganizmov st termozymy.
Su to enzymy, ktoré sa vyvinuli:

- v termofiloch (rast pri 60-80 °C);

- v hypertermofiloch (rast nad 80 °C).
Termozymy — Topt ~ 60-125 °C — zaujem:

- vedecky (stabilita);

- priemyselny (biotechnologie).
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Je zaujem aj o psychrofily (nizko-teplotné extrémofily) a ich enzymy (enzymy
aktivne pri nizkych teplotach; ,chlad-aktivhe enzymy*“):
- psychrotolerantné mikroorganizmy — rastu dobre aj pri teplotach
blizko O °C, ale najlepsie pri teplote nad 20 °C;
- psychrofilné mikroorganizmy — najlepsSie rastu pri 15 °C a menej,

pricom nerastu nad 20 °C.

Homologické chlad-aktivnhe enzymy, mezozymy, aj termozymy su si podobné:
- v aminokyselinovej sekvencii;
- ich terciarne Struktury su navzajom preloziteIné;

- v katalytickom mechanizme.
Aké su protein stabilizaéné mechanizmy?
Boli identifikované stadiom modelov mezofilnych enzymov (mezozymov)
a boli potvrdené aj najnovsimi Strukturalnymi porovnaniami mezozymov

a termozymov (ale aj chlad-aktivaych enzymov).

Zvysena stabilita termozymov musi byt vysledkom Specifickych rozdielov

v ich aminokyselinovych sekvenciach.

Klonované termozymy mozno uspesSne exprimovat v mezofilnych

organizmoch.

Rekombinantné termozymy si zachovavaju svoje nativne vlastnosti.

Hoci vonkajsie faktory (soli, polyaminy, glykozylacia) pomahaju stabilizovat

niektoré termozymy, vacSina termozymov zostava vnutorne termostabilna.
Zvysena aktivita enzymov aktivnych pri nizkych teplotach (chlad-aktivnych

enzymov) prave pri nizkych teplotach musi byt tiez vysledkom Specifickych

rozdielov v ich aminokyselinovych sekvenciach.
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Nizke teploty — nizka kineticka energia reagujucich molekul - toto je

kompenzované flexibilngymi Struktarami.

Flexibilita sa dosahuje kombinaciou Strukturnych crt:
- redukcia hydrofobneho jadra;
- znizené ionové a elektrostatické interakcie;
- zvySeny naboj zvySkov na povrchu, ktory zlepsSuje interakcie
s rozpustadlami;
- doplnujuce povrchoveé slucky;
- Pro—>Gly substitacie v povrchovych sluckach;
- menej medzidoménovych a medzipodjednotkovych interakcii;

- znizeny pomer Arg:Lys.

Toto ma za nasledok, ze aktivne miesto a prilahlé regiony zostavaju

flexibilné.

Zvysena konformacna flexibilita je ale doprevadzana zvySenou termolabilitou

(t.j. znizenou termostabilitou).

Ako je to pri termozymoch?
Termozymy su stabilizované rovnako ako mezozymy, t.j. stabilizacnymi
faktormi — roznymi interakciami, ale aj Struktirnymi faktormi.

Ich prispevky su vo vSeobecnosti malé, ale relevantné.

CHLAD-AKTIVNE

. ZOZYMY TERMOZYMY
ENZYMY ME M ERM M
» RIGIDITA

FLEXIBILITA =
> TERMOSTABILITA

TERMOLABILITA

Neexistuje spolo¢ny (vSeobecny) determinant termostability!
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Termodynamicka stabilita je definovana ako:
- AGstab — VoIna energia stabilizacie enzymu;

- Tm — teplota, pri ktorej je protein na 50% rozvinuty.

Kineticka stabilita zavisi na energetickej bariére rozvinutia, t.j. aktivacnej
energii rozvinutia (Ea) a ¢asto sa vyjadruje ako cas (t1/2), pri ktorom je proces

v polovici pri definovanych podmienkach.
Hypertermofilné proteiny:

- extracelularne (Topt ~ 20-30 °C vysSSia ako teplota optimalna pre rast);

- intracelularne (zvycajne ich Topt je porovnatelna s teplotou rastu).
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12. Proteinové inzinierstvo a dizajn

Priklady

Zmena cyklodextringlukanotransferazy na a—amylazu (zmena EC triedy)

PubMed: 11943149

FEBS 25836 FEBS Letters 514 (2002) 189-192
Mutations converting cyclodextrin glycosyltransferase from
a transglycosylase into a starch hydrolase

Hans Leemhuis®. Bauke W. Dijkstra®. Lubbert Dijkhuizen®*
*Department of Microbiology, Groningen Biomolecular Sciences and Biotechnology Institute ( GBB), University of Groningen, Kerklaan 30,
9751 NN Haren, The Netherlands
YBIOSON Research Institute and Laboratory of Biophysical Chemistry, Groningen Biomolecular Sciences and Biotechnology Institute (GBB),
University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands
Received 2 January 2002: revised 23 January 2002: accepted 23 January 2002

First published online 12 February 2002

Edited by Hans Eklund

Abstract Cyclodextrin glycosyltransferase (CGTase) effi-
ciently catalyzes transglycosylation of oligo-maltodextrins,
although the enzyme also has a low hydrolytic activity. Its +2
substrate binding subsite, which contains the conserved Phel84
and Phe260 residues, has been shown to be important for this

CGTase is first of all a transglycosylase. The hydrolysis activ-
ity of CGTases is in general much lower than the dispropor-
tionation and cyclization activities. Only the CGTases from
Thermoanaerobacter [6] and Thermoanaerobacterium thermo-
sulfurigenes strain EM1 (Tabium) [7] have relatively high hy-

Zmena a-xylozidazy na a-glukozidazu (substratova preferencia)

PuBmed: 16631751

FEBS Letters 580 (2006) 2707-2711

Structural elements to convert Escherichia coli a-xylosidase (Yicl)
into a-glucosidase

Masayuki Okuyama, Akira Kaneko, Haruhide Mori, Seiya Chiba, Atsuo Kimura®

Division of Applied Bioscience, Graduate School of Agriculture, Hokkaido University, Kita-9 Nishi-9, Kita-ku, Sapporo 060-8589, Japan

Received 27 January 2006; revised 7 April 2006; accepted 10 April 2006

Available online 19 April 2006

Edited by Gianni Cesareni

Abstract  Escherichia coli Yicl, a member of glycoside hydro-
lase family (GH) 31, is an a-xylosidase, although its amino-acid
sequence displays approximately 30% identity with a-glucosi-
dases. By comparing the amino-acid sequence of GH 31 enzymes
and through structural comparison of the (/a)g barrels of GH 27
and GH 31 enzymes, the amino acids Phe277, Cys307, Phe308,
Trp345, Lys414, and  — o loop 1 of (p/a)g barrel of Yicl have
been identified as elements that might be important for Yicl
substrate specificity. In attempt to convert Yicl into an a-gluco-

lyze the non-reducing terminal #-glucoside unit of substrate to
release a-glucose. There have been no previous studies of the
key residues that determine the substrate specificity of GH
31 enzymes. The present study was performed to elucidate
the structural elements involved in the control of substrate rec-
ognition of z-xylosidase and x-glucosidase.

The three-dimensional structure of a GH 31 enzyme has only
been solved for Yicl, the catalytic domain of which shows a
modified (B/x)g barrel fold [11]. Many carbohydrate hydrolases
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PubMed: 12200542

Protein Engineering vol.15 no.7 pp.595-601, 2002

Zmena substratovej Specificity lipazy (dizka refazca mastnych kyselin)

Blocking the tunnel: engineering of Candida rugosa lipase mutants

with short chain length specificity

Jutta Schmitt!, Stefania Brocca3, Rolf D.Schmid! and
Jiirgen Pleiss'

'Institute of Technical Biology, University of Stuttgart, Allmandring 31,
D-70569 Stuttgart, Germany and “Department of Biotechnology and
Biosciences, University of Milano-Bicocca, 1-20126 Milano, Italy

¥To whom correspondence should be addressed.

E-mail: juergen.pleiss @ po.uni-stuttgart.de

The molecular basis of chain length specificity of Candida
rugosa lipase 1 was investigated by molecular modeling
and site-directed mutagenesis. The synthetic lipl gene and
the lipase mutants were expressed in Pichia pastoris and
assayed for their chain length specificity in single substrate
assays using triglycerides as well as in a competitive
substrate assay using a randomized oil. Mutation of amino

PubMed: 11522924

Protein Engineering vol.14 no.7 pp.501-504, 2001

1993). CRL has a broad chain length profile ranging from
short chain esters to long, saturated and even polyunsaturated
fatty acids (Osada er al., 1990) with a distinct preference for
fatty acids of chain lengths C4, C8, C10 and CI12 (Janssen
and Halling, 1994). Since CRL is an unspecific lipase towards
a broad range of fatty acid chain lengths but has low activity
towards long, polyunsaturated fatty acids, it has been used for
the enrichment of these valuable food ingredients. CRL has
been used for the enrichment of eicopentaenoic and docosa-
hexaenoic acids from fish oil (McNeill er al., 1996; Moore
and McNeill, 1996) or of gamma-linolenic acid from borage
oil (Shimada er al., 1998; Schmitt-Rozieres er al., 1999). To
understand the structural basis of substrate specificity, the
structure of complexes of CRL with substrate-analogous cova-
lent inhibitors was studied bv X-rav crvstallographv (Cveler

Termostabilizacia celulazy (zavedenie solnych mostikov)

Thermostabilization by replacement of specific residues with lysine
in a Bacillus alkaline cellulase: building a structural model and
implications of newly formed double intrahelical salt bridges

Tadahiro Ozawa', Yoshihiro Hakamada', Yuji Hatada',
Tohru Kobayashi', Tsuyoshi Shirai> and Susumu Ito'

'Tochigi Rescarch Laborz m»nu Kao Corporation, 2606 Akabane, Ichikai
Haga, Tochigi 321-3497 and *Department of Biotechnology and Biomaterial
Chemistry, Graduate School of Engineering. Nagoya University, Chikusa-ku,
Nagoya 464-8603, Japan

3 To whom correspondence should be addressed.

E-mail: itos@jamstec.go.jp

An alkaline, mesophilic endo-1,4-B-glucanase from
alkaliphilic Bacillus sp. strain KSM-64 was significantly
thermostabilized by replacement of both Asnl179 and
Asp194 with lysine by site-directed mutag is. Structural
remodeling of the mutant enzyme newly generated by
the double mutation suggested that Glul75—Lys179 and
Glu190—Lvs194 were the most plausible ion pairs. both of

increase in ionic interactions is often observed in thermophilic
enzymes (Vogt et al., 1997: Wallon et al.. 1997: Hashimoto
et al., 1999: Kumar et al., 2000).

