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Figure S1. Diastereomers result from chlorins bearing chiral R groups on the meso positions.
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Figure S2. UV-visible spectra of published chlorin N-Me and chlorin NH compound 2, the S-PEG-
chlorin 4, and the O-PEG-chlorin compound 5 and the corresponding chlorin NHS esters 7 and 8 at

ca. 1 uM CHCl,. Taken on a Perkin-Elmer Lambda 35 UV-visible spectrometer.
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Figure S3. Fluorescence emission of published chlorin N-Me and chlorin NH compound 2, the S-PEG-chlorin 4,
and the O-PEG-chlorin compound 5 and the corresponding chlorin NHS esters 7 and 8 in CH,Cl; spectra
normalized to Amax Taken on a Horiba FL-1065 fluorimeter.
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Architecture Construction Monitoring of Chlorin Conjugates using *H NMR ‘
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Figure S3a. Overview of the transformation of an N-H chlorin to include a tether and PEG groups to
tune solubility.
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Detailed Synthesis
Experimental Section

General

'H and :C solution NMR spectra were recorded using Bruker 500 MHz (spectrometer operating
at 500 MHz for H; 125 MHz, for 3C), and °F solution NMR spectra was recorded using Bruker
400 MHz. CDCIls; was used as solvent and TMS as internal reference; the chemical shifts are
expressed in (ppm) and the coupling constants (J) in Hertz (Hz). Trace solvent impurities (eg.
water at approx. & 1.6 ppm, CH.Cl; at approx. d 5.2 ppm in *H NMR spectra) are indicated. High
Resolution Electrospray Mass Spectra (HRESIMS) were obtained using an Agilent 6520 Q-TOF
instrument and using CH2Cl, as a solvent. The UV-vis spectra were recorded using CH.Cl, as
solvent. Reagent grade chemicals and solvents were purchased from Sigma-Aldrich Inc. or Fisher
Scientific Inc. Reactions were monitored by TLC with Analtech Uniplate silica gel G/UV 254
precoated plates (0.2 mm). TLC plates were visualized by UV (254 nm), and by iodine vapour.
Preparative thin-layer chromatography was carried out on 20x20 cm glass plates coated with
silica gel (1 mm thick).

Outline

5, 10, 15, 20-tetrakis-(2, 3, 4, 5, 6-pentafluorophenyl)-porphyrin TPPF2 (100 mg, 0.102 mmol)
dissolved in chlorobenzene (10 mL) was reacted with 10 equivalents of an azomethine ylide
prepared by grinding a mixture of glycine (77 mg, 1.05 mmol) and paraformaldehyde (30.8 mg,
1.05 mmol). The prepared azomethine ylide (25 mg) was added in 4 aliquots every 2 hours and
allowed to react at 145 °C, under a N> atmosphere. Chlorin 2 (37.5 mg, 0.036 mmol), triethylamine
(0.5 mL, 0.004 mmol) and succinic anhydride (36 mg, 0.367 mmol) were added and stirred for 4
hr. in a reaction vessel at room temperature (r.t.) under a N, atmosphere. A solution of compound
3 (100 mg, 0.09 mmol) in acetone (12 mL) was added K,COs (74 mg, 0.54 mmol) and stirred for
10 min. Next, 2(2-methoxyethoxy)ethane thiol (54.00 pL, 0.40 mmol) was added to the reaction
mixture and allowed to react at room temperature under N> to afford the tetra S-PEG compound
4. Similarly, to a solution of 3 (34 mg, 0.0306 mmol), dissolved acetone (5 mL) was added K,COs3
(74 mg, 0.54 mmol) and stirred for 10 min. Subsequently, 2-(2-methoxyethoxy)ethanol (48 L,
0.40 mmol) was added to the reaction mixture and allowed to reflux under N- to yield the tetra O-
PEG compound 5. The O-PEG-chlorin or the S-PEG-chlorin was dissolved in dioxane or THF (6
mL) and activated with N-hydroxysuccinimide (5.06 mg, 0.04 mmol) and dicyclohexylcarbodiimide
DCC (9.9 mg, 0.05 mmol) at r.t. under N2 to yield compounds 7 and 8, respectively.

Either the S-PEG chlorin 7 or the O-PEG-chlorin 8 in DMSO and lysozyme from chicken egg white
(SIGMA L6876) in DMSO (final concentration 100uM) were conjugated at room temperature in
the dark with constant shaking to afford S-PEG-chlorin or O-PEG-chlorin-lysozyme conjugates.
After the reaction, samples were centrifuged at 16300 xg for 5 min at 4 °C under which condition
no precipitates were observed, and stored at -20 °C for further analysis. Analysis by SDS PAGE
shows that that the best reaction conditions were at 1:1 ratio (100 uM each) and the reaction was
nearly complete after 16 h.

Either the S-PEG-chlorin 7 or the O-PEG-chlorin 8 were coupled to the 5' end of 14 nt DNA via 6
carbon amine linker (5'-NH-(CH)e-NH-TTCTTCTCCTTTCT-3') in phosphate buffer 0.1 M, pH 7.4
with 10:1 ratio at 37 °C and the precipitate under these conditions affords S-PEG-chlorin or O-
PEG-chlorin DNA conjugates. After the reaction, the sample was centrifuged at 16300 xg for 5
min, whereupon the supernatant and the pellet dissolved in DMF were run on 20% polyacrylamide
gel as shown in the ESI. The gels for S-PEG-chlorin and for O-PEG-chlorin conjugates to DNA
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confirmed the coupling. A smeared band towards the top of the gel indicates some contribution
of higher ordered labelled DNA.

