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Jelentkeztek: 39 fo Jelen voltak: 27 6

Név Kod %
Bédecs Andrds ~ FMIBO9 718
Pozsqai Baldzs ~ FSVV6K 94.9
Sdgi Istvdn F937VV 76.9
Szigeti Szilvia FD42VK 83.3

>50 % : 6 fo



Peptid szintézis: a koncepcio

1. Probléma H.N—CH—COOH + H,N—CH—COOH » H,N—CH—CO—HN——CH—COOH
- H,0

R R' R R

Ho;N—CH—CO—HN——CH—COOH * H,N—CH—CO—HN—CH—COOH * H,N—CH—CO—HN—CH—COOH
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Keverék, alacsony konverzié

0
, 4
2. Megoldds Q—NH—CH—C_ + NH,—CH—CO—o0 >
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Egyféle termék, magas konverzio

3. Kovetelmények

3.1. Védécsoportok, egyszer( beépités, egyszerd eltdvolitds
3.2. Hatékony kapcsoldsi reakcio



Négy épés
4.1. Védett (N-, C- és oldallanc) aminosavszarmazékok

H,N——CH—COOH H,N—CH—COOH

" /N

Q—HN cI:H COOH HzN—TH—COOQ vagy HzN—CIZH—CO—O
R R’ R'
4.2. A C-termindlison ,aktivadlt" aminosavszdrmazék szintézise
l Vi
HN——CH—C
| AN
X
R
V4 \ /
4.3. Kapcsolds gl
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Q—HN CH—C—HN CH—COO0Q  yagy Q—HN CH—C—HN CH co—o

R R' R R'
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4 4. Véddcsoportok eltavolitdsa H,N——CH—CO—HN——CH—COOH

|

R R'




1. Védécsoportok

.All modern work in Peptide synthesis employs the following approach: the amino
group of one amino acid is first stabilized by the introduction of a protecting
group R, the carboxy group is modified so that it is capable of coupling, and finally
the R group is removed to produce the finished peptide. The difficulty lies in
finding a suitable group R, which can be removed so gently that the peptide is not
significantly attacked.”

Bergman, M., Zervas, L.: Berichte Chem. 65, 1192 (1932)

Csoportositas

1. N« - véddcsoport
2. Co-véddcsoport
3. Oldallanc védécsoport



1.1. Ne-Amino csoport védelme

1.1.1. Benziloxi-karbonil (Z)
Bergman, M., Zervas, L. : Berichte Chem. 65,1192 (1932)

Beépités
o 0
I HCl [
CH,—0—C—Cl + CH—COOH —* CHZ_O_C_HN—TH—COOH
| :
Benziloxikarbonil klorid Benziloxikarbonil aminosav

Eltdavolitds

Hz/ka"'
Lewis sav (Me;SiI)

+ H,;N——CH—COOH

|

R



Benziloxi-karbonil

O

Hasitdasi mechanizmus

(@) QCHZBr

O

0 NH
/
CH,
C j @ Wer
(b) Me,sil

(Lewis sav)

w‘

O

+ HO C NH

/N

CO,  H,N

O—SII\/I83

+ O_C NH

+ MeCOH

co, + H,N—

+

Me,SiOMe



1.1.2. +-Butiloxi-karbonil (Boc)
Carpino, L.A. et al. JACS (1957)

Beépités

CHa T)

CHs C—O0—C—N; + H,;N—CH—COOH

CHj R
terc-Butiloxikarbonil azid

Eltdvolitas

H3C

e o 1>

CHs 0

— CHy——C—0——C—HN——CH—COOH + M,

CHs R
terc-Butiloxikarbonil aminosav

C=—CH, + H;N—CH—COOH

R



1.1.3. 9-Fluorenilmetoxi-karbonil
Carpino, L.A. et al. JACS 92, 5748 (1970)

Beépités
0 O

.,
CHz_o_ﬂ—q + HN—CI:H—COOH —» O—C—HN—(IZH—COOH
O R

Eltdvolitds H,/kat

bazis (20% piperidin/DMF)

