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S1. Synthesis of biologics metal conjugates

Purpose: Reference biologics metal conjugates were synthesized to demonstrate that
size exclusion chromatography (SEC) coupled to inductively coupled plasma mass spec-
trometry (ICP-MS) could serve as a surrogate method to radio-HPLC.

Experimental procedure: Bioconjugation of the anti-PSMA-sdAb and anti-PSMA-
mAD with the bifunctional chelators DOTAGA and NODAGA, respectively, was done as
previously described in the literature [1-4]. Metal labeling of the biologics conjugates with
the stable isotopes of lutetium and gallium is described in the main manuscript.

Results: The sdAb and mAb metal conjugates were successfully synthesized, as de-
scribed in the main article. The identity of the final metal conjugates was confirmed by
analytical SEC and LC-MS (Table S1).
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Table S1. Analytical data of synthesized "Lu- and "Ga-labeled anti-PSMA-sd Ab conjugates and anti-PSMA-

mAb conjugates.

Coniugate Theor. Mass? Exp. MassP b Chemical
Jus [Dal [Dal [min] Purity? [%]
175 - - - -
gnt%ﬂ;&i?;ﬁfA cys-mal 13'077.2 13'078.0 6.10 >99%
nat - - — -
;[anﬁc;-?)]s(;h?{i(s);:bGA cys-mal 12'972.6 12'972.9 6.08 >99%
["Ga]Ga-NODAGA-cys-mal- . , o
L PSM A AD 12'871.1 12'871.7 6.03 >98%
[7Lu]Lu-DOTAGA-LPETGG- , , 0
L PSMASAD 13'458.7 13'459.0 6.02 >99%
oy LC: 23'422.0
['Lu]Lu-DOTAGA-cys-mal- LC: 234215 o
anti-PSMA-mAb HC: 486180  HC:49'407.0 (DAR1) 860 >99%
(unconjug.) HC: 50’179 (DAR 2)
["Ga]Ga-NODAGA-cys-mal- LC: 23 ,421'5 LC: 23'422.0 860 99,
anti-PSMA-mAb HGA8357.0 6 492000 DART)
(unconjug.)
LC: 23'519.0
LC: 23'517.8
[7SLu]Lu-p-NCS-bz-DOTAGA- LC: 24'314.0 (DAR 1) .
anti-PSMA-mAb HC: 49'441.1 856 96%
. LC: 25'109.0 (DAR 2)
(unconjug.)
HC: 49'440.0
LC: 23'517.8 LC: 23'519.0
[rtGa]Ga-p-NCS-bz- o
NODAGA-anti-PSMA-mAb HC: 48'644.7 HC: 48'645.0 8.66 91%
(unconjug.) HC: 49232.0 (DAR 1)
67'135.0 (DAR 1)
67'848.6 (DAR 2)
[Ho]Ho-DOTA-BSA 66 42_1‘6 68'562.1 (DAR 3) 3.97 >99%
(unconjug.)
69275.8 (DAR 4)
69'988.7 (DAR 5)

2 Theoretical average molecular mass; ® Measured molecular mass (LC-MS) with the drug antibody ratio (DAR);
< retention time of the conjugate on analytical size exclusion chromatography (SEC). The column utilized for the
analysis of the sdAb conjugates and the ['**Ho]Ho-DOTA-BSA was a 5/150 GL Superdex 75 pg column, with
phosphate buffered saline (PBS), pH 7.4, as mobile phase and an isocratic flow of 0.3 mL/min over 18 min. The
column utilized for the analysis of the mAb conjugates was a XBridge BEH SEC column, 200 A, 3.5 um, 7.8x150
mm, with PBS, pH 7.4, as mobile phase and an isocratic flow of 0.4 mL/min over 18 min; ¢ Determined by
analytical SEC, A =280 nm and A =214 nm
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S2. Reversed phase chromatography to analyze in vitro serum stability assays of
[SLu]Lu-PSMA-617 and [**Ga]Ga-PSMA-11

Purpose: To prove that the elaborated reversed phase chromatography (RPC)-ICP-
MS can be used to detect the potential loss of metal ions from the metal-chelator complex,
mixtures of metal-labeled peptidomimetics and DTPA-/EDTA-complexed metal ions were
analyzed. To define the linear range and to confirm the robustness of the RPC-ICP-MS
technique, calibration curves for the metal-labeled peptidomimetics and for metal ions
were prepared and analyzed.