Recently, we found a thermostable, alkaline Egl (Egl-237)
from the alkaliphilic Bacillus isolate KSM-S237 (Hakamada
et al., 1997) and sequenced the cloned gene of the enzyme
(Hakamada er al.. 2000). The deduced amino acid sequence
of Egl-237 showed high homology with those of Egl-K (Ozaki
et al., 1990) and Egl-64 (Sumitomo ef al., 1992). Based on
the difference of a few amino acids, we constructed several
chimeric genes from Egl-64 and Egl-237, and Lys179 and
Lys194 residues in Egl-237. not conserved in Egl-64, were
found to contribute to thermostability after site-directed muta-
genesis. As a result, the double mutation Asn179—Lys (NK)/
Aspl94—Lys (DK) (NK/DK) significantly improved thermo-
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Protein Engineering vol.16 no.4 pp.287-293, 2003
DOIL: 10.1093/proeng/gzg032

Hypertermostabilizacia a-amylazy (o viac ako 20 °C)

PubMed: 12736372

Hyperthermostabilization of Bacillus licheniformis o-amylase and
modulation of its stability over a 50°C temperature range

Nathalie Declerck'2, Mischa Machius®, Philippe Joyet',
Georg Wiegand®, Robert Huber* and Claude Gaillardin'

'Génétique Moléculaire et Cellulaire, CNRS-URA 1925, INRA-UMR216,
F-78850 Thiverval-Grignon, France, *University of Texas Southwestern
Medical Center, Dallas, TX 75390, USA and *Max-Planck-Institut fur
Biochemie,

D-85152 Plancgg-Martinsried, Germany

*To whom correspondence should be addressed. Present address: Centre de
Biochimie Structurale, CNRS-5048, INSERM-554, 29 rue de Navacelles,
F-34090 Montpellier, France

E-mail: nathalic@cbs.cnrs.fr

Bacillus licheniformis o-amylase (BLA) is a highly thermo-
stable starch-degrading enzyme that has been extensively
studied in both academic and industrial laboratories. For

BJ www.biochemj.org

Biochem. J. (2008) 412, 27-33 (Printed in Great Britain) ~ doi:10.1042/BJ20070733

multiple amino acid substitutions (Declerck er al., 1990, 1995,
2000; Joyet et al., 1992). This mutational analysis, combined
with structural studies (Declerck er al., 1995, 1997; Machius
et al., 1995, 1998, 2003), allowed the probing of the contribu-
tions of various molecular features to BLA thermostability. In
particular, a key role could be attributed to an unusual calcium/
sodium binding site where amino acid substitutions drastically
decreased the overall stability of the protein. In addition to
thermosensitive mutations, we also identified several amino
acid changes that render the enzyme even more thermostable
than the wild-type.

In this paper, we report the cumulative effect of some of
the most stabilizing and destabilizing mutations that we and
others have identified in BLA. Comparison of the hyperther-

Zmena farby emitovaného svetla luciferazy (Cervena farba na zelenu)

PubMed: 18251715

27

Site-directed mutagenesis of firefly luciferase: implication of conserved
residue(s) in bioluminescence emission spectra among firefly luciferases
Narges Kh. TAFRESHI*, Majid SADEGHIZADEH*', Rahman EMAMZADEH, Bijan RANJBAR:;, Hossein NADERI-MANESH:: and

Saman HOSSEINKHANI+!

*Department of Genetics, Faculty of Basic Sciences, Tarbiat Modares University, Tehran, Iran, 14115-175, +Department of Biochemistry, Faculty of Basic Sciences, Tarbiat Modares
University, Tehran, Iran, 14115-175, and §Department of Biophysics, Faculty of Basic Sciences, Tarbiat Modares University, Tehran, Iran, 14115-175

The bioluminescence colours of firefly luciferases are determined
by assay conditions and luciferase structure. Owing to red
light having lower energy than green light and being less
absorbed by biological tissues, red-emitting luciferases have
been considered as useful reporters in imaging technology. A
set of red-emitting mutants of Lampyris turkestanicus (Iranian
firefly) luciferase has been made by site-directed mutagenesis.
Among different beetle luciferases, those from Phrixothrix
(railroad worm) emit either green or red bioluminescence colours
naturally. By substitution of three specific amino acids using

bioluminescence colour. Meanwhile, the luciferase reaction took
place with relative retention of its basic Kinetic properties such as
K, and relative activity. Structural comparison of the native and
mutant luciferases using intrinsic fluorescence, far-UV CD spectra
and homology modelling revealed a significant conformational
change in mutant forms. A change in the colour of emitted
light indicates the critical role of these conserved residues in
bioluminescence colour determination among firefly luciferases.
Relatively high specific activity and emission of red light might
make these mutants suitable as reporters for the study of gene
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Urcenie ulohy aminokyselinového zvySku v B-glukozidaze (W262)
PubMed: 16274659

Available online at www.sciencedirect.com
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Archives of Biochemistry and Biophysics 444 (2005) 66-75
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Trp-262 is a key residue for the hydrolytic and transglucosidic
reactivity of the Aspergillus niger family 3 B-glucosidase: .
Substitution results in enzymes with mainly transglucosidic activity

Heather F. Seidle ®, Kyle McKenzie®, Ira Marten ®, Oded Shoseyov ®, Reuben E. Huber **

* Division of Biochemistry, Faculty of Science, University of Calgary, 2500 University Dr. NW, Calgary, Alta., Canada T2N IN4
Y The Institute of Plant Sciences and Genetics in Agriculture, The Faculty of Agriculture, The Hebrew University of Jerusalem, P.O. Box 12,
Rehovot 76100, Israel

Received 23 August 2005, and in revised form 22 September 2005
Available online 24 October 2005

Urcenie ulohy aminokyselinového zvysku v 4-a-glukanotransferaze (W229)
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Contribution of W229 to the transglycosylation activity of
4-a-glucanotransferase from Pyrococcus furiosus

Shuang-Yan Tang *, Sung-Jae Yang*, Hyunju Cha®, Eui-Jeon Woo ",
Cheonseok Park ¢, Kwan-Hwa Park **

* Center for Agricultural Biomaterials and Department of Food Science and Biotechnology, School of Agricultural Biotechnology,
Seoul National University, Seoul 151-742, Korea
Y Systemic Proteomics Research Center. Korea Research Institute of Bioscience and Biotechnology, Taejon 305-333, Korea
€ Department of Food Science and Biotechnology and Institute of Life Sciences and Resources, Kyvunghee University. Yongin 449-701, Korea

Received 30 June 2006; received in revised form 22 August 2006; accepted 28 August 2006
Available online 1 September 2006

90



THE JOURNAL OF BIOLOGICAL Cuz)usnn
© 2001 by The A ty for Bis

v and My Biology, Inc.

Zmena ucinku polygalakturonazy (procesivne vs. neprocesivne posobenie)
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Changing a Single Amino Acid Residue Switches Processive
and Non-processive Behavior of Aspergillus niger

Endopolygalacturonase I and IT*

Received for publication, June 21, 2001

Published, JBC Papers in Press, July 9, 2001, DOI 10.1074/jbc.M105770200

Sandrine Pagesi, Harry C. M. Kester, Jaap Visser§, and Jacques A. E. Benen1

From the Section Molecular Genetics of Industrial Microorganisms, Wageningen University, Dreyenlaan 2,

6703 HA Wageningen, The Netherlands

Processivity, also known as multiple attack on a single
chain, is a feature commonly encountered only in
enzymes in which the substrate binds in a tunnel. How-
ever, of the seven Aspergillus niger endopolygalacturo-
nases, which have an open substrate binding cleft, four
enzymes show processive behavior, whereas the other

ly are r ly acting enzymes.
In a prevnous study (Benen, J.A.E., Kester, H.C.M., and
Visser, J. (1999) Eur. J. Biochem. 259, 577-585) we pro-
posed that the high affinity for the substrate of subsite

exo-enzymes that attack the chains from the extremities. In
Aspergillus niger, Sclerotinia sclerotiorum, and Botrytis cinerea
families of genes encoding endoPGs were discovered (3—8); but
actually little is known about the precise role of the different
endoPGs in these organisms. However, the characterization of
the seven highly homologous endoPGs secreted by A. niger
(PGI, PGII, PGA-E) suggested that individual enzymes harbor
specific enzymic and physiological functions. One of the enzy-
mic characteristics is the processive behavior observed for
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Urcenie prispevku molekul vody k stabilite (molekuly H2O vo vnutri)

PubMed: 12646687

Protein Engineering vol.16 no.l pp.5-9. 2003
DOI: 10.1093/proeng/gzg001

Buried water molecules contribute to the conformational stability

of a protein

Kazufumi Takano'2, Yuriko Yamagata® and
Katsuhide Yutani'*

'Institute for Protein Research, Osaka University, Yamadaoka, Suita. Osaka
565-0871 and Graduate School of Pharmaceutical Sciences. Kumamoto
University, Oc-honmachi. Kumamoto 862-0973, Japan

“Present address: Graduate School of Sciences, Kwansei Gakuin University.
Gakuen. Sanda. Hyogo 669-1337. Japan

2To whom correspondence should be addressed. Present address: Graduate
School of Engineering. Osaka University. Yamadaoka, Suita, Osaka
565-0871. Japan.

