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KoEnzims vitamins B3 NAD*Ox, NADH Red. A: uzdevums alkohola_dehidrogenaze ADH pé&tijjumams

s [
ChemScape MDLi[ﬁ ‘; RasMol&; MAGE g@ FireFox v.3.5.5 aplikacija. risinajumsums

B. aktivé Rigas Stradina universitaté Ara Kaksa 2023 sagatavotu molekularu pétijumu par
olbaltumvielu ADH: http://aris.qusc.lv/ChemFiles/AlhoDeHydrogenase/NadDehydrogenase.htm

1. Lietojot ADH Backbone Display iesp&ju, noradiet N-terminala doména sakuma aminoskabi SER... un
C-terminala doména aminoskabi PHE. .....? Cik aminoskabes veido ADH 1V pilno virkni. .....

(skat. 2.Ipp. LAGN.pdb) ...... un polipeptida 1JU9.pdb molekulas struktira .......... ?

2. Enzima ADH klasifikacijas Nr., ja ir zinamas EC klases 1.,2.,3.,4.,5.,6.7.7 ...c..coueuen.

3. ADH dalina, kura parnes divus reducgjosos ekvivalentus (2e7) no spirtauz NAD*? .......... (2e+H")

3. Dalina ADH , kura parnes divus reducg€josos ekvivalentus (2e’) uz NAD*? H-(2e-+H") hidrida jons............

4. Summaro Red-Ox reakciju studijas (endoergiska vai eksoergiska) ADH ar reducéto formu etanolu un
oksideéto NAD* atbildés 4.1 — 4.17 ! Absoliita potencialu standarta E° vertibas ir (David Harris);

(KortlyShucha): standarta apstakli absoliitas skalas temperatiira ....... K atbilstosi celsija skalai 25° C.

Alkohola dehidrogenaze Spirta oksidéSana par aldehidu (aeroba).
4.1 Oks NAD*+H-(2e')=NADH ; -E°1=0,4095 V absoliitais inversais standarta potencials.

4.2 Red CH3CH20H+H20=CH3HC=0+H30*+H-(2¢"); absoliitais standarta potencials E°2=-0.0550 V
4.3 OksRed summa: NAD* + CH3CH20H+H20=>.........cccooiviiiiiiiiccen,

4.4 AE°=E’2H20+E°1=-0.0550+0,4095= .......... V, pus reakciju summas standarta potencials AE®.

4.5 AGegstandarta=AE°*Fen=0,3545*2%96485/1000=......... K/mol standarta brivas energijas izmaina.

[NADH]'[CH3CHO]-[H'§O+] 7AGquerobi
1> Keqstandarta:[NAD+],[CH3CHZOH].[H20] =e ReT =EXP(-68400/8,314/298,15)=1,038+10-12=.............

4.6 Vai ir labveligs vai nelabveligs aerobais lidzsvars : ........ccccevveenee lapas puse 8; ;
AGHess=AG°H30-AG°cHacHO-AG°NADH—(AG°cH3cH20HTAG  H20+AG NAD+)=
=32,2824+1175,5732-151,549-(75,2864+1059,11-237,191)=............ K/mol endoergiska.............

Nelabvéliga lidzsvara konstantes Kegaerobic=10-12 vértiba uzrada stabilitati Iidzsvara maisijuma. . Etanola
Endotermiska un endoergiska etanola HsSCCH20H oksidésanas HsCCH=0 A 1(5: fo OkSIdeSglaA
aerobi
4.7 Hesa brivas energijas izmaina pozitiva AGHess oxidation=........ K/mot , bet F17 8N
5 AG>0 ) mol
4.8 minimizejas AGmin=AGeq=....... K/mol sasniedzot aerobo maistjumu lidzsvara:
4.9 Aeroba oksidesana ar [NAD*]/[NADH]=10° homeostazé pH=7,36 ir labvéliga . aerobi
AGaerobiox=68,4+8,3144*298,15*In(1/1076*1/1*107(-7%6)/55,3457)/1000=-......X/ma ; g AGmn=684 o
0
Inversa simetrija reakcija: aeroba oksidééan.a ir inversi simetriska anaerobai reducé$anai I\’I?\Agl?rl-i ?:(():ﬁ)zg;lf;fo
) NADH+H3Cl({3HdO-i:IV-|3O+
[NADH]:[CH,CHO]:[H,0"] [NAD*][CH,CH,OH]: [H,0] o educesan
19— - . — 2 2= _1012 A 1504,
10t _[NAD+]'[CH3CHZOH]'[HZO] =Kegaerobi<1<Keganaerohi= [NADH]-[CHsCHO]-[H3o+] =1012, G An_aer0b|
Viens skaitlis |AGHess_oxidation|:| ....... | K3 fmol = |AGHesa|:|- ..... |.k‘]/mol ar pretéju Zimi.