’ CH, + CO, + H2N—C|3H—COOH

O |

részleges



1.2. Karboxi védelem

Eszter kités kialakitdsa

7/ \ - ~
. HO—C
Beépités Hj@ o
HzN—(l:H—COOH + 'HZO, HN—C l(|: o0 c V4 \\_O
H> Ho \:

= -HCl
00
H, — N\ /

Eltdvolitds

bdzis (pl. NHs)

R R



1.3. Oldallanc védelem

1.3.1. Glu, Asp
1.3.2. Lys

1.3.3. Ser, Thr, Tyr
1.3.4. Arg

1.3.5. His

1.3.6. Trp

1.3.7. Cys



-OH véddcsoport

Benzil (éter)
@* (Bzl)

CH, O

CHa
terc-Butil (éter) O

(t-Bu) Tritil*
(Trt)

Eltavolitds

T e S
/N CHi—0 > @—CW + HO—

* csak Ser/Thr




Tritil
o (Trt)
Eltavolitas |

S—S * Trt—|

l redukcié

¢
QT  hs
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—
a
v




Imidazol véddcsoport

HN CH—CO

CH,

RNQT

NH

O ® &
O U e g S

Tritil
(Trt)

4-Metiltritil 4-Metoxitritil
(Mt1) (Mmt)



Guanidino véddécsoport

CHj;

SO,

A
A
“n
-

4-Toluolszulfonil*
(Tos)

* HF vagy Na/NH;

OCH,
HsC
B
/
H3C/\|/ \CH3
S0,

4-Metoxi-2,3,6-trimetilbenzolszulfonil
(Mtr)



Az optimdlis véddcsoport - 6sszegzés

Konny( és hatékony beépiilés.

A peptidkotés érintetlensége a beépités/eltdvolitds alatt.
Tobb mint egyféle eltavolitdsi lehetdség.

Nincs racemizdcio.

A melléktermékek egyszer( és konnyd eltdvolitdsa.

A reakciok szobahémérsékleten menjenek végbe.



2. lépés: Az aminosav ,.aktivdlasa"

2.1. A karbonsav szarmazékok aktivitasa

0
O @) R—C// 0] o) 0
R—C// > R—C// > \o > R% > R% > R—{
\CI \N3 R—C/ OR' OH NH,
\

0



2.2. A karbonsav szdarmazékok aktivalasa

2.2.1. Acil azid (T. Curtius, Berichte Chem. 35, 3226,1902)

o o
RN / HN—NH o F / NaNO,
i . -R-OH TN W
Q OR o  HN—NH,

2.2.2. Activ észter (M. Bodanszky, Nature, 175, 685, 1955; J. Kovacs,
JACS, 89, 183, 1967; L. Kisfaludy, Liebigs Ann. 1421, 1973)

Ho</;>¥mo2

cl cl
H //O HO cl !
R—N—C—C + - ol > R—N—¢C
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HO F

O
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O
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2.2.3. Anhidrid (vegyes) (E. Fischer, Berichte Chem. 36, 2094,1903;
T. Wieland, Liebigs Ann. 569, 122, 1950)

0 - ~

R N EI: c// N cH: C//O
H o \
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OH "0 R—C/
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R—C<\ \_ \O
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2.2.4. Anhidrid (szimmetrikus) (F. Weygand et al., Z. Naturf. 22, 1084, 1967)

o 4 0 I
R—N—g c// | //O
O \ R—N—C—C
Q OH . H H \O
H OH o0 S C/
R H C c\ H (|2 \\O
Lov \_ J




2.2.5. Karbodiimid (J.C. Sheenan, 6.P. Hess, JACS, 77, 1067, 1955)

+
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3. lépés: A peptidkotés kialakitdsa

3.1. Acil azid (nincs racemizacio)

C,
@) (o R' O
/RN / @/ . 4 +
R_C\ +  HN—R R.——-/Q N—H > R
N N ,J4 AN—R
/ N 3
o H®J
H@ H@
3.2. Aktiv észter (Sy)
o
/ /
R—C *  HO-CgHs



