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Figure S1. '"H NMR (400 MHz) relaxometric titration of a 1 mM solution of the G2-(DO3A-PP™ ) ¢
conjugate. The batch solution was divided into separate vials and GdCl; wasadded up to 32 molar excess
per conjugate. The lines are the linear fits to the experimental points. The dope of the solid line is
5.7+0.1 and indicates one coordinated water molecule. The slope of the dashed line is 16+1 and is the

sum of the value for the conjugated complex and the “free” gadolinium agquaion [Gd(H,0)s]*".



The assignment of '"H NMR signals is spectra of pure G2-PAMAM dendrimer. The assignment of
tracked proton signals in '"H NMR PAMAM spectra followed the procedure of Sudmeier and Reilley.
This procedure assumes that the protons are deshielded with respect to their relative positions to the site
of protonation. Also, if there are more sites that could be protonated, the overall effect is a linear

combination of the local effects, expressed by Equation (S1):
&
Dd = a C.f. (S1)

The overal change in chemical shift of the ith methylene group is given by the sum of protonated
fractions f on the jth site adjacent to the group of interest multiplied by a respective protonation shift
constant C. These constants were empirically determined over the large ensemble of related structures:
e.g. for N(I°)-a-CH, group C = 0.45 for N(1°)-b-CH; it is 0.25 for N(I11°)-a-CH it is 0.75 and for
N(I11°)-b-CH; it is 0.35. For this assignment it is assumed that there is one major protonation ste for
each methylene group in the PAMAM structure because both kinds of stes are well separated in the

backbone (Chart S1).

Chart S1. Fragment of PAMAM structure with the assignment of *H signals (for details see the text)

with labeling used in the discussion.
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The mutual intengities of the observed lines (downfield) is 2:1:2:2:2 (Figure S2). The well-resolved lines

¢ and e show a chemical shift change of magnitude 0.35 and 0.25 ppm at pH 8.98, respectively. These



values correspond very well to a and b CH, group adjacent to the termina N(1°) amine, i.e. both sgnals

include 32 protons.
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Figure S2. The '"H NMR (400 MHz2) titration of the G2-PAMAM dendrimer. The solid lines represent

the best results from bi-sigmoidal smultaneous fitting.

The lines b and d show a mgor drop at pH 5.74 and the heights are about 0.9 ppm and 0.7 ppm,
respectively, fitting to N(111°)-a-CH, protons. From their relative intengities in the spectra and the
PAMAM architecture signa b corresponds to N(111°)-CH»-CH,-NH (a’) and signal d to N(111°)-CH-

CH>-CO (a). Finally, line a can be assigned to the N(I11°)-b-CH, protons as the main decrease is at pH



5.74 with height of 0.4 ppm. According to its somewhat lower chemical shift it was assigned to the

N(I11°)-CH2-CH,-CO group (b).



"OR,, [s'mM"]

r, [s'mM-]

154 a) 154 b) c)
° - O —15{ ©
= =
104 g 101 T B
= < 104
0, 2,
= -
54 ~ 54 ~
L 14 x s
(@) o
= =
0 . 0 0
T T T T T T T ——T , —— T .
270 280 290 300 310 320 330 340 350 360 280 290 300 310 320 330 340 350 360 280 290 300 310 320 330 340 350 360
TIK] TIK] TIK]
40- 40 oy
354 35 35
30 304
25 = 259 0
£ Lo,
204 L] % 2 )
% 0, 20 )
154 = 15
[¢)
10-] 10 104

01 1 10
Proton Larmor Frequency [MHz]

OH % 1b 1(‘10
Proton Larmor Frequency [MHz]

54
0.01

011 ; 1I0 1(‘)0
Proton Larmor Frequency [MHz]

Figure S3. O Ry, (top) and *H NMRD relaxation profiles (bottom; full circles 25 °C (e) , open circles
37 °C (o)) for the G1-(Gd-DO3A-PP™ ), (a), G2-(Gd-DO3A-PP™C) ¢ (b) and G4-(Gd-DO3A-
PPMCS gy (€) conjugates. Transverse relaxation rates (R,,) were normalized to 1 mM concentration of
gadolinium. The solid lines represent the best results of the smultaneous fitting to the experimental data