Chlorin (2). Glycine (77 mg, 1.05 mmol) and paraformaldehyde (30.8 mg, 1.05 mmol) were mixed
in situ for 5 min to afford the azomethine ylide adduct (107 mg). To a stirred solution of 5, 10, 15,
20 -tetrakis-(2, 3, 4, 5, 6-pentafluorophenyl)-porphyrin TPPF2, (100 mg, 0.102 mmol) dissolved in
chlorobenzene (8 mL) the prepared azomethine ylide (25 mg) was added in 4 aliquots every 2
hours and allowed to react at 145 °C, under nitrogen atmosphere for a total of 8h. After cooling to
room temperature, chlorobenzene was evaporated under reduced pressure and dissolved in 4
mL of CHCI; for purification by silica gel using CH-Cl, to get the unreacted TPPFy followed by
7% EtOAc/ CHCI; as eluant to furnish 36 % pure 2 (37.5 mg, 0.0367 mmol) as a dark green solid.
'H NMR (500 MHz, CDCls) 5 8.64 (d, J=5 Hz, 2H), 8.41 (s, 2H), 8.30 (d, J=4 Hz, 2H), 5.14 (s,
2H), 3.28-3.25 (dd, J1=5, J,=10 Hz, 2H), 2.27-2.24 (dd, J:=5, J,=10 Hz, 2H), -1.95 (s, 2H); *C
NMR (125 MHz, CDCls) o; 151.77, 146.31, 145.59, 144.31, 143.59, 142.21, 140.16, 139.26,
138.17, 137.45, 136.12, 135.46, 134.17, 131.34, 126.98, 122.84, 114.69, 114.24, 105.30, 95.67,
51.32, 27.99; ®F NMR (376 MHz, CDCl): & -135.29 to -136.80 (m, 8F, Ar-m-F), -150.96 to -
151.64 (m, 4F, Ar-p-F), -157.21 t0 -161.28 (m, 8F, Ar-o0-F). HRMS (ESI) m/z calcd for CasH1sF20Ns
([M+H]"), 1018.1081, found 1018.1091; calcd for CasHisF20Ns ([M+Na]*), 1040.0900, found
1040.0908.

Synthesis of (3). To a 10 mL round bottom flask, compound 2 (37.5 mg, 0.036 mmol) was
dissolved in 5 mL CH2Cl, and 0.5 mL NEts then succinic anhydride (36 mg, 0.367 mmol) was
added and stirred overnight at room temperature under N, atmosphere. Then 20 mL of CH.Cl; is
added the resulting mixture is washed with water followed by brine. The organic layer was dried
using sodium sulfate to remove trace amount of water. CH,Cl, was removed through a rotator
evaporator and the crude product was purified by flash chromatography (silica gel) using 3%
Methanol/ CH.Cl; as eluent to afford 85 % pure 3 (34 mg, 0.0306 mmol) as a dark green solid. H
NMR (500 MHz, CDCls) 6 8.74 (d, J=4.85 Hz, 2H), 8.50 (s, 2H), 8.38-8.42 (dd, J:=4.65, J,=4.7
Hz, 2H), 5.40-5.48 (m, 2H), 4.17 (t, J=10.15 Hz, 1H), 4.07 (t, J=9.95 Hz, 1H), 3.74-3.77 (m, 2H),
2.50-2.54 (m, 2H), 2.12-2.17 (m, 2H), -1.82 (s, 2H); *3C NMR (125 MHz, CDCls) d; 168.57, 168.51,
153.18, 152.95, 147.26, 146.49, 145.31, 144.82, 143.34, 141.29, 140.59, 140.15, 139.15, 138.56,
137.22,136.52, 135.59, 135.29, 132.69, 132.64, 128.37, 128.08, 124.32, 123.80, 115.52, 115.24,
106.79, 106.50, 96.94, 96.37, 53.68, 52.28, 52.17, 52.07, 51.34, 51.22, 51.20, 50.48, 31.76,
30.99, 29.72, 29.69, 29.21, 28.83, 28.67, 28.55; °F NMR (376 MHz, CDCls): 8 -134.37 (d, 1F, Ar-
m-F), -135.39 (d, 1F, Ar-m-F), -136.74 to 136.98 (m, 5F, Ar-m-F), -137.50 to -137.74 (d, 1F, Ar-
m-F), -150.10 to -150.42 (m, 2F, Ar-p-F), -151.38 to -151.49 (m, 2F, Ar-p-F), -159.02 to -159.08
(m, 2F, Ar-0-F), -159.82 t0 -159.94 (m, 2F, Ar-o-F), -161.35 (s, 4F, Ar-o-F). HRMS (ESI) m/z calcd
for CsoH19F20Ns03 ([M+H]+), 1118.1241, found 11181238, calcd for CsoH19F20N503 ([M+Na]+),
1140.1061, found 1140.1048.

