
Pharmaceu)cal	
  biotechnologies:	
  	
  

	
  

• 	
  Gene	
  iden(fica(on	
  

• 	
  Target	
  iden(fica(on	
  

• 	
  Personalized	
  medicine	
  development:	
  

-­‐omics:	
  correla(on	
  with	
  chemistry	
  

Pharmacogene)cs	
  



Pharmaceu)cal	
  biotechnologies:	
  	
  

	
  

-­‐omics:	
  correla(on	
  with	
  chemistry	
  

Chromatography Principal	
  Component	
  Analysis 

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



-­‐omics	
  nomenclature:	
  

	
  

ENVIROMICS	
  environmental	
  effects	
  on	
  
pathology	
  diagnosis	
  

	
  

GENOMICS	
  	
  Single	
  	
  Nucleo(de	
  Polimorphism:	
  
SNP	
  →	
  biomarkers,	
  amplified	
  via	
  PCR	
  

TRANSCRIPTOMICS	
  

	
  transcripted	
  mRNA	
  

PROTEOMICS	
  

	
  pep(des,	
  proteins	
  

METABOLOMICS	
  	
  

	
  small/macromolecules	
  

	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



Biomarkers:	
  

	
  

natural	
   products	
   that	
  
can	
   be	
   traced	
   to	
   a	
  
par(cular	
   biological	
  
o r i g i n .	
   They	
   a r e	
  
powerful	
   tools	
   that	
  
can	
   be	
   used	
   to	
   trace	
  
diseases,	
   drugs	
   and	
  
e n v i r o n m e n t a l	
  
c o n t am i n a n t s	
   i n	
  
modern	
  systems	
  

	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



Personalized	
  medicine:	
  	
  

	
  

Pharmaceu(cals	
  

Diagnos(cs	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



Nucleic	
  acids:	
  	
  

	
  

Gene:	
  DNA	
  segment	
  involved	
  
in	
  polypep(des	
  produc(on	
  

	
  

Clone:	
  iden(cal	
  rDNA	
  
molecules	
  originated	
  by	
  
bacterial	
  replica(on	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



Nucleic	
  acids:	
  

	
  
Guanosin-­‐3’-­‐phosphate	
  
species	
  at	
  different	
  pH	
  
values	
  

	
  

	
  

	
  

	
  

Histones:	
  	
  

basic	
  proteins	
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Example:	
  histone	
  H2A-­‐Bbd	
  type	
  1	
  
[Homo	
  sapiens]	
  
MPRRRRRRGSSGAGGRGRTCSRTV
RAELSFSVSQVERSLREGHYAQRLSR
TAPVYLAAVIEYLTAKVPEL	
  
AGNEAQNSGERNITPLLLDMVVHN
DRLLSTLFNTTTISQVAPGED	
  	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



Chromosomes	
  and	
  genes:	
  	
  

	
  

Human	
   c e l l s :	
   2 3	
   p a i r s	
  
(mother/father)	
  chromosomes	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



DNA	
  nomenclature:	
  	
  

	
  

h]p://www.chem.qmul.ac.uk/iubmb/misc/naseq.html  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



DNA	
  	
  

	
  

H	
  bonds	
  

tautomery	
  	
  

	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



DNA	
  synthesis	
  

	
  

Enzyma(c	
  synthesis	
  

PCR:	
  polymerase	
  chain	
  
reac(on:	
  amplifica(on	
  of	
  
DNA	
  fragments	
  

	
  

	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



From	
  DNA	
  synthesis	
  

to	
  protein	
  produc)on	
  

	
  

Endonuclease	
  

Ligase	
  

	
  

Inverse	
  transcriptase	
  

DNA	
  polymerase	
  

	
  

	
  

	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



From	
  DNA	
  synthesis	
  

to	
  protein	
  produc)on	
  

	
  

	
  

	
  

	
  

	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



Gene	
  therapy:	
  	
  

In	
  vivo	
  promo(on	
  of	
  therapeu(c	
  proteins	
  synthesis	
  by	
  nucleic	
  acid	
  introduc(on:	
  

	
  

• 	
  Viral	
  vectors	
  (AV,	
  retrovirus,	
  HS,…)	
  