Inversa eksotermiska un eksoergiska etanala HsSCCH=0 reducésana H:CCH.OH

4.10 hipoksija anaeroba etanala reducésana ir inversi negativa: AGesa=-......</mol , bet

4.11 minimiz&jas par AGeq=AE’*Fen=-0,3545 V+2 mol*96485 C/moi=-....</mal.

L= K
AGnin 6?8,4 /mc@

D+E+F50%A+B+C
4.12 Etanala reducésana par etanolu ar anaerobo attiecibu [NAD*]/[NADH]=1/10 un NADH+H;CCHO+H;0*
NAD*+HsCCH,OH+H
pH=7,36 ir labv&ligi negativa, eksoergiska brivas energijas izmaina: HHCCHOHH,0
AGanaerobi=-68,4+8,3144*298,l5*|n(i 1 553 ): s kI mol ;
10 10 19-7:36
AG Anaerobired=-68,4+8,3144*298,15*In(1/10*1/10*55,3457/107("7-36))/1000==-......X/mal ;


http://aris.gusc.lv/06Daugavpils/Research/NAD-NADHLat.pdf
http://aris.gusc.lv/06Daugavpils/Research/NADalcoholDeHydrLatAtbildes.doc
http://aris.gusc.lv/06Daugavpils/Research/NADalcoholDeHydrSLat.pdf
http://aris.gusc.lv/ChemFiles/AlhoDeHydrogenase/NadDehydrogenase.htm
http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15.pdf

5.0 Veikt ADHIV izoelektriska punkta IEP=pH=pKa.vid analizi fiziologiskaja pH=7,36 vid¢ .
Noteikt Gidens §kiduma pH ar ADHIV koncentraciju 10799339 M (mol/;;.5)
Alkohola dehidrogenaze ADH E.1.1.1.1. oksidoreduktaze

Virkne no 386 AA aminoskabém ADHIV molekula human 1AGN.pdb:
MFAETQIQDKDRMGTAGKVIKCKAAVLWEQKQPFSIEEIEVAPPKTKEVRIKILATGICRTDDHVIKGTMVSKEPVIVGH
EATGIVESIGEGVTTVKPGDKVIPLFLPQCRECNACRNPDGNLCIRSDITGRGVLADGTTRFTCKGKPVHHFMNTSTFTE
YTVVDESSVAKIDDAAPPEKVCLIGCGFSTGYGAAVKTGKVKPGSTCVVFGLGGVGLSVIMGCKSAGASRIIGIDLNKDK
FEKAMAVGATECISPKDSTKPISEVLSEMTGNNVGYTFEVIGHLETMIDALASCHMNYGTSVVVGVPPSAKMLTYDPMLL
FTGRTWKGCVFGGLKSRDDVPKLVTEFLAKKFDLDQLITHVLPFKKISEGFELLNSGOSIRTVLTFE
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AA pKacoo- pKanns+ pKrr NI

D 3,65 D 59
E 4,25 E 60 Nr 115 no 386 aminoskabém aktivas vertibas pKa
K 1053 K 61
C 8,18 ¢ 62
C 818 G 63 Summa = 881,66...............
Y 1007 Y 64 = YpKarsanu grupatPKanterminals+PKacterminals =
K 1053 K 65
K 10,53 K 66 |pKuvid :(ZpKaRsénu grupatPKaNterminals+P KaCterminﬁls)/ NpKa
K 1053 K 67
C 8,18 c 68 IEP= pKuvid =881,66 / 115 =7.6666..............
C 8,18 ¢ 69
K 1053 K 70
R 1248 R 71
D 3,65 D 72
K 1053 K 73
D 3,65 D 74
K 1053 K 75
E 4,25 E 76
K 1053 K 77
E 4,25 E 78
C 8,18 ¢ 79
K 1053 K 80
D 3,65 D 81
K 1053 K 82
E 4,25 E 83
E 4,25 E 84
Y 1007 Y 85
E 4,25 E 86
H 6 H 87
E 4,25 E 88
D 3,65 D 89
C 8,18 ¢ 90
H 6 H 91
Y 1007 Y 92
K 1053 K 93
Y 1007 Y 94
D 3,65 D 95
R 1248 R 96
K 1053 K 97
C 8,18 ¢ 98
K 1053 K 99
R 1248 R 100
D 3,65 D 101
D 3,65 D 102
K 1053 K 103
E 4,25 E 104
K 1053 K 105
K 1053 K 106
D 3,65 D 107
D 3,65 D 108
H 6 H 109
K 1053 K 110
K 1053 K 111
E 4,25 E 112
E 4,25 E 113
R 1248 R 114
F 183 F 115