Synthesis of (4). To a solution of chlorin acid 3 (100 mg, 0.09 mmol, 1 equiv.) dissolved in
acetone (12 mL) was added K»>COs3 (74 mg, 0.54 mmol, 6 equiv.) and stirred for 10 min. 2(2-
methoxy ethoxy)ethane thiol (54.00 pL, 0.40 mmol, 4.5 equiv.) was added to the reaction mixture
and allowed to react at r.t. under inert conditions for 4h. Acetone was removed under reduced
pressure, the crude mixture was dissolved in ethyl acetate (15 mL) and washed with water (12
mL). The organic layer was evaporated and concentrated in vacuo. The crude product was
purified by flash column chromatography over deactivated silica gel using 0.7% MeOH/ CHCl.
as eluent to furnish pure 4 as a green solid (78 mg, 60 % yield from 3). *H NMR (500 MHz, CDCls)
6 8.77-8.72 (m, 2H), 8.53-8.38 (m, 4H), 5.46 (bs, 2H), 4.25-4.20 (m, 2H), 3.94-3.85 (m, 8H), 3.75-
3.72 (m, 8H), 3.68 (bs, 2H), 3.63-3.61 (m, 8H), 3.44-3.35 (m, 20H), 2.64-2.57 (m, 1H), 2.48-2.43
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(m, 1H), 2.17-2.12 (m, 2H), -1.82 (s, 2H); 13C NMR (125 MHz, CDCls) &; 173.90, 170.07, 152.83,
150.09, 148.16, 146.09, 144.75, 144.01, 142.23, 140.75, 139.86, 138.45, 137.34, 135.78, 133.11,
132.68, 128.51, 128.21, 123.39, 122.13, 114.12, 105.45, 96.03, 71.96, 71.91, 71.81, 70.92, 70.86,
70.77, 70.67, 70.59, 70.43, 70.37, 59.0, 53.42, 52.40, 30.36; **F NMR (376 MHz, CDCls): & -
136.84 (s, 1F, Ar-m-F) -137.78 (s, 1F, Ar-m-F) -138.75 t0 -139.25 (m, 5F, Ar-m-F), -140.07 (s, 1F,
Ar-m-F), -155.01 to -158.03 (m, 8F, Ar-0-F). HRMS (ESI) m/z calcd for CzoHe3F16N5011S4 ([M+H]),
1581.3151, found 1582.3214

Synthesis of (5). To a solution of 3 (34 mg, 0.0306 mmol), dissolved in dry acetone (5 mL) was
added K>COs (74 mg, 0.54 mmol) and stirred for 10 min. 2-(2-methoxyethoxy)ethanol (48 L, 0.40
mmol) was added to the reaction mixture and allowed to reflux under nitrogen overnight. Acetone
was removed under reduced pressure. The crude product was purified by silica gel using 7%
MeOH/ CH:Cl; as eluent to furnish 85% pure 5 (39.45 mg, 0.026 mmol) as a green solid. Note: If
acetone is not dry the reaction takes longer (48 h) and excess 2-(2-methoxyethoxy)ethanol is
required. *H NMR (500 MHz, CDCl3) & 8.74 (bs, 2H), 8.52 (bs, 2H), 8.42 (bs, 2H), 5.41-5.47 (m,
2H), 4.69-4.72 (bs, 8H, OCH,), 3.98-4.03 (m, 8H), 3.72-3.83 (m, 10H), 3.62-3.66 (m, 8H), 3.34-
3.44 (m, 14H), 2.58-2.61 (bs, 1H), 2.45 (bs, 1H), 2.10-2.19 (m, 2H), -1.86 (s, 2H) ; *C NMR (125
MHz, CDCls) 6; 168.57, 168.51, 153.22, 153.18, 153.07, 153.00, 147.41, 146.63, 145.43, 144.68,
142.52,142.25,141.94,141.91, 141.82, 141.79, 140.72, 140.54, 140.35, 140.32, 139.95, 139.93,
139.84, 139.81, 139.15, 138.91, 138.81, 135.62, 135.44, 132.59, 128.35, 128.15, 124.26, 123.85,
113.65, 113.50, 107.43, 107.29, 97.57, 97.02, 74.49, 72.05, 71.92, 70.96, 70.83, 70.75, 70.59,
70.46, 59.20, 59.08, 52.32, 51.33, 50.53, 29.74.; ®F NMR (376 MHz, CDCls): d -136.86 (bs, 1F,
Ar-m-F), -137.84 (bs, 1F, Ar-m-F), -139.21 to -139.36 (m, 5F, Ar-m-F), -140.16 (bs, 1F, Ar-m-F) -
154,98 to -155.80 (m, 4F, Ar-o-F), -157.02 (bs, 4F, Ar-o-F). HRMS (ESI) m/z calcd for
C70He3F16NsO15 ([M+H]+), 1518.4138, found 1518.4101; calcd. for C7oHesF1sN5015 ([M+Na]+),
1540.3957, found 1540.3905.

Synthesis of (6). To a solution of 3 (50 mg, 0.04 mmol, 1 equiv.) dissolved in THF (6 mL) was
added N-hydroxysuccinimide (5.06 mg, 0.04 mmol, 1.1 equiv.) and DCC (9.9 mg, 0.05 mmol, 1.2
equiv.), and allowed to react at r.t under inert conditions for 45 min. THF was evaporated under
reduced pressure and the crude dissolved in CH.Cl. (5 mL). The organic layer was washed with
NaHCO; (6 mL) followed an additional wash with water (6 mL). The organic layer was
concentrated in vacuo to furnish compound 6 as a green solid (35 mg 72 % yield from 3). HRMS
(ESI) m/z calcd. for CsqH22F20N6Os ([M+H]Y), 1214.1332, found 1215.1397.