• 	
  Non-­‐viral	
  vectors	
  (plasmides)	
  introduced	
  by: 	
  	
  	
  

o 	
  Physical	
  methods	
  (electropora(on,	
  
Gene	
  gun,	
  magnetopora(on,…)	
  

o 	
  Chemical	
  methods	
  (ca(onic	
  lipids	
  	
  
(cytofec(ns),	
  calcium	
  phosphate	
  	
  
precipita(on,	
  ar(ficial	
  chromosomes	
  
[yeasts],…)	
  

	
  

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



An)sense	
  therapy:	
  	
  

DNA-­‐based	
  drugs	
  for	
  gene(c	
  disorders	
  or	
  (viral)	
  infec(ons	
  and	
  cancer:	
  

	
  

• 	
  oligonucleo(des	
  

• 	
  bioisosteric	
  replacement	
  (S/O)	
  

James D. Watson 

Pharmacogene)cs	
  -­‐	
  Pep)des	
  



Pep)de/protein	
  drugs:	
  	
  

	
  

2-­‐15	
  aa:	
  oligopep(des	
  	
  

15-­‐50	
  aa:	
  polypep(des	
  

>	
  50	
  aa:	
  proteins	
  

	
  

L-­‐aminoacids	
  

	
  

Enzymes:	
  carboxypep(dases;	
  dipep(dylcarboxypep(dases;	
  aminopep(dases;	
  amidases	
  	
  

Inac(ve	
  on	
  D-­‐aminoacids.	
  

	
  

Stability	
  to	
  hydrolysis:	
  insulin	
  oral	
  absorp(on	
  0.05%.	
  Nasal:	
  30%.	
  Subcutaneous:	
  80%.	
  

Pep)des	
  



Pep)de/protein	
  drugs:	
  	
  

	
  

Pep)des,	
  WADA	
  S2	
  



Pep)de/protein	
  drugs:	
  	
  

	
  

ORMONI:	
  	
   	
  ADRENOCORTICOTROPI 	
   	
  COSYNTROPIN	
  

	
   	
  DI	
  RILASCIO	
  DELLE	
  GONADOTROPINE 	
  LEUPROLIDE,	
  ABARELIX	
  

	
   	
  GONADOTROPINE 	
   	
   	
  LUTROPINE	
  

	
   	
  DELLA	
  CRESCITA/SOMATOSTATINE 	
  PEGVISOMANT,	
  PENTETREOTIDE	
  

	
   	
  IPOFISARI 	
   	
   	
   	
  OXYTOCIN,	
  VASOPRESSIN	
  

	
   	
  PLACENTARI 	
   	
   	
  CORYONIC	
  GONADOTROPIN	
  

	
   	
  PANCREATICI 	
   	
   	
  INSULIN*,	
  PRAMLINTIDE	
  

	
   	
  PARATIROIDEI 	
   	
   	
  TERIPARATIDE,	
  CALCITONIN	
  

	
   	
  FATTORI	
  DI	
  CRESCITA	
  EMATOPOIETICI 	
  EPO,	
  EPOETIN	
  

	
  

*WADA	
  S4 	
  	
  

Pep)des,	
  WADA	
  S2	
  



Pep)de	
  synthesis	
  in	
  solu)on:	
  	
  

	
  

-­‐ 	
  Risk	
  of	
  racemiza(on	
  

-­‐ 	
  Ac(va(on	
  of	
  carboxyl	
  groups:	
  DCC,	
  dehydra(ng	
  agent	
  

Pep)des	
  



Pep)de	
  synthesis	
  in	
  solu)on:	
  	
  

	
  

-­‐ 	
  protec(on/deprotec(on	
  of	
  aminogroups	
  

Cbz:	
   stable	
   in	
   bases,	
   removed	
   by	
   HBr,	
   HF	
   or	
  
CH3COOH	
  or	
  Pd/H2	
  

Boc:	
   removed	
   by	
   TFA.	
   Used	
   in	
   cataly(c	
  
hydrogena(on	
  with	
  Pd	
  

Fmoc:	
  stable	
  in	
  acids,	
  removed	
  by	
  piperidine.	
  