3.3. Anhidrid

szimmetrikus

//o
R—C

\

/O + H,N—R"
R—C\

\o

aszimmetrikus

Térgatlds

6@//0
\O A/\ H,N—R"
R'—C/ + 2
ARG



5@//O

3.4. Karbodiimid A
S o0—cC
kézvetlen O-acilizourea . kozvetett
2 ) R_C//
R \Oo @
H
O J
O ' /
” R—C\ I}N—
R—C—N—~R? o , o=
H < \
R HN—
+
HN— ©
/ anhidrid N
0—C + H,N—R
\ O @)
HN [ 4
R—C—N—~R? + R—C
H

OH



Racemizdcid

Az enantiomer dtalakuldsa enantiomer keverékké

v

J\ bzis NH— W0/
. )
NHT WSO R
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H R

_NH \\\\\\CO_
o,
-NH

R

R



A racemizdcido mechanizmusa

a: direkt enolizdcio

©
o

—NH— (|:—C
R\/

b: oxazolon képzddés™

H H
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C—N—C
]
x/\\o
H R
|
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v
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* :B nélkil :N inicidlja a reakciot



Poldaros fény

Looking at two polarized lemses at the same time, by rotating one of the EKPE‘.F‘[I‘I‘IEF’IT 1 EHPEFiH‘]EHT 2
lemses, we can either let light through, or we can stop the light afl together.

Befare light enters the
first lans, wi find that
: < the photons vibrate =
: ir all directions.
|

) The first lens only lets
Wisibde Light is a form of electromagnetic Radiation. 5o we know [hat visible up and down, through
light acts bke a wave, The wave motion forces ight to vibrate sideways. the lens.
sa, when light meves forward, it 15 also vibrating sideways,

Only the light that vibrates

up and down remaing, All red
the rest of the light has
been eliminated,

The second lens
anly lets the light

The second lens also lets
the light that vibrates

that vibrates right and
. up and down, through T
In the light that we If we: were: 1o book at enough light photons, we w the lens. £ ' left, through the lens.
 see, some light findd that each photon vibrate in a different direc!
vibeates up and down. So in a beam of light different light CND '-'ghtt
phatons vibrate in all directions, You can still see light, since both Omes ol
Some light that we see lenses allow the light that vibrates of the 2nd
vibrates right and left. up and down to pass through. Palarized

— Lens!



Polarimeter

Used to measure the cptical
rotation of molecules in solution

The Polarimeter Tube contains
an optically active substance
[such a5 an Aming Acid) in

a sodution which causes

the plane of palarized

light to rotate.

Analyzer, A Rotatable

Polarizer - This kens

s rotated until o

kght goes through
Polarimeter Tube the second lens.

(10 cm bong) The angle is then
measurad to determine
the optical rotation

E& of the Amino Acid

solution.
Fixed Polarnizer
Cannat Rotate Motice that the plane of the

wvibbratimg light has changed
after going through the
Light Source Polarimeter Tube.




A racemizacio és a kormeghatdrozas

(|200H , , CI:OOH
HoN-C-H Haldl utan H-C-H,N L-soleucine D-Alloisoleucine
_—> |
CH, «— CH; COOH Halal utan COOH
COOH COOH HoN—C—H < > H—(lg—NHz
| . .
L- Aspartic Acid D-Aspartic Acid HSC—tI:— H Diasteriomers HSC‘?‘ H
CoHs CaHg
1.200.000 — E \ / E
4 L b P
VR Pery 14 oC .E -E
too0on0 o goe = 191 X 2 1 x 10e b= Diasteriomers €
900.000 —| E E
#00.000 —_ w t
T ] COOH tI:DnH
= ] I
% 00,000 i H_?_NHZ HEN_C_H
S00.000 —
] —_— H=c—CH
00,000 H (I: CH3 Diasteriomers I[|: 3
200,000 —| CaHg C2Hs
200000 — D-lsoleucine L-Alloisoleucine
100.000 — LsA 89
. age =r¥* X 8.1 x 108

o o4 02 032 04 05 06 O0F 08 08 A
Epimerization (D -allo 7 L-iz0)



