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Abstr

Fl uoriremptrieecent s a powerful tool to thbaiolnoerditchae
research gets big advantages from the resul ti
which are both rel.@h@entmutlad itphe preeaedntt st pe Divs
related to its unigue properties, such as hi
ma |l | steric demand, and very good magnetic r

MR) balfeprwmrwi des an edfifaegentoisvies palnadttfhoerlna @féoers e |

f—FAw

o the | ow amount ' fatemmdso giem otulse ol wraan cbody,

ontrast, and furnishes usef tHMRan a tHomiecvaelr i i fl

(¢

tracers have | imited solubility in biological
target for their clinical use.

I n my thesis work, | focused on the study
assemble in aqueous environmengnscelntes sampd an
creating fluorophilic regions able to host f
amphiphili cBFdie®dr amdr-8wWeEG2 demonstrated to e
pop ullFMRI tracer PERFECTA, allowing its effic
formulvateaoaprecipitatiorm wesd dev emorpe dt hawhi 5 (
PERFECTA. PrldiMiRmi naerxyper i ment s on -OREREECTA
PERFECTA@BFTd&E&2monstrated the validity of t he
particul-2arde B&wd@i&SBeresi gned with the aim to con

the inflammatory response, and preliminary da

Anot her strategy | exploited to disperse Pl
natur al i peodtoeviimnse, serum al bumin (BSA) and |y
formul ati ons were prepared, exploring differe

PERFECTA. An interesting structur al transSitio
prompted us to study i n more detail t he sufj
PERFECTA@LYS compl exes. @&ctdeertiazidteidons taluocntgur @i
model |l ing highlighted t hlei Keoraraitgomerosf. unpr ec



Finally, fluorination was also demonstrat e
modi fyi ngs $ehmbisywddf protected amino acids yi el
for drug delivery. N-F mppae nt ti acfull uaorr, o pwhee nfyol caul saendi
mol ecul ar weight hydrogel ator (LMWH) ,6 -baomdd etdu n
carystals with biologically relevd&ami chel sguntl é
formati on -@@QAHvegerno utpheof t-G@Nigeloatpo o ifladitktee tmbd leqg |
was expl oiteertyos tdarlilvi ezcabtin@odonm eicnd as ytswoe mcr Yy snp @ Ir
structure was demonstrated to survive in the
frustrated resulting in gel r bceroylsagayl W eoa kmeerri rf
was demedsalao when gansvoa vbiinogl ovg itccaaylislnya Br efl oervnaer

Finally, the strategy t cbawad flyMWHd alty oinn tpe
the fibre packing of Fmoc groups was -dadmsoor de
hydr ogel atNeFrmoex,n&a-mef & as4fi lodoorpcheny |l al ani ne. -1 nvo
donor in interactions with solvents and salt

perturbation of the Fmoc packi ngt daimasyidrea cg ailr efs
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1. Properties of the fluorine aton
mol ecul es

Fluorine eilecttheonm@gstti ve el ement of the peri oc

hal ogen atoms. 22% Bdeconfiibgewr attwoonellesct rons in
seven in the second one: this incomplete conf
highly chemically reactive. Consequentl vy, t o
hydr ogen, car bon, oxygen and metals to name ;

capacity in bindomgtoathenhigh opgpdowindi ity @fxt
stabl e, making it fundament al i n many fluorin
due to the interac# ioon®l heoweencohéepoli agi ae do
covalent natlure to this bond.

Despite the | a(fTadd psiand dafhef lpaoniimed charge i
hydrogen at om, t-He wistith S Cil-sumari’mien ® f c&€nsi der ed

| somerism is primarily defined by the similar.]
but in medicinal chemistry this definition mu:
are oftenamué&klkr mard heir bi ol ogi cal t han in
Consequentl vy, the relationship between shape

i sostere c@ahube bbbegobaxchesmiical t pbeopleysies o
are observabl e @af. tgpeKra tolfi st hseu bnsetairtbuyt i founnct i ona

/'lipophilicity,reactivity and stability.
Table Qormpari son between the chemical properties! of hyc
El ectronegativity ( H (2.1) F (4)

Van der Waals radi. H (1. 2) F (1. 47

Bond | ength (i) CiH (1.0 CiF (1.3

Bond dissociatidn e CiH(98. 8 CiF (105.

To name an -deixfa nupol rEo, egtdhrle@n @li .§lp | ays t he stereoel e
the introductH omonmds .pollmrfiazcetd, & he conf or mat i c
the molecule revealed that thgopuwkkeen mwats ipmep
to drmteorrMmMhe-cabyadchei sfbbserved in presence ¢
mol ecul e contai-wi hfgdwvawi mbgd ngdesb,e prsanpbnondi ng el
Asystems), favourin@i gugediHiferenrnf drarhaotgiemnsat o



same effect, because of steric reamngomd . or ¥ a
The | ow steric demand i n combinati on vFi tblo ntdh e

are direct consequences of the wunicity of the

6

subsequentlt®applications.

low steric demand

high bond strength to carbon
high electronegativity

highly polarized C-F bond
hyperconjugation:oc_x = 6"¢c_p
electrostatics: F3~ --- X8+

I

gauche anti

Fi gatTehe fl uori ne g¢audihfel vedrfoeectth anXe )=, FOGQAR,2 NHCOF

Thi s at tuisted dido rigoesnprsee mol ecul es, finding appl
predictable topology and’  Bvdpi ghagmaodesi csed &
active coniormaiinomepti destlifvor sfymltdchiersg sr eogu |
fluorinatedf42 k®%anes (Tefl on

Thus, engineering materials containing fluor.
animating a multildOilfiioal doili hdustirndusool. ad\
polyethers (PFPE) for t-heammabighi cheandal ownie
higomal ity PFPuBtubioaurbactants originated a ne
accident al diasnadoverry tihre 1s@53 principle they v

and pldp'®Regel |l ent surfaces derived fr oswrfflaicoe o
energy coatings, and provideéoms=siqauteaande ,t ¢ hw
anitc¢i ng, antifouling,r eaxitdtaadhtess wref,a@aensd. corr o
More generally, fl ueoanad akpypddrbassabat anbessame 1t

affinity for -poltar pen®ifhoammdémtosnvi our icsaltlreidg o
fluorouswkkifdrecits t he pr efpleunosriitnye tion tfearvaocutri ofnlsu
el ement s.

Apart from the | ow wettability of fluorinatec
boiling and melting points of a molecul e. I n
fluorinated compounds wit hdusi miol atrh emoilnetdéurlaacrt |

units which provide additional stabilizati on.



devel opment of thermal fluids resistant to hi
sal ithitty.

Al these beneficial properties, wh i cfhl uaorrei nte)
at oms, come with a main dr awbnadc kp orleypfrleusoernaot ael dk

(PFAS), especially tChoasetilse arsiuf daesmoi fnego trphedrmsn gpit
envir dfrheurst,. persi stent organic pollutants ar ¢
physical agent s I n t he environment (at mo s
(microor’gani sms) .

The persistence in the environment i s associ a
cause their detection also in fresh water and
t oxi’eiNbwadays, this problematic has a huge ir

researchers to find greener alternatives or n

tol erated. This means paying atteatuies, i nedu
numbeC€Ckofi ntroducing degradable functional gr c
l inear ones to?promote metabolism.

1. Zhe role of fluorine in biomedi

Aside from the industrial aspects of PFAS, f

Fl uorination has beenphuasrenda caesu tai ctaol osl afnodr afgarsohc

yeadfb Fherefore, many interesting advantages r

Di stribution, Metabolism and EX®fetion) and d
0 enhancedneorrvaclusansdy st em absorption because c
U empowered selectivity of drugs for their pl
oftfarget interactions and consequently | owe
0 del ayed metabolic inactivati on;

0 biiososteric substitution of many other func
wi t h t e gtuang €t. 2(a

U0 alterataoonvioc¢i p&l functional groups

U0 producti-pmotodctcirmgp agents for the agrochem

herbicides).



Nowadays, the batch of drugs containing at
phar maceuticals withFivauri)p,ula 2df fietc tiss annodt tsaurrgp
50% of blockbusters pharmaceu**i cals approved

5Fl uorouraci |l for cancedar.@i.peafimertaici h)uasoaqut
for inflammatory diseases, Ezetimibe and At or\
exampTkeese to these therapeutic purposes, thel
techniques, as better explained in the follow
a) 10 b) . " “Autoimmune
" o~ 38 ,,,;_ldis()rdcrs
5 ‘-Ql/c\ _‘JJJ ‘ZLL/OH Viral disease
9 A
:f!l . ‘( Microbial disease
‘HL/®§O‘."~ \ /i‘in
i\ - ‘171 Cancer
/4N - ‘ Central nervous
\'LLL/ ' /SH system disease
H ‘777_ Chronic heart
‘?z(/ failure

Fi gura) 1Chzemi cal functionalities 3@bh)i cDhi sceaans ebse -&nipnyiect keedd |
fluorinated drugs®between 2015 and 2022.

1. 2Flluobased biomedi cal I magi ng
Il n the scenario of pevebopmertedomeecdifdiece | ver
di agnosis and selectively gui #&d utohhre mapgieas mag
answer to thiskMRéed Magarksct ResodfRETe (Pmaptr
Emi ssion Tomography), whose combi nati on can

informati on.

In the caflser eosfulPtEST,t o be particularly advanta
life (109.8 min), which admits the preparat,|
radionuclides hav®iit)o Dblee phiepharear oeintsage .o f

|l ow positron energy, admfEltamgl @ad he @ahb oteysdrd att
used iimaRENg, andddoxyFarfrit-ipuibbadB]l@RFFE) was t h
approved and widel y2' B pf acmhaempaindyDoonfc otl orgyr. t
evaluated afterlFprEmGnibyt rfaotliloonwi @y fts pat hwe
carbohydrates, it f olilno wsi Mth ei sg | tuhceons eu prieat kaebno
production through glycolysis: the higher 1is



glucose. Cancer -cxilng aalel shilgec agu suec otfid R M@ i irs |
massively uptaken!FPEd irtetawamime tar paedc i map
After this first approval by FDA, th-ewotamel ap|

to explore other diseases and® #°nderstand thei

Concerning the former imaging tech®MRdue,coa pd te
wi tHWMRI . The ability of a nucleus to generate
to the presemcemagnat nonmoment &8sociated to
'H nucleus resonance is already established in

due to the high water content of the human b

background noise, affetlFomgt Biennsi¢asvony aaomns.ir
of the technique, urged the necessity to dev
sensi*t'fhiete. are two ways to enhance i maging ¢

mol ecul es surrounding the objective tissue (w

possible to distinguish infatkbéesukbyewny Thes

'H relaxation agents, and t hedchaleatneos, MRdmmocn
clinics. Because gadol i nium can bi oaccumul at
devel oped, i nvtoilcvailnlgy oé&t'cifdiresr edanguecdl ®p ment of het

probes represents the second way to produce ¢
si gital

Tabll.&roperties of some el ement% capable of ge

natural relative sensitivity shift
v/2rm abundance  (constant number of  parameter
nucleus (MHz/T) (%) nuclei) range (ppm)

'H 42.576 99.98 1.0 13
SHe —32.434 0.000134 0.442
Li 16.546 92.41 0.294
BC 10.705 1.108 0.0159 250
“N 3.0766 99.636 0.001
SN —4.3156 0.364 0.001
70 —5.7716 0.038 0.0291
3 40.076 100 0.83 400
»Na 11.262 100 0.0927
3p 17.235 100 0.066 530
%%e  —11.777 26.4 0.0216 200



Among the nucl ei Teaabbllep !Flot2gekeparei MRI &r int et

characteristics:

Ut 100% abundance of the stable isotope (nucl
0O Wide range of chemical shift (>350ppm). Th
has a detectable effect in the chemical sh
make precision studies.

i High MR sensitiviiHy @&38%mnathp atroe dnotiose r at
meaning high signal intensity.

i Gyromagnetic ratio very closeHtTabhydridders
all ows t!'&MRerfwotm the samél, hpudtwawet hsetef

coil suliFftable for
TEMRI i s indeed an emerginmngvasechei,qgaad powemh
IHMRI standard protocol s.
Furthermore, the Y¥r eateomuse inf tehred dggemaqu v ody i s
teet ™Y < WwWbBbere they are i mmobilized in the so

Consequently, tHE backgobueddadmnbaesthe sel ect
'# as fAhotHdRIt scn,atmwmé rc al ma pFsi gaufr) &t Hi& 88§ ame su

e/

"HIF

Figura) 11 ®%age bHFMRtlheoff ipesrtf |l uorotributyl amiwoe k'8)gui r e
representative 'H nenfoe ahd adHm&8dleamyesd vo i miangfeesctabfed aar iinmaya k
mo u%’e .

The principle behind MRI technique is the seé
presence of a magnetic!®Hiatdms.auBlkees ampmel iadad tgi
radi ofrequency (RF) pulse disturbs the nucl ei
returning to the ground state can be recordec
gener at gffathee term Arel axometryo is used to ini
decay (relaxation) after excitation of the nu

by two main par ametleartst:i cleo irgeiltavamtdi adlmr atress psegaTi (31



relaxatizpn Aimboygh occurring simultaneousl vy,
i ndependent the one fromdeberiobéderth®eepenpumuc
nucl ei to the surr eiusndnontg arsosl cecciud taerd |wvaittth cae .l C
the | oose of coherence in the oscillation of
l ost, the faster tpHeAMRhsiatgnTdnlakaede MRYs s ghandt b
SNR ( bet-Wknmesnefcl10 whi |l ec an sthlount tT#mes efcmages ¢ <taus
signal quenchinid, ilni be niers tamal d®wod hofaf or ement

1. 2. 1FluorMagnhnetdi c Rescmomancasitmagiemdg
There are many types of CAs available YifnClAite
ar*é .

T High fluorine content. This can i mprove SNI

of admi ni strati on.

T Opti mised synthesis, easelyf eormuéadtnonndsesht
T Chemical and biological stability over tim
T Low biological toxicity

1 Clear ahn®@NMR mpdectrum: CAs with more than

presence of one single sharp peak is prefe
T Shofandl loong T
l1EEMRI CAsekcasnsi fied in three main gr 6up%o ragcacnoir
fl uor i doersganmmec adocthpl eeeganic fluorides. Just t
Casdfhanoparticles wer et sagshtihresrn ganmdi cbyt rAasscheurrs : |
drawback is repr gtsyepnitcedstn bogfo p & e tCdniseesq uE hHE-| v, S
MRl sequences of moh@ametioz dtei arvieco npsPr@dtef Dr e

Later-ormatnalc compl exes were reported to be ve
paramagnetic met al I on, l'i ke Gd(I11) or ot her
necessity of this combinlagaxioni twasofditcheateédud
coordination of the metadll edompagamagmpéiice t el
(known as PRE effect), whi ch was desvorikkeed it
i mprove the rrteileasx aotfi otnh eprfolpueor i nat®T hmoide aywb aa
associ ataendt hbaansiedde CAs i s t he-inoinsk iof blmbbaurmrd rr

can cause toxicity.