Synthesis of (7). To a solution of 4 (50 mg, 0.03 mmol, 1 equiv.) dissolved in THF (6 mL) was
added N-hydroxysuccinimide (4.0 mg, 0.03 mmol, 1.1 equiv.) and DCC (7.3 mg, 0.04 mmol, 1.2
equiv.) and allowed to react at r.t under inert conditions for 45 min. THF was evaporated under
reduced pressure and the crude dissolved in CH.Cl, (5 mL). The organic layer was washed with
NaHCO; (6 mL) followed an additional wash with water (6 mL). The organic layer was
concentrated in vacuo. The organic layer was concentrated in vacuo to furnish compound 7 as a
green solid (32 mg 67 % yield from 4). *H NMR (500 MHz, CDCls) & 8.62-8.48 (bs x2, 6H), 4.77
(bs, 2H), 4.11-4.07 (m, 10H), 3.89-3.85 (m, 10H), 3.70-3.61 (m, 18H), 3.52-3.43 (m, 8H), 3.41
(bs, 1H), 3.35 (bs, 1H), 3.30 (bs, 1H), 2.92 (bs, 2H), 2.36-2.33 (m, 2H), 2.31-2.29 (m, 2H); 13C
NMR (125 MHz, CDCls) 6; 147.37, 145.02, 135.42, 132.87, 116.41, 106.61, 71.95, 71.87, 71.82,
70.92, 70.78, 70.64, 70.59, 70.39, 70.31, 69.73, 59.09, 53.45, 38.34, 30.36; HRMS (ESI) m/z
calcd. for C74HesF16N6013S4 ([M+H]+), 1678.3315, found 1679.3343.

Synthesis of (8). To compound 5 (39.45 mg, 0.026 mmol) in dry dioxane (3 mL) was added N-
hydroxysuccinimide (4.0 mg, 0.03 mmol, 1.1 equiv.) and DCC (7.6 mg, 0.04 mmol, 1.2 equiv.)
and allowed to react at r.t. under nitrogen overnight. The resulting mixture is centrifuged at 13000
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rpm for 10 min and the supernatant was evaporated under reduced pressure to furnish compound
8 (41 mg, 0.025 mmol) in 98% vyield as a green solid. The compound is used for conjugation
without further purification as it results in free acid (compound 5). HRMS (ESI) m/z calcd. for
C74H66F16N6017 ([M+H]+), 1615.4362, found 1615.4230; C74H66F16N6017 ([M+Na]+), 1637.4121,
found 1637.4084.

Synthesis of 10b (Lysozyme Conjugate with OPEG-Chlorin in DMSO)

A mixture of chlorin-NHS (compound 8) in DMSO and lysozyme from chicken egg white (SIGMA
L6876) in DMSO (final concentration 100 uM) at a chlorin:lysozyme molar ratio 1:1 was adjusted
to a final volume of 100 uL with DMSO. Another two reactions were set at a chlorin:lysozyme
1:10 (10 uM Chlorin Vs 100 uM Lysozyme) and at a chlorin:lysozyme 1:100 (1 uM Chlorin Vs 100
uM Lysozyme). The conjugation lasted overnight at room temperature in the dark with constant
shaking. After reaction, samples were centrifuged at 16300xg for 5 min at 4 °C (no precipitates
were observed) and stored at -20 °C for further analysis. The SDS-PAGE analysis shows that the
best conditions were at 1:1 ratio (100 uM each) and reaction was almost complete after 16 h.
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Figure S8. 1H NMR of a crude mixture of compound 7 and 4 in CDCls, 7.26 ppm; internal reference TMS.
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Figure S9. 1H NMR expansion of a crude mixture of compound 4 and 7, showing the bridgehead hydrogens and SPEGs. THF
appears at 2.69-2.64 ppm.
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Figure S10. Compound 2 in CDCls, approx. 77.16 ppm
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C NMR Expansion

Chemical Formula: CygH 5F 50N
Exact Mass: 10171008
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Figure S11. Compound 2 in CDCls, approx. 77.16. Expansion (see tables S1-3 for assignments and comparison to the literature).
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Figure S12. Compound 3 in CDCl; (approx. 77.16).
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Figure S13. Compound 3 in CDCls (approx. 77.16). See tables S1-3 for assignments and comparison to literature.
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Figure S14. Compound 5 in CDCls. See tables S1-3 for assignments and comparison to the literature.
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Figure S15. Compound 5 in CDCl; expanded.
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Figure S16. Compound 5 in CDCl; expanded.



Gonzales et al Supporting Information for Chlorin bioconjugates 23

72,0450

— . 4924
—71.9228

C NMR Expansion

Chemical Formusa: CraHagF aNeOqs

Exact Mass: 1517 4065

M

T T T T T T T T T T T T
75.5 75.0 74.5 74.0 73.5 73.0 72.5 72.0 7.5 71.0 70.5

Figure S17. Compound 5 in CDCls (approx. 77.16) expanded.
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Figure S18. Compound 4 in CDCl; (approx. 77.16).
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Figure S19. Compound 2 F-19 NMR in CDClI3 with trifluoroacetic acid standard.



Gonzales et al Supporting Information for Chlorin bioconjugates 26

=
:- -0 Me MNOOGMNMN TONM DON N MNOM~ -]
L DY VN WwTOheN DO DA [-Ldal:L & -
. TH W TOOSNNS onN @ne NEMNOD Y L
1 7n v recer~ rrY N comea
T O WDOODOMM~ 000 v Ao -
o LT ] M BHAPA®S WA O WA OO w
HT] % o e, T e 3
| AR N Nl P |
w |
-
e
-
-
Chemical Formula: CsgH1aF3pN503
Exact Mass: 1117.1169
B)E‘ E‘ I:. s p 31}——J= E E’
= ~ - w
1P ; I = - = " -
Y g g it W iad i T i R s
T T T
5 B