Stratégidk: Szegmens kondenzdcié

Q-NH — /] /I-cox HNIN\|\|-CO-Q  Q-NH —O|O}-Cco-X H,N— L CO-Q

\ J \ J
Y Y

Q-NH — /\\—CO-Q’ Q-NH —0 |0 — CO-Q

Részleges hasitds / | , "y
v aktivdlas v Részleges hasitds

Prot - NH — CO-X H,N—O |O —COo-Q

Y

Q- NH INI\Jo o - co-Q

| Hasitds
\

H.N— 1/ IN\I\]oO |0 — COOH




Stratégidk: Lépésenkénti hosszabbitds

A) C-termindlison

Q-NH — /] NCO-X H,N— |—CO0-Q

b

o-NnH /NN Fco-a

| Részleges hasitds /
y aktivdlds

o-NH L/ ININ\] co-x H,N—O |co-q

—_——

Q-ni /] O}-co-q
|

\ B) N-termindlison
etc.
Q-NH —co-xH,N — | /NN J-co-@
Q-NH IV INNco-e

Q-NH —O |CO0-X H,N 1 /ININ\Jco-Q

—
etc.

IV N-terminalis hasitds




Bruce R. Merrifield

There is a need for rapid, quantitative,
automatic method for the synthesis of

long peptides.

A possible approach may be the use of
chromatographic columns, where the
peptide is attached to the polymer packing
and added to an activated amino acid
followed by removal of protecting group,
with repetition of the process until the
desire peptide is built up.

Finally the peptide must be removed from
the supporting medium.

R.B.Merrifield Laboratory note book (1959)

JACS 85, 2149 (1963)



A szildrd fdzisd peptidszintézis elve

Funkcionalizdlas Médositads

> .O—
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v e s Lanc-
WS, tisztitas ‘Y névekedés
Célpepﬂd %MOO—

g x_

Kapcsolds




A szildrd fazisd peptid szintézis fébb szempontjai

A. A szildrd felszin

1. Tartalmazzon reaktiv csoportokat funkcionalizdldsra

2. Peptid-polimer kotés hasithaté legyen

3. Stabil legyen a szintézis korilményei kozott

4. A peptidlanc hozzaférhet6 legyen az olddszer és a reagensek szdmdra

B. Védécsoport kombindcidk

1. Peptid-polimer kotés stabil legyen a szintézis alatt
2. .,Atmeneti” vedocsopor“r az o-amino csoporton

3. . Allandé" védécsoport az oldalldncokon

4, HaTekony hasitds.



Véddbcsoport tipusok a szildrd fdzisd szintézisben

Sl ¥ v

a. N*- véddcsoport (.dtmeneti")
b. Oldalldnc véddcsoportok (.allandé")
c. Gyanta-peptid kotés



Boc/benzil stratégia - Merrifield médszer

CHs

CH3—J—OCO NHWAAA CH«vw CO —OCH, @—@

CH3
CH

.kozepesen" savérzékeny d Erds savakra érzékeny

(TFA / CH)Cl5 ) (HF, TFMSA)

Fmoc/t-butil stratégia - Sheppard mddszer

X

7,
H OCO-NHwW\» CHWV CO—OCHZ—Q—OCHZ\/\/\N @—@

/ CH3 —a—ui\
3

CH TFA érzékeny

=z
NS

Bdazisra érzéken
(piperidin / DMFY)

-~



Lineadris QLO ) ®
. 2 ~ oH o
S Z l nTez l S Anchoring of first

amino acid I
— x—(®)

N* Deprotection

O
+
O
OH
Amino acid coupling > X_®

N Deprotection
P O
- 0 H,N

:750 .