E-mail: ktakano@ mls.eng.osaka-u.ac.jp

This study sought to attain a better understanding of the
contribution of buried water molecules to protein stability.
The 3SS human lysozyme lacks one disulfide bond between

the role of buried water molecules in protein stability (Wade
et al.. 1991: Madan and Lee. 1994: Fischer and Verma. 1999).
However, there have been only a few experimental studies
because it is difficult to estimate experimentally. We previously
succeeded in estimating the role of buried water molecules by
examining Ile to Ala/Gly mutants of the human lysozyme
(Takano ef al., 1997a). The results demonstrated that mutants
with additional water molecules in the created cavity are
destabilized less than mutants of the human lysozyme with
empty cavities, indicating that the buried water molecules
stabilize the protein structure (Takano er al.. 1997a). It is
important to verify empirically whether this conclusion is
common to globular proteins. In the present study, we examined
one lle to Ala mut-m[ of the 19S hunmn l\~o7\me and

.
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Zvysenie termostability a katalytickej ui¢innosti pululanazy (bodovy mutant)

PubMed: 23624477

AEM

Joumnals ASMorg

Improving the Thermostability and Catalytic Efficiency of Bacillus
deramificans Pullulanase by Site-Directed Mutagenesis

Xuguo Duan,*® Jian Chen,® Jing Wu®®
State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi, China®; School of Biotechnology and Key Laboratory of Industrial Biotechnology

Ministry of Education, Jiangnan University, Wuxi, China®

Pullulanase (EC 3.2.1.41) is a well-known starch-debranching enzyme. Its instability and low catalytic efficiency are the major
factors preventing its widespread application. To address these issues, Asp437 and Asp503 of the pullulanase from Bacillus de-
ramificans were selected in this study as targets for site-directed mutagenesis based on a structure-guided consensus approach.
Four mutants (carrying the mutations D503F, D437H, D503Y, and D437H/D503Y) were generated and characterized in detail.
The results showed that the D503F, D437H, and D503Y mutants had an optimum temperature of 55°C and a pH optimum of 4.5,
similar to that of the wild-type enzyme. However, the half-lives of the mutants at 60°C were twice as long as that of the wild-type
enzyme. In addition, the D437H/D503Y double mutant displayed a larger shift in thermostability, with an optimal temperature
of 60°C and a half-life at 60°C of more than 4.3-fold that of the wild-type enzyme. Kinetic studies showed that the K,,, values for
the D503F, D437H, D503Y, and D437H/D503Y mutants decreased by 7.1%, 11.4%, 41.4%, and 45.7% and the K_,,/K,,, values in-
creased by 10%, 20%, 140%, and 100%, respectively, compared to those of the wild-type enzyme. Mechanisms that could account
for these enhancements were explored. Moreover, in conjunction with the enzyme glucoamylase, the D503Y and D437H/D503Y

4072 aem.asm.org Applied and Environmental Microbiology p. 4072-4077 July 2013 Volume 79 Number 13

Schopnost viazat nativny Skrob a-amylazou (mimo katalytickej domény)

PubMed: 19052787

J Ind Microbiol Biotechnol (2009) 36:341-346
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ORIGINAL PAPER

A single residue mutation abolishes attachment of the CBM26
starch-binding domain from Lactobacillus amylovorus a-amylase

Romina Rodriguez-Sanoja + N. Oviedo - L. Escalante
B. Ruiz - S. Sanchez

Received: 14 August 2008 / Accepted: 6 November 2008 / Published online: 4 December 2008
© Society for Industrial Microbiology 2008

Abstract  Starch is degraded by amylases that frequently  Introduction
have a modular structure composed of a catalytic domain
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13. Praktické ulohy a cvicenia

13.1. Zobrazovanie terciarnej Struktary proteinov

Amylolytické enzymy

Z proteinovej databanky PDB (http://www.rcsb.org/pdb/) ziskajte
koordinaty nasledujucich enzymov a na ich molekulach v programe
WebLabViewerLite precvicujte zobrazovanie Struktur proteinov:
- alfa-amylaza z Aspergillus oryzae - PDB kod: 7TAA (7TAA.pdb);
- cyklodextringlukanotransferaza z Bacillus circulans - PDB kod: 1CDG
(1CDG.pdb);
- neopululanaza z Bacillus stearothermophilus - PDB kod: 1J0I (1J0I.pdb).

Na ploche priecinok: PDB - tam ukladat vSetky subory; hotové obrazky
ulozte ako ,*.gif* a ,,*.msv*“.

Alfa-amylaza

Celu strukturu proteinu zobrazte ako ,solid ribbon® (pri si¢asnom vypnuti
atomov). Jednotlivé domény potom zvyraznite podla farebného kodu
uvedeného nizsie. Katalytické aminokyselinové zvySky zobrazte ako ,stick®
a farbite ako ,element“. Molekulu akarbézy zobrazte ako ,scaled ball and
stick“ a farbite ako ,element®. Atom vapnika zobrazte ako ,,CPK“ a farbite na
modro.

Jednotlivé domény:

doména A: 1-121 a 177-380 - tyrkysova

domeéna B: 122-176 - zlta

domeéna C: 381-476 - oranzova

Katalytické aminokyselinové zvysky: Asp206, Glu230 a Asp297.
Molekula akarbozy: ABC479.

Atomy vapnika: Ca480.

Cyklodextringlukanotransferaza

Celu strukturu proteinu zobrazte ako ,solid ribbon® (pri sucasnom vypnuti
atomov). Jednotlivé domény potom zvyraznite podla farebného kodu
uvedeného nizsie. Katalytické aminokyselinové zvySky zobrazte ako ,stick®

a farbite ako ,element“. Molekuly maltozy zobrazte ako ,scaled ball and
stick® a farbite ako ,element“. Atomy vapnika zobrazte ako ,,CPK“ a farbite na
modro.

Jednotlivé domény:

doména A: 1-138 a 203-406 - tyrkysova
doména B: 139-202 - zlta

doména C: 407-495 - oranzova

doména D: 496-582 - zelena
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doména E (SBD): 583-686 - cervena

Katalytické aminokyselinové zvysky: Asp229, Glu257 a Asp328.
Molekuly maltozy: Mal688, Mal689 a Mal690.

Atomy vapnika: Ca691 a Ca692.

Neopululandza

Celu Sstrukturu proteinu zobrazte ako ,solid ribbon® (pri sticasnom vypnuti
atomov). Jednotlivé domény potom zvyraznite podla farebného kodu
uvedeného nizsie. Katalytické aminokyselinové zvySky zobrazte ako ,stick®

a farbite ako ,element“. Molekulu panozy zobrazte ako ,scaled ball and stick®
a farbite ako ,element”. Z originalneho PDB suboru (obsahuje dimér) treba
najskor odstranit: molekulu B neopululanazy aj s panézou (GLC604-
GLC605-GLC606) a molekuly vody; 1JOI_A.pdb.

Jednotlivé domény:

doména A: 124-246 a 300-506 - tyrkysova

doména B: 247-299 - zlta

doména C: 507-588 - oranzova

doména N: 1-123 - siva

Katalytické aminokyselinové zvysky: Asp328, Glu357 a Asp424.
Molekula panozy: GLC601-GLC602-GLC603.

DNA-binding protein HU from Bacillus stearothermophilus

(1) Utvorte si priecinok PDB. Z databazy PDB si stiahnite subor DNA-
viazuceho proteinu HU - 1HUU.pdb a ulozte v priecinku PDB. Zo
stuboru 1HUU.pdb si pripravte subor, v ktorom bude len
podjednotka (molekula) A proteinu HU a ulozte ako 1HUU_A.pdb.

(2) V programe WebLabViewerLite zobrazte subor 1HUU_A.pdb ako
sProtein“ (pri vypnuti atomov) ako (i) ,,Solid Ribon“ a (ii) ,Schematic®.
Ulozte ako subory programu WebLabViewerLite: 1HUU_A_sr.msv a
1HUU_A_sch.msv.

(3) V zobrazeni ,Solid Ribon“ zobrazte subor 1HUU.pdb (t.j. iba ako
protein, t.j. bez atomov) a kazdu z troch molekul proteinu zvyraznite
inou farbou a subor ulozte ako 1HUU_ sr colors.msv.

(4) Otvorte subor 1HUU_A_sr.msv a pre aminokyselinové zvysky Met69,
Glu70, Ile71 a Pro72 zobrazte aj ich atomy s ich van der Waalsovymi
polomermi (,CPK“) a subor ulozte ako 1THUU_A_sr_cpk.msv.