The c¢class of organic fluorides constitutes a |
in two 3% big)r opugrsf l uorocarbons (PFCs) stiabel | z
per f-h-uoomwet hiePFSCEand -BEPpAroved per f |TuPdrOBg cgtuyrle b
1)4 1) partially fl uoane®srntiededodegmenrasl. | yT hfer ¢
process between a fluorinated monomer and a

branched or dendriti i ant® 2 dample is reporte

RF RF
gg«c)%g

FFRFRF F F F
F. O O F

F

Br

F
F F F
F FFFFFF R

FHF

PFOB FLF .
CellSense®
PF-15-C-5-E
Fi gur@helmidc al structures of per f-15 0 obvantch e+l SQHORE® MMIFGE) ( P F (
and the perfluoropolyetheirCeploir§étnosne of the commerci al (

FCs need to be formulated because their high
medi a, and consequently | imits their #&dimomidst
makes these materi altsodinotogdical $tyabinleirty aaga
physiological pH requires a different cl earan

reticuloendothelial sys%®em and exhalation thr

1. 2. 1PERFECTA

One of the main issues &BMRIt itsh er ealpgptld d attd osme |
DespFteignal i shodetskepeontedv & i kHe pipneadg iwigt hmap, it
reach the ptopfeor atmhendetodcti on, and someti me
ti mes, affectti-ftmccebsi vwg abheathwumbeperof mol ecu
i mproving sensitivity, can cause the possibil
producing another drawback. This iBisgwerne ely.ahd
generate more than one resonancer ff e feabuntest hy, od
hand, FRRQ@HE) e(or.i4ginates only one signal, but it
chemically alter 1tsqguwitvalcdamuae omMi tfhlowdr il me i antg
the absence of functional groups that could b
in terms of stability, but requires organ fun

thattention on these molecules in order to ov



they preferred branched molecules to |inear
processed by endogenous enzymeshon ds.t e&tdarotfi P
studi estFEMRI npwobe was synthesised, called PEI
AgeRtgun® 1.5

F,C CF;  F,C CF, >
Fsc—X Y-cF, -4 N

o o
D,
Fie— X-CF;

F;C CF; F,C CF;

Fi gur@helmiscal structure of PERFELYAsi{teftirandriigls

PERFECTA bears all the '§&MBH ¢entuast aggnire
fluorine atoms originate only on'eNMRs enagmad Mfi
harp singlet -g8akbpmn mh&i nggeasyot he interpr
f a proper RF pulse for magnetic resonance.

uarantee a br idgenhtte cstiegdn awi,t haonudt ttohebeneed-of s

—+

ep synthesliAs hak BERBREMOpscmi pedpr Ddwuctgiram.
ntaerythri-t eldutaaardo Ip,ertfHruourgph a Mitsunobu re

a crystalline colourfe&egasnding binolgoogidc a

mi niisnt ewilewlo ,pr esence of four ether bonds ado

T 9 O 9 T v « O um

e
s
ompatibility, the only partial fluorination
d
n

zymati é*digestion.

More recently, PERFECTA was also proved?®Yo be
Thi s-i moasive technique relies on the specifi
anal ysed mol ecule. Even i f Rdmar miecrhms gqapy it
of a specific probe can ¢hhamone plae hol bgecahc
sensitivity®®fnoadeed,ci Ramanyprobes enable the
subcel lul ar units with nanometric precision,
MRFAmMong chemical groups which can originate
bondse (& kp#Fd bond. Comparing PFCE, PFOB (Figu
was demonstrated to be the mos&EMPRIlerifror maintd a
body/ or gansexi nReiagmanng nainck oscopy of t°©ssues and



Despite alll the promi singyfeaystRisgwedea RERFEE"
shows that the polar core constituted by ethe
This structure explains its insolubility in w
and fluori niateeced afdluwvemtisopropanol ). Conseque
studying appropriate formulations for i1its adm
for mun asitr at egi es required amphiphilic pol yn
nanoemul sions, demonstrating that all the pro
foarn vmag’PnPdus, it pushes the research towar ds

1. 2. 2Fluorine in proteins, peptides
Amongi ntheer esting variety of fluorinated buil di
play a central role in the r el afceadr broehsytaanract he sc
| i p’Psdesv,er al research efforts are focused on p

fluorinated amino acids (FAAs) are emerging a

bi omedi cal applications. Bedawsemcafi vilhegir tbolk
particul ar i nterest, and their consequent i
producti on of novel bi opol ymer s empl oyed as
inhi bY%Tbhes key role of fluorine is basically
changes in molecul es. Il n addition, the inextr
aci ds, peptides and proteins taincdultahreliyr rfeulnecvtait
this conformation control starts from the si
structure of pepti des, reaching tWéi seiatoigagr vy
intermol ecular interattuoni he pontenachiedsbhpya

the incorpor-wittilmdr awi red efclt u drnigrua)tte d . Subst i t ue|



FigurRefdreésentative examples of different supramol ecul
amino acids (green spots) within peptides structures (
coils and naepp?ttidcl es are

Life sciences take inspiration from these tem
to their invol veAdemheiimepPp@®s hbihwaganeese, t he bior
in these substmga&tnes aa isomu rgdhen dfeverd enuesvo ma | BEAAs a
pepthiacdeed drugs reached theicSei.tnaglsi,ptwin hf amp pd
Efl ornithine as antiprotozoal drug used in ca
agenitFPECHYT .

Al t hough the I mpact of fluor i-knmawm nwh en stoarekhi
smal | mol ecul es, a robust understanding of ho
and proteins remains stil Imamiysiff@.rtBheage a&rpe

understand the role and the effect of ami no
di scovery of discrete trends could unlock the

Koksch-womrkeaos systematically described the cc
maj ority of amino acids, finding some commo
hydrophobi c, the introductioni mdgs aa spnall dr nahm
hydrophobic amino acids. ii) Fluorination sevi
acids, and of the subsequently derived peptid:¢

proteol ytiivg slthebifliintay. out come depends on the

same extent it relies on its idMt’@éractions wi-t
Recentl vy, because of the increasing multiple
fluorination predictability, many synthetic ¢



FAA®*Moreover, there are two main approaches |
proteindown, )whioph-moadivioil vat ipomstof the final [
botwem where FAAs are directloy itrhtermo cwme d ei s |
chemistry (solid phase peptide synthesis- and
canoni cal amino acids -duansgr itptainsrcali p&h by mea
Despi-tewhoptrategies tend to be more efficien
to perform and required very spegidfies.conditdi

As already Smenti,oafnléd®@riinnat ed compounds, i n pail
are advantageous for pharmacokinetic and phys
are enhangceenderbayy thhegher hydrophobicity which
highlighting example is ofFfieggruende hlyt ameprasaecrrt
mustard, used in chemotherapy as -caolnkjyulgaattien gp ra
with the incbhkpmhrerny loanl sorfi mme.4 The presence of
membr ane per meq@bhilgher/idipfiraiiency.

(g
/\/N
Cl NHzH
N COEt
o) 5\@\
F
Fi gurT@helmi cal structure of Melphalan flufenamide (Pepa

The introduction of FAAs i nitro wetpdb dlei sm qtulear
escape from circular proteases. The mechanisn
demand of fluorine atoms. The presence of a j

with the binditnego Ipytcikce te mzAy meh,e gpdwant agdi'n§ bi



H F H
H H H H H H
O A NO = S S S
oocC NH; H,CCO, H H,CCO, H H,CCO, }
NH NH NH
@ 3 @ 3 @ 3

electrostatic

GABA attarction
(R)-3F-GABA (S)-3F-GABA
Disfavoured conformation Higher agonism efficacy
and higher metabolism higher metabolic stability
® ® @ electrostatic
® © NHzMe e) NH;Me e NHZMe‘)attarction
NH,Me __ 0C H 0,C H 0,C F
9 = —
ooc coo® © © )
02C H 0,C H 0,C H
NMDA H F H
(R)-3F-NMDA (S)-3F-NMDA
Inactive Strong agonist
Figur&€hémBcal representation of the conformational co
bi ol ogical activities obtained.
| ndeed, amino acid and peptide design can pur :
speci fipcer optrecitneiinnt eractions, advanAlamgiimg thmt di
practical egamphe de$ ¢t eadbeedt iipnn O Ha gaworakar scc
demonstrated t haiNmethdnldd airotrda tneat gaMIiDAdfb vuatnydr i ¢
( GABA) originates isomers with very different
respectively. These receptors are involved in
extremely wuseful t.o Sturceha t motdhuel saet | pant hooclcougrise st I

interact with the receptors through specific
rel ev@mdtHagands group proved that there is onl
the other def i nFeisgudyedmit8i ¢ changes (

The mol exrud arri zpatei on offered by fluorine atom
the interaction with specific targets, obtain
only for single FAAsnhibgt FAAsoinntpepmodeaeas$ at
struCFurther details about the conformational
assemblies wi$dctbhieoremxm.m3 ned i n



Furthermore, efficacy can be enh-avonvadeby 1hte
towards the IFFigluogeerdaldt $ as g et smxiaarnpy esan as tCat
interaction by hydrophobic bonds.

/

® J
F F;F E OH
; Sas
F
F
r‘JS\N Le?l ;’j\N ‘zLLCSJi‘N ‘%1 FSJiN 1%‘
0 (o] o) o

Van der Vaals dipole-dipole distrupt cation-m H-bonding

/

Fi gu9fAmilno acid side chain fluorination and their co

Phenyl alanine, with the presedcpobt ontgraneéei
mentioned by®.R'o®rmscthhetotaHer side, the perfluo
guadrupol ar inversion of the aromati c, as a ¢
cat-iiomt eracti on, the fluorine scanobubhgothéesrtiuap
bindindg?atThemj tfyl uorine ha$é aheonemrbytcbhemioao

i mproving their hytdr®%gen bonding character.

Near to pharmacokinetic influence, FAAs can al
in antimicrobial peptides (AMPs), & H¥oW ewlvaes s
fluorination of | ow mol ecul ar wei ght hydr oge
bi omedicine: small peptides and ami nocasasedsl
when suspended in watéer.awidelppaprtdesocrabgedNihlysl
pent asphenybal ani ne, as scaffolds for mi mi ¢ e
i nfl amma t®8rPTyh ea gseanmes .ami no aci d was incorporat e
caworkers to prevéituriaacsadmt mé s-fgereomitragat f 1 uor o
cont ai nipnhge nywoaldaFni ne f or i mpl antscamataiving si. bhh
biofilm deposition and integrate into the | oc:

adhe%’ton.

I n conclusion, the presencepy iFANFMRYV OMR I'nFeR Bafit. 0 ms
| n t his case, t he FAA <can act as a | abel f o

administration. Binding events can be monitor



changes i'BMRIFro¢@mnnise al so pursued withepraper

repo’ratnedd !&modi fi ed tyrosine represents one of

i magli®hg.
FAAs offer a world of possibilities, and the
i nteresting new research | ines in the Dbiomedi

1. 2.2l hteractions between proteins a

Despite fluorination of sptruodtieeidn si ni st hhei gshcliye nwi

—h

information i s available about the interacti ol

bi oaccumul ati on mechanism of perfluorocarbons
X

t oxi @ietryf laufor ooct anoic acid (PFOA), one of the
by its interaction in the human body with h
hydrophobicity, PFOA does not acsuwiutlrata hingH
content, |ike | i't%efh’e kprdemeegrsc eanaf bmare .t han ¢
binding affinity of HSA -wor Kk ®FOAr eeent lhy ghubl
concept about the disruption of this interact
t he iprotmeteraction, still qgui te unknown, an

perfluoidbasbonhis example defines the possi
fluorinated mol ecules, ennobling the usage of
protvaised therapeutics gained igrhc rbe aosliongg caatlt ear
specificity. Deepening, two major mechani sms .

guest-guebbobsmechani sm and!%rotein corona for ma

Il n the first case, proteins are perfectly suli
recognise different materials as guests, dist
compose the aweasil dbliigt iddorei redcccoegsns i s based on
3D structure of t-direggmioz &tiinod arvemade d hteo plrewer
bi nd?fhmgdeed, there are many interactions poss
acidic binding pockaetes :t hva nmodsetr fWaead wse nfto,r cfecs!| |
and electrost’®espitet éehacthignshance offered
about highly fluorinated organic mol ecul es en
hydrophobic mol ecules encourage thei pascyy. blitlii
case of fullerenes, carboranes and gol d 'Rh%anoc



More information is available about the inte
particul ar, It was demonstrated that i n compa
interact stronger with probdied nechaiamdhaseand eny
the protein structure. The chall enge of unde
investigating many proteins, i .e. FibotpPhda. ser
|l actogl obul PrW°Rede rutbli yq,ueitS.d adnxaprlaccrhéd t he i nter a
and sodium perfluorooctanaggreedSPIFON) ,prfomaen Nig
in the presescaefattahis Mbueowver, the compar.i
(SDS) revealed that the aggregation process ¢
stiffnessd/gfuetsihe [MThganstudy highlighted anoth
the comprehensi opr off eifdn viomtosmuadtaicomntcan be

stages -affgpedbasedndi seases (Al zhebonweirne Papg &n qi
encephal opat hy, dementia WNewherLtelwg| eébod,i etsh e raam

of complete understanding of the interactions

Asp 48 XS:SO

~_ Van der Waals force ’ V P
> | %
1 v,

H-bonding

t“ Asn 46

Ala 107

Figut@®otking profiles of perfluoiddecanoic aci

The | atter mechanism of interactions between |
to the formation of a protein coating, which
proteins act as surfactants, which help to ma
in water. OptisonE is an FDA approved contra

coll oi dal suspensi on of oactteadf | A6 S iBn®Inlo@ralnye, e

exampl e of surfactant proteins i s represente
amphiphilic proteiipsodAdiedghplemnmaHERBR2ct er i
remar kable surface activity. lts ability +to



formul ate i n water gaseous perfluorohexane mi
f ofEEMRELL %2 i s evidddtuorhae pnoeeiacti ons cons

bi omedi cine and the | ack of their full under s

1. Fluorinated supramol ecul ar arch

The preskEnbendo$ ICas an influence on the c¢hemi
sections, and it plays a speci al role also i
Proteins, peptides and amime @resdsnae eofstfirlomg

was already menti oned t hat t heir conf or mat i

|l nterpreting the concept with another view, m
tune speci.filcndpereadp ertthieesst udy of such i nteres:
them has a high research value, and this is w

this topic-asThbmbtermetsetr$ to thedabithéeéymodyn

equilibrium to spontaneously agedrnaeaegat st raenarr.
of the noncovalent interactTbaeasiotevactngnsan
typically hydrogen bonding, ionic bonds, and
i s conwe dkrtehde collective i nteractions can

Compl ementarity, compatibility, size and corr
assehtfiindeedssembfy i sbatom@madppedaah,i meaning
organi zation of mol ecul ar components -cdbeuyinded u,|
nanoaggregates. On t tecdpcwmppaogchjtwdi Ehecsor i
usage of nanofabrication tools, to create nan
starting from | arger di mensiofdd¥nandirse dtwsieng t1
is reached through the contrhootodgrhexpeonrcalsspar
spont dhencdese.d, the | atter-efidscmanwye,berefsiatt 31 ei,
it is highly selective and specific, avoiding

high degr eé?Potf ipserefveicdteinotn .t hat the fluorine soc

resulting in a powerful t oeals steanbt handenph hphi
pol ymer s, surfactants etc. has beredh ccoemttirmad e f
attractive for their wide field of applicati



catalysis and controll ed $¢%nnt hpeasritsi coufl aranols tw

outcome regarding two different materials: am

1. 3AmMphi philes and their supramol ecul
Amphiphiles are molecules bearing two distinc
bound to a I|ipophilic nonpolar tail. The pol
zwitterionic), while theithwtdad pthyoba chy &arn dc arsb

chain. The opposite nature of these two funct
causes a speci al organi zation into ordered n
(mainl prwat etdier sioitVemfsaca@aggregati on occurs ir
and it is contemporarily driven and | imited

components makes the entire molecule more com
amppropriate environment, dr i vi nga sdsiesnthrieyt ei so
outcome of the amphiphileds attempt to reduce
medi um, considering the crotndrra dtuitcen so fis maVl ol it ete It
sol sentvent -amldt'tsed)Pet soft nature of these in:
mani pul ate the amphiphilebs aggregation by mo
ionic strength and nature of the electrolyte

moludces in the medéaland concentration.

