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Abstract

Photodynamic therapy (PDT) is an effective tool for cancer treatment. It is a
minimally invasive therapeutic modality and a complementary to chemotherapy and
radiotherapy. PDT is a photochemical reaction which requires simultaneous presence of
a photo-sensitizer(PS), light source and oxygen. Complexes are activated at a specific
wavelength of light and in the presence of oxygen, produces reactive oxygen species
(ROS) causing DNA cleavage and cell death.

In this research, a series of Cu(ll) complexes supported on NNO-Schiff base
ligands are synthesized. Concentration, structure, wavelengths of light (UV and visible)
are key parameters in deciding about effectiveness and potential applications of PDT.
Two mechanisms, singlet oxygen and hydroxyl radicals are verified. Moreover,
significant loss of viability was detected under UVA in celluar experiments. Quinoline
based complexes are more effective causing greater cleavage of visible light-irradiated

DNAIn comparison to amine based complexes.
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50mM tris-HCI buffer (pH, 7.2) o BB
containing 50mM NaCl prEEA

TAE buffer, (10x) . B P

Invitrogen
SYBR Safe in DMSO‘™) Invitrogen ~ E B
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(400MHz) > Varian Unity Inova 600 (600MHz):#| & » *C NMR 12 Varian
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5 kg T ,?%f;ﬁ’éz%fr S e »Jf;\ FE % % F1* Siemens SHELXTL PLUS
238 P 2 @ %2 (Direct Methods ) & fgzs o #73 h2bd B+ & L1 * @ § &
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quinolin-8-amine (0.72 5. ,550 ¥ £ 2 % *+ 50 £ 2 Flx¥g® 20 ¥ 2 °

> Y o

FE 5 3,5 it n 10 ) PE S A A e (T EM A - (14990 A 5
81%)

(b) La2

‘MeOH 10ml _ S
" |
N

OH Lq2

FeB~ 2-hydroxybenzaldehyde (0.610 = ,500 = & B){r
quinolin-8-amine (0.793 5. ,550% £ B) ¥ *50% 2 Flx#g? 20 = ¥

> Yo

A5 A F ie e 10 ) BE 1S #n AR 45T B A P o (24890 A %
99%)



(c) Lg3

o=
“~OH = MeQOH 10ml xN - |
*
o
OH NT -t @(\ N |
OMe NH OH
2 OMe La3

F=B~ 2-hydroxy-3-methoxybenzaldehyde (0.766 s ,5.00 % 3 2)4fr

quinolin-8-amine(0.793 5. ,550 % 3 8) ¥ *» 50 £ 2 flA#g® 20 2 °
e LA AL F i on 10 ) P BB 57 T EMAY o (13990 & F ¢
63%)

(d) La4

O,N
: "@\/*D ) N MeOH10ml -
P N
OH N Cl\/\ |

r.t. M-
NH; OH

Lq4
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(a)1,10-phenanthroline-5,6-dione(phen) & = :

#=2~ 1,10-phenanthroline (4.00 g>22.2 mmol ) & ** 100 ml Fl&A¥#g® -
i 4e » KBr (4.00g>33.6 mmol )» teikis ™ 4e » 20 ml Jksifife 10 ml &
i > e B IR 3] o B4 gr S MR ] 500 mI A g ok S e
NaOH 2z L1 g * 2 AR FELI pH EL 6 £ 1 CHCl 525 8 & 41 %k
R B MRL &G EF 4 SR FME289 AT 66%)

(b) dibenzo[f,h]quinoxaline (dpqg)ené = :

##=2~ 1,10-phenanthroline-5,6-dione (0.63 g » 3.00 mmol) ¥ *+ 50 ml [f]
B FL P o 4e »~ ethane-1,2-diamine (0.18 g > 3.00 mmol) » B~ 30 ml z f% % /%
A > ¥ 2 ¥ fe (benzenesulphonic acid) 0.1 ml 5 i #) > 4c#uie ok > &
ReifA2 €39 d BRI d o FEF R L0 AR RFHA
TR E TR iR AR T @16 ¢k (044

g A % : 64%) -
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& = % ;2 ¢ dpq-1,10-phenanthroline-5,6-dione (0.63 g>3.00 mmol) -
benzene-1,2-diamine (0.32 g > 3.00 mmol) » #3]v ¢ } %(0.68g> A 5
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(@)qld =g =