	
  

-­‐ 	
  protec(on/deprotec(on	
  of	
  carboxyl	
  groups	
  

Me/Et	
  esther:	
  removed	
  by	
  alkaline	
  hydrolysis.	
  

Benzyl	
  esther:	
  removed	
  by	
  HF	
  or	
  Pd/H2	
  

t-­‐Bu	
   esther:	
   removed	
   by	
   TFA,	
   HF.	
   Stable	
   with	
  
Pd/H2.	
  	
  

-­‐ 	
  protec(on/deprotec(on	
  of	
  lateral	
  chains	
  
Benzyl,	
  t-­‐Bu,	
  cyclohexyl	
  esther:	
  COOH	
  

Benzyl	
  ether:	
  OH	
  (Ser;	
  Thr)	
  

Tosyl	
  (p-­‐Me-­‐phenylsulphonyl):	
  guanidine	
  (Arg)	
  

2-­‐chlorocarbobenzoxy:	
  Lys	
  

Pep)des	
  



Pep)de	
  solid	
  phase	
  synthesis:	
  	
  

	
  

-­‐ Merrifield	
  reac(on	
  

Pep)des	
  



Pep)de/protein	
  drugs	
  chemical	
  instability:	
  	
  

hydrolysis,	
   oxida(on	
   (S	
   of	
   cys	
   and	
   met,	
   aroma(c:	
   tyr,	
   trp	
   and	
   his),	
   racemiza(on,	
   beta-­‐
elimina(on,	
  disulfide	
  exchange	
  

Pep)des	
  



Pep)de/protein	
  drugs	
  chemical	
  instability:	
  	
  

	
  

• 	
  acid/basic	
  denatura(on:	
  by	
  salt	
  bridge	
  disrup(on	
  /	
  forma(on	
  

• 	
  organic	
  solvent	
  (R-­‐OH)	
  denatura(on:	
  by	
  H	
  bonds	
  disrup(on	
  (secondary	
  and	
  ter(ary	
  structure)	
  

• 	
  reducing	
  agent	
  denatura(on:	
  by	
  disulfide	
  bond	
  disrup(on	
  

• 	
  heavy	
  metals	
  denatura(on	
  (Zn+2,	
  Hg+2,	
  Pb+2,	
  Ag+1	
  Tl+1,	
  Cd+2)	
  :	
  by	
  salt	
  bridge	
  forma(on	
  
(disinfec(on)	
  and	
  

Pep)des	
  



Pep)de/protein	
  drugs	
  physical	
  instability:	
  	
  

	
  

consequence	
  of	
  polymeric	
  nature:	
  denatura(on	
  (temperature,	
  pH,	
  organic	
  solvents);	
  surface	
  

adsorp(on;	
  non-­‐covalent	
  aggrega(on	
  (soluble	
  of	
  with	
  precipita(on)	
  

Pep)des	
  



Pep)de/protein	
  drugs	
  metabolic	
  (ADME)	
  instability:	
  

§ 	
  low	
  adsorp(on	
  (membrane	
  crossing)	
  

§ 	
  gastric	
  pH	
  (acid)	
  
§ 	
  gastro-­‐intes(nal	
  pep(dases	
  (enzyma(c)	
  

§ 	
  metabolic	
  hydrolysis,	
  oxida(on,	
  racemiza(on,	
  beta-­‐elimina(on,	
  disulfide	
  reduc(on	
  

§ 	
  short	
  half-­‐life	
  (but	
  low	
  toxicity	
  of	
  degrada(on	
  products)	
  

Novel	
  release	
  modes:	
  

o 	
  conjuga(on	
  with	
  co-­‐solvents	
  (glycol)	
  

o 	
  liposomes	
  and	
  microspheres	
  

o 	
  viral	
  and	
  erythrocytes	
  carriers	
  

o 	
  transdermal,	
  nasal	
  spray,	
  buccal	
  and	
  ocular,	
  rectal	
  systems	
  

o 	
  prodrugs,	
  co-­‐administra(on	
  of	
  pep(dase	
  inhibitors,	
  etc.	
  