(5) Zistite klasifikaciu HU proteinu v ramci CATH (1huuA00) a SCOP
(d1huua_) - informacia sa nachadza v PDB pre HU protein (1HUU)
a klasifikaciu si pozrite v systémoch CATH a SCOP.
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13.2. Evolucia enzymov metabolickej drahy

Styri enzymy z glykolyzy

triozafosfatizomeraza (TIM)
glyceraldehyd-3-fosfatdehydrogenaza (GAPD)
fosfoglyceratkinaza (PGK)

enolaza (ENOL)

Najskor postupne a potom spolu vSetky 4 enzymy naraz.

Zadanie:

(1)

(2)

(3)

(4)

()

(6)

Vytvorte si priec¢inok ,,Glycolysis“ a v ramci neho 4 priecinky: TIM,
GAPD, PGK a ENOL.

Vstupné subory si vytvorte pomocou udajov v Tabulke a ulozte do
prislusnych priec¢inkov TIM, GAPD, PGK a ENOL ako textové subory
(»*.txt%; t.j. napr. TIM.txt) vhodné pre program CLUSTAL-Omega.

Na EBI serveri zrovnajte postupne sekvencie pre TIM, GAPD, PGK

a ENOL v programe CLUSTAL-Omega - ziskajte vzdy dva subory
»5_aln.txt“ a ,*_fas.txt“; t.j. napr. TIM_aln.txt a TIM_fas.txt). Vypocitajte
hodnoty konsenzualnej dizky (CL), sekvenénej podobnosti (SS)

a sekvencnej identity (SI).

Subory ,*_aln.txt“ otvorte vzdy v programe MS-Word a v zrovnhanych
sekvenciach zvyraznite zZltym podfarbenim aminokyselinové zvysky
aktivneho miesta:

(i) TIM - Asnl0, Lys12, His95 a Glu165 v TIM zo Saccharomyces
cerevisaiae;

(ii)) Cys151 a His178 v GAPD z Bacillus anthracis (pre baktérie
a eukaryoty) a Cys139 a His219 v GAPD zo Sulfolobus solfataricus (pre
archaebaktérie);

(iii) Lys218, Asn335 a Asp373 v PGK zo Saccharomyces cerevisiae (pre
baktérie a eukaryoty) a Glu342 pre vSetky sekvencie;

(iv) Glu169, Asp247, Glu296, Asp321, Asp322 a Arg375 v ENOL zo
Saccharomyces cerevisaiae

a subory ulozte vzdy ako dokument ,*_aln.doc“; t.j. napr. TIM_aln.doc.

Na EBI serveri v ramci programu CLUSTAL-W2 Phylogeny vypocitajte
vzdy (t.j. pre kazdy enzym) dva evolucné stromy - s uvazovanim medzier
v sekvenciach (,*_off.ph“) a s ich ignorovanim (,*_on.ph“) - t.j. napr.
TIM_off.ph a TIM_on.ph.

Na zaklade vstupnych suborov pre TIM, GAPD, PGK a ENOL vytvorte
spolo¢ny vstupny subor pre vSetky Styri Studované enzymy glykolyzy
(»,Glycolysis.txt“; sekvencie ukladat pre kazdy organizmus vzdy v tom
istom poradi - napr. 1. TIM, 2. GAPD, 3. PGK a 4. ENOL), ulozte ho do
priecinku ,,Glycolysis“ a na EBI serveri vykonajte zrovnanie sekvencii
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programom CLUSTAL-Omega, t.j. ziskajte subory ,Glycolysis_aln“.txt
a ,Glycolysis_fas.txt“.

(7) Na EBI serveri v ramci programu CLUSTAL-W2 Phylogeny vypocitajte
pre zrované Styri enzymy glykolyzy dva evolu¢né stromy - s uvazovanim
medzier v sekvenciach (,Glycolysis_off.ph“) a s ich ignorovanim
(»,Glycolysis_on.ph®). Vypocitajte CL, SS a SI a tieto hodnoty porovnajte
s udajmi pre jednotlivé enzymy.

(8) V ramci diskusie pisomne porovnajte vSetky ziskané evolu¢né stromy
(zobrazené v programe TreeView).

zZavery:

TIM - tridzafosfatizmmomeraza

(a) najdlhsi protein: (b) najkratsi protein:
(c) CL = (d) SI = (e) SS =

GAPD - glyceraldehyd-3-fosfatdehydrogenaza

(a) najdlhsi protein: (b) najkratsi protein:
(c) CL = (d) SI = (e) SS =

PGK - fosfoglyceratkinaza

(a) najdlhsi protein: (b) najkratsi protein:
(c) CL = (d) SI = (e) SS =

ENOL - enolaza

(a) najdlhsi protein: (b) najkratsi protein:
(c) CL = (d) SI = (e) SS =

Glycolysis - glykolyza (4 enzymy)

(a) najdlhSie proteiny: (b) najkratSie proteiny:
(c) CL = (d) SI = (e) SS =
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Tabulka enzymov z glykolyzy.

C. Zdroj Skratka TIM GAPD PGK ENOL
UniProt Dizka UniProt  Dizka UniProt  Dizka UniProt Dizka

Bacteria
1 Agrobacterium tumefaciens  Agrtu Q8UEY3 256 A9CFLO 336 Q8U9I9 400 Q8UFH1 424
2  Anabaena sp. PCC 7120 Anasp Q8YP17 241 P80506 343 Q8YPR1 400 Q8YRBO 429
3 Bacillus anthracis Bacan Q81X76 251 Q81L07 342 Q81X75 394 Q81X78 431
4 Bifidobacterium longum Biflo Q8G6D5 267 Q8G4L6 352 Q8G6D6 401 Q8G519 432
5  Borrelia burgdorferi Borbu Q59182 253 P46795 335 Q59181 393 051312 433
6  Chlamydia pneumoniae Chlpn Q9z6J6 254 Q9Z7T0 335 Q9Z7MS5 402 Q9Z7A6 428
7  Deinococcus radiodurans Deira QI9RUPS 244 Q9RUP1 330 Q9RUP2 411 QI9RR60 422
8  Escherichia coli Escco POA858 255 POA9B2 331 POA799 387 POA6Q1 432
9  Haemophilus influenzae Haein P43727 263 P44304 339 P43726 386 P43806 436
10 Mycobacterium tuberculosis Myctu  P66940 261 P64178 339 P65700 412 P96377 429
11 Mycoplasma genitalium Mypge P47670 244 P47543 337 P47542 416 P47647 458
12 Neisseria meningitidis Neime Q9JW31 251 A1IP92 334 Q9JWS8 392 Q9JU46 428
13 Salmonella typhimurium Salty Q8ZKP7 255 POAIPO 331 P65702 387 P64076 432
14 Staphylococcus aureus Staau QSHHP3 253 POAO36 336 P68819 396 P64078 434
15 Streptococcus mutans Stcmu  P72484 252 Q8DVV3 337 Q8DVV2 398 Q8DTS9 432
16 Streptomyces coelicolor Strco Q92520 258 Q93J08 332 Q972519 403 Q9F2Q3 426
17 Synechocystis sp. PCC 6803 Synsp Q59994 242 P49433 339 P74421 401 P77972 432
18 Thermotoga maritima Thtma  P36204 255 (400-654) P17721 333 P36204 399 (1-399) P42848 429
19 Vibrio cholerae Vibch Q9KNR1 257 Q9KQJ8 331 ASF9G2 387 Q9KPC5 433
20 Yersinia pestis Yerpe Q8ZJK9 255 Q7CIH3 334 Q8ZHH3 387 Q8ZBN2 431

Archaea
21 Aeropyrum pernix Aerpe Q9YBR1 223 Q9YFS9 343 Q9YFS7 415 Q9Y927 432
22 Methanosarcina mazei Metma Q8PXE2 222 Q8PTD3 335 Q8PZK7 416 Q8PT81 428
23 Pyrobaculum aerophilum Pybae Q8ZX28 227 Q8ZWK7 344 Q8ZWK6 408 Q8ZYE7 419
24 Pyrococcus furiosus Pycfu P62002 228 P61879 334 P61883 410 Q8U477 430
25 Sulfolobus solfataricus Sulso Q97VMS8 227 P39460 340 P50317 408 Q97ZJ3 419

Eucarya
26 Arabidopsis thaliana Arath Q9SKP6 255 (61-315) P25856 336 (61-396) P50318 405 (74-478) P25696 444
27 Caenorhabditis elegans Caeel Q10657 247 P17331 341 P91427 417 Q27527 434
28 Drosophila melanogaster Drome P29613 247 P07486 332 Q01604 415 P15007 433 (68-500)
29 Homo sapiens Homsa P60174 249 P04406 335 P00558 417 P06733 434
30 Saccharomyces cerevisiae Sacce P00942 248 P0O0359 332 PO05S60 416 P00924 437
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13.3. Tréning s molekularno-biologickymi databazami

Na zaklade pristupovych Cisiel do databazy UniProt, dopliate chybajuce udaje pre 10 enzymov a proteinov z tabulky:

enzyme priamo z tabulky);

- poziciu domény CBM20 - pokial je to uvedené.

zaznam v databaze PubMed - relevantné literarne tidaje;
dlzku aminokyselinovej sekvencie proteinového retazca;

pristupové cislo sekvencie v databaze GenBank a jej prekladu v GenPept;
EC ¢cislo - enzymové cislo z enzymovej nomenklatury (pokial nie je uvedené, pomoct si informaciou o danom