1 |
I
-13

Figure S20. Compound 3 F-19 NMR in CDCI; with trifluoroacetic acid standard.
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Figure S21. Compound 5 F-19 NMR in CDCI; with trifluoroacetic acid standard.
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Figure S22. Compound 4 F-19 NMR in CDClI3 with trifluoroacetic acid standard.
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Compound Table
(2]
Compound Labwel RT ans Abunid Formula Tgt Mass | (ppam) FG Formuala D Formula
Cpd 1: C46HIS P20 NS| 0091  1007.1017] 4514386 €46 H1S F20 NS 1017.1008 0.83| C46 H1S F20 NS 46 H15 F20 NS
[ Label mfz RT | Algorithm Mass
Cpd 1: C46 H1S F20 NS | 1018, 1091 0,091 | Fnd By Formula 1071017
M5 Specirum
x10 5 [Cpd 1: C46 H15 F20 N5: +ESI Scan (0.083, 0.091, 0.100, 0.108 ... min, 10 Scans) Frag=365.0V C..
6
101801091
54 (ICABH1SF PONS|+H)=
e
3
24
14
[\]
200 300 400 S00 G600 700 8O0 900 1000 1100 1200 1300 1400
Counts v Mass-to-Charge (m/z)
M5 Zocmesd Spectiam
x10 % |Cpd 1: C46 H15 F20 N5: +ESI Scon (0.083, 0.091, 0.100, 0.108 ... min, 10 Scons) Frog=365.0v C
(2 10181091
21 casH1 JeHp
FE
3
:.
1040.0908
1 (ICAGH15F20NS}+Naj+ :
P I 11 | ' (A Chemical Formula: CygH5FgNs
990 995 1000 1005 1010 1015 1020 1025 1030 1035 1040 1045 1050 1055 1060 1065 :
Counts vi. Mass-lo-Chamge (m/z) Exact Mass: 1017.1008
M5 Spectrum Peak List
iz icake mjz  [piti{ppm) | 2 [abund |Formuta Ton
1018.1091] 10181081 ) 1 451435.5] C46H1SF20NS (M)
1019.1122) 10191112 0950 1 228535.92| CAGH]1 5F20N5 el
1020.1142]  1020.1144 0.16] 1 5534731 | C46H1 5F 2005 o M)+
1021.1149 1021.1175 25 1 BEER.63] C46H 1 5F 20NS (M ok
1022.1074]  1022.1208 1289 1 1315.94[casm1 SF20NS an}..
1023.113] 10031237 10.46] 1 20033 C46H1 5F20NS Mok
1040.0908 1040.09 -0.74] 1 261751 CA6H15F20NS I_‘n-uap
1041.0027]  1041.0032 0.47] 1 S850.03| CA6H1 SF20NS (M+ha)+
1042.1218 1042.0063] -24.41] 1 133,49 C46811 572005 [(aeniays

Figure S23. High resolution mass spectrum of compound 2.
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Figure S24. High resolution mass spectrum of compound 3.

Chemical Formula: CggHygF2pN504
Exact Mass: 1117.1169
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Compound Table -
[ d II'I' Haus ] .lh-dl Formula Iﬂlhﬂl[r] HFG Formula 08 Formula
mummr:sumsl 0054 lm.an] :msl 70 HE3 P16 NS 015 Lm.cn.l 256  C70 HE3 F16 NS 015 CP0 HE3 P16 NS 015
Compound Label m/z RT | migorithm Mass
Cpd 1: C70O H63 FI6 NS | 1518.4100 009  Fnd By Formula 1517.402
015
S Soectrum
%10 4 [Cpd 1: C70 HE3 F18 NS 015 +E51 Scan (0.077. 0.085, 0.004, 0.102 . min, 13 Scana) Frag=365
i85
2
1.5
14
0.8
0 - . - - - - v : -
200 300 400 S00 600 _700 MO0 900 1000 1100 1200 1300 1400 1500 1800
Counta va Maas-to-Chaege (i)
S Zocamed Spectram
%10 4 |Cpd 1: €70 HE3 F16 NS O15: +ES5I Scan (0.077, 0.085, 0.094, 0.102 . min. 13 Scans) Frag=365.__.
151 m
25 (CTOMBIF 1 18]
2 1540 3905
{IC TOHBIF 16M501 5]+ MNals
15
1
0.5
L Chemical Formula: CogHesFigMe g
1495 1500 1505 1510 1515 1530 1525 1530 1535 1540 1545 1550 1555 1560 1565 :
1 'l 1 Exact Mass: 1517 4085
MS Spectrum Peak List
m/z Cale mjz |Dﬂ{!—|l 2 |Abund Formula Ton
1518.4201)  1518.4138] 243 1 30345.12| CTOHEIF 1 ENSO1S M)
1519.4131 1519.417 26] 1 23575 3| CTOHEIF | ENSO1S (M+H}+
1520.4139 1520.4201 409 1 9639.04| CPOHEIF 1 ENSO1S (MM}
muml 1521423 52] 1 3250.95]| CTOMEIF 1 6NSO1S M+
15224202 1522.4258| 24] 1 B73.28| CTOHEIF | ENSO1S ([M+H}+
1540.3905 1540.3957 341] 1 13907 CTOHE3IF16N5015 (M +Na}+
I.SALH-HI 1541.399 03| 1 1124395 CTOHEIF | ENSO 1S lgll-n-}o
'I.M}‘.Hﬂl 1542.402 3138| 1 AT21.96| CTOHEIF | ENSD1S (M +Na)+
1543.403 15434099 1.13] 1 160181 CTOMEIF 1ENSO1S (M +Ma)+
1544.4084]  1544.4078] -0.43] 1 410,94 CTOHEIF16NS015 [{M+Nabe

Figure S25. High resolution mass spectrum of compound 5.
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Comypound Tabbe -
Compound Label BT Mais Abiared Farmuls Tgt Mass | (ppm) ML Formula 08 Formuls
Cod 1: O Hié FLE BE O17) [T-r, ] 1814.4186 5018 4 i F1E W6 017 [CIEE C74 HSE FLE N6 017 74 HEE F1E W 017

ompound Label | mfz RT__ Nigorithm Mass
Cpd 1: C/4 HE6 F16 NG | 16374084 0079 | Fnd By Formuda 1614.4186
o7