F=2~fix e 4 (0.14 g > 0.70 mmol )£z dppz(0.22 g > 0.77 mmol)) £ ** 50
ml FI&3L? >0 20ml P R 2 i3 & FR THEL LR F BRI
Lgl(0.23g°0.77 mmol ) » ¥ > i T #4E 3 ] BF - £ e~ i & Fesp (0.094
g 0.77mmol) » 5 FIMITE > 1% Jais Eiwlc f FIM o 0k fRF

ek > BN E T TR WIS 4 A - (03290 A 5 1 68%)
(b) g2d & =

&2k 15 sk > Lg2(0.19g > 0.77 mmol) » ¥ FiE% ¢ FHRY o
(0.359 > & 5 : 73%)

(c) g3d =& =

&% 2k e L#cde » L3(0.21 g 0.77 mmol)> 7 1% 48 ¢ F4-(0.31g >
A 5 1 62%)

(d)gdd 4 =

!

£k 1o #che » Lg4(0.23g > 0.77 mmol) -
(0.38g > & 5 : 56%)

(e) g5d & =

£k 1o #che » Lg5(0.289  0.77 mmol) -
(0.35g > & 5 : 71%)

!

BiFER 4 T

(fnid s &

&= 15 #cée » Ln1(0.19¢g > 0.77 mmol) -

=

W% HW o

(g) n2d chg &

£ 22 1o #cde » Ln2(0.15g > 0.77mmol) » 7 (B3 % FHEE -
(h)yn3d hg &
&A1y scde » Ln3(0.17 g 0.77mmol) » v #iR % & FH4Y -
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(i) n4d e & =&
£33k 1o x4~ Ln4(0.18g° 0.77mmol) » ¥ (B & % ¢ 4 o
() n5d e & =

£33k 1o x4~ Ln5(0.24g > 0.77mmol) » ¥ (X % F FH4 o

(DNA T 7% %% 8 1 i
(a) tris-HCI buffer =iz ¥

F53~ tris (0.3 )22 NaCl(0.146 #.)> 12 50 # = = % 4 35 ke B -
£ HCIF 23 pH E 5 7.2 9

(b) TAE buffer enpie %

£ P~(10x)TAE buffer(50ml)> 2 950ml = =t 3 &= -k ## 5 (0.5%) s B~

()% # 1% Agarose gel

=P~ 0.69 Agarose #r » I © ¥ 5 60ml TAE(0.5x) buffer ¢ » 4c £ i
H Agarose % >3 RN 4EHA & BFLF o £ 4o~ ¥ £ 4 & SYBR Safe(4ul)

WAR £ D M 600C 0w EWR Y BHE L Sf o @RT L4
A

(2)DNA 7 5 3 % # o

m F ¢ - DNA(1uL) » triz-HCL buffer(15.2uL)22 complex(40# M >+
DMF 3% # )(1.8uL);® & ¥2 eppendorf ¥ » i § FFRF T 5107 LR & >

RLZERSENITCEREWN - o
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BEFFOEFRERBPIT AN o EFRERB Z{ 4 & (loading
well) F =% % A f &> = > 4o > running buffer (0.5x TAE buffer) ¥ k14

FiBAF A > 77 loading 53 well ¢ o
BEHSRE FPEF R E B pihRark o 100V ERTRF

TAAYT 930 ~smis P Tk £ 2 UV %2 2 photographed g% T A

oo

(A) Bl 5 % b kag ik F Bk * ch¥ b k%R % 365nm > 8W o PRk pF
Fﬁr/{in 30min o

(B) #4k &L » teppendorf + s enE F 0 22K R R S o

(C)M:% 37T+ -

(D) B 5 &4 > * i &30 HK-eppendorf ek SRR 3K IR o
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(1)

(2)

(3)

4)

(5)

B 3, o5 1o
T A A

Photocleavage Sample

pUCI19 DNA (1uL, 0.5ug)
+ tris-HC1 buffer (15.2ul)
+complex (40uM)

+DMF 10% (1.8uL)