Tabulka.
C. Zdroj Enzym Skratka UniProt GenBank  GenPept EC PubMed Dizka CBM20
1 Anaerobranca gottschalkii CGTaza Anago CGT QSZEQ7
2 Bacillus agaradhaerens CGTaza Bacag CGT Q7X3TO
3 Aspergillus awamori Alfa-amylaza Aspaw_AMY  Q76L96
4 Bacillus sp. TS-23 Alfa-amylaza Bacsp_AMY 059222
5 Streptomyces griseus Alfa-amylaza Strgr AMY P30270
6 Bacillus cereus Beta-amylaza Bacce_BMY P36924
7 Aspergillus niger Glukoamylaza G1 Aspni_GMY P69328
8 Athelia rolfsii Glukoamylaza Athro_GMY Q12596
9 Homo sapiens Laforin - izoformy 1 a 2 Homsa_LAF Q6IS15
10 Homo sapiens Genetonin-1 Homsa GEN 095210
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13.4. Bioinformaticka analyza Skrob-viazucich domén

Teoreticka cast

Skrob-viazuca doména (starch-binding domain; SBD) typickych
mikrobialnych amylolytickych enzymov (a-amylazy - rodina GH13, f-amylazy
- GH14, glukoamylazy - GH15) je klasifikovana ako tzv. modul z rodiny
CBM20, t.j. carbohydrate-binding module family 20. Tato doména umoznuje
enzymu viazat a degradovat surovy (tepelne neupraveny) Skrob. Modul sa
moze nachadzat aj v roznych blizko, ale aj vzdialene pribuznych rastlinnych
a zivoc¢iSnych enzymoch a proteinoch, ako napr. fosfoglukan vodna dikinaza-
3, laforin, genetonin-1, apod. V amylolytickych enzymoch, ako su pululanaza
a glukan-odvetvujuce enzymy, sa nachadza sekvencne pribuzny SBD modul,
klasifikovany do rodiny CBM48. Tento typ SBD je tiez pritomny v roznych
rastlinnych a zivoc¢iSnych enzymoch a proteinoch, ako napr. protein
nadbytku Skrobu-4 (SEX-4) alebo B-podjednotka AMP-aktivovane;j
proteinkinazy, apod.

Zadanie

(1) Vsetkych 45 sekvencii SBD (skratky podla tabulky - 30x CBM20 a 15x
CBM48) zhromazdite z databazy UniProt do vstupného suboru (SBD.txt
v priecinku SBD) vhodného pre program CLUSTAL-Omega
(http:/ /www.ebi.ac.uk/Tools/msa/clustalo/).

(2) Na EBI serveri zrovnajte sekvencie SBD v programe CLUSTAL-Omega;
ziskajte dva subory: SBD_aln.txt a SBD_fas.txt (a ulozte ich do
priecinku SBD).

(3) V ramci programu CLUSTAL-W2 Phylogeny
(http:/ /www.ebi.ac.uk/Tools/phvlogeny/clustalw?2 phylogeny/)
vypocitajte dva evoluéné stromy pre SBD - s uvazovanim medzier
v sekvenciach (SBD_off.ph) a s ich ignorovanim (SBD_on.ph).

(4) Stromy zobrazte v programe TreeView a diskutujte; pre zrovnané SBD
sekvencie zistite konsenzualnu dizku (CL), sekvenénu identitu (SI)

a podobnost (SS).

(5) Podla informacii o dvoch Skrob-viazucich miestach v sekvenciach SBD
z rodin CBM20 a CBM48 - CBM20 (¢. 9: 20-GH15-Aspni-GMY): W567
(1), K602 (1) a W614 (1) a WS87 (2); CBM48 (¢. 38: 48-Ratno-AMPK1):
W100 (1), K126 (1) a W133 (1) a F112 (2) - upravte zrovnanie
(SBD_aln.doc zo suboru SBD_aln.txt) v programe MS-Word a ulozte ako
SBD_aln_2.doc. Farebne zvyraznite vSetky 4 aminokyselinové zvySky
zapojené do vazby sacharidov (pokial su pritomné - miesto 1 - zlta,
miesto 2 - zelena).

(6) Z upraveného zrovnania SBD_aln_2.doc vyrobte manualne subor vo
formate FASTA/Pearson (SBD_fas_2.txt) a na jeho zaklade znovu
vypocitajte oba evolucné stromy (SBD_off 2.ph a SBD_on_2.ph),
zobrazte a porovnajte ich s povodnymi stromami. Skontrolujte, ¢i a ako
sa zmenili hodnoty CL, SI a SS.
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Tabulka. Reprezentativne Skrob-viazuce domény z rodin CBM20 a CBM48.

Cislo Enzym/proteina EC Zdroj Skratka UniProt  Dizka Pozicia
CBMZ20:
1. GH13 a-amylaza 3.2.1.1 Streptomyces griseus 20-GH13-Stmgr-AMY P30270 566 470-566
2. GH13 a-amylaza 3.2.1.1 Aspergillus kawachii 20-GH13-Aspka-AMY 013296 640 538-640
3. GH13 cyklodextrin glukanotransferaza 2.4.1.19 Bacillus circulans strain 251 20-GH13-Bacci-CGT P43379 713 608-713
4. GH13 cyklodextrin glukanotransferaza 2.4.1.19 Thermococcus sp. B1001 20-GH13-Thcsp-CGT Q9UWN2 739 629-739
S. GH13 cyklodextrin glukanotransferaza 2.4.1.19 Nostoc sp. PCC 9229 20-GH13-Nossp-CGT Q8RMGO 642 539-642
6. GH13 izocyklomaltooligosacharid 2.4.1.- Bacillus circulans 20-GH13-Bacci-ICGT AOP8W9 995 893-995
glukanotransferaza
7. GH14 B-amylaza 3.2.1.2 Bacillus cereus 20-GH14-Bacce-BMY Q9Z4N9 546 444-546
8. GH14 B-amylaza 3.2.1.2 Thermoanaerobacterium 20-GH14-Thbth-BMY P19584 551 448-551
thermosulfurogenes
9. GH15 glukoamylaza 3.2.1.3 Aspergillus niger 20-GH15-Aspni-GMY P69328 640 533-640
10. GHS31 6-a-glukozyltransferaza 2.4.1.- Arthrobacter globiformis 20-GH31-Arbgl-6AGT Q6BD6S 965 864-965
11.  GHS7 amylopululanaza (képia 1) 3.2.1.1/41 Kosmotoga olearia 20-GHS57-Kotol-APU-1 C5CEBO 1354 37-138
12. GHS57 amylopululanaza (képia 2) 3.2.1.1/41 Kosmotoga olearia 20-GH57-Kotol-APU-2 CSCEBO 1354 160-259
13. GHS7 amylopululanaza (képia 3) 3.2.1.1/41 Kosmotoga olearia 20-GHS57-Kotol-APU-3 C5CEBO 1354 272-373
14. GH77 4-a-glukanotransferaza DPE2 (képia 1) 2.4.1.25 Bacteroides thetaiotaomicron  20-GH77-Bctth-4AGT-1  Q8AS5U2 893 3-92
15. GH77 4-a-glukanotransferaza DPE2 (képia 2) 2.4.1.25 Bacteroides thetaiotaomicron  20-GH77-Bctth-4AGT-2  Q8AS5U2 893 127-224
16. GH77 4-a-glukanotransferaza DPE2 (képia 1) 2.4.1.25 Chlamydomonas reinhardtii 20-GH77-Chlre-4AGT-1  A8JEIO 941 8-110
17. GH77 4-a-glukanotransferaza DPE2 (képia 2) 2.4.1.25 Chlamydomonas reinhardtii 20-GH77-Chlre-4AGT-2  A8JEIO 941 160-254
18. GH77 4-a-glukanotransferaza DPE2 (képia 1) 2.4.1.25 Solanum tuberosum 20-GH77-Soltu-4AGT-1 Q6R608 948 8-103
19. GH77 4-a-glukanotransferaza DPE2 (képia 2) 2.4.1.25 Solanum tuberosum 20-GH77-Soltu-4AGT-2  Q6R608 948 152-244
20. Fosfoglukan, vodna dikinaza 3 2.79.5 Chlamydomonas reinhardltii 20-Chlre-PGW3 A8J6C3 978 20-123
21. Fosfoglukan, vodna dikinaza 3 2.79.5 Arabidopsis thaliana 20-Arath-PGW3 Q6ZY51 1196 66-166
22. Genetonin-1 Tetraodon nigroviridis 20-Teoni-GEN1 Q4TBR2 174 73-174
23. Genetonin-1 Homo sapiens 20-Homsa-GEN1 095210 358 258-358
24. Laforin 3.1.3.48/3.1.3.16  Nematostella vectensis 20-Nemve-LAF A7SVW9 324 1-118
25. Laforin 3.1.3.48/3.1.3.16  Tetraodon nigroviridis 20-Teoni-LAF 0Q486Z3 312 1-106
26. Laforin 3.1.3.48/3.1.3.16  Homo sapiens 20-Homsa-LAF Q6IS15 331 1-124
27.  Glycerofosfodiester fosfodiesteraza-5 3.1.-.- Branchiostoma floridae 20-Brsfl-GPDPS C3Y330 680 1-107
28.  Glycerofosfodiester fosfodiesteraza-5 3.1.-.- Danio rerio 20-Danre-GPDP5 Q1LVM1 666 1-113
29. Glycerofosfodiester fosfodiesteraza-5 3.1.-.- Homo sapiens 20-Homsa-GPDPS5 QI9NPB8 672 1-115
30. CE1 sacharidova esteraza Thermococcus kodakarensis 20-CE1-Thcko QSJF12 449 88-189
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http://www.uniprot.org/uniprot/Q5JF12

Tabulka. Reprezentativne Skrob-viazuce domény z rodin CBM20 a CBM48 (pokracovanie).