Polar head group .-/\/\/\/\/\ Hydrophobic tail

R ) o —
= &= ] gy
LRI
8 S , | f Wsaas
) R Planar
SHanica Disk Rod bilayer
micelle
TV
ﬁ'} P
Vedcla Thread Network
“; ( _‘;::xg} '3: //,.y 7, ‘\ : ‘
% @.&u«ﬁ
Twisted Tube Helical
ribbon ribbon

Figurlasit amphiphile structur@aseepmbhg Ssbppeshadopeedr
wa tléfr .



The high interest gained by amphiphiles is du

whi ch mahiyndtracipnhoai ¢ cor e. Thus, many of the
aqgueous medi a, and consequently acquiFnegur mpo
I B s

The most familiar aggregathgdropwatberc ic®rmicalhl

by a surrounding corona formed by the hydrop
amphiphiles can organise in micelles only ab
concentratieonsaklGf@pl vy Th nduced by exceeding t
changes i nchtehnei cpahly spircooper t i es Pmifg urlet!firt.els usl tqiuni

evident that those parameters which were alre.

the same that influence also the CMC.

(A) (8)

- |

£ ) ¥

=z 'g — Solubilization

€ " . ) Turbidity

= Critical Micelle 8-

o Concentration (CMC) LS

2 =

@ g

s| » 2

© o ucuv

= N .

@ | Monomer % Micelle Self Diffusion

1
Concentration CMC ' concentration

Figur2&hhnyes in physical properties at critical mi cel |

ot her pa¥fameters.

Apart from micelles, agmpbgphel es &maeioaposued
membranes, fil ms, FivewsrigElifehse, rteushbudIte sn getacg.gr(ega:
the different size and shape of both the hyd
i mportant parameters which allow to predict

behaviour anfiter suspensi

1. The mol ecul ar packing parameter (CPP) was

Mitchell, and Ninham in 1976. According to
there is a correlation betweenetbft whéuago
(Fi gurd@t??. 1

2. Thecabl ed Hhlyidproopphhiilliicc bal ance (HLB), definc¢
work of William?&r3°Grriofrfriem atesl19he. size al



opposite groups of the amphiphile with the
to predict I f It would work as em&igufieer
1.3“)1.23’124

a) Critical b)
Packing Critical Packing N Surfactant solubility / HLB Lo
Parameter Shape Stryctures Formed Behaviour in water number Application
(vaylo)
. S 0
v No dispersibility in _
<173 water 2
Cone
4
1/3-1/2 g Wo
Poor dispersibility 6 emulsifier
Truncated cone Cylindrical micelles
Milky dispersion,
%%%%%552?%%9 nstable 8
12-1 @ 0%,0%%% gg&g’é—g.’?’p "
. . . . . . Wetting agent
Truncated cone  Flexible bilayers, vesicles Milky dispersion,
stable 10
.0 E
Translucent-to-clear-
Cylinder Planar bilayers :olution 12 }
Detergent
g “@Z 4 oW
= Inverted ) Clear solution 16 e
Truncated cone Inverted micelles Solubilizer
or wedge 18
2
/ v MW,
CPP = HLB = 20 X
] ap - l¢ MWyt
v— ¢
Figurda)1 Mbl ecul ar shapes and critical packing paramet e

v=volume of hgefdphobive hamiddgaphebiaékemaTHe | esndympdpto bii c
bal ance (HLBMosealeé a MWei ght of t haet oityad r ompadhli d d wcl ahre avde
amphi pa3fi |l e) .

Anot her supramol ecul ar mor phol ogy which gai ne
vesicles. The reason is due to the natur al T
bi ol ogi cal pr omeensbsreasn,e ffoursiioms,t asnucceh as i n fert
intercellular et@Cbneegquenal yjnfkheyiomasult to

bi ol ogi cal processes, and for t heir mi mi c ki
phar maceutical formulations) alMfBromra ¢$cpsamob
point of view, vesicles originate when CPP va
surfacag arseasimMi |l ar to the hydrophobi cvatnili | cr



Figur3a ,1.cloming-1la@® wmwmthad®particles. When thi.

di sfavoured, making way for the formation of

Furthermore, the number of bi |l ayiealse sd e fti maets

unil amellar, but can also originaRiegumddl .clo mp
(A) Bilayer Vesicle (B) Multilayer Vesicle

FigurdB8i layer vesicles originating a classt! wunil ame
Typically, the bilayer pattern is obtained t|
amphiphil e, invol ving polar interactions betw
monol ayers of tails facimngnedohcesheBesstabi

vesicles are ther modymamiddlrliynm csrysiteenrsed bad |
for qgui te a l ong peri od (over 1 year i n S
phar maceut i araull /adld%mest.i ¢ f or

The huge number of possi bl e amphirghiiltiect st e
applications remark a strong interest in the

nowadays can be classified iedgt 4 different ¢

| . Linear amphiphil es, mai nly const-gtoupd bBni
organi sing basically in random shapes.
| I .Cr olsisked macromol ecul es, which are constit.|

water due to penetration of -ltikke sdlawdntc.i

susceptibility-ptea mkiafbfidsitoon and semi

I 11Branched macromol ecules, which differentia
more thaagr ¢ wos emelr mol ecul e. They gener all
| ower Vviscosity increase after macsrpoeemosli eocnu |
of similar molecular weight.

|l V.Dendrons and dendri mers, better described



1.3.1D&ndrimers and dendritic archit
Dendrimers are classified as polymeric struct
a central core. Each dendrimer is made up of
dendrons, three main regionsackhes b&dedrelkegper
grodpmeumber of demamdlyes he number ofi g@néi®ati o

Surface group

Dendron

FigurSédnhatdmy of!%8 dendri mer.

Dendri mers can be synthestoerdefgkhowongdt wer gi
|l atter indicates the exponenti al growth of tfF
next, while in the convergent approach dendro
ce
pe

X
ntralecbreal nstéap. Synthesis of dendph anseer s
p
growth mechanism originating stwantsage adf aad:
n
p

tide synthesis and oligonucl eotide one. Di

synthesis is the theoretical obtai nment of a

experiment al reproducibility and applicabilit

quite easy tosz¥& obtained up to G

The most exploited feature of dendrimers is

generation growth comes with the increase of
group bears the functionailviatcyi vstygharfpéemed.de
solubility can be i mproved by the rising numlt
peripheral moieties can make a d¥Adri mer with
Nowadays, the dendrimer field is in continue

there is a big variety of examples reported,
avail abl e), pol yamines, poltyheemisdes p(od-tyheys eeprt:
dendri mer s. Al l these macromol ecul es, with al



di fferent ways, and may originate very diFvers:

branched pol ymer s cFoingbuiréea?i Mbhrse oavred , o tt hheerys c(an

range of biological necessities, spanniin.ge.fro
ocular, oral, intravenous, intranasal, pul mon.
delivery, bioimaging (:mageéenhg¢,reds-abgaaeenpgmag
multivalent binding inhibitt°%¥3¢), scaffold for

Dendrimer
}/ ,
= [ <
o
o«
7
Dendritic amphiphile Dendritic-Linear Dendritic-Linear- Dendronized Polymer
Polymer Dendritic Polymer

Figurée&chematic representation 6% different de

The strength of dendritic systems i's their
el imination from biolacgiuanall adn ganiasids ttolxatci daw
ti ssues. I n fact, dendri mers o#0| aWamolaeeuled
through renal filtration, whereas bigger subs
orderbda degraded. The | ow toxicity regards ne
such as PAMAM, general |y -ddd pen daynta afAddni hca rhioye 1y
cases, pharmacokinetics can be tuned control]l
To name a practical example of twer kemgdrpmepo

new Janus dendrimer for Dbioimaging purposes.
Figuree deni ved this #damedf mamutrreei 1 nd publte cul
peripheries, one hydrophilic and one hydr opl
phospholipids. This -4galembatyusiuep rixvandaellre ciualt aers a g

di fferent imoclphodilmgimeanosi zed bil ayers vesicl



the first et men bXOilMe rpcaead i cul ar, Filippiods gr
JDGOG1(3,5), owanehabeanson Ghe hydrophobtc pe
MPA (B2 ,sd hydroxymet hyl )propi-OHi ttydcopdhi |l iecndgn
together by an efFhgudael dhecbydrephduec( perip
water environment, whil e t he -alsysdckermbp tyobiimc ma
dendri mer somes, -da&Mshaaag ggiuo.t HEhlece ryroesence of
vesicles delimitates an aqueogsoftotbkbewblirchi wa
MR| -WGalsed contrastFiagema ! BGdeiot eri dol (

a) o on ot 1 b) 25000X 30000X 40000X
Craas >_€ % /_l:\_g/\/lk”(cvsf*u)z e <
P o OH Y?N\i NS w
o~y K CHRZL g
CiaHsO o °>/ < O &_ _\ o 3
I} OH 7 ° on, 3
JDGOG1(3,5) Gadoteridol
c)
Pre-injection 1 Post-injection 1 Day 2 Day 7 Post-injection 2 Day 9 Day 15

Tumor

Figurfea)l Chemi cal structures of JDGOG1(3, 5)-TEMdi magee SMRd
vesicles originated from JBepGécad8nbatiwvwe mMMRai mamg-esn Re
i mages showi ngictomd reavsd | wtviean 1b6f dlays of MRI monitoring

This formulation resulted to be highly biocom
t wo populations of murine macrophages) with
Il ndeed, the proof of tHergdMRdnevas @festbwmi pgméw

on a mel anomad*miubPe naeu tnhoodresl .t hen used a therano

an antitumor drug in the agueous coreFofjuthbe
1.79 , coupled with cancer treatment. These re
known | iposomes for similar applications, b u

highlighted by their easier!3®y'dthesis and | ow

1. 3. 1F2uorinated dendri mer s

With the assessment of the powerful world of

of fluorine scanning, 1t is of special intere



cl ear

that any Il ittle change in the amphip

amo chi seéet ioDneecdo.r e n chrgi mer s and amphiphil es wi
onsiderably the HLB, CPP and CMC and this ma:

By virtue of the higher size of fluo

hains result to be bul kier and stiffer t ha
onformatdbopmpalntiree is followed by a more ri
ggreldattdideed, fluorinated dendrimers have .

ompar ed

Thanks
oncentr
mphi phi
ummary,
hydrogen
whi ch
Fluorina
mol ecul e
propert.
t echA¥®4u

mai nly

to hydrogenated anal ogues, and their
rogenated surfactants of si mirlealr bleemg
i fferent size and weight oY% ¥Puorine
o this high tendency to aggogegagati amd
ation is needed to obtain dduwealripat
l es. This favour s tahles oe ftfhiec accoystftbsmxd fc i
the properties of fluorinated dendr |
ated counterparts, and in particul ar
i-avsesse mhhley .s el f

ted dendrimers are widely exploited

s0 extraction from water), devel opme
es, biology (drug dekiaétregadpgd&Maeanheon
e .

orinated dendrimers contain fluorinat

four syntheti Eigp@BeoRichersi, n@asc amelse nd re.

dendri mers (case A), or to the surface

dendrons (C), or even throt’ghout the s

C
Dendron Dendron
D
Q = Fluorinated derivative Dendrimer

FigurB¥adi aus types of fluo¥P®nated dendri meri



Comparing hydr ogenfaltueodr i dneant derdi noenress wlietnhot ed t h
terms of bioavailability, with a higher cell u
react? VHeédryt.ther more, the highly stable aggrega
delivery of hydrophobic and -ffll wori ma titrdt endbid*eid
I n conclusion, to highlight the power of fl uol

of view,ypPeerdceencdr i mer s ¥‘fhei sbphakewmeakxampl son

with fluorines at the tail end of a dendron a
seadsembly Pieguar9gdifinrimor e detail, the fluorine
the dendron transforms the spati al conf or mat i

a flatdekeckthampe.

Cubic lattice Hexagonal columnar
liquid crystal

Figumghte. §tructutgpef dendrBarcscrepresentfelduomi nate di d e
its conicadseasmalped sted fl ead t o soprhgearniicsael ians sae ntbu biecs [weahtit
cr olwinke shheappearotfi al ly fl uorinated dendromrgiane $erii e htex
liquid cry%tfalline lattice.

The crown shape erntrepade.¥Y endt éod) tPlree cfeaer mati on of

spheroi ds, and provided access to an unpr ecé¢



supramol ecul ar structure mediated by fluoroph
seddsembling dendron enhanced its ability to
homol&oe. the tot-alssemahgeragnadn iszealtfi on pattern
case comes as a surprise. Additionally, with
behaviour of the material d9peared as new con

It i
not

such

s clear that fluorinated dendri mers have
surprising that researchers are spending

fascinating macromol ecul es.