Pep)des	
  



Hypothalamic	
  hormones:	
  	
  

Superagonists	
   of	
   gonadotropin	
   realising	
   hormone:	
   Gly-­‐6	
   subs(tu(on	
  with	
   D-­‐Leu	
   and	
  
elimina(on	
  of	
  terminal	
  gly:	
  

LEUPROLIDE	
  

C59H84N16O12	
   	
  MW	
  1209.40	
  

L02AE02	
  

L	
  ANTINEOPLASTIC	
  AND	
  	
  

IMMUNOMODULATING	
  AGENTS	
  

L02	
  ENDOCRINE	
  THERAPY	
  

L02A	
  HORMONES	
  AND	
  RELATED	
  AGENTS	
  

L02AE	
  Gonadotropin	
  releasing	
  hormone	
  analogues	
  

	
  

Used	
  in	
  the	
  treatment	
  of	
  mammal	
  and	
  prosta(c	
  carcinomas	
  

Analogues:	
  	
  

GOSERELIN,	
  NAFARELIN,	
  TRIPTORELIN	
  

Pep)des	
  



Hypothalamic	
  hormones:	
  	
  

Antagonists	
  of	
  gonadotropin	
   realising	
  hormone:	
  LH	
  peaks	
  control.	
  Ac-­‐D-­‐NaphtylAla	
   in	
  1;	
  p-­‐Cl	
  D-­‐
Phe	
  in	
  2;	
  3-­‐pyridyl-­‐D-­‐Ala	
  in	
  3;	
  i-­‐Pr-­‐Lys	
  in	
  8;	
  D-­‐Asn	
  in	
  6:	
  

ABARELIX	
  

C72H95ClN14O14	
   	
  MW	
  1414.68	
  

L02BX01 	
  
L	
  ANTINEOPLASTIC	
  AND	
  	
  

IMMUNOMODULATING	
  AGENTS	
  

L02	
  ENDOCRINE	
  THERAPY	
  

L02B	
  HORMONE	
  ANTAGONISTS	
  AND	
  RELATED	
  AGENTS	
  

L02BX	
  Other	
  hormone	
  antagonists	
  and	
  related	
  agents	
  

	
  

Used	
  in	
  the	
  ART	
  (assisted	
  reproduc(on	
  technology)	
  

Analogues:	
  	
  

GANIRELIX,	
  CETRORELIX	
  

Pep)des	
  



Other	
  hypothalamic	
  hormones:	
  	
  

	
  

SOMATOSTATIN,	
  14	
  aa	
  

C76H104N18O19S2	
   	
  MW	
  1636.72	
  

H01CB01	
  	
  

H	
  SYSTEMIC	
  HORMONAL	
  PREPARATIONS,	
  EXCL.	
  SEX	
  HORMONES	
  AND	
  INSULINS	
  

H01	
  PITUITARY	
  AND	
  HYPOTHALAMIC	
  HORMONES	
  AND	
  ANALOGUES	
  

H01C	
  HYPOTHALAMIC	
  HORMONES	
  

H01CB	
  Somatosta(n	
  and	
  analogues	
  

	
  

Used	
  in	
  the	
  treatment	
  of	
  acromegaly	
  	
  

Synthe(c	
  analogues:	
  	
  

OCTREOTIDE,	
  111In-­‐PENTETREOTIDE	
  (tumor	
  diagnosis)	
  

Pep)des	
  



Hypophysis	
  hormones:	
  	
  

	
  

h	
  GROWTH	
  HORMONE,	
  191	
  aa	
  

Direct	
  effect	
  and	
  induc(on	
  of	
  IGF-­‐1	
  
(insulin-­‐like	
  growth	
  factor)	
  

The	
   22	
   kDa	
   protein	
   is	
   secreted	
   by	
  
the	
   p i tu i ta ry	
   g land .	
   rhGH:	
  
recombinant.	
  

Induces	
   lipolysis	
   and	
   lean	
   body	
  
mass	
   growth.	
   Effects	
   on	
   bone	
  
growth	
   (especially	
   in	
   children).	
   It	
  
has	
   a	
   short	
   t½	
   and	
   is	
   secreted	
   in	
  
pulsa(le	
   manner.	
   S(mulates	
  
protein	
  turnover.	
  