Cislo Enzym/proteina EC Zdroj Skratka UniProt Dizka Pozicia
CBM48:

31. Protein nadbytku Skrobu-4 (SEX-4) 3.1.3.48 Chlamydomonas reinhardtii 48-Chlre-SEX4 A8J2N4 428 276-360
32. Protein nadbytku Skrobu-4 (SEX-4) 3.1.3.48 Arabidopsis thaliana 48-Arath-SEX4 Q9FEBS 379 249-335
33. Protein nadbytku Skrobu-4 (SEX-4) 3.1.3.48 Solanum tuberosum 48-Soltu-SEX4 Q2VCK3 370 239-325
34. AMP-aktivovana proteinkinaza -podjednotka Brachyspira hyodysenteriae 48-Brshy-AMPK COoQYJ7 249 51-138
35. AMP-aktivovana proteinkinaza f-podjednotka Chlamydomonas reinhardtii 48-Chlre-AMPK A8I00Q1 271 66-151
36. AMP-aktivovana proteinkinaza f-podjednotka Nematostella vectensis 48-Nemve-AMPK A7SRX9 274 61-146
37. AMP-aktivovana proteinkinaza f31-podjednotka Danio rerio 48-Danre-AMPK1 Q6DHM2 268 68-151
38. AMP-aktivovana proteinkinaza (31-podjednotka Rattus norvegicus 48-Ratno-AMPK1 P80386 270 71-153
39. AMP-aktivovana proteinkinaza 32-podjednotka Danio rerio 48-Danre-AMPK2 B3DLH3 269 68-151
40. AMP-aktivovana proteinkinaza 32-podjednotka Rattus norvegicus 48-Ratno-AMPK?2 Q90QZH4 271 69-152
41. GHI13 izoamylaza 3.2.1.68 Pseudomonas amyloderamosa 48-GH13-Pseam-IAM P10342 776 27-170
42. GH13 glykogén odvetvujuci enzym 2.4.1.25/3.2.1.33 Sulfolobus solfataricus 48-GH13-Sulso-GDE P95868 718 19-110
43. GHI13 glykogén vetviaci enzym 2.4.1.18 Escherichia coli 48-GH13-Escco-GBE PO7762 728 117-223
44. GH13 pululanaza 3.2.141 Klebsiella aerogenes 48-GH13-Kleae-PUL P0O7811 1096 310-414
45. GH13 maltooligozyltrehal6za trehalohydrolaza 3.2.1.141 Sulfolobus solfataricus 48-GH13-Sulso-MOTH Q55088 559 1-88
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13.5. Porovnanie terciarnych struktuar skrob-viazucich domén

Skrob-, resp. glykogén-viazuce domény z rodin CBM20 a CBM48

(1) Podla dostupnych publikovanych informacii o Skrob-, resp. glykogén-
viazucich doménach (SBD, resp. GBD) z rodin CBM20 (publikacia Sorimachi
a kol 1997; PubMed ID: 9195884 pre CBM20) a CBM48 (publikacia
Polekhina a kol 2005; PubMed ID: 16216577 pre CBM48) sa pokuste
identifikovat aminokyselinové zvySky zapojené do 1. a pripadne aj 2.
Skrob/glykogén-viazuceho miesta v sekvenciach SBD/GBD z rodin CBM20
a CBM48.

(2) Identifikované funkcne dolezité vazboveé zvySky si zapisSte:
CBM20 - vazbové miesto 1: W543, K578 a W590

CBM20 - vazbové miesto 2: W563

CBM48 - vazbové miesto 1: W100, K126 a W133

CBM48 - vazbové miesto 2: F112

(3) Z proteinovej databanky PDB (http://www.rcsb.org/pdb/) ziskajte
koordinaty SBD z rodiny CBM20 a GBD z rodiny CBM48 a pripravte ich
zobrazenia podla zadania. Obrazky ulozte ako 1ACO.msv a 1ACO.gif, resp.
1ZOM.msv a 1Z0OM.gif.

- §krob-viazuca doména glukoamylazy z Aspergillus niger (rodina CBM20)
- PDB koéd: 1ACO (1ACO.pdb). Strukturu celej domény CBM20 zobrazte
ako ,solid ribbon“ (pri suicasnom vypnuti atomov) a farbite Sedo.
Vazbové zvysky zobrazte ako ,stick® a farbite modro. Molekuly [3-
cyklodextrinu (GLC1-BGC2-...-GLC7 a GLC617B-GLC623B) zobrazte
ako ,stick“ a farbite tyrkysovou. Pri zobrazovani odstrante (vypnite)
atomy vodika.

- glykogén-viazuca doména B-podjednotky AMP-aktivovanej proteinovej
kinazy z potkana (rodina CBM48) - PDB kéd: 1Z0M (1ZOM.pdb).
Pracujte iba s molekulou A a jej prislusnym ligandom ($3-
cyklodextrinom). Strukturu celej domény CBM48 zobrazte ako ,solid
ribbon® (pri sticasnom vypnuti atomov) a farbite oranzovo. Vazbové
zvySky zobrazte ako ,stick“ a farbite cerveno. Molekulu §3-
cyklodextrinu (BCD201) zobrazte ako ,stick“ a farbite fialovo. Pri
zobrazovani odstrante (vypnite) molekuly vody.
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13.6. Sledovanie evolucie jednotlivych domén modularneho proteinu

Teoreticka cast

Enzym a-amylaza (EC 3.2.1.1) patri medzi hydrolazy. Katalyzuje hydrolytické
Stiepenie a-1,4-glukozidovych vazieb (napr. v Skrobe a pribuznych poly-
a oligo-sacharidoch). a-Amylaza je multidoménovy enzym (pozri schému),
ktory sa sklada vzasade ztroch domén (viac-menej samostatnych
Strukturno-funkénych casti): (i) doména A - katalyticka - TIM-barel zlozeny
z 8 vnutornych B-vlakien obklopenych zvonku 8 a-helixami; (ii) doména B -
vsunuta do katalytickej domény medzi vlaknom B3 a helixom a3; a (iii)
doména C - C-terminalna doména - antiparalelna -sendvicova doména.

(=)

SP
— N omenalA- katalyticka doména C

Schéma a-amylazy.

Zadanie

(1) Vytvorte si priecinok ,Amylase”. VSetkych 16 sekvencii domén A+B+C a-
amylaz (podla tabulky) zhromazdite z databazy UniProt do vstupného
stuboru ,Amylase.txt“ (v prieCcinku Amylase), vhodného pre program
CLUSTAL-Omega.

(2) Vytvorte aj dva vstupné subory a-amylaz pre sekvencie domén A+B:
SAmylase_A_B.txt“ a pre sekvenciu domény C: ,Amylase_C.txt".

(3) Na EBI serveri zrovnajte sekvencie domén ,A+B+C“ ,A+B“ a ,C“
v programe CLUSTAL-Omega; pre kazdé zrovnanie ziskajte dva subory:
»_aln.txt“ a ,*_fas.txt“ (a ulozte ich do priecinku Amylase).

(4) Na EBI serveri v ramci programu CLUSTAL-W2 (Phylogeny) vypocitajte
po dva evolucné stromy pre vSetky tri subory a-amylaz - s uvazovanim
medzier v sekvenciach (,*_off.ph“) a s ich ignorovanim (,,*_on.ph®).

(5) Pre zrovnané sekvencie a-amylaz zistite konsenzualnu dizku (CL),
vypocitajte sekvencnu identitu (SI) a podobnost (SS). Vypocitané
evolucné stromy zobrazte v programe TreeView a postupne diskutujte.

(6) Udaje CL, SI a SS spolu s obrazkami vsetkych evoluénych stromov
(s ich oznacenim v legende), ako aj ich diskusiou ulozte do suboru
~<Amylase_results.doc”.

(7) Subor zrovnanych domén A+B¢ t.j. ,Amylase_A_B_aln.txt“ ulozte ako
dokument typu ,* aln.doc“ a podfarbite v nom zltym zvyraznenim tri
regiony okolo katalytickych zvySkov: Asp206, Glu230 a Asp297 (a-
amylaza z Aspergillus oryzae; GLRIDTVKH, EVLD a FVENHD).
Identifikujte katalyticku triadu pre a-amylazu z Thermococcus
hydrothermalis.
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Tabulka. a-Amylazy a ich charakteristika.