M Spactram

w104 [Cpd 1. C74 MBS F 16 NG O17. +E5I Scan (0070, 0.079, 0.087, 0.095 ... min, 43 Scans) Frag=365._

200 300 400 500 600 700 S00 900 1000 1100 1200 1300 1400 1500 1800
Counts va Mass-to-Charge (mdT)

M Poarreed Spectrum
%104 |[Cpd 1: C74 H66 F16 NG O17: +ESI Scan (0070, 0.079, 0.087, 0.095 .. min, 43 Scana) Frag=305__

1637
(CT4mEEF 1 17 eha)e

2 1615.4230 Chemical Formula: C; H:F, N0
" “W'wm'ﬂk Exact Mass:{zféﬁizm e
7500 1595 7600 1805 1610 1615 1630 1625 1830 1635 1640 1645 1650 1855 1800 1605 Molecular Weight: 1615.34
Counis va. Mass-to-Charge (mdz)
MS Spectrum Peak List
m/r Callc mjz Diff{ ppm ) z |Abund Formula lon
1615.423 1615.4302 44| 1 204035 | CT4HGEF LENGD 1T (M+H)+
1616. 4294 1616.434 24 1 1782.41 | CP4HGEF LENGDLT (M+H)+
1617.4272 1617.4364 5.68] 1 906,68 | CTAHGEF LGNGO 7 (M+H)+
1618.4318 1618.4393 466 1 378.68 | CTAHEEF 16NGD 1T (M+H)+
1637.4084] _ 1637.4121 2.27] 1| 55016.47|CPaH66F16M6017 (Mena)+
1638.4114 1638.4153 23| 1 46229.29| CT4HEEF 16NG01 7 [(M+Naj+
1639.4131 1639.4154 izl 19886.59 | C7T4HEEF L6NGOLT (M+Ma)+
16404142 1640.4213 4.28] 1 6340.03| CT4H66F 16NG01T7 (M+Na)+
1641.4161 1641.4241 487 1 1762.66| CP4HGEF 16NGD1 T (M+Na)+
1642.4251] 16424268 1.08] 1 666.64| CT4HGEF 16N6017 (Meha)e

Figure S26. High resolution mass spectrum of compound 8.
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Figure S29. High resolution mass spectrum of compound 6.



Gonzales et al Supporting Information for Chlorin bioconjugates 36

Bioconjugates

Synthesis of Lysozyme Conjugate

A mixture of S-PEG-chlorin NHS ester (compound 7) or an O-PEG-chlorin NHS ester (compound 8) in DMSO (final concentration 100
uM) and aqueous lysozyme from chicken egg white (SIGMA L6876) at a PEG-chlorin:lysozyme molar ratio 1:1 was adjusted to a final
volume of 1 mL with DMSO. The conjugation lasted overnight at room temperature in the dark with constant shaking. After reaction,
samples were centrifuged at 16300 xg for 5 min at 4 °C (no precipitates were observed) and stored at -20 °C. Crude product was
purified by gel filtration on a 5 mL column of Sephadex™ G-25 Superfine (GE Healthcare 17-0031-01). Conjugates were eluted with
distilled deionized water and 2 mL fractions were collected. The fluorescence of the chlorins allows direct visualization of the gels with
or without staining by standard Coomassie Blue protocols. Fractions 2 and 3 (Ve 3-6 mL) luminesced upon excitation with 365 nm UV
light. Fractions were dried in a Speed-Vac concentrator overnight and analysed by SDS-PAGE (ESI S30, S31), non-denaturing PAGE
(ESI S32) and UV-Vis (ESI S26) after dissolving in 50 pL distilled deionized water. Lysozyme contains lysine amino acids that can
potentially react with the NHS ester.

A 1 2 3 4 5 B 1 2 3 4 5 C 1 2 3 4
MW, MW, _
kDa ~ kDa _
W——m —
o O——
21.5 —— 2] .5—

44w - &8s YT —

-

Figure S30. SDS-PAGE for conjugation of S-PEG-Chlorin to lysozyme in DMSO. Lane 1: Molecular weight marker. 2: Free
lysozyme. 3: Free S-PEG-chlorin. 4: Crude product reaction 1:1. 5: Crude product reaction 1:10. A: Visualization of chlorin fluorescence
after excitation at 365 nm B: Visualization of protein after staining with Coomassie Blue C: Overlay UV/Coomassie.
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Figure S31. SDS-PAGE for conjugation of O-PEG-chlorin to lysozyme in DMSO. Lane 1. molecular weight marker. 2: Free

lysozyme. 3: Free Chlorin. 4: Crude product reaction 1:1. 5: Crude product reaction 1:10. A: Visualization of chlorin fluorescence after
excitation at 365 nm B: Visualization of protein after staining with Coomassie Blue. C: Overlay UV/Coomassie.
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A 1 2 3 4 5 6 7 8 910

Figure S32. Nondenaturing PAGE for bioconjugation of O-PEG-Chlorin to lysozyme in DMSO after SEC. Lane 2: Free lysozyme.
Lane 4: Fraction-1. Lane 6: Fraction-2. Lane 8: Fraction-3. A: Visualized with UV light at 365nm before staining with Coomassie Blue.
B: After staining with Coomassie Blue.
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Figure S33. UV-Vis absorption spectra of OPEG-chlorin 8 (brown) and OPEG-chlorin-lysozyme conjugate after SEC (green). Red:
lysozyme in DMSO; black DMSO. Spectra recorded in a NanoDrop 1000 spectrophotometer.