.IEP = pK, = 881,66 /115 =7.6666.....



0—— skaba vide plus (+}——-nulles ladins ,,0” IEP=pH

5.1-5.5 pieci aprékinu uzdevumi cilvéka ADH IV molekulai IAGN.pdb
Protolitisko konstanti pKa izoelektrisko punktu IEP=pKa aprékina saskaitot sanu virknu ZpKarsanu grupa, UN
PKaNterminals\ H3 UN PKacCterminalscoo-konstanSu summu izdalot ar skabes grupu skaitu molekula NpKa:
IEP= pKuvid =(ZpKarsanu grapatPKaNterminals+PKacterminats)/NpKa
Summarais protolitiska Iidzsvaru skaits ir NpKa=113....... 2. =
386 aminoskabes no tam 113+2 aminoskabes ar protolitiskam pKa sanu grupam,

N-terminala metionins M PKanterminals=9,21 Un C-terminala fenilalanins F pKacterminas=1,83

Summa ir SaSkaitﬁma kﬁ ZpKaRsﬁnu grupa+pKaNterrninﬁ]s'l'pKaCterrninﬁ]sz ..............
Summari vidgja skabju grupu konstante pKvis= pKa = IEP  1ZO ELEKTRISKAIS PUNKTS
IEP = pKuvig =881,66 / 115 =..............

Aminoskabju un olbaltumvielu izoelektriska punkta pH vértiba pH=IEP jonu ladinu summa ir nulle ,,0”

baziskaka vidé minuss (-—— 14 pH skala

-COOH & -NHs* pozitivs 1adins ................. -COO & -NHs* ... ladins ir negativs -COO" & -NH2

3 AD

Pasvitro un noteic pareizo: pozitivs(+) vai negativs(-) vai nulle!

H IV molekulas bez NAD* ladins ir (+), nulle ,,0” vai (-)fiziologiska pH=7,36 vid¢ asins plazma

Pasvitro eksist&josu:
-COOH & -NHs* ir pozitivs (+) 1adins ....... pH=7,36 <IEP=7.67 ....... ladins ir negativs(-) -COO" & -NHa.

4 No

teikt ADH IV molekulas ladina zimi elektroforéze pie pH 8,8 (+), nulle ,,0” vai (-)

Pasvitro eksistgjosu:

-COOH & -NHs* ir pozitivs (+) 1adins ....... IEP=7.67 < pH=8,8 ....... ladins ir negativs(-) -COO- & -NHa.

S5 Ap

pH

rekinat C = 107705339 1oli / Litra ADH IV Skiduma pH

Ostwalda atskaidisanas likuma logaritmam no C = 1077:05339 .

PKay —109C 76666087 —log10~ 9533913 7 6666087 + 7,0533913
2 2 2

7,36 Atraktora ADH IV koncentracija ir C=................ M .

=1472/12= ...



5. levietot katalitiska

Zn?* jonu, etanola skabekla atomu O koordinétu ar donora akceptora saiti

un Cetrus parlécienos disocigjosu protonus H* no spirta grupas -CH>-O-H uz Ser48 uz His51
un rezult&joso piesaistito iidens molekulai H2O protonu H* , veidojot hidronija jonu HzO*.