C. Organizmus Skratka Taxonémia Dizka SP A+B+C A+B C UniProt
1 Pyrococcus furiosus Pycfu Archaea 460 26 27-460 27-388 389-460 008452
2 Pyrococcus woesei Pycwo Archaea 460 26 27-460 27-388 389-460 Q7LYT7
3 Thermococcus hydrothermalis Thchy Archaea 457 23 24-457 24-385 386-457 093647
4 Thermococcus onnurineus Thcon Archaea 458 24 25-458 25-386 387-458 B6YUGS
5 Ja¢men AMY1 (izozym s nizkym pl) Horvu_1 Eucarya; rastlina 438 24 25-438 25-367 368-438 P0O0693
6 Jaémen AMY?2 (izozym s vysokym pl) Horvu_2 Eucarya; rastlina 427 24 25-427 25-365 366-427 P04063
7 Fazula Phavu Eucarya; rastlina 420 23 24-420 24-360 361-420 Q9ZP43
8 Zemiak Soltu Eucarya; rastlina 407 18 19-407 19-348 349-407 Q41442
9 Bacillus licheniformis Bacli Bacteria; termofil 512 29 30-512 30-452 453-512 P06278
10 Bacillus subtilis Bacsu Bacteria; termofil 660 27 42-477 42-392 393-477 P00691
11 Pseudoalteromonas haloplanktis Psaha Bacteria; psychrofil 669 24 25-477 25-384 385-477 P29957
12 Streptomyces limosus Strli Bacteria; aktinomycéta 566 28 29-464 29-382 383-464 P09794
13 Thermotoga maritima Thema Bacteria; termofil 553 22 23-553 23-460 461-553 P96107
14 Aspergillus oryzae Aspor Eucarya; huba 499 21 22-499 22-406 407-499 POC1B3
15 Ovocna muska Drome Eucarya; hmyz 494 18 19-494 19-406 407-494 P08144
16 Prasa (pankreas) Sussc Eucarya; cicavec 511 15 16-511 16-423 424-511 P0O0690

Dizka, poéet aminokyselinovych zvySkov kompletného proteinu; SP, dizka realneho alebo hypotetického signalneho peptidu; A+B+C, dospely a-
amylazovy protein - katalyticka doména A (TIM-barel), doména B (v¢lenena do domény A v oblasti medzi vlaknom 33 a helixom a3) a doména C
(C-terminalna doména nasledujuca katalytickh doménu); A+B, oblast domén A a B; C, oblast domény C; UniProt, pristupové ¢islo z UniProt
databazy.
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13.7. Predikcia sekundarnej a terciarnej struktuary proteinov

Protein: genetonin-1

UniProt Acc. No.: 095210;

cicavci protein z kostrového svalu s doteraz neznamou funkciou (vézba
glykogénu);

358 aminokyselinovych zvyskov;

C-terminalna oblast 260-358 je homologicka so Skrob-viazucou
doménou mikrobialnych amylaz z rodiny CBM20 (napr. cyklodextrin
glukanotransferaza z Bacillus circulans: P43379; Skrob-viazuca
doména: 610-713 - 583-686 po odpocitani signalneho peptidu 27 aa).

Zadanie

(1) Zo sekvencie genetoninu-1 vystrihnite C-terminalnu oblast 260-358

a vykonajte predikciu sekundarnej Struktiry danej casti genetoninu
metodou GOR (server: http://gor.bb.iastate.edu/). Ziskanu predpovedanu
sekundarnu strukturu (C, coil; H, helix a E, extended) zapiSte nad
aminokyselinova sekvenciu a ulozte do suboru Gen_SBD_2D.txt (podla bodu
2).

(2) Z predikcie sekundarnej Struktury sekvencie C-terminalnej oblasti 260-
358 genetoninu-1 metodou Profile Network Prediction HeiDelberg (PROF,
PHD; dostupnej na adrese:

http://imb.savba.sk/~janecek/UCM /piataci/Gen_PHd_results.htm) vyberte
vysledky predikcie PROF_sec (spolu s REL_sec), zapiste pod aminokyselinova
sekvenciu a ulozte do suiboru Gen_SBD_2D.txt:

NOo. g, S 2., T 4o, Sy [T T By 9

GOR-V CCCCCEEEEEECCCCCCCCCEEEEECCCCCCCCCCCCCCCCCCCCCCEEEEEECCCCCCHHHHHHHHCCCCCEEEECCCCCEEECCCCCEEEECCCCCC
Sequence GSQQVSVRFQVHYVTSTDVQFIAVTGDHECLGRWNTYIPLHYNKDGFWSHSIFLPADTVVEWKFVLVENGGVTRWEECSNRFLETGHEDKVVHAWWGIH

PROF_sec EEEEEEEEEEEE EEEEEEE EEE EEEEEEEE EEEEEEEEE EEEEE EEEEE EEEEEEEEE
Rel sec 984256777776520146407888632332243243201220367426778882477436788888606842665305641565135632566311125

(3) Zo sekvencie genetoninu-1 vystrihnite C-terminalnu oblast 260-358

a vykonajte predikciu terciarnej Struktury danej casti genetoninu metoédou
homologického modelovania na serveri Swiss-Model -
http://swissmodel.expasy.org/ (tzv. ,Automated Mode“). Ako homologicky
protein (,Specific template®) pouzite CGTazu z Bacillus circulans; PDB:
1CDG, retazec ,A“. Ziskany model Struktury C-koncovej domény genetoninu-
1 ulozte ako Gen_SBD_3D_SwissModel.txt (Gen_SBD_3D_SwissModel.pdb) a
v programe WebLabViewerLite zobrazte vo viacerych zobrazovacich Styloch
(samostatny tréning prace zobrazovania Struktur proteinov).
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(4) Pre C-terminalnu oblast 260-358 genetoninu-1 vykonajte predikciu
terciarnej Struktury aj metédou rozpoznania potencialnej terciarnej
Struktury (tzv. ,Fold Recognition®) na serveri Phyre-2 -

http:/ /www.sbg.bio.ic.ac.uk/phyre2 /html/page.cgi?id=index. Po prezreti
vysledkov vyberte 2 najlepsie (najpravdepodobnejsie) modely pre C-
terminalnu oblast genetoninu-1. Modely ulozte ako
Gen_SBD_3D_Phyre2_1.txt a Gen_SBD_3D_Phyre2_2.txt (*_1.pdb a *_2.pdb)
a v programe WebLabViewerLite zobrazte vo viacerych zobrazovacich Styloch.
Modely vizualne porovnajte navzajom, ako aj s vysledkami z modelovania na
serveri Swiss-Model.

(5) Z proteinovej databanky PDB (http://www.rcsb.org/pdb/) ziskajte
koordinaty cyklodextringlukanotransferazy (CGTazy) z Bacillus circulans -
PDB kod: 1CDG a pripravte si subor 1cdg SBD.txt (resp. 1cdg SBD.pdb)
Struktary jej skutocnej Skrob-viazucej domény (doména E: zvySky Ser583-
Pro686).

(6) Vsetky 4 proteinové domény (1x genetoninova SBD zo SwissModel; 2x
genetoninova SBD z Phyre-2 a 1x realna SBD z CGTazy) zobrazte pri vypnuti
atomov ako ,schematic“ a farbite podla ,secondary type“. Potom zobrazte
aminokyselinové zvysky vybranych funkéne dolezitych zvyskov - ako ,stick®
a farbenie“ nasledovne: genetonin-1 - Trp34 a Trp75 (293 a 334) (zelena),
Trp48 (307) (Cervena), Trp96 (355) (modra) a Lys63 (321) (cierna); CGTaza -
Trp616 a Trp662 (zelena), Trp 636 (Cervena), Trp684 (modra) a Lys651
(Cierna). VSetky 4 zobrazené Struktury ulozte ako ,*.msv“ subory a pokuste
sa ich vizualne porovnat.
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13.8. Modelovanie a porovnavanie terciarnej Struktary proteinov

Mate k dispozicii, resp. ziskajte

(1) Koordinaty modelu terciarnej Struktury hypotetickej Skrob-viazuce;j
domény (SBD; CBM20) Iudského genetoninu-1 (zvysky Gly260-His358),
ziskané metodou homologického modelovania (Swiss-Model; ,Automated
Mode“; homologicky protein: ,Specific template“ - CGTaza z Bacillus
circulans; PDB kod: 1CDG, retazec ,,A“); tento subor oznacte:
Gen_CBM20_Swiss_1CDG.pdb;

(2) Koordinaty modelu terciarnej Struktury hypotetickej Skrob-viazuce;j
domény (SBD; CBM20) Iudského genetoninu-1 (zvysky Gly260-His358),
ziskané metodou homologického modelovania (Swiss-Model; ,Automated
Mode“; homologicky protein: ,Specific template“ - Skrob-viazuca doména
CBM20 glukoamylazy z Aspergillus niger (PDB kod: 1ACO, retazec ,A“); tento
subor oznacte: Gen_CBM20_Swiss_1ACO.pdb;

(3) Koordinaty experimentalne urcenej terciarnej Struktuary realnej Skrob-
viazucej domény (SBD; CBM20) CGTazy z Bacillus circulans (doména E:
zvySky Ser583-Pro686): 1CDG_SBD.pdb; ziskané z databazy PDB (kod:
1CDG; vystrihnutim prislusnych riadkov pre dané aminokyselinové zvysky);
tento subor oznacte: 1CDG_CBM20.pdb;

(4) Koordinaty experimentalne urcenej terciarnej Struktury realnej Skrob-
viazucej domény (SBD; CBM20) glukoamylazy z Aspergillus niger (PDB kod:
1ACQ); subor je pripraveny s dvoma molekulami B-cyklodextrinu; tento
subor oznacte: 1ACO_CBM20.pdb;

(5) Koordinaty experimentalne urcenej terciarnej Struktury realne;j
glykogén-viazucej domény (GBD; CBM48) z B-podjednotky AMP-aktivovane;j
protein-kinazy z potkana (PDB kod: 1ZOM) - iba molekula A s prislusnou
molekulou B-cyklodextrinu; subor je pripraveny s jednou molekulou [3-
cyklodextrinu; tento subor oznacte: 1ZOM_CBM48.pdb;

(6) Koordinaty modelu terciarnej Struktury hypotetickej Skrob-viazucej
domény (SBD; CBM20) Iudského genetoninu-1 (zvysky Gly260-His358),
ziskané metodou Phyre-2 (tzv. ,fold recognition“ - rozpoznanie Struktury)
pomocou templatu Skrob-viazucej domény glukoamylazy z Aspergillus niger
(model ¢. 1; PDB kod: 1KUL); tento subor oznacte:
Gen_CBM20_Phyre2_1KUL.pdb.

