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¢ Slide 1: Enzymes: Serine Proteases
o (Nov 7th Midterm will cover up to the end of this lecture)
o0 Q&Asession FRANZ 1178 Nov 2nt 5-6pm

Enzymes: Serine Proteases

(Nov. 7th Midterm will cover up to the end
of this lecture)

Nov. 2, 2007

¢ Slide 2: Outline
© Reminder:Nov 7th midterm
Quick review of Wedensday's lecture
Variantvs. invariant position
Conservative vs nonconservative substitution
Serine proteases
Lysozyme
BPG
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Outline

* Reminder: Nov. 7th midterm

* Quick review of Wednesday's lecture

« Variant vs. invariant position

« Conservative vs. nonconservative substitution
« Serine Proteases

+ Lysozyme

« BPG

¢ Slide 3:Nov. 7th Midterm

o

O 0O 0O 0O O O O O O

Lecture 1: 9am-9:50am CS76

Lecture 2 10am-10:50Am CS76

Black or blue ink only

Follow all directions

No make-ups

Nonprogrammable calculator (if in doubt, ask)
No corretion supplies, pencil, erasers

No notes, books collaboration, talking

No electronicdevices

Academicintegrity
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Nov. 7th Midterm

» Lecture 1 9:00 AM-9:50 AM CS76

« Lecture 2 10:00 AM-10:50 AM CS76

+ Black or blue ink only

+ Follow all directions

« No make-ups

* Nonprogrammable calculator (if in doubt, ask)
* No correction supplies, pencil, erasers

* No notes, books, collaborating, talking

* No electronic devices

« Academic integrity

¢ Slide 4: Review of Wednesday's Lecture
O Bonescontaincollagen
= Collagenisconnectivetissue
= Glytripplerepeat
= Tripple hilical structure... 3.3 residues per polypeptideturn (notalpha)
O 6 catalyticmechanisms
= Aldose 1-epimerase
0 Usesacid-base concerted mechanism
o Catalyzes mutarotation
= Nucleophilicand electrophilicstages of acetoacetate -->acetone
= Dee Snider: human carbonicanhydrase, hexokinase
= Electrostaticcat. & microenvironment
O Electrostaticcat- dielectricconstant within microenvironment. Dielectricconstantin
active site islowerthan water.
= Drugdesignexploits preferential transition state binding.

Lecture Page 3



Review of Wednesday’s
Lecture

+ Bones contain collagen

* 6 catalytic mechanisms
— aldose 1-epimerase

- — Nucleophilic and electrophilic stages of
acetoacetate -—> acetone

— Dee Snider: human carbonic anhydrase,
hexokinase

— Electrostatic cat. & microenvironment
— Drug design exploits preferential transition state
binding
 Serine Protease and Lysozyme

¢ Slide 5: Primary sequence homology (OCT 8 lecture)

o

o O O O

Homologous proteins from different organisms have homologous sequences
= Cytochrome

Reveals critical residues for higher order

Sequencesand composition reflect the function of the protein

Evolutionary relatedness can be inferred form sequence homology

e.g.serine proteases are evolutionary related
= (Calledserine proteases because have serine in active site

e.g., cytochrome C

Primary sequence homology

+ Homologous proteins from different organisms have
homologous sequences

« Reveals critical residues for higher order

+ Sequences and composition reflect the function of
the protein

« Evolutionary relatedness can be inferred from
sequence homology

+ e.g. serine proteases are evol. related
+ e.g., cytochrome c is highly conserved
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¢ Side 6: Protein Homology among Species

Homologous proteins: evolutionary related proteins

Invariantresidue: positionsinthe amino acid sequence of a protein thatare the sameinall
species
Variable (variant) residue: positions that can vary.