BAmi no acidic hydrogels and their f

| Tecti dbihhe . 2onc-mpl eavieligrotv hydrogel ators (LMW

i mpo
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rtant feature of pepti deasanedmbd& mi nion ascuipdrs
ogels arises from the organisati,ont hiamkani
oval ent*®iAfP ear sautfifarcs .ently high concentrat
tion, MCG), these fibers entangle i mmobi l
es. Furthermore, the resultinggpecrrodous i scfu
anical propertiléd%s1®nd high water content.

itionally, hydr ogellsi nokrsi gh entaw eee nt/ r pponl/ gchheennti
s, but there are many advant ag e snaoonfcfoevrael de nl
ractions. I n fact, the dynamic nature of

gidity of the permanent bonds, which preve
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arch
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stac

Amo n
swel
t he

me c h

l udes rtéBrpomnes syemielsistty of supramol ecul ar
reakage and reformation of nonconvadietneg b
ing structural motifs are ' pected to hayv

iousl vy, the typical noncoval ent i nteract.

itectures alreadyhy®ersaph dleidec adryd r\bagre'nd ebro n\
ki Ag,gamelt acloor dg med ti oinnRdegda2dpic’ild.ns (

g the interactions, those affected by th
| i ng b erhaatvea roiual .o fGitvhieng an exampl e, the p
strength of hydrogen bonding connections

ani cal characteristics!*¥yrd®the swollen st a



Chapter 1
£
o)
{ & ‘Bondng. e .
PEsd = P
'."' }I'Iytdrop?oblc \ | lonic
' Non-covalent s
j\S“"\‘f interactions At
N & [ -
T_.ﬁv‘\\ °°9,,e)
S 0'6_‘600
resetions (i s
i)
o/ ,
.. | Van der Waals :_“
S hlfnt-e.raiclions Bonding
Supramolecular
hydrogel
Fi gu2@obovalent interactions used®to form supr
Nevertheless, such materials are gaining incr
span from tissue engineering andckedinguwound
catalysis, ah'd 3OEdH ospquearntiing,, the main chall
t hat supramol ecul ar hydrogels possess both t
mechanical YXRaracteristics.
Deepening in supramolecular hydrogel dtiipophof i

bal

i mportant

ance i s

fundament al

cont-as dembh loyn.

l nteractions i nvol vi

t lon tifhraetc eésr,eal dityido o hamd c h

often result to cooperate synergistically.
The association between hydrophemiyd ad&meinnas
excludes water mol ecules from those domains,
Consequentalsys,emblieg sdlafbi | i satilbinciisntmaxaaemt isems
other side, by polar groups inté%%atPh'eiQkaevy tho
of the hydrophobic contributionPhdeurdinge gtibde I
1.1)2.



Water/ NH,
Methanol i Acetone
— E—— ‘_
COOH O
Phe-Phe

Figurl®©nlitae -Ptheep dhhpeepti de chemical struct uras. s entbM ya nuapl o
di ssolution in high and |l ow dielectric solvéhts is sho

PhkRhe has been widely studied for its propert

shown -asosesmhbdife i n supramol ecul ar architectures
gel s, accoatdi*Plg mt o e Bwoarnktle rcso supported Gazitods
behavi otPrheofi nPlda fferent solvents, explaining
solvent (water, methanol, ethanol ) ilned hteo mehle

al | owi-ansgs esnebl Ify i nFtiogunrBBn olt.2beshé¢ contrary, the
constant solvents (e.g., acetone) |l ed to the
formation-lokeveaglBc ggnrlb)e,d .i2n or der to reduce

hydrophilic groups in theomadi sml vEotshelt maee
or benzene, defined an extreme condi t'®HBmi g n
example shed a |ight on the delicate bal ance

Fmoc

gass

Figur2eA)1l .chemical s-Ph-Blce MoBl)edf sEmactures representing
dur i ngPhFenmoec-asseslefmb |l y. Note pheaenhythgrdlbperaenglsapdrately
to illustratackhegpaatede of thasaedbtdyic moieties dur

Gazitds research went further with tNteerandidn ug
of the saiffei giirpe®@f.i2deer eny| medthpkhkgogl hbRimd ne |
Phe) formed fibrillar suprastructures very s



pol ypepti des. Studi es haasvsee mibd fpfhie H-emeodmotl Ratw | d s
cylindrical nanofi bril s byb-sihretearsl otchkrionugg hf ol uart
iinter &dtgiuoe®( 2
The Fmoc protecting group, commonly used-in p
assembly, and it gave inspiration for several
Among t loesel atth casreo maittihc si de chains are the f.
tyrosine and tryptophan. -pirhet éhad tgehd ag yognad m< i it ry
assembly, higher thermal stabt?ilthy farcd ,e ltaset is
- interactions bet ween argmauipses sli dé&i rcehtaliyn s
assocli*4dtiPon.
Considering the strong fibrillation tendency,
the hydrogel*dimongptocaeesply el ucitdmrte Hhydker om
properties, various chemicadssmeonblIfy cxattr aatnesg iwee:
the pioneeri negt owalF.knopHe My Il slsa@Ph en)e i(Fmaoccl ear e
wide number of avail abCtee rsmifmatisogieensa:t i prsad tdeke ttif
chaimexploring bot h di fferent'®*hidt epere Matfp,es
functionalizati on wi t h pollYamtdhys emeehegliyc oo
deri v@t%tAtdédng these, it is important to notic
is a trend which appears in most of the app
fluorinated amino acids in the next section.
1. 3.Rl.L.dorination as a strategy to in
The principal advantages and applications of
Section Tlhi2. 2section aims to provide an overyv
originated by FAAs as LMWHs and how this <ch
properties. I n particul ar, t he at tsenptriaoccnt iicsa l
wi despread usage asetLMWHdIi dd -20d@p lNp 8 isporpert i
Phe upon fluorei mataiidmbil® tploe i tdnrnoteheotpanmFait diter e h
1.32584
The authors observed stronger gel sPheft arndf Itd
i dent i fdiefdf earlestot amechani cal response, d@%endir
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ortho meta para
G' (Pa) 2185+ 59 4219 + 209 443 + 85
G” (Pa) 154 + 20 404 + 39 35+ 16
Fi gur3d@8EM. 2 mages of fibril net worrtkhPob &€ b6y d-meHFr#@ hEmdeeinyt ¢ @

and FpmaePhe (right), the relative chemical struGdéfre an

Althodbubhils were formed in all cases, and the
were different Kkineneitaamgla@f sfi @ i rdaatsi tdea srisge rdhd lit frin
t hanorttsheobsti tuted one. There was also a big

hydrogels (quantified by the rheological par
di fference bepa#wenr GCOabkbdt Pae and Ftilgas3de. dT &t h
expl ain t hress,e lbodtshe revlaetcitor oni ¢ and steric facto
the geometry and conformation of the monomer
and the wultimate character of t he adddt ogeael oh
fluorine atom and its positi"onteaacpéeonhsr bhah

assehfdl y.

Recently, wbukemsl dacemonstrated s uch 2shyynpnoetthreisci
benzmeamreadi ca-bbhergrdmiphenyl al amhaea)er admdi vahtrieeesnof

var i af fpsh e (3Lplh e ahk hd), shFaweaid &£ ERLp r i ment al r
coherently with theoretical simulations, conf
have a role in dictating the helical ori®ntat
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Furthermore, the influence -folnuotrh en aPhheed ovdFansoica |
studi edAbyamdV e ctAifmodg dRuep .an-8, P@c present ed ma
di fferences in behaviour and By dérlRoeg ed rag a mins epd
transparent hydr ogel and r eme&iFPshecldeiasri nared r s

under went phase separation after one month fr
Fmoex,Fhe hydrogel is justified by a more order
with a consequent higher strewygthnaadddéensnay
crystals is -3&g®bbedndbor obtnatned for the othe
prevad®ent



Further fluopemtaploeamoy n®IKao)chewkhere fl uorine ¢
al | the positions of the aromatic phenyl rin
el ectronegativity béigeee #Hhe&ndl Ect Assaowmr ipn

charges of the pentafluorophenyl ring are com
a) 0,089 - b) F-0,137
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% s
Figur®Ellec2trostatic potenti al maps showing the rever s

perfluorination (b) and their calculated partiat’®charg

The ter m rqaufaarmr u ptod et he néfatevaengopestiabveopo
periphery of a benzene/ phenyl ring. This el ec
el ectrostatic inteeacedtnopsawitibna,clhapaet(al
quadrWpPelr &l uorination of the ring causes an i
potenti al on the aromatic face and a negatiywv

suggested that the shift ofeelecalrionedensitlye

t han -ctlhoeb’dNse.vert hel ess, charge distributions
compl ement each other. -d&ee mbh(gfeqgiuse nlcieg hlsy trheai
fluorination in comparison with its hydrogena
F
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charged fluorine atacmmand cparytsit@elm d¢d hamdkesd t o quadrupol a

Il n 2009 Nil sson proposed a model of i nteract.
crucial role of quadrupol ari idi.amr geacdi, s ttrhieb u toi

mo d e | aligned Fmoc +maiaetei esst aicrk i amrg anfofdseeg t ,a nfda g



i n amrn deadcgee pac ki ggmmodle®(t his alignment, it wa
effect which all owed the interaction between
Thus, hydrogel ation occur-Plee dind andtewprmo dwd e S
same codFiutritdes mor e, t Peh(eff nasr @morsattriaotne goyf t o
i nteracti onass,s ernebgluyl,ataends edlifct ate the organi zat

hydrogel s arsdeimbltyheviint hcamot f"Wérinated pheny

These examples wunderline efficiently how ami
hydrogels rational design. Fl uorination is wur
organi zation at t he nanoasscsag eplr anes unmay sSsp a0y
insight to facilitateat-hdsdeéeveEMWpmenwwi oh t deh

applications.
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wasuphemet edyl at shstem and the mec

ogelae,t ameni ngetr el ease of pharmaceutical s

effect
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2. Dl iggloy cheasod d dsamdr immare | protei n:

During my research stay at Freie Universit?anR.
Haag, three different & ggo)e !l werda ot e sSltaendu sf dare r
solubillFi MRIttkentrast agent PERFECTA, with the

tracer for magnetic resonance i maging.
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Fig2rMol ecul ar structdiegredroifmarhe ttengteeed Jfammrust he enc

Literature examples of supramol ecul ar assembl
of ol i gwmayd gdc edehdri mers (from ged3er alie ami nlg t
fluoroal kyl chains were r egeorateedd cadidReE@epiairtes
l inear fluoroal kyl chains were subst-thwttoexdy Iby
groupdsi(ghu,%e,g2.elen dat tlend eeqgiluarfd uorinated bran
showed enhanced biodegradability and 12dwert8pi
Based on this bag&memathidon tdlei gseegloynaer ol den:q
branched (B) fluorinated F27 (F) unOHF{tdumagt
2)48This compound was di sper siOtl egnridnu pwsa.t elrn dr

prevent the contact between the | ipo-peskmbl £d
into uni | ametMareovesicltlsis supramol ecul ar
bi ocompatibility, holding potenti al as speci a



The structur al similarity betweenOHha PpRTmigs
carrier for hosting thfbBuMRInNnéranonoeeraekpbnst.
focus pointed on the designl anidooptuminzgtti oa

BFT &, which was provided by the coll aborat
i nstance, its hydr o®éin atasd syonud mteesrn padt, BHTG2 €
(Figurne 2.nl1 thitshe eiconas tciagaeti on pointed to th
i nt er Acit fi foenrse-Aitt of ream appsul ate PERFECTA.

BFT&S2 was the | ast dendrimer tested with the a
Ssubsti tOHt iegnmdo wpps wi tOS@ewabphdaemesastratedftfda nadry
for inflamMiGengralejiglsyperol sulphate dendr i me
l i ke s'fwhcchr edefstnreadng binding a nity to ce.
infl ammaterygcel dcaddhesi on modlecatl-eesl eaomthisP sd X m
on |l eukocytes, platelldt-Eh®eapdsivaiscel ahaegeoahn
of such molecules addressed the negatively <ch
amnti coaaq@uitaht aammmeatyiddiyt

The totally newS dwansdrad hmermr a cBitFeTrG2ssed mbhy t pr mpe «
capacity to encapsuOat evaPERRFHEMDTaA.e-8BRWO@2h h @ $ (T
efficiency, ceBMRU | aprerud ptrarkaencand i n col |l abor at

Hospital and I stituto Neurologico ACarl o Best

I n the second seanibbtherf i nthersescthianpgt etrvabk t o
i nvestigated i n ®oQallavbaorreastik Han e B tho EPrrsoift.y o f

' tal yl n ,pavot ipgwolwemneast adr,&dBeetvamusn Al b yFmignur(eBS
2)2 and hen egg wlri ge r)eCpo2beZryimee d LBFSA s hares 7¢
Human Serum Al bumi nd o man onl usdtirnuge ttulree H BBeSK @Dani r
mol ecul avrerBdiSg mtmi no~6Ga6c.isd sk aan)d and t he districk
bridges. Additionally, the physiological rol e

osmotic pressur e, as free radical scavenger
endogeompeunds. Thus, this gl obul aprarp reoxtceailnl ern
the bl odb®°&nt rtermem. ot her hand, LYS is a smaller
k Da) , known by the scientific communitY&s a
is the abpeevidbbgogcRbmur amoylrhoynd rwohliacshe it car
physiologic activity. I n fact, it is an antin



By virtue of its catalytic activity, LYS can |

basic const-pdéduienit se obhagtream al cell wall s.

BSA and LYS were alreadgupsétsentier@s®tpuaoesssnt:
|l east 6 nonpolar cavities, able t186n nttteea acdn tw
the presence of only one catalytic channel a

mainly one mdP%cule at a ti me.

Figurlkeef2t 2 Domain division of BSA structure (PDB refer

Considering these premises, BSA and LYS were
mai n purposes: i) the possibility of wusing ptl
investigate the inter actriionnast ebde tnmwoel eenc uplreost.e ilnns

information about the effectf®ofifsl uoorpiincatwveads

unexpl ored.