(videinfra).
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Figure S4. Comparison of the *H NMRD profiles for the G2-(Gd-DO3A-PP™ ) ¢ conjugate at pH 7.5

(open circles) and at pH 4.0 (full circles). Both profiles were measured at 25 °C.
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Figure S5. Comparison of *H NMRD profiles of G2-(Gd-DO3A-PP™ ) ¢ (full symbols) and G2-

(Gd/Y -DO3A-PP™C) ¢ (open symbols) conjugates at pH 7 and 25 °C (circles) and 37 °C (squares).
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Figure S6. Relaxometric titration of G2-(Gd-DO3A-PP™ %) ¢ conjugate solutionwith poly(Lys):; (at 25

°C, pH 7.5 and 20 MHZz). The solid lineisjust to guide the eyes. x-axisisin logarithmic scale.
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Figure S7. The dependence of proton relaxivity on pH for G2-(Gd-DO3A-PP™ %) - poly(Arg)sz

sysemat 25 °C and 20 MHz.
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Table S1. The full results of multi-parametrical smultaneous fitting of relaxation *H and 'O NMR
data at pH 7.5 for present PAMAM conjugates. The obtained values are shown in comparison with
the values found for the parent Gd,-CS(DO3A-PP™%), and Gd-DO3A-P*®" complexes. The

conjugates are labeled in a short form.

Gadolinium(I11) complex of

Parameter

G1-8 G2-16 G4-59 CS(DO3A-P™"),? DO3A-P*®™
O [sTmMT]¢ 101 14.1 18.6 6.1 4.2
D’ [10° s7] 0.1+0.03 007+0.04 0.06+0.04 023 0.25
*tu [ns] 48+5 66 + 4 68+ 7 53 16.2
DHy" [kJmol™] 55+5 50 + 4 51+5 39 20.6
Bt kg [PS 1560+ 280 2690+270 3140+210 183 88
Erg[kJ] 44+ 4 43+ 4 35+3 37 29
**tr [pd] 115+ 4 100 + 3 133+ 4 - ;
En [kJ] 27+2 20+1 28+1 - -
**t, [pd 25+1 36+2 45+1 15.9 11.2
g 0.25+0.02 024+001 029+0.01 - -
Ev [kJ] 1 1 1 1 1
AR[10°rads™] -2.89 —2.89 —2.89 —2.89 -2.89
Redo [A] 2.6 2.6 2.6 2.6 2.6
Roan [A] 31 31 31 31 31
A[A] 3.6 3.6 3.6 3.6 36
DHus' [KJ] 10 10 10 10 15
Rs[A] 3.5 3.5 35 35 3.6
s [ns] 1 1 1 1 1
q 1 1 1 1 1
Os 2 2 2 1 1

ref. % P ref 3 © The relaxivity values were measured at 37 °C and 20 MHz; the underlined values were
fixed during the fitting procedure.
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Table S2. The full results of multi-parametrical simultaneous fitting of relaxation *H and 'O
NMR data a pH 7.5 for the G2-(Gd-DO3A-PP™ %) -poly(Arg)ss adduct and the parent

G2-(Gd-DO3A-PP™ ) ¢ conjugate.

Gadolinium(I11) complex of

Parameter
G2-(DO3A-PP™H) - poly(Arg)ss G2-(DO3A-PP™ )
i [stTmMT? 30.8 14.1
D’ [10%° s 0.04 + 0.02 0.07 + 0.04
8¢ 1 [ns] 97+9 66 + 4
DHy* [kImol™] 33+2 50 + 4
298¢ oo [PS] 3900 + 100 2690 + 270
Erg [KJ] 23+6 43+4
28 o [P 172 + 14 100+ 3
En [kJ] 38+ 16 20+1
28, [ps] 47+ 2 36+2
s 0.35+0.03 0.24+0.01
Ev [kJ] 1 1
A/h [10° rad s —2.89 —2.89
Rado [A] 2.6 2.6
Roan [A] 31 31
ATA] 3.6 3.6
DHwe [kJ] 10 10
Rs[A] 3.5 35
Bt s [N9] 1 1
q 1 1
Os 2 2

*The relaxivity values were measured at 25 °C and 20 MHz; the underlined values were fixed
during the fitting procedure.
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Full BSM (LS) equation set in Scientist form