ADH spirta oksidéSanas laika tidens vide ,

Ievietot hidrida jonu H- tuneléSanas cela etanols H/\ N~ > M
no spirta grupas oglekla atoma-CH>- uz ('.*: g / Oy 5 0 : N
H—C—C— ;

NAD* cikliska oglekla atomu znze LN FN_ NN ~y H—é—C//

. _ R
—HC™— producgjot NADH. H ge ?A:é) H,C His51 acetaldehids

o e e " " hidrida\ + NADH
jons NAD —_—

lai H20 tidens molekulu parveérstu hidroksonija jona H3O* un spirtu par aldehidu

6. levietot Ser-48, His-51 struktaras O, N atomu

|| Serins 48 O
— brivs
N 7 elektronu N
7 \ - -
. CH, paris
donora \

7. levietot O, Zn?*, S, N atomus un kompleksa
[ZNn?* (S Cys)2(O-spirts)(NHis)]°

nulles ladinu 0

tetragonala geometrija, trigonala piramidal

s un elektronu parus donoru atomus O:, :N?

donora Histidins 51
atoms H ISI INS
/ ‘N
\ C\
u\ o .
brivs
elektronu
paris H,
O o _
‘ spirts
Zn2* '
-O spirts Cystraf ] Cys46
\- /-, ——————
His67

8. Kurs vitamins-kofaktors oksidg spirtus ADH diméra ceturtgja struktara?..............

1HLD.pdb Zn?* koording Cys46-Cys174-His67
Hidrida jona
tuneléSana
3,6

9. Oksidéeta NAD* ~ H O

idri 5% H A AN Cop
hidrida tuneléSana . ' — | N

o e _ Nicotina-amids L. . |
nikotina adenina ‘0 N H
dinukleotida: L -0

o . O—F|>-O Adenins
Nikotina amids o H\N.H
oksidéts, adenins, —F|>— o O 'ON

- - - N
divas ribozes, ! H H</ f\'\'
divus fosfati ar O N7
anhidrida saiti -Riboze
starp fosfatiem HO O

H,H O 10. NADH hidrida

Nicotina-amids @’CN'H nikotina adenina
O— _o_ N H dinukleotida
O:ﬁ)m Agdenil_r:s reducéta forma:
CI) i A ‘N NikotTna amids,
O=F|>-O H H /NfN Adenins,
0 o < | P divas ribozes,

N divi fosfati ar

-Riboze anhidrida saiti

H-O O-H starp fosfatiem

ADH 1HLD.pdb Zn?* koordingé Cys46-Cys174-His67-O : Tunel&$anas distance 3,6 A hidrida

46 174 67 46



jonam H-u NAD* nikotina

hidrida jona tunelesan 3 sp|rts (_“,H3
- * amida pozitivi ladeta cikla
aldehids H
3 A l\ " orotons oglekla atomu —CH-.
NADH ~~20 P o T 3
NAD+ H deprotonéts Nomerlt attalumu ...... A no
1'.':',';'_. L s 5. spirta —CH.- oglekla atoma
noteikt ,Zn~ el Zn lidz NAD+ aromatiska
""“a'“m” ; 7 gredzena —CH-1HLD.pdb
- \ ‘ Yy N\> ‘ molekula.
Cys \ \ Cys,, Ar peles. labas pogas izyélnes
His \ ,,Distance” 1zv€lné
67 H
,,Select Mouse Chck Action” nomerit attalumu no spirta oglekla atomam —CHa- .......... A

Iidz NAD+ nikotina cikliska oglekla atomam —CH-!
11. levieto aminoskabju numurus cinka koordinacijas sféra un nomérito attalumu angstrémos.
12. Otrejas (sekundartas) struktaras ADH ir............. spirales un................. plaksnites.

13. Cik alfa-spirales veido ADH polipeptida molekulu? ........ alfa-spirales..............cccccueenene,
14. Cik beta virknes - plaksnité veido ADH molekulu ? ....... beta virknu-plaksnite

.................. beta virknu-plaksnite un viena atseviska ...........cccoeveveiininicennn,
15. Cik ceturtgjo 4° struktiiru komponentu 3° subvienibu satur ADH molekula 1JU9zn.pdb un

1HLDznNAD.pdb? identiskas ADH molekulas ........ , katra saista koenzimu ...

katra saisto§s doméns substratam spirta grupai ........................
16. Kadas fiziologiskas funkcijas cilvéka organisma ir ADH attieciba uz etanolu? atraut divus

tdenraza atomus un tadejadi oksidet etanolu, Veidojot ..........ccccevevvivenieniieennennn,
18. Kadas toksiskas fiziologiskas funkcijas cilvéka organisma ir etanola molekulam? Kapéc
CSDD nosaka etanola bistamo koncentraciju daudzumu 0.5 promiles akvaporinu-kanaliem ?...

a)...palénina transportu cauri membranu akvaporinu - kanaliem.......... o
b) ilgu laiku lietoSana organisma rada ..........cccecvvervrannnn. 1]
C) etanols konkurg ar retinola ............. nomacot A vitamina veidoSanos organisma.