Results and di scussi

2. PERFECTA@dendr iMiRelr scoanst r a st ag

2. 20plt i mi zation of formulation prot

The first aim of the project was to desi-gn a
OH vesicles-Sando/ cardM BRT G2t abi lization of the p
high amount of fluorine atoms<m oMatRERFEGTAA eprr eh
solubility in most organic solvents, except f
hand, by virtue of it sOH yanrd gBhRdIiG2p | eanyde dg rgoouwopds
protic s oalsveantcsoohosuschahnd water, but they were
formul ati on methods were tested, considering
met hod and parametersd opti mi z®Hi oovhhswaas taewa ifl
in a bigger amount. I n particular, the opti mi
ratio between guest and host, iv) purificatio
All formul ations were prepared in 1 mL amount,
of dendri mer, adg®Sptraervtiionugs | fyr orne ptohrteea . di ffer e
investigation was conducted in order to deter
1.Sol vdernyt metchoondsi st ed in the solubilization
OH (5 mg) i n the mi ni mum amount of organ
respectively). The two doledi onsowdee mbxg:
fil m. One mb oMaspurhe nwatdded, and stirred ¢
formul ati on wa-sm ffiilltteerre d-e oon a pesnfiolvéaeb endo nPERF E
2.Melting: metimpdof PERFECTA was mel tedOHt 80
(5 mg/ mL) was directly added. The mixture
filtras«€mofni I(t0e rd4)5.
3.Thin fil:m Imemcghoadf PERFECTA eswasfseltaphiliazed.
dried overnight in a glass vial. ToOH h(eb5 r e
mg/ mL) was added. The mi xture was sti-rred
em filter).
Al'l the formul ati ons!FNewRe tan adleytseerdni baes sBelngb ¢ aenoic
supramol ecul ar systems, polydispersity and e



showed the presence of PERFECTA in at | east t
approach. The thin fil ™mabne hdwhiglaer et tdhealbeesrc
¥ NMR signal whendwuygi mgthde esoxdé¢lveamed iRi gfuroem

2.)3.a
Tabl eDLS. 1dattBNMRdqguantification about preliminary forr

preparation. Legend: S =m8bhwvdnt Tdreytmebhdd! mMmet mebdt i
obtained by dOH sion vwantge rBFT G2

'E' NMR guanti fi c:

DLS
PERFEC1T BFTG20H F/ mL
t ot ¢
Met h Exope e
Di ami Thec m. Theo P
PDI mg/ m
( nm) mg/ rmg/ nmg/ ( %)
(%)
. 1.8
0 i 442 0.: - i 5 (3509 2x TC
. 3.5 19
1 S 150 0.9 1 X 5 (690/4X‘
. 0. 2 2.2 19
2 M 144 0. : 1 (24c¢ 5 (440/3x‘
. 0. 4 2.5 19
3 T 120 0. : 1 (40¢ 5 (500/4_2 X
This initial screening underlined three main
i) Beside the similar chemical structFEnMBR of

resonance frequenci ese weatletl @aweidg htt d y guar tf iefr e n
Additionally, for future MRI performance, the
t wo peaks would be detectedi mpr esviigmgad ue oa mdo i

( SNR) ainmtghreedaccqqui si ti on ti me.

ii) The experiment aOHcwasealtways ohowér BFR&R2 t
fact could derivesfsreonbl ywo nf av@tE@mo dir legilcfe dont hi

caused a |l oss of materi al
i)y Al the formulation protocols redydcegd t
met hod, this might be a good parameter to eva



The attempt to improve the melting and thin
introduction of tempering and sonication step
PERFECTA formulatiord ®with other polymers.

Il n more detail, 3 cycles of bath sonication (
were added to the previously described meltin

at 70AC. Then, formul at o oneomwet emperfdt uroe cam
Filtration was maintained as final puri ficat.i
a) 0 - BFTG2-OH PERFECTA BFTG2-OH
1 — Solvent dry method -72.3 ppm -71.4 ppm

2 — Melting method

3 — Thin film method BFTG2-OH Lis

-71.4 ppm | L4
_'-1.2
BFTG2-OH PERFECTA
-71.4 ppm -72.3 ppm
H rus
BFTG2-OH [*¢
-71.4 ppm I o4
'l\ i\ | I oz
/ A o INMA worrns?’ ¥ o 0.0
-..0.2
0 1 2 3

b)
--- BFTG2-0H 14

5 1 ‘\ T Sowentdy 12 A
& elting Al 4
%0‘8 \Y o Thinfim 510 I\
806 . Z8 -.,
c 1 = \
o 1] w '
504 \ §° i
g 4 <4 .'I' i
8 02 \ i ) .:
0 A 0 AV .
1.E-01 1.E+01 1.E+03 1.E+05 1.E+07 1 10 100 1000 10000
LagTime [us] Diameter [nm]

Figuraff2NMR spectra of the three prasli mit n@amyObf ¢ BIRWGRteir
Chemical shifts are referre® $efl>xmaid exgmrer na) Dle$eaenceo
(left) and size distribution vs intensityOH rdaglhut)i orf ipn
water.



The comparison between mel tiTablapn dg aghel nnof iding
di fference, while a good I mprovement in term

same protocols without temperatuTfTablc.n23ibnc a nt

same | ossOlfwaBsF ToGR2ser ved al so in case of 4 anc
tested. Additionally, given the small differer
to proltcetelde wopgti mi zation of the thin film pro

conditiomnabRBepadDhe nHemoval of unloaded PERFEC
(2 x 2 min, 3000 rpm), which gave a good i mpr
6 (Table 2.2). Th@HI otsisl lofr efddda dd d By GRMR ss e e m
of rel#FeM®dsi gnal beasssesmbby. the self

The weight rati o of 1: 5 -OHetwbheohPwWRBEEKEALt ars
changed for further optimizati on.
Tabl ®LS. datFaNMRANdquanti fi cation about formulations durin

preparati omps=Leanpdrnd ngMmet hod with heat andwistomi t@aai on
sonication cycl es.

“F NMR guantification
bLS F/mL
o PERFECTA BFTG20H m
Method Putriglr;:a total
Diameter Theor. Experim. Theor. Experim.
(nm) PDI mg/mL mg/mL mg/mL mg/mL
(%) (%)

I 0.14 2.0 0

41 M Filtraton 107 013 1 e 5 (4oo) 25X 10
. . 0.1 1.9 9

5 T Filtraton 125 0.14 1 (10%) 5 (380 23X 10
. 0.32 2.7 0

6 T Centrifuge 115 0.16 1 (32%) 5 (540%) 35X 10
. 0.36 3.5 0

7 T Centrifuge 114 0.15 25 (15%) 5 (70%) 46X 19
. 0.33 2.4 o

8 T Centrifuge 126 0.16 5 (6.5%) 5 s 34X 10
. 0.22 1.9 19

9 T Centrifuge 161  0.21 10 (2%) 5 (38%) 3.7x10
. 0.19 3.1 0

10f T Centrifuge 158 0.17 0.5 (38%) 5 (62%) 39X 10




Four different raOHowePEREELCTAYBETG2: 2, 1: 1,

case 8, abih@g. 20Be nbest result was obtained
di ssolving 2.5 mg/mL of PERFECTA for the thin
of BFOHG2 The optimized fiFnglurger @t da@o | I's repor

|l nterestingly, t he sOHmpilne wla tsesro | Ttklragmu poafd dBoFnTe
vesi cl4eld ofm. On the other hand, formul ati on o

thin film method in the absenCEI murBRERFEGTA ¢

~

a) }
PERFECTA

/ BFTG2-OH

2.5 mg/mL ;
(ACOEY) /_ 5 mg/mL 1 min
HLQ e~ =]
m 4 °ﬂ 3000 rpm,
\U/ — X3 [ - ) x3 @ 2min,
30°C %\/ v =: rt
PERFECTA A
Thin film ' ”}%vé " Magnetic 2
: = stirring
15 min, 70°C (rt, o.n.)
T °) BFTG2-OH
16 -71.5 ppm o:
14
R 12 fos
210 BFTG2-OH
2 g 1 - BFTG2-OH 7.5 ppm PERFECTA
.‘LC’ 6 2 - PERFECTA@BFTG2-OH : -72.3 ppm
T4 | ‘ Loz
2 J fos
0 PN S 4L, I S
1 10 100 1000 10000 :‘
Diameter [nm] : 5 : )
Hydrodynandc . [PERFECTA] | [BFTG2-OH] F/mL
diameter 2 Sample
B e mg/mL mg/mL total
distribution
Size by intensity 500 = 3 nm 109 £ 3 nm 1 R 3.6 1’“ 0-88 4.0x 10
Size by volume 646+ 17 nm 94 £+ 7 nm mg/m
PDI 0.35+0.01 0.15+0.01 2 baethn 48 i, o 4.6 x 10"
mg/mL mg/mL

Fi gureb@helme of the optimized f ccrimwel atiisdam i fHruddainooctoh\e.s bhion
PDI , di ameter di stribution by intensity aOHd)  vaonldu m2

(PERFECTA@BPHTEFNMR s pelctarnach oat er. Chemical shifts are r
of TF® isei®.aid Spmamdard deviations were reported consi de]



The size reduction observed upon additien of
fluorine interactions, wahsiscehRbhigydr (ma. ZAddsii tsitoema |

optimized protocol afforded good polydispersi
atoms/ mL'H/4AmI6) xcdmsi dering the sumMHFf guaeh 2P BF
On the other side, the issue regarding -Qthe r e
was still pasesenrf i ramedd iwbBewhvamt owgsanaddded.hel
additi onefofmetslanol , t h@H awloiumht ood u IBdF FdS&Rq u a n 't

reached 89% (4.4 mg/ mL). On the opposite, the
same observe#igornputBFeowatoempa(ef spor et wat 25 %wa s
to another aliquot of sto®H faomrdmWPIERIFIECTTA Qluan

dilution was the same of the stock.
1 — Original formulation BFTG2-OH
2 — Dilution with 25% of water
3 — Dilution with 25% of methanol 24
1.6
BFTG2-OH 1:
\ BFTG2-CH
|| “ PERFECTA.
M PIERFECTA |‘ PERFECTA (N
ANV A JUL
1 2 3
Fi gur!&-NMR5 compari son between the original optimized fo

and 25% of met hanol (3)-OHThedpaakonstenent yi ofr 8&FJ&2u
sol vent .

This experiment confirmed@kdafhaBFOHh2Zvase dwet it @n t
assembly, which was not altered upon the addi't
di srupted the aggregates, causing the solubil

the fluorimg athemmagneti zati on.

Further more, the presence of t hve sti rbil @z oslpes cd Ir «
all owed to crosscheckOH hien ttohtealf iameolu nfto roniu [ BaRtT
The compari ssensbspweenodVopy akFidg WNMRwH.sGaaon $ i
with the hypot heasdse mbloy oisre dwa tTehre Isaerhgfer ed t he

building bl ock, and this was something to be



7 was con

NMRFi(gur)e

NMR
concentration
exp. [mg/mL]

m?
concentration
exp. [mg/ml]

firmed to be the best ca®OiHHi daetecttbéa
2. 6
14 214 nm —0.075 mg/mL BFTG2-OH calibration curve
! 1.4
1.2 I _ —_
— I 0.1 mg/mL 212 y = 3.3007x
g 1 I[ —0.15 mg/mL g 1 R*=0.9975 y
308 | 0.20 mg/mL Tos
':g; 0.6 : 0.30 mg/mL Z 0.6
<04 ' 0.35 mg/mL go4
o
0.2 I §°'2
! 0
O190 : 240 290 0 01 02 03 04
Wavelength [nm] Concentration [mg/mL]
BFTG2-OH
2 3 4 5 6 7 8 9 10 CTRL
2.2 2.5 2.0 1.9 2.7 3.5 2.4 1.9 31 3.0
44%  50% 40% 38% 54% 70% 48% 38% 62% (60%)
4.1 4.0 35 3.8 5.0 4.7 4.1 4.9 5.1 5.1
82% 80% 70% 76% 100% 94%  82%  98% 100% 100%

Fi gurTeop2-v6UsY absorption spectra ofOHdi fTfheer emnatv ecl cenncget nht roaf t
maxi mum was wused to define the <calibration curve. Bot f
BFT@®@H in the formulfablen2rédépantded&NMB a8né,thgeaamobtinedq

UWi s spectroscopy.

Beside the good <coll oi dal properties and re
PERFECTA which could be |l oaded was st t#MRIsmal |
was 0. 3%nmge/ nolp,t i mi zed formul ation | oaded a cor
threshol d. For this reason, a fourth method
publ i shedt®aprnoatnopaleci pitati on process was f ol

presence-OHfF{ GRRT B2 2. 7 a



a)

4
PERFECTA AcOEt removal
/  5mg
AcOEt
BFTG2-OH <> el '
5 mg/mL [ e ‘llol‘
HO —-h—» > —m—— 'S
0 . 1 mi 2 . » vaan}, Centrifuge
min - ' .
~ 25°C 25°C 100 mBar, 3000 r[;r2n,2m|n
400 rpm 600 rpm, 3h 1h, 30°C
b) c)
. 1=~ BFTG2-OH b
25 ||1%,, 2 2— PERFECTA@BFTG2-OH PERFECTA
20 29 20 -72.3 ppm
= .%[M “\-.? -:
t15 g% - o <15 A Loa
%‘ 8 101 16902 16905 ! g H BFTG2-OH Lo
210 LagTime [us] H i %10 ' -71.5 ppm ::
S ! =
5 /\ /\ 5 ‘
0 SN 0 : BFTG2-OH | o
0.1 10 1000 0.1 10 1000 -71.5 ppm |
Diameter [nm] Diameter [nm] B L ::
1--BFTG2-OH .
2—PERFECTA@BFTG2-OH 1 2
Hydrodynamic ~ R ’
Size by intensity [nm] 326+ 17 190 _i 8 [PERFECTA] mg/mL. ) 27504
1441 [BFTG2-OH] mg/mL 39413 46205
Size by volume [nm] 6717 13+ 1 nm F/mL total 43 x 109 10.9x 1019
PDI 0.19+0.02 0.37+£0.02
Fi gureeche/me of the optimized nanoirze idiidtartii Huhteipa t vasn @
size distribution vs volume (right); at the bottom PDI
formul ati eH)1 a(nBIF 2G2( PEROHBHLPTA®BRTSRAelc tarach odvat er. Chemic
are referred to an eQteaeinbadd SpeEdmed &amd ed ofi dtFiAom s Were r e
The new protoghdse nvodvetdi autbed by -QH e 5a gmge/ onuLs
to which was a@(8eedighuPEBRECH®.ec4. hiyllr)ogpona tsaet ead d i
foll owed by miom, ¢®0 ichikza)t e a white emul sion, a
hours at controlled temperature (25AC). After
and it was vacuum dried to remove theidigani o
met hod twnlexadead ePERFECTA.
The first di fference between the two formul a
presence of PERFECTA. Good polydispersity pr
met hod, gaveN¥erdii gluee. 2l 4bd e case of nanopre



were observable N& nhedliddidgiub @teXotTibn di9®at i ng
of aggregation. Due to the presence of t wo

|l nterestingly, the double peak sitwuation was
vol ufneg ur er i2Zghitbwher e only the smaller popul ati
decrease of diameter as a consequence of the i
in the nanopreai pihteatihom tthd m meabsémbhhg aohbl
hypot hesi sed. I ndeed, It is difficult to 1 mac
reduced size was foll owed by a Fsiiggunrilef i2¢ avncf aic
intensity of its peak in theHNMR gnnmdct rdierh i eax o
situation than iFn gtuhrge. t2ARiANcsf, i t memé&t? mebd count r
x 2%t oms/ mL, more trhamatnwo nt it hes caisghef f or mu