Synthe(c	
  analogues:	
  	
  

SOMATOTROPIN,	
  PEGVISOMANT	
  

Pep)des	
  



Hypophysis	
  hormones:	
  	
  

	
  

h	
  GROWTH	
  HORMONE,	
  191	
  aa	
  

Chronic	
  effect:	
  acromegaly.	
  

	
  

Analy(cal	
  procedures:	
  immunochemistry	
  
(RIA,	
  ELISA).	
  MS	
  

Marker	
  approach:	
  changes	
  in	
  hGH-­‐
dependent	
  parameters	
  (IGF-­‐1	
  level;	
  
IGFBP	
  3;	
  IGF-­‐1/IGPF	
  3	
  ternary	
  complex)	
  

Isoform	
  approach:	
  20	
  kDa	
  fragment	
  and	
  
various	
  smaller	
  fragments,	
  circula(ng	
  in	
  
monomeric,	
  homodimeric	
  and	
  
heterodimeric	
  forms.	
  rhGH:	
  22	
  kDa	
  
isoform	
  only.	
  

Pep)des	
  



Hypophysis	
  hormones:	
  	
  

	
  

IGF-­‐1	
   (insulin-­‐like	
   growth	
   factor)	
  
70	
  aa.	
  

Up	
  to	
  800	
  ng/mL	
  level	
  in	
  plasma	
  

IGF-­‐1/IGF	
  binding	
  protein	
  3	
  
complex	
  has	
  to	
  be	
  disrupted	
  by	
  the	
  
use	
  of	
  strong	
  acids	
  and	
  ethanol	
  or	
  
SDS.	
  

By	
  MS	
  it	
  is	
  possible	
  to	
  discriminate	
  
between	
  the	
  natural	
  IGF-­‐1	
  and	
  
synthe(c,	
  more	
  bioavailable	
  
analogues	
  as	
  the	
  long-­‐R3-­‐IGF-­‐1	
  
variant.	
  

	
  

Pep)des	
  



Hypophysis	
  hormones:	
  	
  

	
  

IGF-­‐1	
   (insulin-­‐like	
   growth	
   factor)	
  
70	
  aa.	
  

	
  

Pep)des	
  



Hypophysis	
  hormones:	
  	
  

	
  

Gonadotropins:	
  FSH,	
  LH	
  

	
  

COSYNTROPIN,	
  a1-­‐24-­‐Acth	
  (en(re	
  human	
  ACTH:	
  39	
  aa)	
  

C136H210N40O31S	
   	
  MW	
  2931.58	
  

H01AA02	
  	
  

H	
  SYSTEMIC	
  HORMONAL	
  PREPARATIONS,	
  EXCL.	
  SEX	
  HORMONES	
  AND	
  INSULINS	
  

H01	
  PITUITARY	
  AND	
  HYPOTHALAMIC	
  HORMONES	
  AND	
  ANALOGUES	
  

H01A	
  ANTERIOR	
  PITUITARY	
  LOBE	
  HORMONES	
  AND	
  ANALOGUES	
  

H01AA	
  ACTH	
  

Pep)des	
  



Other	
  hypophysis	
  hormones:	
  	
  

	
  

OXYTOCIN,	
  nonapep)de	
  	
  

C43H66N12O12S2	
  	
   	
  MW	
  1007.19	
  

H01BB02	
  	
  	
  

H	
  SYSTEMIC	
  HORMONAL	
  PREPARATIONS,	
  EXCL.	
  SEX	
  HORMONES	
  AND	
  INSULINS	
  

H01	
  PITUITARY	
  AND	
  HYPOTHALAMIC	
  HORMONES	
  AND	
  ANALOGUES	
  

H01B	
  POSTERIOR	
  PITUITARY	
  LOBE	
  HORMONES	
  

H01BB	
  Oxytocin	
  and	
  analogues	
  

	
  

VASOPRESSIN,	
  [Phe-­‐3,	
  Arg-­‐8]-­‐oxytocin	
  

H01BA01	
  

An(diure(c	
  effect	
  

Pep)des	
  



Placenta	
  hormones:	
  	
  

h	
   CHORIONIC	
   GONADOTROPIN,	
   α	
   and	
   β	
   subunits.	
  