19. Kada toksiska fiziologiska funkcija cilvéka organisma ir ADH uz metanolu?.....
saind€ cilvéku ar oksidéSanas produktu ......................
atrauj divus tdenraza atomus un okside metanolu par ...............
20. Pabeigt oksidésanas reakciju metanolam H3zC-OH+NAD* tdeni.
H3C-OH+NAD*+H,O(His51)<=>......
metanols B3 vitamins formaldehids B3 vitamins reducéts
21. Ka konkuré etanols ar metanolu? Kads pretlidzeklis lietojams metanola saindéta cilveka
organisma? liela etanola koncentracija konkur€ ar ........

metanola oksidésanas konkurencg lauj akvaporiniem ....

22. Nosauciet seSu kristalizéto veidu ADH subvienibu apzim&umus ar grieku alfabetu!



1. alfa......... , 2. beta ......... . 3.gamma ................ , 4.pi ... ,5.h1...., 6.sigma ............
23. Kada veida cilvéka alkohola dehidrogenazi nav izdevies kristalizet? ..........
Atzimgjiet kadi cilvéka alkohola dehidrogenazes septini veidi - olbaltumvielas identificétas

organisma péc datu bankas Uni-Prot KB datiem:

1 _HUMAN, subvienibas apZIm&jums ...................
2. _HUMAN, subvienibas apzZIm&ums ...................
S _HUMAN, subvienibas apzim&ums ...................
Ao oo _HUMAN, subvienibas apZim&ums ...................
O _HUMAN, subvienibas apZim&ums ...................
B. oo _HUMAN, subvienibas apZIm&ums ...................
T i, _HUMAN, nav ........cccceeueen.

http://aris.qusc.lv/ChemFiles/AlhoDeHydrogenase/4D XH5VJ5hOhBioChem1718/5VJ5hOhBioCheml7.pdf
The Class System Protein Uni-Prot KB Gene Gene Table 1: Nomenclature for

gene new old Human Alcohol
Class I 1HSO ADHI1A . ADH1 ADHI1A Dehydrogenase
Class | 1DEH ADHIB . ADH2 ADH1B Abstract Back.ground All

known attempts to isolate and
Class 1 THTO ADHIC - ADH3 ADHIC characterize mammalian class V
Class Il ADHZ . ADH4 ADH4  j1conol dehydrogenase (class V
Class I11tMP0 ADH3 . ADH5 ADH5 ADH, ADH7_HUMAN), a
Class I\V1ACN ADH4 . ADH7 ADH7 member of the large ADH
Class ADH5 ADH6 ADH6 protein family, at the protein
level

have failed. This indicates that the class V ADH according Uni-Prot KB ADH6_HUMAN protein is not stable
in a non-cellular environment, which is in contrast to all other human ADH enzymes. In this report we present
evidence, supported with results from computational analyses performed in combination with earlier in vitro
studies, why this ADH behaves in an atypical way.

Arch Biochem Biophys. 2018 Sep 1;653:97-106.4DXHa

Biochemistry, 2017, 56 (28), pp 3632-
3646.5ENV,8ADH,1QLH,4DWV,1N92,1N8K,1P1R,4ADXH,1N92,1N8K,1LDE,1ILDY,1MGO,5VKR,
1HEU,2JHF,1HET,2JHG,1H2B,1MAQO,1PL6,1PL6,1YKF,1YE3,4XD2,5VJ5,5VJG,5VKR,5VL0,5VN1,,, 6



http://aris.gusc.lv/ChemFiles/AlhoDeHydrogenase/4DXH5VJ5hOhBioChem1718/5VJ5hOhBioChem17.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=30018019
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=5ENV
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=8ADH
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1QLH
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=4DWV
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1N92
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1N8K
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1P1R
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=4DXH
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1N92
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1N8K
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1LDE
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1LDY
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1MGO
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=5VKR
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1HEU
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=2JHF
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1HET
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=2JHG
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1H2B
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1MAO
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1PL6
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1PL6
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1YKF
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=1YE3
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=4XD2
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=5VJ5
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=5VJG
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=5VKR
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=5VL0
https://www.rcsb.org/pdb/search/structidSearch.do?structureId=5VN1