The nanoprecipitation data reported were refe

ratios were tested (212:1, 1:2 and 2:1), provin
of BFOHG2gave the best | oandi nagg a(ibnds t% 1dbf % naccahpi s¢
film method). I n conclusion, the fourth proto
the others, and was then ussed with the second

2. 2ChRRar acteri zat i osnulaphda tf eod mjud nau si  odne

BFT&S2F( gune wasl synt hesized in collaboration wi
Universit2at Berlin (FUB) through a multistep
Politecnico of Milano. Mor e dethBXxper iareanittiaotn hs
2.4

a) T T T T b)
48 T 0.79 x 104 M
350

0.83x10*

250

150 r

Fluoroscence Intensity

Fluorescence intensity

[4)]
o

= ' 4
! 1
W L 11 I -50 L = L

1E-3 0.01 0.1 1 0.001 0.01 0.1 1 10

Conc. (M) Concentration (mM)

Fi gurr i2t.i8cal micell e conBRfh@®Ha(aon gtdenMC sBrpTd@H )i I e f o




First, the critical mi ce$l wacsodeteat mahednus¢iCl
fluorescent probe. I ndeed, this dye has a sol
fluorescence emission i ncrree afs®&tdnmheach.e o mmacebbeas

CMC of -BRT&A8d -BFIT$HS2r ép qgrutrieedAditbhough water sol L
S was expected to-ObBHeg hhghks thabhBFpG2sence a
CMC was very cl o®Hd, tondhaatiohgB&TSES2mi |l ar aggr

After CMC, the dendri mer waispemhairlaice ebalzeamnc é o

predicassembbgl behaviour in water and its cap
a) Nl | c)
‘ Surfactant solubility / HLB S
Behaviour in water number pplication
il
' o s e 0
No dispersibility in { _
water o
616-L 4
HLBgprga-on = 20 T - g 8.5 cm::l;(i)ﬁcr
1447 Mol Poor dispersibility 6 7
mo
b) Milky dispersion,
unstable 8
Wetting agent
Milky dispersion, s
stable 10
Translucent-to-clear- 12 }
solution -
Detergent
14 .
2240-L oW
HLBBFTGZ—S =20- —g = 14.3 Clear solution 16 cokilsticr
3138~ Solubilizer
mol 8

Figurae) 2Pi9%t ur@H osfuBgFelmc2i on i n wal esrus penPiacrn uirre wdt eBrF. T (
determi nat iOHn vaef BFFRTG@2 reported. Equ'ddilbe hydiGomibedhint we
bal ance (iHiGB) fdd@f escal eo

According to the HLB Fd galrea nBred®dmro D&’ 1'FB F-EGR2f f i
(HLB = 14.3) has a much higher ca&mHac(iHLYB o=f 8s.:
These HLB values determined also which type o
of the &orecrnifmera$!| yhoBIFIT GR2esu-tol ear asoranisod o
BFT@H should producExpemimkygtdi bpershenpredic
as shbBwguranZ.®maconfirming the | oWdr i o0lt hlei Imiet
than theesdrpmatredFdl|l | owi ng tSh es hsoaunhed ebset ianpaptli



emul sHifguerre,(2am®at it should behave as a deterge
from BOH G2l assified the dendrimer as a wettin;q
be dissolved i-8. wabhereftbaer, BFT GRhien es uwipthha ttehde ¢
was expected to solubil i-G. PERFECTA better th

Then, -BFW@3s tested to dissolve PERFECTA in

protocol. An ethyl acetate solution containin
solutionSof SBmRITGArAHy, ttoheB T G2 ag ¢erteag adtuas owma o f
both in terms of intensi tas saenndb |vyo | ouf4& ehparrioed UBeFeTe
aggregates of different sizes, a28mMalnim ama wi |

one of a microwmelitdi oo$si be wkemoked by centrifu

di stribution individuated only one prkidpumrea ar
2.)1.0
25 | F 1~ 25
208 “-\-: ﬂ
20 808 b 20 i
504 _
9 So.2 3
15§, W =15
= ©  1E-01 1.E+02 1E+05 £
é 10 LagTime [us] § 10
<
5 5
0 PR s ‘ N [ — :
0.1 1 10 100 1000 10000 O-1 10 1000
Diameter [nm] Diameter [nm]

1=-BFTG2-S
2— PERFECTA@BFTG2-S

Hydrodynamic
diameter distribution

4643 + 34

Size by intensity [nm] 281 +28 I?jff
81 o
Size by volume [nm] 6+0.1 14 =2 nm
PDI 0.55+0.03 0.43 £0.02

Figur ®LS. tharrze oif stri bluteifotn) vasn di nstieznes idtiyst ri buti on vs

di ameter distribution by intensity-Sand nwdol2u nie EaRBIE O TeAp@BI
Standard deviations were reported considering n=3.

This resul t was consistent with the theoretice:

di fferent types of arShiandcBHT&R expected for



On the other hand, it was curious that the suj]
S and PERFEGOW@BBENTGRi ons had iNZnnimc &k diBimen:
respectively.

The difference between the for muHiadgu rom.s 2 Twiags
encapsul ation of PERFECTAS,wawsh intuhc hg ahvi3eg Bae nhgohandt |
(78% of t heFisgurnd, i2nvdmil3yenkg.,7 mg/ mL wer-©Ha¢ b # &y e
Figur)le. 2. 7c

1==BFTG2-S
2 =—PERFECTA@BFTG2-S
PERFECTA
-72.4 ppm
BFTG2-S
-71.6
BFTG2-S !
-71.0
1
-70.2 ppm ol o2
, -70.2) |
| -71.1 ppm (o1
NAAN ) ). ‘.« !
1 2
_
[PERFECTA] mg/mL - 39+£0.7
[BFTG2-S] mg/mL 29417 43409
F/mL total 1.5x 10" 10.5x 10"

Fi gur éE-NMR 1s pelc tarradch o2vat er . Chemical shifts are ODebetred
at7r75. 5 Sgmamdard deviations were reported considering n=3

|l nteresti-BgbyigBRatGG&8d more than one resonance
in the absence of PERFECTA. This behavVi’8he wa:
downf i el-d0.sd gmmm) (i n the PpPpedtarbdm dbfel BTG t o
of the dendri méerl,. lwhpiplme walse -appesaknbdlte toat bbi s etk
mi cell®t &%®e presence oFloBepmmyei peRERFECITAQBF"
PERFECTA signal, could be r el atnetde rtacc tti hoonsse wmit
The complexity of the system and thetesciwangd
be interesting to be studied inSdawail abBecg¢at

will be carried on in the future, after synth:



confirmed that BE RSFYyESGTAANM@BWd &2 po |l ydi sper se, p

mi xed aggregates, but al sSo monocomponent of o

2. 2Ma3r phol ogi cal <characterization

The diversity of the supr admoflfeecruelnatr maestsheontbs! ioef
presence of PERFECTA, and the diffemregmotgehyp:
transmission e(lecdyaMon Mictoasespwere acquired

) R
" 4;," 3 -'.z-.
5;;1::{:"0‘." S .
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Figure)2.€clrByM anal ysi-GH oifn ‘BaJtGXtEyw» anal ysis of -BHERFECT.
formulation through thin film method. The insert shows
100 vesicles.

The thin film method gave supramol ecul ar arch
the same 'd¥asliré Imes . were cl ear | yFiwgedrlp , d2eaf i dn etdh
presence of PERFECTA did not alter the over al
to the vesicles size. ThiSeateisaFit@ uwXesl2c aimad ii g tme
both the | ow polydispersity and the reductior
measur edN1t7o nbre and mat ch&d perfaettubymehsul®d ¢
encapsul ation yield tod tPERFELINA tohal dPBEBFHGEA
bet ween the bil a@dr Whemed by BFHLRr heasd wag he
to the water environment, while the F27 buil d

coul d coaret aantt oonly in this | atter region, onl



CryfEM anal ysi-GH oifn BwWartGer , obtai nedFitghurroey gzh. 1n:
evidenced vesicles shimjydrag .2.8lu2ghei pregi pusaoa
seddsembly was observed aFitgeurr e@)d2d iwhbmm e s iPcEl
mostly replaced by micell es.

a) RS

c) Rty

vesicles measured

1357 911131517
Cross section [nm]

@ (nm) =10 +1

Figura)2 BB anal ysiOH dforBeT@2 ed by nancoprE&Ewompanal yensi
PERFECTAO@BHT &2 r mul ati on through nanoprecipitation meth
Cross section distrsbouéementcafclO@tmdcepbes mea

Dynamic |ight scattering investigation confir
obtained fitti~vlgq DS odatca ostsowedti on, and t he
the measure of 100 micelles was around 10 nm
architectures could justify the I|little diescre
of a3e$¢émbly between thin film and nanoprecinp

|l oadilkg MRt peodmoudth of PERFECTA which coul d



was <considerably higher than in the vesicles
PERFECTA with the aqueous solvent within mice

The -TEMoanal ysiSs cofnfBFRTm@a t he expectations, &
The higher solubility of the dendrimer and th
presence of s malTIE Mnipciecltluefe grune golrzt. ecd g/(o

Figure)2 .€'BM anal ysiSs foofr mMBIF BG2d by nanopreEMpanmnaltyoins
PERFECTA@BFT®2 mul ation through nanoprecipitation metho
calculated upon measurement of 100 micell es.

Due to |l ow contrast and small size, it was no
gi ven byS, BFaInGR s o t hey wer e supposed t o be
PERFECTA@BFT(&G2ver age di ameter of 3 Inme)r.r o€ o ndsui
manual measur ement , this result was not signi
confirmed that the presence of PERFETSAI men cofe
data was furni sThaedbd ei 2.t3he f ol |l owi ng



Tabl €ompdari son between size of theTBNgfegatakbs mbhastoett

Formul at. F(r)nref[mrj]lo? D(nLnSm)s TCI:ErMy(;
(" nm)
BF T axH Thin fi500 N ~280*
PERFECTA @BMHT Thin fi 1209 KN 97 N
BF T @xH Nanoprec 326 N ~ 26°¢
PERFECTA@BEMHT Nanoprec 14 N 10 N
BFT &2 Nanoprec 8N 1 < 3¢
PERFECTA@BF Nanoprec 12 N 3 KN
*Amount of aggregates observed was too | ow to determine
**\ggregates size was too small to be measured manually
2. 2'F¥MRI performance
The suitability of these formulations for mag

evaluation of the relaxation properties of th

1 PERFECTAQOBEHTGDr mutlalmit edf i | m met hod
2.PERFECTA@BEHT GDr munhaap eaci pi tati on
S.PERFECTAQ@BFT®G2 nwuhaapeeci pitati on

Tiisp-lattice imaethdxspisipom r d&lwaex &t idoent er mi ned t hr
experi mENMB. byt was already mentioned that a ¢
shor,t ih order to i mprove si get®l glhirairgintt ees si gm
|l nformation about PERFECTA relaxation Spridamper:t
Tiranging from 356~2®0 7M@Yeams ecte mearddiTng on t he
sur f a®¢t%&nit®y. 201



Tabl Expedimemdradl axati on ti mes

Met ho Formul ati on T1 ik
[ mse [ mse
) 1 BF T &XH 381 25
Thi n

PERFECTA@BEHT ' pERFEC 420 60

cipit PERFECTA@B)FHT'PERFEC 460 101

Nanop 3 BFT &2 497 4 4
cipit PERFECTA@BFT pgRFEC 4809 110

Since the peak of P ERF EFONTMAR wsaisg nnaolts oovfe rtl haep pae
possible to sepactalfiekbpcbkbvabmpbaeeint oTalklhe .04
PERFECTA and dendri mers -fdtwtaiycse di slpdagteido s i i 1
reported for PERFECTA Jwmst lad wlaiytse rsahtourtee.r . Sil mi
showed quwi hetlgeodad3e2aon3l flom mudlameloatsigormi ty of
af fect-@glmotbhiel i ty -apdnitel apathi on was the shot
formul ations. Formation of micelles mighit i mp
> 100 msec, which could be considered effecti
doubt -BHTW&s more riSgi antdhagrravehwbhG2bryoshdrbl @

signal

Given the promising results of PERFECTA encap

'£MRI measurements were performed by Dr. Crist
Raffaele Hospital and I stituto Neurologico AC
'#MRI was performed on phantoms cosFEapgnieg2utf ¢
b) using a 7T instrument. The | ow amoungaekt PE
a MRI signal with a very bwwrscsemedatshe Adal y s i

of f or nmalngt itohnes bri ghtness of the two signals
spots over a black background. The resonance
for the iexpleeti iikedh ¢ miec al shift frieBgfuTedd i es o
BFT&2 and PERBE®IAmeasur ed coor rae sloinde ng t o a
ranging tfor o3nif.@e4 .U | formul ations.



a)

SNR
o

19E/mL (x 1019)
>

w

1 2 3

Figur ec PE-MRI of PERFECTA formulations 1, 2, 3 with the
SNR for each/ mlamplant ieffi cati on obtained with the usage
calculated upon 3 replicates.

The evaluation of SNR made possible to ident.i
signal ori gi ndiFed ulrye) 020 rtmhud ad2ta@we rsa dei, st ant f
l imit and this justified the good spot visual
of external references, to quantify the MRI a

t heex per i neecnttiaoln s2 . 4

Tabl &/ MML5 quantificalPamd @wantfiofrintudtaitamnby NMR was repo
from PERFECTA and the respective dendrimer. Then, the t

'EONMR (FI¥mL x 1 F MRI (Fjn

PERFECT Dendr.i Tot a Tot al
BF T G N
1 0.75 2 4.98 1.6 N 0.
BF T G i
2 4. 76 . o 9.909 4.7 N 0.
3 15. 1 Biggz 17 . 0 18.2 N 2

The numBbemtoms/ mL obtained by MRI was compar e
NMRTdbl p. 2A% expected, the amount ofanmdmsaonbhumgt
derived from PERFECTA. Thief cBEOHE2 whi dcthe ctaa ste



decay before the end of the &8cgsusptishnglOyn,
amount of F/ mL corresponding to the -Summary c
Il n summar-§, dB8RAKGLt rated to be strongly intere
PERFECTA, but &flesufboedMRDbD. betbomg enough to |
signal guality. The results of this pRBasi mhaea

best candidate for i maging purposes.