Total 18uL

l In dark chamber

¥ #* eppendorf

A8 7 : 365nm0.5h

¥ #+ glass vials
8 # : 633nm, 3h

|

Incubated for 1h at 37°C

1 In dark chamber

BERR Wk AT ¢

A. Marker (5uL) + loading dye (2ul.)
B. Photocleavage Sample + loading dye (2ul.)

l In dark chamber

[ & UV light 1% & photographed i ¥ % & 5%
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Hela cell l
: £ " N
[~ ] 8|

Dark UVA
Seeding 1x10* Hela cell/fwell
l (1.2 J/cm?)
Incubation
blank 4
l (18hrs )
1 5
2 OO0 0OC 6 MTT assay
3 7 l
NO. : 1 -7 Cell viability

Conc. : high Now

(1) i ¥z k22 22z 12 % (Cell culture)

#-Hela (* 3+ ¥ 5% 0% ) "1 & F#EfL ¥ =% Phosphate- buffered
saline(PBS)ix 2 =% » 2_ {& 4c » 1X Trypsin-EDTA ;% ;% 1.5ml> & ** 37°C5%CO;
e B AT 204818 0 RPEAER R Khmier T o BT A
DMEM-F12 35 % # ff-f8 - %5 50% fc# 1 & Bae § ¢+ 12 1000rpm 4t
w5450 e~ i £ DMEM-FI2 32 % £35 3 8¢ 2 (& > fa ~ 10 2 & 1

TEFEE o

Ji

% ¥ % 37C5%CO, w2 % 45 0 & - 3

%

(2) m %2 33 /& F enip) T (MTT assay)

KL i 2 g LK‘H% MTT s fmbe @ g e L“fﬂ ‘ﬁ%ﬁﬁf («Tf b1

fiZ Z f¥ dehydrogenase),m & 2 % ¢ =hformazan 2. 14 Kk p| T iwmbe 13 % 50

#1x10% % HelLacell 3 » 24 well /g3t 4 ¢ > &k B ¥ & Lanel-Lane7 d
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B M E S IR 2 ] RIS 0 A iR 0 be x 200pl PBS 0 RETS PR K

(365nm)5min= & % PBS: 4 » S00ul 35 % fh*c ¥ 24 /] p¥>4r » S0ug/ml MTT

s - Bowell ¥ 2% 37C5%CO0, ‘w32 & 45 (5 * 4 -] pF > 12 1500rpm 3t
N 2 el

AR IR “,ﬁii jife o 4o~ 200pl DMSO 2 8 ™ % 30 4 4gfs 0

¥ 11 ELISA reader ;4 & 490nm 3§ B~vx sk i@ % L o
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(- )& & $ qla-glf o fo k3 GE R @ 10uM)
u'g 7 N
|'. ] —
f | b
[
130mm "
0.6 4 ll . |'| "
% J \ II'.I 31650
AN
034" L\
= BAN\WIPN
0.0 . H\“".y A
200 300 400 500 600
Wavelength (nm)

# & 5 gla-glf s jc k3% B > 3% 2 DMF:H,0 (1:1) » & A : 10uM

AP ek ¢ 457 365NM (5 A G 4 ek kIR K

For ER R L 0 e 365nm gqld T el < o F]pt S

& of # e DNA % % 242 £ + qld

£ qla-qlf 387 % g enwfo > A A Fkans o

a—

Féa

AR B o

gk € BoAF o @ G 430nm g 2 4

Py

G H R RS o

(= )Ln1-Ln5 s UV 5 e k238 BGE & ¢ 20uM)
0.36
0.22 _ —Ln1
Ln2
0.28 Ln3
] / | Lnd
0.24 4 I | Lns
1 | 1
w020+ I \
B /
I / '
0.16 - |
4 II |
0.12 4 - \
008 /) \
Ao A "._. i
0.04 4 \y
0.00 T T = == T T
270 370 470 570 670 770
Wavelength (nm)
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e 4k Lnl-Ln5 fie 3 & DMF/H20(VIV)i% % #ip] B e jc % 2 > 4o+ )
Aror oo feimih i Bz i UV % 0 A 365nm 2 430nm Lnd sqjx R dic 'y B+ o
Flpt A E IE A ek b 2T F e DNA B A f2 Lnd s b € BdF o