Experimental Procedure: The preparation of the mixtures of metal-containing
relevant species and of the calibration curves is described in the main article.

Results: RPC was successfully coupled to ICP-MS to allow the assessment of the
chemical purity of "Lu- and "*Ga-labeled peptidomimetics after metal-labeling and the
analysis of serum stability assays. The results are described in the main article. Separation
of the metal ions from the peptidomimetics was achieved (Figure S1).
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Figure S1. Representative chromatograms of relevant 7°Lu- and "*Ga-labeled species.
(A) ['""Lu]Lu-PSMA-617 (tr = 2.1 min) mixed with lutetium-175 ions complexed by
DTPA (tr = 0.6 min); (B) [*Ga]Ga-PSMA-11 (tr = 1.8 min) mixed with gallium-
69/gallium-71 ions complexed by EDTA (tr = 0.8 min).

The linear range determined for ['7Lu]Lu-PSMA-617 was from 10 fmol to 12 pmol
injected ligand, for lutetium-175 ions complexed by DTPA from 0.2 fmol to 286 fmol
injected metal ions, for ["Ga]Ga-PSMA-11 from 16 fmol to 25 pmol injected ligand, and
for gallium67/gallium-71 ions complexed by EDTA from 10 fmol to 5.6 pmol injected metal
ions (Figure S2).
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Figure S2. Calibration curves of °Lu- and "'Ga-labeled peptidomimetics and metal ions complexed by DTPA or
EDTA. The detected peak areas were plotted against the molar amount of injected metal and are given as average
+ standard deviation (n = 3). Simple linear regression analysis was applied. The best-fit line and the 95% confi-

dence bands (red lines) of the best-fit line were plotted using GraphPad Prism software (version 9). (A) ['"°Lu]Lu-
PSMA-617 (R?=0.9982); (B) lutetium-175 complexed by DTPA (R? = 0.9822); (C) ["*Ga]Ga-PSMA-11 (R? = 0.9957);

(D) gallium-69/gallium-71 complexed by EDTA (R?=0.9981).
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S3. Size exclusion chromatography ICP-MS to analyze in vitro serum stability assays
of 1 Lu- and mtGa-labeled single domain antibody conjugates

Purpose: For peak identification of metal-labeled species obtained in serum stability
assays, mixtures of reference standards were analyzed by SEC-ICP-MS. To identify the
linear range and to confirm the robustness of the elaborated SEC-ICP-MS methods, cali-
bration curves of metal conjugates and metal ions were prepared and analyzed.

Experimental procedure: The preparation of the mixtures of metal-containing rele-
vant species and the calibration curves is described in the main article.

Results: SEC was successfully coupled to ICP-MS to allow the detection of relevant
175Lu- and mGa-labeled species obtained by in vitro serum stability assays of sdAb metal
conjugates (Figure S3).
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Figure S3. Representative chromatograms of relevant 1”*Lu- and "Ga-labeled species
to show separation of the metal conjugates on a protein BEH SEC column (BEH SEC,
125A,1.7 pm, 4.6x150 mm). Ammonium acetate (20 mM, pH 5.0) was used as mobile
phase with an isocratic flow of 0.4 mL/min. (A) ['”°Lu]Lu-DOTAGA-cys-mal-anti-
PSMA-sdAb (tr = 3.1 min) mixed with ["’Lu]Lu-DOTAGA-cys-mal-anti-PSMA-mADb
(tr =2.2 min), ["*Lu]Lu-EDTA (tr = 3.8 min), and ['"’Lu]Lu-DOTAGA-mal (tr = 4.1 min);
(B) ["*Ga]Ga-DOTAGA-cys-mal-anti-PSMA-sd Ab (tr = 3.1 min) mixed with ["*Ga]Ga-
EDTA (tr =4.1 min).