Conservative substation: position in the amino acid sequence that has adifferentresidue
comparedtoareference protein, butthe residueshares similar properties with the reference
residue
e.g.iforganism A hasalanine at position and organism B has valine at position thenitis
conservative substitution

o
o

O

If organism a has alanine and gutamine, itis nonconservative because these a.a. are
sodifferentin properties

Protein Homology among
Species

+ Homologous proteins: evol. related proteins

 Invariant residue: positions in the a.a.
sequence of a protein that are the same in all
species

« Variable (variant) residue: positions that can
vary

« Conservative substitution: position in the aa
sequence that has a different residue compared
to a reference protein, but the residue shares
similar properties with the reference residue

¢ Side 7: Amino Acid Sequence of Cytochromes c from 38 species (OCT 8 lecture)
High degree of conservation between species

Position 1- every organism has glycine

Invariant position orinvariantresidue

Position 21 - glutamicacid and then aspardicacid

Residues vary butsimilar properties soitis conservative substitution
Pisition 3 (atend)

Alanine, Valinein animals. Theorinein plants

Abletotell howrelated different species are to another

o
o
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Table 7-4. Amino Acid Sequences of Cytochromes ¢ from 38 Species.

Raboit
California gray whale
Gront groy Kangeroo

Chicken, turkoy
Pigeon

Other
vertebrates

o]
Fungl  Insects
e g Y i i e

Samia cynthia (8 moth)
Tobacco hornworm moth

Screwworm fly
Drosophite (frum fiy)

Baker's yoast
Candida heused (8 yoast)
Neurospora crasse (2 mold)

Hgher glants

Cottonseed
Abutilon seed

ne -Jolnl
Number of differont amino acids 133850123 4321313114241 2371431213133233213>

Hyorconie, scic [ Ao [ Gt

yorconie, bave [l e [ @1es B A (B Trimetiottgn

Puise unorarges [ Awmor Ay [@lon [ @A Blow
s @l @ @y @Eoneon

Hyorcohotse: Eaw Eer Elre [Duoe o 7
[MIsee [F0ve [W]ve

¢ Slide 8: mechanims of well characterized enzymes
o Serine proteases
= Preferentially bind the transition state
= Proteolyticenzymes
0 Hydrolyze peptide bonds
= Reactive Serresidue
= Chymotrypsin, trypsin, electase
o Lysozyme
= Destroys bacterial cell walls
o Foundinsecretion of vertebrates (foundin ourtears)
= Hydroyzesbeta(100>4) glycosidiclinkages of NAM-NAG
0O Beabletodraw NAM-NAG **
= Hydrolyzes poly(NAG)
o Poly(NAG)ischitin
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Mechanisms of well
characterized enzymes

+ Serine proteases
— Preferentially bind the transition state
— Proteolytic enzymes
. — Reactive Ser residue
— Chymotrypsin, trypsin, elastase

« Lysozyme
— Destroys bacterial cell walls

— Hydrolyzes beta(1-->4) glycosidic linkages of
NAM-NAG

— Hydrolyzes poly(NAG) (chitin)

¢ Slide 9:Serine Proteases
o Diversegroup
o Digestiveteam
= Madeinpancreas
= Getsecretedintointestines
o Differentsidechain specificities
=  Chymotrypsin
o Bulky hydrophobicresidues
= Trypsin
o Positively charged residues
= Elastase
o Small neutral Residues

o Active site has catalytictriad meaning has 3 different residues that catalyze reaction
= His57, Ser 195, Asp 102

= Allserine proteases have this catylitictriad
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Serine Proteases

. - > + Diverse group
# " » Digestive team
= g - « Different side chain
i ¢ f specificities
’ - - — Chymotrypsin

» Bulky hydrophobic
N residues

4 — Trypsin

\A"""“’f 3 * Positively charged
i residues

o i y — Elastase
\ - « Small neutral residues

FapHis 570

B <FSer 195
R o~ T

Fig. 15-20, p. 518

¢ Slide 10: Serine proteases are synthesized as zymogens
o Zymogen (proenzymes)
= Largerinactive precursortoactive enzyme
= Activated through protealysis
= Bycleavingpartofa.a. sequence of zymogen to active enzyme, the conformation changes
allowingitto be active
o Zymogens (proenzymes)
o Trypsigonen
¢ Proenzyme fortrypsin
o Chymotrypsogen
¢ Proenzyme forchymotrypsin
O Proelastase
¢  Proenzyme forelastase
o Acute pancreatitis
= |fyoucannotregulate zymogen correctly
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Serine proteases are
synthesized as zymogens