(= )Lgl-Lg5 7 UV = Jc B(E B : 20uM)

0.40
Lg1
0.35 < LE?
Lg3
0.30 4 Lod
Lg5
0.25 -
§ 0.20-
0154 |
0 10-‘1-! \
i ¢
_.f
0.05 =
U UD 1 -I-_ — ¥ ¥
270 370 470 570 G670 770

Wavelength (nm)
v e = 2k Lagl-Lg5 e & % DMF/H20(VIV)i3 i #7ipl £ ek fz k3 4o+ [
R et A BHci UV R K RIT @ LqliBlnl 4R 0 A
400-500nm 3 — 1 % 4% i > R FI42R] 5 quinoline i = K fra W o fe A
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1. Introduction

When we were searching for topics to develop our interests, we came upon a clip
that was about photodynamic therapy and we were fascinated about the idea of curing
cancer with light exposure and complexes. After browsing some papers, we decided to
bury ourselves in this study and discuss more ways of how to make complexes more

effective to cleave DNA, even testing them on cancer cells to examine the effects.

PDT is an effective way to kill cancer cells and is less invasive to the body
compared to chemotherapy. We also focused on exposing the cells under visible light
which does less harm than ultraviolet, which early papers use. We hope by doing our
research we can bring more convenience to curing cancer and find out better ways of

medication.
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2. Procedures and Methods

I. Synthesis

(1) Synthesis of ligands

a. Lqgl
s s
l/ 7
+ N
p
OH N rt.
OH

NH
O w

Weigh 2-hydroxy-1-naphthaldehyde (0.86 g, 5.00 mmol) and place it in a
100 ml round-bottomed flask. Add 8-aminoquinoline (0.72 g, 5.00 mmol).
Use 40 ml ethanol as solvent, and benzenesulphonic acid 0.1 ml as catalyst.
After constantly heating and refluxing it for 10 hours an orange solid
percipitates, cool it and leave it for a while. Use a filter board to collect it, and
use a little ethanol to wash it. After draining it in vacuity, we can attain orange
powder (1.21 g, yield:81%).

b. Lg2

mo . @ MeOH 10ml Ny
OH SN rt @\ N |
NH, OH Lq2

Weigh 2-hydroxybenzaldehyde (0.61 g, 5.00 mmol) and place it in a 50
ml round-bottomed flask. Add 8-aminoquinoline (0.793g, 5.50 mmol). Use 20
ml methanol as solvent, and benzenesulphonic acid 0.1 ml as catalyst. After
constantly heating and refluxing it for 10 hours an orange solid percipitates,
cool it and leave it for a while. Use a filter board to collect it, and use a little

methanol to wash it. After draining it in vacuity, we can attain orange powder
(0.893 g, yield:72%).
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c.Lg3

=
mm-l E’I% MeOH 10ml SN |
+ ~ .
gm OH 7N A, N
° NH, OMe

Weigh 2-hydroxy-3-methoxybenzaldehyde (0.766 g, 5.00 mmol) and
place it in a 50 ml round-bottomed flask. Add 8-aminoquinoline (0.793 g,
5.50 mmol). Use 20 ml methanol as solvent, and benzenesulphonic acid 0.1
ml as catalyst. After constantly heating and refluxing it for 10 hours an orange
solid percipitates, cool it and leave it for a while. Use a filter board to collect
it, and use a little methanol to wash it. After draining it in vacuity, we can

attain orange powder (0.877 g, yield:63%).

d. Lg4

O,N x
\@(0* 7y MeonToml o S
P N
OH N rt. @\/\ |

N
NH, OH

Lgd
Weigh 2-hydroxy-5-nitrobenzaldehyde (0.836 g, 5.00 mmol) and placeqit
in a 50 ml round-bottomed flask. Add 8-aminoquinoline (0.793 g, 5.50 mmol).
Use 20 ml methanol as solvent, and benzenesulphonic acid 0.1 ml as catalyst.
After constantly heating and refluxing it for 10 hours an orange solid
percipitates, cool it and leave it for a while. Use a filter board to collect it, and
use a little methanol to wash it. After draining it in vacuity, we can attain

orange powder (1.173 g, yield:80%).

e. Lg5

o
Br

= = MeOH 10ml |

C.'l'H+ e I Br o KN .