S(mulates	
   testosterone	
   produc(on	
   in	
   males	
   and	
  
ovula(on	
  in	
  females.	
  Glycoprotein.	
  

244	
  aa	
   	
  MW	
  36000	
  
	
  

	
  

	
  
G03GA01 	
  G	
  GENITO	
  URINARY	
  SYSTEM	
  AND	
  SEX	
  HORMONES	
  

G03	
  SEX	
  HORMONES	
  AND	
  MODULATORS	
  OF	
  THE	
  GENITAL	
  SYSTEM	
  

G03G	
  GONADOTROPINS	
  AND	
  OTHER	
  OVULATION	
  STIMULANTS	
  

G03GA	
  Gonadotropins	
  

Pep)des	
  



Erythropoiesis-­‐s)mula)ng	
  agents:	
  	
  

	
  

ERYTHROPOIETIN,	
  glycoprotein	
  

165	
  aminoacids,	
  MW	
  30.4	
  kDa	
  
	
  

B03XA01	
  

B	
  BLOOD	
  AND	
  BLOOD	
  FORMING	
  ORGANS	
  

B03	
  ANTIANEMIC	
  PREPARATIONS	
  

B03X	
  OTHER	
  ANTIANEMIC	
  PREPARATIONS	
  

B03XA	
  Other	
  an(anemic	
  prepara(ons	
  

	
  

Pep)des	
  



Erythropoiesis-­‐s)mula)ng	
  agents:	
  	
  

	
  

ERYTHROPOIETIN,	
   40%	
   carbohydrates.	
   N-­‐glycosyla(on	
   sites:	
   24,	
   38,	
   83	
   Asn.	
   O-­‐
glycosyla(on	
  site:	
  126	
  Ser.	
  Two	
  disulfide	
  bonds:	
  7	
  to	
  161,	
  29	
  to	
  33	
  Cys.	
  Sialic	
  acid:	
  

Four	
  helical	
  bundles:	
  

•  A)	
  residues	
  8-­‐26	
  
•  B)	
  residues	
  56-­‐83	
  

•  C)	
  residues	
  90-­‐112	
  

•  D)	
  residues	
  137-­‐161	
  

	
  

Pep)des	
  



Erythropoiesis-­‐s)mula)ng	
  agents:	
  	
  

	
  

EPOETIN	
  alfa,	
  first	
  rhEPO,	
  epo-­‐	
  :iden(cal	
  primary	
  sequence.	
  Greek	
  le]ers:	
  different	
  degree	
  
of	
  glycosyla(on.	
  Chinese-­‐hamster-­‐ovary	
   cell	
   lines	
  used	
   for	
   transfec(on:	
  produc(on	
  of	
  N-­‐
glycolylneuraminic	
  acid,	
  which	
  humans	
  cannot	
  synthe(ze:	
  

EPOETIN	
  beta,	
  EPOETIN	
  omega:	
  :	
  higher	
  and	
  higher	
  
amount	
  of	
  basic	
  isoforms.	
  

EPOETIN	
  delta	
  (Dynepo):	
  produced	
  in	
  human	
  fibrosarcoma	
  
cell	
  lines:	
  no	
  NGNA.	
  

DARBEPOETIN	
  alfa	
  (Nespo):	
  5	
  different	
  aminoacids	
  and	
  	
  
addi(onal	
  glycosila(on	
  sites.	
  

Pep)des	
  



Erythropoiesis-­‐s)mula)ng	
  agents:	
  	
  

	
  

CERA	
  (Con)nuos	
  Erythropoie)n	
  Receptor	
  Ac)vator):	
  PEGylated	
  form	
  of	
  EPOETIN	
  beta	
  on	
  
terminal	
  Ala	
  or	
  on	
  ε—amino	
  group	
  of	
  Lys52	
  and	
  Lys45.	
  60	
  kDa.	
  