OH I 0

Amino acid coupling
— @

Repetitive cycles of N
\4
Y Y Y Y o
Resin-bound flly <>—|/|/|\\| BN '_4
x—(®)

protected peptide

deprotection and Y

amino acid coupling

Acidolysis

X=0 for peptide acids

o
Free peptide HZN_‘/I/I: \] | IL"H.\N '_( X=NH for peptide amides
XH




Konvergens szintézis

Detachment of protected peptide
segment from resin, and purification

N
< >_| | Elz I-COOH H,N n..n (R)
Segment coupling on a solid support

Sii "YY Y
TN-coon N AT IA-®

. YY Y YY
peptte o sois >N T INC N T AR

support

L
Free peptide  HLN—NJN| [ ~IN W[ | |/} cooH




Szildrd fézisd peptid szintézis: Osszegzés
Solid ph
(Fenctonalize ]I peptice synthesis ‘ Fully protectd “

*
Y ]\ peptide-resin
AAA cleavage
HPLC purlflcatlon

Characterizatiox HPCE - l Purified peptide ll | Crude free peptide |l
7 enzyme digestion

v MS (control by HPLC, AAA, etc.)

[ deprotection

Mit taldlhatunk a szintézis .nyers" termékében ?

~  The desired peptide (!)

Q
o Ter'mma‘rep ';\\C EEEGHIK '_4‘3_ Deprotection scavengers
B < Wrong pep’rldes[ 2‘ Protecting group derivatives
g j ABCDEFHIK (minus S (L .
& [ ABCDFGHTIK (minus E Z Anything else...

\ DeleTed] ABCEFGHIK (minus D
| ACDEFGHIK (minus B

. Incompletely deprotected peptide products




Szintézis ,formak"

Multiple
Keverék Parhuzamos

T-bag szintézis
Tldhegy - modszer
Folt szintézis (1988)
Fotolitografia/csip

v

Kombinatorikus
vegyiilet tarak

Vb



Kombinatorikus szintézis: keverés-osztas elv
T-(R) Furka et al. Int. J.Pept. Prot. Res. (1991)

10 11 12 13 14 15 16 17 18 19

[l el [o[m o] v Iu |

10 11 12 13 14 15 16 17 18 19

XIT-R

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19

o e e e A A A AR A

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

l

X2XIT
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A TQTX?T alpeptid tarak szintézise
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Folt (spot) peptidszintézis

1 2o 3 CH,~ 4
OH NH OH
Y AY e Ao~ Ao,
o] o] o] o) 9

linker attachment ’
and SPOT-synthesis




Alkalmazdsok
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Antimicrobial Peptide
Assay




Néhany .. fontos" peptid

Glutation

Oxitocin

Vazopresszin

H2N—CH2—CH2—CO—NH-(|3H—COOH

CH»
¢
Karnozin
(N-B-alanilhisztidin) N\\ \/CH
CH—NH
Glu Tzoldlds: 1921 Hopkins
| Cys-6ly Szerkezet: 1930 L
Szintézis: 1935 Cisztin
y-L-glutamil-L-ciszteinil-glicin Cisztein

Cys-Tyr'-IIe-Gln-Asn-Crs-Pr'o-Leu-Gly-NHz

Peptidhormon: tejelvdlasztds, uterus kontrakcié
Szerkezet: 1953 Duvigneaud (Nobel dij 1955)
Szintézis: 1954 Duvigneau

Cys-Tyr-Phe-GIn-Asn-Cys-Pro-Lys-Gly-NH,

Vérnyomds szabdlyozdsa, Duvigneau



Inzulin

ATCH

Hasnyadlmirigy hormonja

A lanc

1— 6-7 11 20-21

B-ldnc J J
1 1 30

Izoldlds: 1922 Banting Primer
Szerkezet: 1953 Sanger

Szintézis: 1969 Zahn, Wang, Katsoyannis
Térszerkezet: 1965 Hodgkin

39 aminosav
Sertés: szintézis Schwitzer, 1963
Humadn: szintézis Bajusz, Kisfaludy, Medzihradszky 1971