Conjugation to ssDNA. Chlorin was coupled to the 5' end of a 14 nt DNA via 6 carbon amine linker (5'-NHz-(CH2)s-NH-
dTTCTTCTCCTTTCT-3"). Chlorin was added to 100 uM DNA containing phosphate buffer 0.1 M, pH 7.4 with 10:1 ratio. The
reaction was carried out overnight at 37 °C; aggregation was observed under these conditions. After reaction, sample was
centrifuged at top speed for 5 min, the supernatant and pellet dissolved in DMF were electrophoresed on a 20% polyacrylamide
gel as shown in Figure 1. The same position on the gel for both chlorin and DNA confirmed the coupling of chlorin and DNA. A
smeared band from top of the gel in lane 3 might be the contribution of free dye and higher ordered labelled DNA.
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Figure S34. Enzymatic activity assay. A: lysozyme in DMSO; B: O-PEG-
chlorin-lysozyme conjugate in DMSO, M. lysodeikticus cells (SIGMA M3770
ATCC No 4698) (1.25 mL, 0.15 mg/mL) in 66 mM potassium phosphate pH
6.2 was mixed with 0.05 mL lysozyme or lysozyme conjugate in DMSO.
The change in absorbance at 450 nm was monitored for five minutes in a
Cary 50 Scan UV-Vis spectrophotometer (Varian). The activity was
calculated as:

Units/mg = Mm/min * 1000

mg enzyme

Units/mL = Mm/min
(0.001)*(0.05)

Mass spectrometry of the bioconjugates
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Activity (units/mg)

e EE SRRy

Lysozyme QOPEG-Chlorin-lysozyme
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LC-MS—TIC Profile of Lysoszyme
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Mon isotopic mass: 14303.877442
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KVFGRCELAAAMKRHGLDNYRGYSLGN WVCAAKFESNFNTQATNRNTDGSTDYGILQINSRWWCNDGR
TPGSRNLCNIPCSALLSSDITASYNCAKKIVEDGNGMNAWWAWRNRCKGTDVOAWIRGCRL
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Figure S35. HRESI-MS of the conjugate from HPLC. The second peak in the HPLC is the DCU by-product resulting from PEG-chlorin
synthesis by DCC.

ol (453l Sean [7106-1 30 min, 14 Suars) Fra=360V FALC_ 320150 Subivect Decemived {fsope Widk=20)
| {58E %
13
1 J MolFormula : C g F1sH N 10s0108 10
Monoisotopic Mol wt: 15803 280043
Ave Molwt 138135.374238
03
ﬂ-ﬁl [ [ I [ [ I [ [ [
U N (A N 1 T (N N AN 11 N 7 O I
Courtsvs. Decomyolied Mass (amy
The above intact mass corresponds to the EVFGRCELAAAMERHGLDNYRG VSLGNWVCAAKFESNFNTQATNENTDGSTDY GILQIN
Lyzozyme-OPEG-Chlorin conjugate SRWWCNDGRTPGSENL CHMIPCS AL LS SDITASVNCAKKIVSDGNGMNA WV AWENECEGT

attached to one lysine reside. DVQAWIRGCEL;13:0PEGChlonn,
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Figure S36. The deconvoluted HRESI-MS of lysozyme is 14,305.82 from pH 7.2 buffer. Deconvolution of the HRESI-MS of the fractions
from the conjugation reaction using the O-PEG-chlorin include 15804.76 for the lysozyme-OPEG chlorin conjugate
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Table S1. Compound 2, N-H chlorin compared to the N-CH3 derivative, proton NMR assignments and comparison to literature.

C8-H, C17H,
B-pyrroleH
C12-H, C13-H,
B-pyrroleH
C7-H, C18-H,
B-pyrroleH
C2-H, C3-H, B-
pyrroleH

CHH

CHH

Hirohara® Drain® Tome® Silva®
8.54 dd, /=5.8 Hz, || 8.64 d, /=5 Hz, 2H Aromatic = four of 8.40 (2H) Pyrrolic B- | 8.31d (1)
J=9.9 Hz, 2H the six b-pyrrolic and 8.71 () | H¢ 8.37d (1)

8.51 s, 2H 8.41 s, 2H protons appear as 4.9 Hz, 2H) 8.42d (1)
two doublets and 8.46d (1)

8.26, dd, /=5.0 Hz, | 8.30 d. J=4 Hz, 2H ';h:;e is a singlet at 8.48 (2H) 8.68d (2)

8.23 J=4.8 Hz, 2H ’

5.34 m, 2H 5.14 s, 2H 1 m, two b-pyrrolic 5.24-5.27 | Pyrrolic B- | 5.24-5.25
protons of the C(sp3 )-H m (2)
reduced ring

3.18 brs, 2H 3.28-3.25 dd, J;:=5, J2=10 J 2 m, methylene 2.52-2.56 | H- 2.53-2.60

Hz, 2H protons and 3.11- | methylene | m (2)
2.25-2.06 || brs, 2H 2.27-2.24 dd, J;=5, J»=10 3.16 3.09-3.14
Hz, 2H m (2)

a'H NMR (600.07 MHz, CDCls, Si(CHs) = 0 ppm), Hirohara and coworkers.!

b *H NMR (500 MHz, CDCls) this work.

¢ chemical shifts (ppm) in CDCI3 , multiplicity (number of protons), Tome and coworkers.?

d chemical shifts (ppm) in CDCl;, Cavaleiro and coworkers.3
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Table S2. C-13 NMR assignments and comparison to literature.