2.2Ceél ular compatibility and uptak
I n order to evalwuate the potential of these f.
i mportant aspect to be addressed. Two di ffere

monocyte macrophages U9 3aN.e Tah el ifroercmhie rc owrgpsa rci hsoo
ar ti®whel e U937 are known to be main actors in
could be actively targdted by the sulphated d

Cell s were incubated with dildeadri memuktanhtcen
0. 5, 0.25, 0.125 mg/ mL, respectively, and vi 8
(Figure. 2.15

a) HelLa
160
140 —al— gy . S
120 | 7 : B MQ
100 I = SDS
80 BFTG2-S
60 3
40 mBFTG2-OH
20 m2
0 —
0.5 mg/mL 0.25 mg/mL 0.125 mg/mL
b) U937
120 b | L]
100 o e Mma
80 =SDS
60 §FTez-s
40 = BFTG2-OH
20 u2
0 ER
0.5 mg/mL 0.25 mg/mL 0.125 mg/mL
Figur€e?2l 1%iability of HelLa ce$| sfammdulU®DHommndu hBF @I &
2 for 24 h. Cel | viabil ity waAsl ddreitcehr)ymi nEeadc hu sbianrg rae pG @K8

three experi mentpshatSeo d(iSubns )d-Q dleds)tly éarnsdy MQ )| Itireat ed cel |l s



Onl y f or 2raurl 8Bamteircenst est ed, accorrBMRIg per ft hremapnrce
compared to for auH aandnrBF OS2 cBoFNTt@20 | e v eAlolp e d
eXx hidbiotp#t @x Lacnid yc pwltde nta al ly appropriate for u
A preliminary uptake experiment was al so2 perf
and prepared encapsulating both PERFEGTAcé&nd
solution @mgNhLet Reld acetpategpad@eldof wet e added
PERFECTA sothyl omdéwmame xt ure was a&dhdaetde rd rsoopl wit

ofdendri mer, and then treated according to th:
Section He.LZa. landveW®3 % heel tg eated with Nile Re
of i ncubation, confocal microscopy I mages wer
(FuB). As positive control, a Nile Red gsalhut.

Hoechst, becomingFivgurieghl2. 1la6s bl ue spots (

Figuré&l2otéscence microscopy images of stained nucl ei
Positive control of Hela cell 8. )2 amg/NWO8 7 Réd )i hr ®MS
uptake i mages20Mifl ef oORebl |l ianti emnal i zed b@elHedlaarc edgdtsak(ec)i
for muBWii enRed internalized by in Hela cells (d) and U

The experiments showed that the Nil @Qam¥whs(Vvis
uptaken from both <cell | i nes. Il n particul ar,
fluorescence after th3d htame avti mehn2f owumpld ea& K omg |
uptake ofFitdier ¢dp2 . m&a ¢ he ot her hand, no part.



for U937. From this experiment it could be co
l ines and the uptake did not affect cellul ar
The internalization of Nile Red was not the g
order to proceed with further MRI experiments

carrier efficacy of dendba memnmd . .U9ITh7 sc,el@lash ewi til
3(0.5 mg/ mL ©oébrdeéddri mere)ll s were washed, cou

detergent. The <cel |l 4F-MMR Itys ad wa lwmaast ea ntal e seuwc o
amoun€/ okl !l . For the quantification, anXexter
was used. Preliminary data obtained for one s

Tabl Quanéi f tE/ami omptodken in comparison with the F/ mL a
referred to the sum of both contributes of dendri mer a

are also reported. Theenmpvakadmiefesseto®dt he F/ mL uptak
HelL a
1 ! 1 1F/ ce
Sampl e ?/m>_L .1();0 ?/leb(% % upt
admi ni s upt ake (>13)§
For mul3a 2. 73 0. 096 1.63 3.5
BFT &2 0. 25 0.031 0. 35 12.5
For mul2a 2. 96 0.11 0. 69 37
BFT & 1.61 0. 06 0.58 3.7

Data exfgadbeéeddii2dh 6not evidence a significantly
formul ations, with a percentage around 4 % in
found for th®&. chAsttrioe s BFda&at2a have toohsidepaat
about the possible reasons of this phenomenor
admi ni str atS otho oU9 3B7F Tn2c r o p hvaegre2sd (7192 . Sf%oa b oUeD 3H¢
2.®&nd )7 which couldelbeectdweéetyoothehe sul phat

infl ammatory cel |l s.



Tabl Quanti fitE/ami omptodken in comparison with the F/ mL ac
referred to the sum of both contributes of dendri mer a

are also reported. The&ewmptvask emadrneifneirsst etroedt.he F/ mL upt a
uog 37
1 1 1 18/ ce
Sampl e ?/m?L .ﬁo ?/leb(% % upt a
admi ni s upt ake ()13)3
For mul3a 2. 73 0. 17 1. 34 6. 3
BFT &2 0.25 0. 06 0.52 23.7
For mul2a 2.96 0.11 1.03 37
BFT &2H 1.61 - - -
Mor eover, the comparison be&tawm@emnspheyadptakesi

di fferenée33 3. 7TWis result enhanced the initd.i
BFT&S2 coul d be the best candi dakMRIf otre fStug .t hfelre
of i nternal i-QHMtcowm|l dfba8BFAWGE to handling probl

wi || be necessary to replicate the experiment

2. 2Fl6uorvenitsywydlr ogenated dendri mer s

As a final pr#ofintlerialcei omsebee ween PERFECTA
and BBTG2he hydrogenat e@H cwausn t eyrmptalre s iosfe dB FfToG2
dendri mer, -OHdF(gdrn8HBAG2 used for comparison t
fluorinated one, as wel |l as to verify the pos
interacti ohsoronsseatfectt

Agai n, the hydrophilic part of the dendri mer
hydrophobic part. The procedure for this synt
out through 4 steps, stbutryli nggc Bgtoart Epse na lmceuty tth
BHTE2H are reExmpteed neeanttitadire s2 . 4

The estimated HLB ®©H h23. 8ledeffimed BHTG2 det er g
act as O/ W emulBFiTi&d2er Tlse ms dlaubbiyl itmati on of t

formed one main popul ation of aggregatfegurebs



2.)17 Thassesndllfed architectures had an approxi

mi celles of the sulphate dendrimer and consi
presence of bigger aggr egatreishutwhaflo hpua pespiezaal e(d
The nanoprecipitation protocol was used to en

5 mg/ mL sol utQOhk.n Tohfe BoHITtGc2o0 me was a high pol
di spl ayed two main popul ati ons49 annb,i gvgeerry odnief f
what obtained wi Fhguhe. Bad& dendri mer (

5 -- BHTG2-OH
12 |5 \ Y — PERFECTA@BHTG2-OH 1.2 500000
504 [N
g IR} -
o 1 B\ A - 1 i 400000
E C 1E02 1EZ 1E+08 " ' aN)
& 0.8 LagTime [us] i ". E 0.8
£ i [ & -72.4 ppm 300000
206 Pl S06
% H o 200000
204 | S04
8 5
=02 B ~ o2 . 100000
C i AT ) |
a / L i - 0 fa ] J e
1.E-01 1.E+00 1.E+01 1E+02 1E+03 1E+04 1E-01 1.E+02 1.E+05
Diameter [nm] Diameter [nm] 1100000
) T 720 725
eyl Gl BHTG2-OH PERFECTA@BHTG2-OH
distribution ppm
Size by intensity [nm] 4;;:]3 ¥
2
Size by volume [nm)] 8 f—;
PDI 0.32 0.55

Figurée?2t}7DIs$ zehadritstafi bauntdi osni zves diinsttern sbiuttyi on vs vol um
di stribution by intensit yOH nadn dv oP EUReE GOitAc@BREFIBRIR) esdp efcotrr ab
OPERFECTAOBHII G2wat er . Chemical shifts are DODeser7BddHt at a

pp.m

Unfor t,ufaNMiMR laynal y s ms celmecroeus ririaggi unrge . (2THE quant i fi
of PERFECTA was 0.07 mg/ mL, equivalef@t16Yx11
F/ mL was too | ow d&toir'dmlRiyn further appl.i

This | ast resul tf lcoorfii meneidntt dhradc tfil mrog | amree nec
water, determining the straightforward super:i



2. PERFECTA@protein compl exes: T

I n coll aboration with the University of Bol og
originating two new systems PERFECTA@BSA and I
vol ume of1B8Anemalsi psoid with di méhishiidres :f or4 LY ¢
~21 %mllipsoid with di megFfsTbus; doBsxd&8riOng B
an estimat-e3d Afmbumethbfan one molecule of PERFE
proteins. Additionally, BSA has more than one
PERFECTA. For this reasons, di fferent stoichi
anal ysed.

2. 3Chitaracterization of the formul at
Formul ations were prepared by Dr. M. Di Gi 0
(University of Bologna) by wultrasonication of
PERFECTA. The procedure was previously devel o]
and C70 with 1°%e83%prhe sp wetreei mmsn.al ysed here at

The | oading of PERFECY®NMRy,s bgyu ammeta nfsi eadf tahmr oeuxgl
TFA pOn RAdditionally, characterization of the

performed by multiangle dynamic | ight scatter
PERFECTA@BSA (in this chapter PERFECTA wil |l b
compl exes wil |l be named P@BSA and P@LYS) were

investigate the presence of dioscoedetcawnist we s
of PERFECTA were studied (6:1 and 2:1 molar r
with an excess of BSA (1:2 and 1:7Fabland@. Binxe
amount of PERFECTA awmgpd euws, e dvhfidre alhle tameount of
to the different mol ar rati os. |t i's worth
determined a rise in viscosity of the final s
byhal ving the concentration of PERFECTA from

concentration of BSA, the highest which could



Tabl SatpB8es analysed with tBh®RAndc eRPERREECTA usoendc efnotrr atthi eo

Sampl e Mol ar re [ BSHM [ PERFE @VA]
PERFECTA:  ( mgmL ( mgmiL
01 (g ié)7 (1:1)8
2t (2 D) Cap
PessA bt (1633 (1:1)8
b2 (21'-30)02 (1:1)8
Los (?-33@ (Od .55)
BSA ] (16-60. 0) -

1FENMR spectra acquired from aqueougigampgl,s 19
that could derive only from PERFECTA. I nteres-
classical s haMPI pperakb eo.f Itrhdesed, the typical p
the dendchamees wkars2 accompanied by another broa
Furthermore, the | atter did not disappear whe
40AEi ure) .2 .TWibs result could be due to the
PERFECTA. eTchwlises mon the differenitf msoglkeatl s rhiygh
changed environment. This observation coul d c
in BSA which could play a hosting role. Addit
be no specifig PERPECTA among ntdhen avail abl e s
as in case of P@BSA 1:4, should originate a pr
the highest affi OntyhtontRERFEEGMA, the increa
originate a second peak because of the satur a

peaks appeared in al/l cases, suggesting an eq

Moreover, the quantification of encapsul-ated
70 %. Even an excess of probe, as in P@BSA 6:1
0.7 mM concentration of PERFEQGTA onc)o rcaeersrpeosnpda
presefnl.e5 b/ ML, ver#HMRIl odket domt i on Sddtmidn ob.sk.ra



makes these samples scarcely suitable for MR
concentrating the samples to consequently in
making this solution not practicable.

a) P@B_SA F NMR spectra P
ratio

-72.17ppm , '] - P@BSA1:1 32°C
N | -P@BSA1:1

|
|
-72.38ppm \Y |
|
V| —
6:1
]g -'71.4- ' -'7;.3- ' -'?;.2‘ ! --7;.6‘ ! I'?é.DI

2:1 J c)
~—

) 100
. \J 3
1:1 / '. 2 80
— L —— k] g B .
E 60 gt
1:2 .
7 _ % 40
o 20
1:4 #-//\‘“L ES 0
6:1 2:1 1:1 1:2 1:4
15 75 70 P@BSA molar ratio

-72.0
11 (ppm)

Figure)lZNMBR spectra of P@BSAabbhmpBb8mdeakrshettsnand ¢
referred to an ext rnaletnfesarpmnm.e ) THEADLMRNI sfpoenc threa woefe n
P@BSA 1:1 acquired at different temperatures. ¢) Amoun
sampl e.

Samples were then char &ctgaripz 2 ARKBY f muolmuil an g lo
polydispersity index (0.3 < PDI < 0.5), and i
Excessive polydispersity prevented the determ
al one, provengetbatht gk pmesnts of BSA afford
di fference Iin size was appreciated with incre
40% with @&@EREECEFRO(onfm), compar-d 0t oom)he 1:1 r
Considering that the best results weraemdoldt ai
experi ments were conducted on these sampl es.

T P@QBSAAIT:1=16 46 ms3F8cl msec

1T P@BSA A6T:1=166 3ns e eF33ms e c



a) b)

5 1.0 =
Q
= 0.8
BSA %
© 0.6
s
6:1 B 04
8 g02
- =]
2 ©0.0
g 2:1 1E-05 1E-02 1.E+01 1.E+04
3 Lag time (ms)
N
T ’ \ ) c) Hydrodynamic .
g 1:1 Sample diameter [nm] PDI (90°)
Z
BSA* - 0.5
1:2 6:1 120 (R2=0,99) 04
2:1 118 (R2=0,99) 0.4
1:1 190 (R2=0,99) 0.3
1:4 1:2* - 05
1:4 204 (R2=0,99) 0.3
0 ! 1000 *Not measurable beacuse of the high polidispersit:
Radius (nm) anp persty
Figuralamd@ari son between DLS profil es Toafb |senez2es 8ddesdt raitb u

90A. Sampl es weQe waitlut eédc wirtder Mit lol ir each bad grodrtreeil natcd oon
functions of tdhe 9®Ayndr osdaynmpa nessee adted admetteerrmi ned by a- cumul
correlation function obtaali=n&@d®d At h®®ddgh ADBS measurements

Even i1 f talme ltomyshoes Were not encouraging f
interesting to study the interactions involve
The same preliminary investigations were cond

t he concentration of LYS was mai nt ai ned con ¢
PERFECTA to reachaltlhpe. deXired ratio (

Tabl S8atp9es analysed with th¥&ndh ePloBERRE GTaAl ucsoendc ef notrr atthieo

Mol ar r & [LYS] n [ PERFECTA]

Sample peRrECcTAS  (mg/ mL- ( mg/ mL)

_ 1.0 5.0
= (14.0) (5.0)
_ 1.0 2.0
21 (14.0) (2.0)

P@LYS
L1 1.0 1.0
' (14.0) (1.0)
_ 1.0 0.5
L2 (14.0) (0.5)

1.0
LYS i (14.0) )




The choice to Iimit the proteinds concentrat.i
presence of one single catalytic channel mi g h
potentially a 1:1 mol aary alNlMR.qgWant ihfei camnitomr
screening different PERFECTA: LYS ratios displ .

|l ndeed, P@LYS 5: 1 showed a higher amount t he
PERFECTA con@8eNiDt. r3afiMgr ef.2. 21b
On the other side, the percentage of success

exception was constituted by P@LYS 1: 2, wher e

detected.