IndVars: T,B
DepVars: R20,R1h

Params: delta,Hm,tmO,Erl,Erg,tr0l,trOg,tv0,acc,ro,rh,n,a,RLS,Hmss,tm0ss,rsf,n1

/I Parameters and variables used

/I T - temperature at K

/I B - used field at MHz

/I R20 - 170 transversal relaxivity at ms-1 (unreduced)

/l delta - D2 trace of ZFS matrix

//tmO - water residence time at 298 K

/l Hm - water exchange free energy

/I trOl - rotational correlation time of local motion at 298 K

// trOg - rotational correlation time of global motion at 298 K

[ Er -rotation free energy

/I tv0 - correlation time of electronic relaxation due to ZFS

/I Ev - free energy of electronic relaxation

/I acc - hyperfine coupling constant A/hbar of Gd-O interaction

/I ro - Gd-O distance [m]

/I rh - Gh-H distance [m]

/l n number of inner sphere water molecules

/I's - multiplicity of Gd - fixed to 3.5

I/l a - shortest distance form outer sphere to Gd(lll) ion — needed for OS contribution
/I D - diffusion cooeficient at 298 K - calculated from Hidman’s semi-empirical equation
/I RLS — Lipari-Szabo rigidity factor - should be between 1 (totally rigid) and 0
/I n1 - number of water molecules in the second sphere

Il rsf - Gd-SF distance

/I Hmss - water exchange free energy for second sphere contribution



// tmOss - water residence time at 298 K for second sphere

/I Physical constants implicitly used

/I univ - universal gass constant R = 8.31441

/l mB - Bohr magneton nB = 9.274e-24

// mD - vaccum magnetic susceptibilty nD = 4pe-7
/I 'h - Planck constant h = 6.62617e-34

/I hbar = 1.0546e-34

/I NA - Avogadro constant NA = 6.023e23

/I k - Boltzman constant k = 1.38066e-23

/I go - gyromagnetic ratio of 170 go = -3.626e7

Il ch - gyromagnetic ration of 1H ¢h =2.675e8

/I gs - elektrononic gyromagnetic ratio gs = 1.75977e11

/I Notes

/l magnetic field is in Larmor fraquencies - omegas (Wo a WS) are calculated as 2*pi*B*ratio of gyros

/I Definitions of constants

s=3.5

univ=8.31441

sz=31.5

// Definition of omegas

wh=6.28e6*B

ws=658.21*wh

wo0=-0.1355514*wh

/I Eyring equations
tm=((tm0"(-1)*T/298.15)*exp((HM/univ)*(0.003354-(1/T))))(-1)
tmss=((tm0ss”(-1)*T/298.15)*exp((HMss/univ)*(0.003354-(1/T))))*(-1)
trl=((trOI™(-1))*exp((Erl/univ)*(0.003354-(1/T))))"(-1)
trg=((tr0g"(-1))*exp((Erg/univ)*(0.003354-(1/T))))(-1)
tv=((tvO(-1))*exp((Ev/univ)*(0.003354-(1/T))))*(-1)



/[ Electronic relaxation-ZFS + SR
T1le=((1/25)*delta*tv*(4*s"2+4*s-3)*((L/(1+ws 2*tv"2))+(4/(1+4*ws"2*tv/2))) + dg/(9*trt))N(-1)
T2e=(delta*tv*((5.26/(1+(0.372*Ws 2*tv"2)))+(7.18/(1+(1.24*Ws 2*tv"2)))) + dg/(9*trt))*(-1)
/l Spin rotation term

IITeSR=(dg/(9*trt))"(-1)

/I Total electronic relaxation

/T1le=(T1eZFSN(-1)+TeSRA(-1))\(-1)
/IT2e=(T2eZFS"(-1)+TeSRA(-1))(-1)

/I Total correlation times

trt=(trI"(-1)+trg(-1))(-1)

tcll=(T1eMN(-1)+trt"(-1)+tm~(-1))(-1)
tc2l=(T2eM(-1)+trt™(-1)+tmA(-1))(-1)
tc1g=(T1le"(-1)+trg"(-1)+tm~(-1))(-1)
tc2g=(T2e"(-1)+trg"(-1)+tm~(-1))(-1)

te1=(T1e"(-1)+tm~(-1))*(-1)

te2=(T2e"(-1)+tm~(-1))*(-1)