The linear range determined for ['7*Lu]Lu-DOTAGA-cys-mal-anti-PSMA-sdAb was
from 0.44 fmol to 1.4 pmol injected metal conjugate, for lutetium-175 ions complexed by
DTPA from 0.68 fmol to 0.43 pmol injected metal ions, for ["Ga]Ga-DOTAGA-cys-mal-
anti-PSMA-sdAb from 14 fmol to 4.9 pmol injected metal conjugate, and for gal-
lium67/gallium-71 ions complexed by EDTA from 70 fmol to 1.4 pmol injected metal ions
(Figure S4).
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Figure S4. Calibration curves of '”’Lu- and "*Ga-labeled sd Ab-conjugates and metal ions complexed by DTPA
or EDTA. The detected peak areas were plotted against the molar amount of injected metal and are given as
average * standard deviation (n = 3). Simple linear regression analysis was applied. The best-fit line and the 95%
confidence bands (red lines) of the best-fit line were plotted using GraphPad Prism software (version 9). (A)
['"Lu]Lu-DOTAGA-cys-mal-anti-PSMA-sd Ab (R? = 0.9996); (B) lutetium-175 complexed by DTPA (R? = 0.9972);
(C) [*Ga]Ga-DOTAGA-cys-mal-anti-PSMA-sd Ab (R? = 0.9978); (D) gallium-69/gallium-71 complexed by EDTA
(R2 = 0.9998).
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S4. Analysis of in vitro serum stability assays of metal-labeled antibody conjugates by
SEC-ICP-MS

Purpose: For the analysis of in vitro serum stability assays of metal-labeled antibody
conjugates, an AQUITY UPLC protein SEC column (Premier Protein SEC, 250 A 17 pm,
4.6x150 mm, Waters, Milford, MA, USA) was used. The resolution of this column allowed
the quantification of the metal-labeled fraction co-eluting with serum proteins.

Experimental procedure: Mixtures of metal-labeled standards and EDTA-complexed
['Lu]Lu® and ["*Ga]Ga3* were prepared and analyzed according to the methods de-
scribed in the main article. The standards for the calibration curves were prepared as de-
scribed in the main article, using mouse serum diluted in a ratio of 1:9 (v/v) in a mixture
of 0.1% TFA (v/v) in H20, EDTA (17 pM), and ['**Ho]Ho-DOTA-BSA (9 nM).

Results: Sufficient peak separation of the metal conjugate from relevant metal-la-
beled species to allow the analysis of in vitro serum stability by SEC-ICP-MS was achieved
(Figure S5).
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Figure S5. Representative chromatograms of relevant 17°Lu- and "*Ga-labeled species
using a Premier Protein SEC column. 50% ammonium acetate (200 mM, pH 7.0) was
used as a mobile phase with an isocratic flow of 0.3 mL/min. (A) ['’Lu]Lu-DOTAGA-
cys-mal-anti-PSMA-mAD (tr = 3.6 min) mixed with ['®Ho]Ho-DOTA-BSA (tr =4.1
min), and ["”Lu]Lu-EDTA (tr = 5.8 min); (B) [*Ga]Ga-NODAGA-cys-mal-anti-PSMA-
mAD (tr = 3.6 min) mixed with ["*Ho]Ho-DOTA-BSA (tr = 4.1 min) and [**Ga]Ga-
EDTA (tr = 5.7 min).