45

Hirohara® PPM Drain® PPM

C1, C4, C11, C14-a- 156.04-155.83 C-F pentafluorophenyl 151.77 (ortho)

pyrroleC

C2C6-PhC, C3C5-PhC 148.97-144.55 C15 146.31

C9, Cl16-a-pyrroleC 138.46 Quaternary, 145.59
pentafluorophenyl

C6, C19-a-pyrroleC 137.69 C10 144.31

C8, C17-B-pyrroleC 131.92 Quaternary, 143.59
pentafluorophenyl

C12, C13-B-pyrroleC 127.85 Cl4 142.21

C7, C18-B-pyrroleC 127.34,127.14 Cl6 140.16

C4-PhC 121.44 C-F pentafluorophenyl 139.26 (para)

C1-PhC 111.67 C5, meso 138.17

C10, C15, mesoC 109.49 C19 137.45

C5, C20, mesoC 98.22 C20, meso 136.12

N-CH2 63.60 C1 135.46

C2, C3-B-pyrroleC 50.74 C-F pentafluorophenyl 134.17 (para)
C-F pentafluorophenyl 131.34 (meta)
C-F pentafluorophenyl 126.31 (ortho)
C-F pentafluorophenyl 122.84 (meta)
C12,C13 114.69, 114.24
C17 105.30
C18 96.07
N-CH2 27.99
C2, C3-B-pyrrole (bridge head) | 51.33

a 3C NMR (CDCls, 100.40 MHz, CDCls = 77 ppm)*

b a’3C NMR (CDCls, 125 MHz, CDCls = 77 ppm)
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Table S3. F-19 NMR assignments and comparison to literature.

Hirohara? Drain®

-131.38 1F, brs, 3,5-PhF | -135.29to | (m, 8F, Ar-m-
-136.80 F)

-131.74,-131.97 | 1F, m,3,5-PhF | -150.96to | (m, 4F, Ar-p-
-151.64 F)

-132.67 2F, s, 3,5-PhF -157.21to | (m, 8F, Ar-o-
-161.28 F)

-135.31 1F, brs, 2,6-PhF

-137.26 2F, m, 2,6-PhF

-137.79, -137.83 | 1F, m, 2,6-PhF

a'F NMR (376 MHz, CDCls, CFsCO,H = -76.50 ppm)

bF NMR (376 MHz, CDCls)

Relaxation of 3C by *F (measured by NOE) is not efficient; J coupling of 1*C-1°F = 1-25 Hz, resulting in weak multiplets in the carbon spectrum.*

Doubling of the peaks for chlorins is due to the two tautomeric form of the pyrrole NH, but these are not well resolved in all 3C spectra.l>®
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. ORTEP drawing of 4b-CgHyy asymmetric unit with thermal ellipsoids shown at the 30 %

probability level. Hydrogen atoms are omitted for clarity,

Figure S37. Crystal structure of the Pd(ll) complex of the N-CHs; chlorin.
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ORTEP drawing of 4¢-CgH,y4 asymmetnic unit with thermal ellipsoids shown at the 50 %

probability level. Hydrogen atoms are omitted for clarity.

Figure S38. Crystal structure of the Pt(Il) N-CHs chlorin.

The crystal structures show the distortion of the dye and the out-of-plane orientation of the pyrrolidine group.’
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Cell studies with DNA Conjugate

Confocal Microscopy. MDA-MB-231 cells were plated onto cell culture dishes. O-PEG-chlorin-DNA conjugate 9b were prepared at final
concentration of 1, 2.5, 5, 7.5 and 10 nM in DMEM (Dulbecco's Modified Eagle's medium). After incubation for 24 h, the cells were
rinsed three times with phosphate buffered saline (PBS), and incubated with a 4% paraformaldehyde solution for 15 min at 37 °C under
cell growth conditions. Cells were then washed three times with PBS and visualized using a Nikon Eclipse Ti microscope in Hunter's
Bio-Imaging Facility. Excitation was 572nm+/-35nm and emission was 630+/-60nm for all samples.

Observations:

The images were taken at five different concentrations (1, 2.5, 5, 7.5 and 10 nM). After overnight incubation of the cells with
concentrations over ca. 5 nM of 9b, we observed decreases in cell density, changes in cell morphology, and cell clumping. Neither the
DNA by itself nor the chlorin platform cause these morphological changes in the cells at these concentrations.® We expected the
amphipathic chlorin moiety to diffuse passively into the cell membrane due to the PEG groups; however, the DNA part of the conjugate
inhibits uptake into the cell due to the high negative charge of the phosphate backbone. Although the mechanism for the changes in
cell morphology and necrosis induced by 9b is under investigation, we postulate that aggregates of the compound cause a disruption
of the cancer cell membrane. The fluorescence microscopy studies were conducted on the same day the cells were fixed using
paraformaldehyde and 7 days after fixing. We observed a substantial increase in the fluorescence on day 7 compared to day 1,
suggesting that 9b initially was aggregated in/on the cells, and then slowly disaggregates after fixing. This increase in fluorescence
upon disaggregation is similar to what is observed for glycosylated phthalocyanines.® We also observed aggregates of the compound
mostly on the surface or in the cytoplasm, which is in agreement with our assumption that the DNA inhibits the conjugate from entering
the cell and cell organelles.
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Figure S39. Fluorescence images of DNA-chlorin conjugate on the day of fixing MDA-MB-231 cells using 4% paraformaldehyde. a-f
are bright field images and g-l are overlays at 0, 1, 2.5, 5, 7.5 and 10 nM concentration of the conjugate.
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Figure S40. Fluorescence images of DNA-chlorin conjugate after 7 days of fixing MDA-MB-231 cells using 4% paraformaldehyde. a-
f are bright field images and g-l are overlays at0, 1, 2.5, 5, 7.5 and 10 nM concentration of the conjugate.
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