Pep)des	
  



Plasma	
  subs)tutes	
  	
  

	
  

Cristalloids:	
  electroly(c	
  aqueous	
  solu(ons,	
  without	
  
proteins	
  

Proteic	
  colloids:	
  plasma	
  protein	
  frac(on	
  PPF	
  (from	
  
human	
  blood)	
  

Non-­‐proteic	
  colloids:	
  DEXTRANS,	
  HEStarch	
  (WADA	
  
S5)	
  

	
  

Ar)ficial	
  blood:	
  

Perfluorocarbons:	
  capable	
  to	
  transport	
  oxygen	
  

PERFLUORODECALINE	
  

	
  

	
  

Gene)cally-­‐modified	
  Hemoglobins	
  

(Pep)des)	
  



Pep)des	
  /	
  related	
  compounds:	
  	
  

	
  

	
  

Pep)des,	
  WADA	
  S4	
  



Pancreas	
  hormones:	
  

Insulin	
  (β-­‐cells)	
  

Induces	
  glycogen	
  forma(on,	
  protein	
  
biosynthesis	
  and	
  inhibits	
  protein	
  breakdown.	
  

Insulin	
  bonding	
  results	
  in	
  intramolecular	
  
autophosphoryla(on	
  of	
  tyr	
  residues	
  on	
  β	
  
subunits:	
  tyr-­‐kinase	
  ac(va(on.	
  

	
  

Glucagon	
  (α-­‐cells):	
  s(mulates	
  glycogenolysis	
  
and	
  gluconeogenesis	
  

Somatosta)n	
  (δ-­‐cells):	
  inhibits	
  insulin	
  and	
  
glucagon	
  secre(on	
  

Others:	
  Amylin;	
  Glucagon-­‐like	
  pep)de	
  1	
  
(GLP-­‐1);	
  Adiponec)ne:	
  food	
  assump(on/
obesity	
  

Pep)des,	
  WADA	
  S4.5	
  

Insulin	
  receptor:	
  glycoproteic	
  receptor	
  
with	
  2	
  α	
  extracellular	
  subunits	
  and	
  2	
  β	
  
transmembrane	
  subunits.	
  



Pancrea)c	
  hormones:	
  	
  

	
  

Insulin:	
  

51	
  aa	
  pep(de.	
  A-­‐chain	
  (21)	
  /	
  B-­‐
chain	
  (30).	
  3	
  S-­‐S	
  bridges	
  (1	
  intra-­‐
chain).	
  Formed	
  from	
  proinsulin	
  
via	
  PC2	
  and	
  PC3	
  calcium-­‐
dependent	
  endopep(dases:	
  4	
  
basic	
  aa	
  and	
  C-­‐pep(de	
  removed.	
  

Bovine/Porcine	
  Insulin:	
  ‘50s	
  

Total	
  synthesis:	
  1963	
  

Recombinant	
  DNA:	
  1978	
  

Main	
  metabolites:	
  DesB30,	
  
DesB24-­‐30,	
  DesB25-­‐30	
  

Pep)des,	
  WADA	
  S4.5	
  



Pancrea)c	
  hormones:	
  	
  

	
  

Insulin	
  structure	
  in	
  solu)on:	
  	
  

A-­‐chain:	
  2	
  α-­‐helices.	
  B-­‐chain:	
  1	
  α-­‐helix	
  /	
  1	
  β-­‐
turn	
  (hydrophobic	
  residues	
  in	
  the	
  internal	
  
folding):	
  hydrosolubility	
  and	
  stability.	
  

Interac(on	
  with	
  receptor:	
  monomeric	
  form	
  
(stable	
  at	
  concentra(on	
  <	
  0.1	
  μM).	
  

It	
  forms	
  hexameric	
  aggregates	
  with	
  Zn2+	
  ions,	
  
at	
  higher	
  concentra(on	
  and	
  neutral	
  pH	
  value.	
  

	
  

Hyperglycemia:	
  glucose	
  >	
  126-­‐240	
  mg/dL	
  (7-­‐13.5	
  
mM)	
  

Hypoglycemia:	
  glucose	
  <	
  72	
  mg/dL	
  (4	
  mM)	
  

Pep)des,	
  WADA	
  S4.5	
  



Metabolic	
  modulators:	
  	
  

	
  

INSULIN	
  	
  

Produced	
  with	
  rDNA	
  (Escherichia	
  
coli).	
  

	
  

Insulin	
  analogues:	
  

LISPRO:	
  the	
  penul(mate	
  lysine	
  and	
  
proline	
  residues	
  on	
  the	
  C-­‐terminal	
  
end	
  of	
  the	
  B-­‐chain	
  are	
  reversed:	
  
rapid	
  acRon.	
  