For ['*Lu]Lu-DOTAGA-cys-mal-anti-PSMA-mAD the linear range was defined be-
tween 1.8 fmol and 1.8 pmol injected lutetium-175, whereas for lutetium-175 complexed
by EDTA, it was defined between 6.9 fmol and 3.4 pmol. For ["Ga]Ga-NODAGA-cys-
mal-anti-PSMA-mAb and gallium-69/gallium-71 complexed by EDTA, the linear range
was determined between 1.3 pmol and 104 pmol, and between 51 fmol and 6.5 pmol, re-
spectively (Figure S6).
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Figure S6. Calibration curves of '”>Lu- and "*Ga-labeled mAb-conjugates and metal ions complexed by EDTA.
The detected peak areas were plotted against the molar amount of injected metal and are given as average *
standard deviation (n = 3). Simple linear regression analysis was applied. The best-fit line and the 95% confi-
dence bands (red lines) of the best-fit line were plotted using GraphPad Prism software (version 9). (A)
['*Lu]Lu-DOTAGA-cys-mal-anti-PSMA-mAb (R? = 0.9973); (B) ['’Lu]Lu-EDTA (R? = 0.9975); (C) ["*Ga]Ga-
NODAGA-cys-mal-anti-PSMA-mAb (R? = 0.9942); (D) [*'Ga]Ga-EDTA (R? = 0.9990).
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S5. In vitro serum stability of ['*LulLu-PSMA-617 and [**Ga]Ga-PSMA-11

Purpose: The aim of the experiment was to demonstrate that the elaborated RPC-ICP-
MS technique could be used for the analysis of in vitro serum stability experiments of 17>Lu-
and "*Ga-labeled peptidomimetics.

Experimental procedure: ['"Lu]Lu-PSMA-617 and [Ga]Ga-PSMA-11 were incu-
bated in mouse serum (biowest, sterile filtered, Bradenton, FL, USA) at 37 °C at a molar
concentration of 5 uM. Aliquots were taken at the time points 0 h, 1h,2h, 4 h, 6 h, and 24
h and stored at -80 °C to stop the reaction. To allow analysis of the serum stability samples
by RPC-ICP-MS, precipitation of proteins present in the mouse serum and extraction of
the ligands was required. Extraction solvents with either varying ratios of ACN:H20, in-
cluding pure ACN, ACN:H:0 9:1 (v/v), ACN:H:0 8:2 (v/v), ACN:H20 7:3 (v/v), or MeOH,
and a mixture of ACN:MeOH:H:O 1:1:1 (v/v) + 0.1% formic acid were investigated. The
highest recovery of the ligands (>90%) was achieved with ACN:H20 7:3 (v/v). For the ex-
traction of ['5Lu]Lu-PSMA-617 and ["Ga]Ga-PSMA-11 from the mouse serum, a six time
excess of a mixture of ACN:H:20 7:3 (v/v) containing ['*Ho]Ho-PSMA-617 (5 uM and 10
nM, respectively) was added to the aliquots of the serum stability samples. [1$*Ho]Ho-
PSMA-617 was used as internal standard. The probes were vortexed for 30 sec and subse-
quently centrifuged for 20 min using a bench mini-centrifuge (Mini Star from VWR, Lut-
terworth, UK). The obtained supernatant was five times diluted with H20 containing
DPTA (254 uM) to allow subsequent analysis by the elaborated techniques for RPC-ICP-
MS.

Results: High chemical stability of >99% for both, ['"Lu]Lu-PSMA-617 and [*Ga]Ga-
PSMA-11, was confirmed by RPC-ICP-MS. The obtained values were compared to the sta-
bility data of the corresponding radiopharmaceuticals ['””Lu]Lu-PSMA-617 (24 h) [5] and
[$8Ga]Ga-PSMA-11 (1 h) [6] reported in the literature (Table S2). Due to the short half-live
of gallium-68 (68 min), the stability of [¥Ga]Ga-PSMA-11 was determined after 1 h incu-
bation.

Table S2. In vitro serum stability of ['’Lu]Lu-/["7Lu]Lu-PSMA-617 and ["*'Ga]Ga-/[®*Ga]Ga-PSMA-

11.
. In vitro serum stability of In vitro serum stability of
Ligand . -
metal conjugate radioligand
Lu-PSMA-617 >99% >99%"
Ga-PSMA-11 >99% >95% (1 h)t

" Data obtained for ["”7Lu]Lu-PSMA-617 was previously published by Chakraborty et al. Cancer
Biother Radiopharm 2021 [5] and was added for comparison.

*Data obtained for [%Ga]Ga-PSMA-11 was previously published by Fuscaldi et al. Pharmaceuticals
2021 [6] and was added for comparison.
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