+ Zymogens
(proenzymes)
— Trypsinogen
— Chymotrypsinogen
— Proelastase

» Acute
pancreatitis

¢ Slide 11: Serine Protease Secificity
o Missedeverything...go back
o Chymotrypsin
= Bulkyresidue thatfitsinto hydrphobic pocket

Serine Protease Specificity

— Chymotyrpsin
« bulky residue fits into
hydrophobic pocket
— Trypsin
+ Asp residue in binding
pocket accommodates
R, K
— Elastase

« shallow pocket
accommodates small
neutral residues

¢ Slide 12: Chymotrypsin and Catalytic Triad
o Enzyme Substrate complex
© H-bondbetweenSerand His
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Chymoptrypsin and the Catalytic Triad

(N-terminus)

g | AL~

(C-terminus)

¢ Slide 13: Serine Proteases and the Catalytic Triad
o Fromslide 12, Ser bonds to carbonyl and Ser His h-bondis broken
o Transitionstate
o Carbonisintetrahedral
o Asparticacid forms h-bond with histidine

Serine Proteases and the Catalytic Triad

¢ Slide 14: Serine proteases and the catalytic triad
o Acyl-enzyme intermediate
o Hfrom hisformson NH and free peptide forms with breakage of tetrahedral carbon
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Serine Proteases and the Catalytic Triad

¢ Slide 15: Serine proteases and the Catalytic Triad
o Acyl-Enzyme - H,0 Complex
o Waterattachedto His

Serine Proteases and the Catalytic Triad

(N)

¢ Slide 16: Serine Proteases and the Catalytic Triad
o Second Transition State
o OHleavesfromwaterand attaches to make tetrahedral carbon again
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Serine Proteases and the Catalytic Triad

¢ Slide 17: Serine Proteases and the Catalytic Triad
o FreeEnzyme
o HisandSerH bond

Serine Proteases and the Catalytic Triad

¢ Slide 18: Serine Proteases and Catalytic Triad
o Catalysis of peptide obond hydrolysis by chymotripsin

1
2.

Polypeptide substrate binds noncovanently with side chains of hydrophobic pocket

H*is transferred from Serto Hos. The substrate forms a tetrahedral transition state with
enzyme

H*istransferred to the C-terminal fragment, which is released by cleavage of C-N bond.
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The....
4, Seeslides
5. Seeslides
6. Seeslides

Serine Proteases and the Catalytic Triad

Catalysis of peptide bond hydrolysis by chymotrypsin

© T water molecule transters
Pr00n 10 His 57 and Itx —OM 19 the
remaining subatrate

Again
* otranedral tranaition state s formed.

Slide 19: Transition state stabilizationin serine proteases
o CatalyticTriad
= H-bonded "constellation"
= Bindingsite: His 57, Ser 195
= Solventinaccessible pocket: Asp 102
O Watercannotgetintoit
o Chymotripsinisthrough preferential binding of transition site
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Ox;n?nlorn' hole
Transition state

i =
g / ) ’x/ 2 ogs . .
N ‘\0 &y stabilization in
LRl f‘_ y 3 serine proteases
Asp \
‘ ‘,\ R.,,.ﬁ - (C' m\.\\\N’\,.\H 0-C+ 102 . Catalytic Triad
L (0 A& & — H-bonded
\J C_ “ . "
w199, constellation
o ! — Binding site: His
P 57, Ser 195
< L — "} — Solvent
B N inaccessible
s ™ - 4 .
Gy 193] NH 0 ¥ 0 | ) pocket: Asp 102
™ ~ A Asp )
\ R ?‘ ~Cq Hl\ \H Tv H~0-C~ 102
\ o Cy b R
\

Slide 20: Fig. 15-9 Lysozyme
o Disulfidelinkagesfrom cystines

= Alsocalledcystine
o Disruptdisulfide linkages through reducing agent such as beta-mercapto ethanol

L]
o Picture forHeneggwhite

Fig 15-9 Lysozyme

¢ ?‘* ‘-'")@éw yo!
120 Gly @ 30
Als, Cys
%@ \G%DC()\ P
16 \“"’/\ I~ coo- .,,, 9

Gy,
Cr;

b@@@ >

¢ Slide 21: Figure 15-8
o Lysozymeisbreakingb(1-->4) glycosodiclinkage
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Figure 15-8