/I R2 scalar - contact contrubution for 170
cont=(1/3)*s*(s+1)*acc"2*(te1+(te2/(1+ws"2*te2"'2)))
/lcont=(1/3)*s*(s+1)*acc"2*(tel)

/I R2 dipolar - pseudocontact contribution for 170 - Lipari-Szabo
dip1=((1/15)*4.535671e-45*s*(s+1))/(ro"6)
dip20=(RLS*tc2g/(1+Ws"2*c2g"2))+((1-RLS)*tc2l/(1+ws 2*tc2172))
dip30=(RLS*tc1g/(1+wo"2*tc1g”2))+((1-RLS)*tc1l/(1+wo"2*tc1I"2))
dip=dip1*(13*dip20+7*dip30)

/I R2 dipolar Curie contribution for 170
dip7=(1/5)*(Wwo"2*7.397e-107*7.9474)/(9*1.9063324e-46*T"2*10"6)
dip8=4*trg+(3*trt)/(1+wo"2*trt"2)

cur=dip7*dip8

/l Total dipolar contribution to R2 of 170

diptot=dip+cur

/I Total R2 relaxation

T2m=(cont+diptot)*(-1)
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/I Radial frequency diference of bound and free water at rad/s

dwm=2*s*(s+1)*9.274e-24/(3*1.38066e-23*T)*acc*(B*1E6*6.28/2.675E8)

/l Overall reduced T2 relaxation of 170
num=(T2m"(-2))+(T2m*tm)*(-1)+dwm"2
denom=(tm”(-1)+T2m"(-1))*2+dwm"2

scam=num/denom

pm=n*le-3/55.55

R2o0=pm*scam/tm

/I R1 dipolar - pseudocontact contribution for 1H - Lipari-Szabo
diplH=5.16963e-43/rh"6
dip2H=(RLS*tc1g/(1+wh"2*tc1g"2))+((1-RLS)*tc 1l/(1+wh"2*tc1l*2))
dip3H=(RLS*tc2g/(1+ws"2*tc2g”2))+((1-RLS)*tc2l/(1+ws 2*tc212))
R1DIP=dip1H*(3*dip2H+7*dip3H)

/I Total inner sphere milimolar contribution to 1H relaxivity
T1M=(R1DIP)"(-1)

R1IN=(N*1E-3/55.55)/(T1IM+TM)

/I Calculus for difusion coefficient according to J.C.Hindman
B1=3.118150E-04

B2=5.062560E+03

B3=1.547920E+02

B4=1.629310E+03

D=(1E-4)/((B1*EXP(B2/T))+(B3*EXP(B4/T)))

/l Freed's model of outer sphere contrubution to 1H relaxivity
TAU=A"2/D

/I Spectral density function J(i) for proton spins

AI=TAU/T1e

CI=[0,1]*wh*tau

z2l=ai+ci

JI=RE((1+0.25*(z21"0.5))/(1+221"0.5+(4/9)*2 21+(1/9)*(z211.5)))

/I Spectral density function J(s) for gadolinium electron states
AS=TAU/T2e

CS=[0,1]*ws*tau
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z2S=aS+cS

JS=RE((1+0.25*(z2S"0.5))/(1+22S"0.5+(4/9)*z2S+(1/9)*(z2S"1.5)))

/I Calculation of outer sphere contribution to 1H relaxivity according to Freeds model
COST3=3.68e-20*S*(S+1)

R10OS=(COST3/(A*D))*((3*I)+(7*JIS))

/l Second sphere contribution to 1H R1 relaxivity; dipolar R1 //contribution only
TC1SF=(T1EM(-1)+trt"(-1)+tmss”(-1))(-1)

TC2SF=(T2EM(-1)+trt"(-1)+tmss”(-1))(-1)

COST2SF=(5.16963e-43/RSF"6)
R1DIPSF=(COST2SF*((7*TC2SF/(1+WS"2*TC2SF/2))+(3*TC1SF/(1+Wh/2*TC1SF"2))))
T1IMSF=(R1DIPSF)"(-1)

R1SF=(N1*1e-3/55.55)/(TIMSF+tmss)

/I Overall R1 proton relaxivity - second sphere enabled

R1h=R1IN+R10S+R1SF
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