Looki ngF aWMRh®i gnal, a situation similar to t
LYS formbBiguiren8 .Thhlea t ypi cal peak of PERFECTA
shoul der, which reached the same intensity in

could be the presence of a second nonman drhesi
catalytic channel. This scenario could justif
|l oaded famPERREOGTA higher than the expected one

a) 19F NMR spectra P@LYS ratio
-72.0 ppm
-72.35ppm
PP LYS

jt ®) 100 A 50
5:1 80 4.0

©
3 =
@©
ke} £
< 60 § % ek 3.0 <
|_
/L 2:1 @ o
L 40 20
z i
&
o .
2 20 é 1.0 o
1:1 Avcrriiann., A
_ 0 0.0
51 2:1 1:1 1:2
P@LYS molar ratio
1:2

Figure)lENRMR spectlriySaompl BP®@ dEsklre b@Wemincal shifts and ¢
referred to an ext eld,n asle t7tBl febdrbpaptenmo writ T¢-A PEBPEEAA hl & a dne
were reporteandsmplearcemamogent rati on. Standard deviati on
sampl es.



The coll oi dal properties of LYS conmplgauxes 2wer.
Al t hough polydispersity was stil!/l high (> 0.2
of about 40 nm of diameter. I nterestingly, th
t he -caourtroel ati on function Sin Commp alreirs g wihteh |
monomeric LYS, DLS was not the ideal techni gqu
with PERFECTA iimcdreéadsgaceot(ze 2R2dr t
2 b) £10
LYS £08
@
806
c
S04
E02
- 5:1 go
2 Soo0
BE’ 1.E-05 1.E-02 1.E+01 1.E+04
= Lag time (ms)
8 2:1
g c) .
S Sample :f:r;‘;f:r";m‘]’ PDI (90°)
) LYS* -
1:1 5:1 40+8 0.3
2:1 40 0.3
1:1 45+ 8 0.2
1:2 1:2 50+4 0.3
0 10 10000 *Not measurable beacuse of the high polidispersity
Radius (nm)
Figuralamdhri son between DLS profil es Toafb |senez2es @ddesdt raitb u

90A. Sampl es we®Qe waitlut éd wirdler Mit lol ir each b3 pewortoeeil natd oon
by a- cumul

functions of tdhe Q®Aynddr osdaymmpal nesse e adie adreett eerrmi n e d
correlation function obtatdred OAhr @WA@Ah .1BDBAmaasu de menvti
calcul ated upon analyses of 2

R>0.95.

Rel axation properties we

i ndependent

re detorf midrBebd nfscerc

sampl es (

shozotf B35 msec were measuriee. rAalbkabtglons wias
good MRI

Twas still too short t o

deter mi ne a

upon tahses esnebllfy of LYS, and the

interactions with a high oftl uroes enaartcehd

structuenl zahnonacof t hese

fact

compl exes

t hat

tnood iecc.

wa s car

[a

ap e

R @L

be

LYS i

ul |
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2. 3St2ructur al and morphological c ha

Il n order to provide an insight into the struc
the spectroscopic properties of the compl exe

Refl e€bancer Transform |4#«fTi&nedcspectaosdoplr

The | atter was performed on all the samples t
(Figure. 2. 22

R
o
o

o

Z

150

----- LYS
0 100 ~ —P@LYS 5:1
o P@LYS 2:1
50 \ P@LYS 1:1

50 ' P@LYS 1:2

190

Molar, ellipticity x 10 [deg cm?2 dmol-]
Molar ellipticity x 10~ [deg cm? dmol]
o

100 —P@BSA 6:1
A /' —P@BSA2:1 -50

W\ — P@BSA 1:1

150 !

\/ P@BSA 12 100

—P@BSA 1:4
-200 -150

Wavelength [nm] Wavelength [nm]

Figuralh Zectra of BSA and its complexes wiQt waRERFE®
reach a protein concentration of 0.1 mg/ mLAI Ib)s aCnbp Isese cv
dil ut ed-Qwiwtahh eMi Itloi reach a protein concentration of 0.2

Concerning BSA, no particular change was obse
220 nm, typicalUhoefl ikciegsu rd Hn2 3dehcontrary, L
huge change after the encapsulation of PERFEC
substituted by one mini mumsdatetBHLe8 amy | awihd @die wi
of lysozyme was not a novelty, but in our ca:
conditions. General ly, it occurred insdlenwantus
(e.g. ethanone ,orstacoindgilcy paH , k°8d &Fe’Mgent sdioes hac

change in conformation upon addition of fluor
(PFRRnderfl uoroodtFIOSués@®@nadbafor mati onal alt
di fferent outcome in the CD spectrum, and wer
our case, t hth etlribasnhseietti oma sf rpoam t i cul arly net, &
think of a structwural transition, not an unf ol
something new for fluorinated compounds | i ke



Chapter 2
CD data were suppolrtn epamtyi ¢cull &Rr ,ansad gpleess cont
PERFECTA were compared with the formulation a
spectra (P@BSA 6:1 and P@LYS 5:1) showed <cl ece
typi-Easi #nal 36 atFd gu26e @m@3square) and the si .
!(blue square).
The regions of interest for structural-16M®M0 or n
cmicorrespondi ng ticantdh el 6a0n0itideemild er el§Pifdre gp @w:i. t i
and shifts of peaks in these sites could give
of proteins.
a) o - BSA - amide II ][]
e (5 N-H)
H amide I f
: ” (vC=0)
i — 1634 1516
s 01
ol e 164L ‘
s PERFECTA
® 1532
by 7 Lys L T amide I ] ]
" N~ @GN L
amide [ ) h A
! (vC=0) |
) JeLYS 1642 1528
‘: PERFECTA o 162-9 -
w 1516

of

Figur e ATRZT3 R
spectra of LY

spectra
S (blue

line),

P@BSA
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|l Nt er es
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bot
LY

tingly,
BSA and

h
S

t hese

6 :

compl exes.

1

signal s

(yell ow

l'ine),

under went

BSA(@Qvieehet i lniene) PERBEEARG(Le

F

C



Amide -hi bted 'oeherlBERMECTA was present 4in th
shift occurred in LYS si2 damThins beaulingdamdn
protein structures were affected by the pres
di fference in the CD spectr a, FTI R open up a

The amide | peak, relative to C=0 stridioochiBSd |
and3 dmr LYS in presence of PERFECTA). Altho
P@BSA 6:1 stWUHdl ifxelgosdinttioon,het he dhamtbefat@)
to the pbeBseatcei nfemmd?®™Moukavecpndeécanwol uti ot
| peaks gave an insight into the secondary st
compl Exgsr . 2. 24

a) BSA b) P@BSA 6:1
0.018 . 0.4 -—Experimental
—Experimental )
0.016 = ' \ —peak 1
—peak 1
0.014 ——peak 2
——peak 2 —_—sak s
0012 —peak 3 pee
S peak 4
< 0.01 peak 4 B
; Fitting
{0.008
< 0.006
0.004
0.002
0 e
1600 1620 1640 1660 1680 1700 1600 1620 1640 1660 1680 1700
Wavenumber [cm™] Wavenumber [cm™']
c) d) :
- Lrg —Experimental Ralysa: —Experimental
' = —peak 1 oS —opeak 1
=Spakn —peak 2
—0.2 ==peaks ——peak 3
s peak 4
© ” peak 4
= Fitting
@ peak 5
<01 Fitting
0 Frr= -
1600 1620 1640 1660 1680 1700 1600 1620 1640 1660 1680 1700
Wavenumber [cm-T] Wavenumber [cm™']

Figur&a2s24an fitting-107f0 0d)ocind &€ RAET IARF R4 penc t(riwodfO( BSAcka ) ut
P@BSA 6:1 (b), LYS (c) and P@BEx¥S0.594. (Mdel.|l dw tarirngw eirmdi
bsheet contribute and the gré&bel orecontichtues.the peak

The fitting of BSA s(pheecltirxunt ounntdreirbluitnee,d wai tsht rtoh
cmM2°The same peak was <conserved also in the
observations. AdditFogeal By,b tihne tpheeakl nadattced 6 &oh a

contri biwstH eoent od 6°Aphchfi ecrht was present also befor .
Overall, this analysilhedugxgeswmidgac & hpr egd ddmmiemare



sheet component. On the other hand, the prese
increa$sheéttpeak anhill6e2 7t hcemUhed u xr esn gd) adw a(sd 6
still mai ntained, but with reducebBigotemas 28D

the resul t o fb-sthheee tn ecto nitnecnrte a sceo nosfi st ent with C

Thesheet presence was furtherly shown upon tre
brightness obtained from the sample exposed t
nature ofFitder)s.aziplé& t(reat ment of LYS formul af

under the polarized microscope (data not show

C

Figur€o2gd»5Red assay. Picture of dried P@LYSc)l: 1 exp¢

Al | t he reported dat a pointed towar ds t he

S

mor phol ogi cal-TENMal ysis by cryo

Pictures obftidvieledd dfirfaumhi @an of FlI gmMe)s 2arm2d6vae do ft

presence of small particles W2t mmavenmade ddéfd s
the aggregates observed by DLS. Thi s phenome
aggregates, whose dynamicity could give expla

L e
Figurea)?2 . c2BBWwaigm from BSA solution 13 mg/ mL. Zoom squar

small area of the ice film. Chart insert shows the Gau:
upon the measurene)nodrByM bhageastot!| P&@BSA 1:1 (dilution
circle indicates the presence of | arger aggregates.
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me changes were displayed after the additio
mple was diluted five times to #&egeaer megle 26
though no highly ordereddB8Asembiieesobecams
d someti mes evedFilgargegeRelbmibs c1 apns. sduthag et
stinct super structuring remini s.cAeprrteladfmi ontah
st with ra osfmaalult onmiantbiec al lay ad oygleidr ®iyn git emBlarr @
gui sSPPAremedl ed no hints of .uniHermbw ooder
gregates made too harsh to define a size di

ange of BSA obtained from FTIR analysis.

mar kable results were obtained through the

rmul ation revealed the presence of small p a
oss s<e2tnm.n Dhiffferently from BSA, DLS and nm
nsistent. I ndeed, thecarmpelsastiiban iftun atoi dira vfer

LYS could be attributed t dsdumngh PERFELITIA dis
ear gt ha!l tserrll¥sSt nr ev@dogur ee) P@RLYS 1: 1elschrogvaetde d
gregates, pr-obkél grgmotmmesneaedlt et o agnudiotuen du n i
gregatesSyole g st atltegd tegdehnhaci nevent babomevaed suari yo n

hi eve an

al
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Figurea)?2 2gwaigm from | ysozyme solution 2.8 mg/ mL. Zoom

of a small area of the ice fil m. b) Gaussian distribu
measurement of 5O0TEpMaritnbatgels@LYEB, 1) Cdiybution up to 2. ¢
indicates the presence of smal|l spherical aggregates.

of the ice film. d)cr®asuss ssieacn idoins tarnidb uteinognt ho fo ft tehe r ods

measurement of 50 particles.



The-lriokdke shdpesm baddcrosdsd® semcobfoheagdtdh. The fidt
analysis of this s{f&M facgusamplien, bghoeeaar na
(R= 0.99, PDI: 0.25, graph not shown) Fipgertec
2.)2.1

The interesting and di-$EMeatse cronrf pSmualéalig V& yesgeheen )
Scattering (FSAgXuSr)e.an.al28 si s

1.E+01 oLYS

1 E+00 P@LYS 1:1
1 E-01 "
1E-02
1E-03

I(g) [a.u.]

1.E-04
1.E-05
1.E-06

1.E-07
1.E-03 1.E-02 1.E-01 1.E+00

q[A1]
FigurBExpel?i mental BAXSrpiimige fseimtt t evw evrédbscut, o frsldohIet &@mrd NnRI@L Y S
sampTleaop ei n ¢ oinnc ebnottrha Lsftaompgl/ensL i s

From the comparison of experiment al dat a, it
addition oAmP&RFELIANdentaldlad we cantad yisefser i nf
nature of. Thbepsamphes of qaalf d’ad ofpiegu roghi A.t2 H e W
SAXS profil e oifndtihceatleYsS tshaempp ree s’>éfhhceen ,o fi ng | tohbeu |
smaghvbl ga&sl (wlRgrset he r adi b adft egryirnagt iodbrj ec-t s e x
independent geometry t hatcadadwldd Gue nappr dxaiwmat

o a0l

Al inear trend (li(hg)x hieEiGuu g eX.nd9doates a monodi
fromltchpee of t Re alni hea Rybit mentmiedg i mati on of t he
scattered paWeiobtai hedsRf¥lodmidhechi tcsdmparad lulee
to prewvewpsrted fionr Itihtee rsabfiier esoyrse gdeint bpeaa ftciaml e

be obtaiRedcdnmnoindatri Agr’yY a -Y.plHTehrues , from the



approximation the rlatlS ussa mplddfihetCpastegokekeaes!| yn |
meastd3.e6 nm, i n agrd&mleme awiutr e memd hGuAismimern tri eog
guarantees a | ong rangeqroergdieorn.t hAast tdhoemisncaattetse r
the scattering curves c’d®dj8nbe described by a
I n this case, theg*regi{Wweros/dowaiwdlo!| 1 @ndthioee iag | coobnuf
nature of the p&i(lgiucled?.i2®asuspensi on

Figur 8AXS28nal yampl ®)f EX®Ber i meamntfda ktct brAvges @decodridieng t o th
i Mab2d.ebbl ained by SASvi ewarad all iyrs.e¢ a&s¢.) bRt dak ynipeldd tpdtoe s t |
obf ol ded protein in solution. d) P(r) distribution obt
SASview.software

The Kr aitl KyyglgsitgFsi ggur §i 2 . 29ef ulwheo happt hAieser ot e
was properly folded i n -sbahbhpteidoooru rtiheee to¥Bsf eravmgtdi
the presence of a'fTrmugdedalgll otblue apr @lriomien ary o
gl obul ar protein, whi ch-t gpeal chobel fi Betdwesavi tf h


























































































































































































































































