Lysozyme
CH,OH

LH0H CH,OH cleavage CH,OH
i 3 0. H { O, + H 0. H Q,
= 1 A o H = H I o H (o F
‘O OH H H OH H H
N1t N1 Ny H N1t
" NH-—¢—CH, H NH—C—CH H NH—C—CH H NH—C—CH
S O o O P, (8] 0.3
3 CH,CHCOO CHLCHCOO
B
c NAG NAM NAG NAM

¢ Slide 22: Figure 15-11
o Lysozyme works by straining by hexose ring

@)
@)

In chairconformation thereislittle sterricstrain
In1/2 chairthereisstericstrain. C1, C2, C5, and O5 become planar

Figure 15-11

C3

Chair conformation

510

Page

=9 C1

Half-chair conformation

¢ Slide 23: figure 15-12 (modified from book)

o

@)
@)
o

Diagram of active site of lysozyme
Lysozyme is shaded purple
NAM-NAGisinred

OnDring
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= |n1/2 chairconformation through binding with lysozyme residues

Figure 15-12 AP A
(modified)

Page &

o Slide 24: figure 15-12 (flipped 90°)
o 1/2chair confirmationis clear
o Slippedbecausewe are more used to seeing NAM-NAG horizontally

o Transition state is electrostatically stabilized

Figure 15-12

AM

=

N

Z :
/\ -

1\ NAM

510

Page
|

half-chair

Dy

¢ Slide 25: Flashback: Hemoglobin
o Figure10-13
o Oxegnatedhemoglobin
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¢ Slide 26: Effect of BPG on Oz Binding
o BPG:2,3-Bisphosphoglycerate
= Effectsoxygenbinding
* Foundinblood
= Hemogobinisable todisassociate from oxygen easier with BPG

Effect of BPG on O, Binding

i
c|> |-|2<|:—0—ﬁ—0'
"o—P—o—(l':H
S
"X
2,3-Bisphosphoglycerate

¢ Side 27: figure 10-7
o Dissociation curve of hemoglobin (logscale)
= Stripped hemoglobin (notinwhole blood)
O Bindsontooxygentighterthan whole blood (dueto BPG)
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= Wholeblood
0 Bindsonto oxygenlooserthanwhole blood
®* DrawnatpH?7
= Yo2is fractional saturation
o Hemoglobincanhold40Oxygen molecules
=  Pspoccurs when 1/2 of oxygenis disassociated from hemoglobin

Figure 10-7

0.8

0.6

0.2

Page 326

-1 0 1 2
log pO, (torr)

¢ Slide 28: Figure 10-8

o Disassociation curve (linearscale)

= Arteries partial pressureis 100

= Veinspartial pressureisabout 30
o WholeBlood
o Hb+CO;

= Bohreffect

= Carbonicanhydrase

O LowerspH

= AtlowerpHhemoglobindisassociates form oxygen than atahigherpH
o Hb+BPG
o Hb+BPG+CO;
o StrippedHb

= Tightesthold
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Figure 10-8

Stripped Hi

sy \Hn + BEG = CO,
7 TSSHb + BPG
T —Hb + COy

S

TT—whiole blood
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PO, (torm)

¢ Slide 29: Figure 10-9
o Atdifferentaltitudesand BPG
o Athigheraltitudes, BPG concentrationis higherin blood

Figure 10-9
Sea be - Sea
level level
34 | _| 160
33 = —| 140 8
32 |8 1 120 §%
=30
= 318 — 100 £ E
° € 30 - —| 80 23
8 55
= 29 [ 160 o
28 — a0 BE
~ o0
% 27 n i 20 =
| ! 1 }
%6, 0 1 2 3 4 5 6/01 2 3°

Time (days)

¢ Slide 30: Figure 10-10
o HighBPG releases oxygen more than low BPG
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Figure 10-10

Arterial Arterial
Venous PO at PO, at
prO, 4500 m sea level

Psy= 31 torr (high BPG)

Pro = 26 torr (normal BPG)

20 40 60 80 100

pO; (torr)
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