Ulohy
(1) Vytvorte si 15 priecinkov a v nich 15 ZIP suborov obsahujucich vsetky

prislusné dvojice struktar Skrob-viazucej domény podla nasledovného
clenenia:
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: Gen_CBM20_Swiss_1CDG.pdb a Gen_CBM20_Swiss_1ACO.pdb;
: Gen_CBM20_Swiss_1CDG.pdb a 1CDG_CBM20.pdb;

: Gen_CBM20_Swiss_1CDG.pdb a 1ACO_CBM20.pdb;

: Gen_CBM20_Swiss_1CDG.pdb a 1ZOM_CBM48.pdb;

: Gen_CBM20_Swiss_1CDG.pdb a Gen_CBM20_Phyre2_1KUL.pdb;
: Gen_CBM20_Swiss_1ACO.pdb a 1CDG_CBM20.pdb;

: Gen_CBM20_Swiss_1ACO.pdb a 1ACO_CBM20.pdb

: Gen_CBM20_Swiss_1ACO.pdb a 1Z0M_CBM48.pdb

: Gen_CBM20_Swiss_1ACO.pdb a Gen_CBM20_Phyre2_1KUL.pdb
- 10: 1CDG_CBM20.pdb alACO_CBM20.pdb

- 11: 1ICDG_CBM20.pdb a 1Z0M_CBM48.pdb

- 12: 1CDG_CBM20.pdb a Gen_CBM20_Phyre2_1KUL.pdb

- 13: 1ACO_CBM20.pdb alZOM_CBM48.pdb

- 14: 1ACO_CBM20.pdb a Gen_CBM20_Phyre2_1KUL.pdb

- 15: 1Z0M_CBM48.pdb a Gen_CBM20_Phyre2_1KUL.pdb

OCoOoONONULPH~WN

(2) Na serveri MultiProt: http://bioinfo3d.cs.tau.ac.il/MultiProt/ podla
poziadaviek (upload a ZIP file of PDB structures) spravte postupne vzajomneé
prelozenia vSetkych 15 dvojic Struktur a poskytnuté tidaje zapiste do tabulky
(znazornena nizsie) - hodnotu RMSD a pocet koreSpondujucich Ca atomov (v
zatvorke):

(3) Vsetkych 15 prelozenych struktur (PDB alignment) spolu s prislusnym
zrovnanim (Alignment size) a vysledkami ulozte s nazvom ZIP suboru (napr.
»1_overlap.pdb“, ,1_alignment.htm“ a ,1_vysledky.htm“ - ako kompletnu
web-stranku; atd.). Zrovnania vizualne prezrite s ohfadom na funk¢ne
dolezité zvysky (udané nizSie) a preklady zobrazte v programe WebLab pri
vypnuti atomov ako ,solid ribbon“ a farbite vzdy jednu Struktiru tyrkysovou
a druhu oranzovou farbou. Potom zobrazte aminokyselinové zvysky
vybranych funkéne dolezitych zvyskov - ako ,stick®: (i) genetonin-1 - Trp34
(293), Trp48 (307), Lys63 (321) a Trp75 (334); (i) CGTaza - Trp616, Trp 636,
Lys651 a Trp662; (iii) glukoamylaza: - Trp543, Trp563, LysS78 a TrpS90; a
(iv) P-podjednotka AMPK: Trp100, Phel12, Lys126 a Trp133; a farbite vzdy
modrou v tyrkysovej Strukture a fialovou v oranzovej Struktare. Molekuly 3-
cyklodextrinov zobrazujte ako ,stick“ a farbite zelenou v tyrkysovej Struktare
a zltou v oranzovej Strukture. VSetky zobrazenia ulozte ako prislusné ,*.msv“
a ,*.gif“ subory.
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Tabulka s vysledkami po superpozicii terciarnych struktur.

Gen_CBM20_Swiss_1CDG.pdb

Gen_CBM20_Swiss_1ACO.pdb

1CDG_CBM?20.pdb

1ACO_CBM20.pdb

1ZOM_CBM48.pdb

Gen_CBM20_Swiss_1ACO0.pdb 1,94 (74) -—- — - —
1CDG_CBM20.pdb 0,50 (93) 1,87 (70) --- - -—
1ACO_CBM20.pdb 1,74 (71) 0,79 (85) 2,00 (79) -

1Z0M_CBM48.pdb 1,34 (66) 1,94 (55) 1,44 (68) 1,87 (58) ---
Gen_CBM20_Phyre_1KUL.pdb 1,55 (79) 1,86 (70) 1,53 (79) 1,69 (72) 1,65 (66)
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13.9. In silico analyza proteinu pomocou primarnej Struktiry

Teotericka cast

Predchadzajucim vyskumom ste zistili, Ze hypoteticka amylomaltaza

z Borrelia burgdorferi (t.j. sekvencia, ktora je znama iba zo sekvenovania
genomu tejto baktérie; MalQ, BB0166; GenBank Acc. No. AAC66547.1)
obsahuje zaujimavé (unikatne) sekvencné Crty, ktorymi sa odliSuje od
ostatnych typickych amylomaltaz. Podobné ¢rty obsahuje aj sekvencia

z Borrelia garinii, pricom sekvencia z Borrelia turicatae moze byt povazovana
za akysi ,intermediat“ (medzi¢lanok) - ma ¢rty aj typickych amylomaltaz, aj
amylomaltaz z borélii. Su to najméa (v sekvencii amylomaltazy z B. burgdorferi
BB0166): Ser49 (namiesto Gly), Ala57 (namiesto Pro), Asn227 (namiesto
Asp), Lys305 (namiesto Arg), Phe356-GIn357, resp. Phe-Glu (namiesto Leu-
Gly) a Gly406 (namiesto His). Rozhodli ste sa preto izolovat protein
amylomaltazy z B. burgdorferi a v ramci tejto prace po presekvenovani
realneho génu overit, ¢i unikatne sekvencné ¢rty st naozaj pritomneé, t.j. ¢i
nie su dosledkom nejakej sekvenacnej chyby pri sekvenovani genému.

Ulohy

(1) Stiahnite si aminokyselinové sekvencie (tabulka) z databazy GenBank
(,Protein“ database) a zrovnajte ich na EBI serveri pre program Clustal-
Omega. Pripravte aj ich evolu¢ny strom pocitany zo zrovnania
programom Clustal-W2, v ktorom sa medzery neignoruju (subory:
AGT.txt, AGT_aln.txt, AGT_fas.txt, AGT_off.ph).

Tabulka s amylomaltazami.

C. Zdroj Skratka GenBank Protein Dizka
Borélie

1. Borrelia burgdorferi Borbu AAC66547.1 Hypoteticky 506

2. Borrelia garinii Borga AAU07022.1 Hypoteticky 506

3. Borrelia turicatae Bortu AAX17503.1 Hypoteticky 493
Baktérie

4. Aquifex aeolicus Aquae CAES51853.1 Realny 485

S. Clostridium butyricum Clobu AAB84229.1 Realny 487

6. Escherichia coli Escco AAA24106.1 Realny 694

7. Thermus aquaticus Theaq BAA33728.1 Realny 500

8. Thermus thermophilus Theth CAES51852.1 Realny 500
Archaebaktérie

9. Pyrobaculum aerophilum Pyrae AAL63326.1 Realny 468
Rastliny

10. Chlamydomonas reinhardtii Chlre AAG29840.1 Realny 385

11. Solanum tuberosum Soltu CAA48630.1 Realny 376

12. Triticum aestivum Triae AAZ23612.1 Realny 374

110



(2)

(3)

(4)

V zrovnani (v programe MS-Word; subor AGT_aln.doc) vyznacte
unikatne sekvencné Crty v enzymoch z borélii (B. burgdorferi a B. garinii)
zltym zvyraznenim a odpovedajuce aminokyselinové zvysky v enzymoch
z ostatnych zdrojov zelenym zvyraznenim. Crty v amylomaltéaze z B.
turicatae farbite podla toho, ¢i su typické pre jednu alebo druhu
skupinu.

Po presekvenovani génu z Vasej realnej amylomaltazy z B. burgdorferi
ste ziskali jej nukleotidovu sekvenciu dlhu 1527 nukleotidov

(http:/ /imb.savba.sk/~janecek/UCM/Piataci/BB0166 real.txt). Na
proteomickom serveri (http://www.expasy.ch/; v sekcii ,Proteomics® -
sProtein sequences and identification® - ,Translate®) ziskajte jej spravny
preklad, t.j. spravnu aminokyselinovu sekvenciu, a tato porovnajte

s aminokyselinovou sekvenciou hypotetickej amylomaltazy z B.
burgdorferi. Skontrolujte zrovnanie, ¢i sa unikatne sekvencné Crty
potvrdili alebo nie (subor: Borelie_aln.txt).

Poznate hodnoty pl a Mw pre hypoteticki amylomaltazu z B.
burgdorferi: 8.67 a 59,354 kDa. Na proteomickom serveri

(http:/ /www.expasy.ch/; v sekcii ,,Proteomics“ - ,Protein
characterization and function® - ,Compute pl/Mw") ziskajte tieto
hodnoty pre Vasu realnu amylomaltazu a vysledky porovnajte pre
hypoteticky a realny protein. Vysledky zapiSte a diskutujte.
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