GLARGINE:	
  A21	
  Asn	
  replaced	
  by	
  Gly.	
  
2	
  Arg	
  added	
  to	
  B-­‐chain.	
  22	
  h	
  acRon.	
  

Pep)des,	
  WADA	
  S4.5	
  



Phenylalanine:	
  F	
  C9H11NO2 	
  	
   	
   	
  monoisotopic	
  masses	
  u	
  

	
  

	
  	
  
Rat	
  INSULIN:	
  FVKQHLCGPHLVEALYLVCGERGFFYTPKS	
  	
  
GIVDQCCTSICSLYQLENYCN	
  
3	
  –SS-­‐	
  bridges:	
  C259H387N65O75S6	
  
	
  
Human	
  INSULIN:	
  FVNQHLCGSHLVEALYLVCGERGFFYTPKT	
  	
  
GIVEQCCTSICSLYQLENYCN	
  
3	
  –SS-­‐	
  bridges:	
  C257H383N65O77S6	
  
	
  

	
   	
   	
   	
   	
   	
   	
  Pig	
  INSULIN:	
  FVNQHLCGSHLVEALYLVCGERGFFYTPKA	
  	
  
	
   	
   	
   	
   	
   	
   	
  GIVEQCCTSICSLYQLENYCN	
  
	
   	
   	
   	
   	
   	
   	
  3	
  –SS-­‐	
  bridges:	
  C256H381N65O76S6	
  

	
  
	
  

	
   	
   	
   	
   	
   	
   	
  Bovin	
  INSULIN	
  :	
  FVNQHLCGSHLVEALYLVCGERGFFYTPKA	
  	
  
	
   	
   	
   	
   	
   	
   	
  GIVEQCCASVCSLYQLENYCN	
  
	
   	
   	
   	
   	
   	
   	
  3	
  –SS-­‐	
  bridges:	
  C254H377N65O75S6	
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Pep)des,	
  WADA	
  S4.5	
  



Oral	
  hypoglycemics:	
  	
  

	
  

Sulfonylureas:	
  	
  

SAR:	
  (huge)	
  alipha(c	
  	
  chain	
  on	
  urea	
  N.	
  pKA	
  
value	
  5.	
  

Mechanism:	
  ac(on	
  on	
  ATP-­‐dependent	
  K+-­‐
channels	
  with	
  sulfonylurea	
  receptors	
  
(SUR).	
  

GLYBURIDE	
  /	
  GLIBENCLAMIDE	
  

TOLBUTAMIDE	
  

	
  

	
  

Megli)nides:	
  

REPAGLINIDE	
  

Metabolic	
  modulators,	
  not	
  in	
  WADA	
  S4.5	
  



PPARδ	
  agonists:	
  	
  

	
  

Methylthiazoles:	
  	
  

Peroxisome	
  proliferator-­‐ac(vated	
  
receptor	
  is	
  a	
  nuclear	
  receptor.	
  

Endurobol	
  is	
  carcinogenic	
  in	
  rats:	
  
stop	
  to	
  GSK	
  research.	
  

It	
  increases	
  fa]y	
  acid	
  metabolism	
  
in	
  skeletal	
  muscle	
  and	
  protect	
  
against	
  diet-­‐induced	
  obesity	
  and	
  
type	
  II	
  diabetes.	
  

GW0742:	
  

	
  

Metabolic	
  modulators,	
  WADA	
  S4.5	
  



PPARδ	
  AMPK	
  axis	
  agonists:	
  	
  

	
  

Aminoimidazoles:	
  	
  

It	
  is	
  used	
  in	
  the	
  treatment	
  of	
  
ischemic	
  heart	
  diseases.	
  	
  

It	
  s(mulates	
  glucose	
  uptake	
  and	
  it	
  is	
  
used	
  in	
  combina(on	
  with	
  GW01516	
  

Metabolic	
  modulators,	
  WADA	
  S4.5	
  



Myosta)n	
  inhibitors	
  

	
  

Metabolic	
  modulators,	
  WADA	
  S4.4	
  