- r.t |
OH N L. P N
Cl OH
NH; Cl Lq5

Weigh 5-bromo-3-chloro-2-hydroxybenzaldehyde (1.182 g, 5.00 mmol)

and place it in a 50 ml round-bottomed flask. Add 8-aminoquinoline (0.793 g,

5.50 mmol). Use 20 ml methanol as solvent, and benzenesulphonic acid 0.1
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ml as catalyst. After constantly heating and refluxing it for 10 hours an orange
solid percipitates, cool it and leave it for a while. Use a filter board to collect
it, and use a little methanol to wash it. After draining it in vacuity, we can

attain orange powder (1.049 g, yield:58%).

f.Lnl

Weigh 2-hydroxy-1-naphthaldehyde(0.860 g, 5.00 mmol),
N,N-dimethylethane-1,2-diamine (0.485¢g , 5.50mmol) and place it in a 50 ml
round-bottomed flask. Use 20 ml methanol as solvent, and benzenesulphonic
acid 0.1 ml as catalyst. After constantly heating and refluxing it for 10 hours
an orange solid percipitates, cool it and leave it for a while. Use a filter board
to collect it, and use a little methanol to wash it. After draining it in vacuity,

we can attain orange powder (0.945 g, yield:78%).

g.Ln2

Weigh 2-hydroxybenzaldehyde (0.610g , 5.00mmol),
N,N-dimethylethane-1,2-diamine (0.485g , 5.50mmol), and place it in a 50 ml
round-bottomed flask. Use 20 ml methanol as solvent, and benzenesulphonic
acid 0.1 ml as catalyst. After constantly heating and refluxing it for 10 hours
an orange solid percipitates, cool it and leave it for a while. Use a filter board
to collect it, and use a little methanol to wash it. After draining it in vacuity,

we can attain orange powder (0.634 g, yield:66%)
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h. Ln3

Ay
=N |

~o —
HN  N— - OH
OH + 2 ;

OMe OMe
L.n3

Weigh 2-hydroxy-3-methoxybenzaldehyde(0.766g , 5.00mmol),
N,N-dimethylethane-1,2-diamine (0.485g , 5.50mmol), and place it in a 50 ml
round-bottomed flask. Use 20 ml methanol as solvent, and benzenesulphonic
acid 0.1 ml as catalyst. After constantly heating and refluxing it for 10 hours
an orange solid percipitates, cool it and leave it for a while. Use a filter board
to collect it, and use a little methanol to wash it. After draining it in vacuity,

we can attain orange powder (0.767 g, yield:69%).

i. Ln4
(\N,—f
OﬂtT::Ij%U =N |
H-M MN— OsN OH
OH + 2 / 2 | s
e

Weigh 2-hydroxy-5-nitrobenzaldehyde (0.836g , 5.00mmol),
N,N-dimethylethane-1,2-diamine (0.485g , 5.50mmol), and place it in a 50 ml
round-bottomed flask. Use 20 ml methanol as solvent, and benzenesulphonic
acid 0.1 ml as catalyst. After constantly heating and refluxing it for 10 hours
an orange solid percipitates, cool it and leave it for a while. Use a filter
board to collect it, and use a little methanol to wash it. ~ After draining it in

vacuity, we can attain orange powder (0.901 g, yield:76%).

j- Ln5
-
N
Br %0 =N
Cl e
o Ln5
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Weigh 5-bromo-3-chloro-2-hydroxybenzaldehyde (1.182g , 5.00mmol),
N,N-dimethylethane-1,2-diamine (0.485g , 5.50mmol), and place it in a 50 ml
round-bottomed flask. Use 20 ml methanol as solvent, and benzenesulphonic
acid 0.1 ml as catalyst. After constantly heating and refluxing it for 10 hours
an orange solid percipitates, cool it and leave it for a while. Use a filter board
to collect it, and use a little methanol to wash it. After draining it in vacuity,

we can attain orange powder (0.962 g, yield:63%).

(2) Synthesis of Intercalator

N : KBt N 20 0
-
H,; SO, HNO

Yield : 522

dpq dppz dppn
Yield : 63.8% Yield : 80 3% Yld : 80 7%,

(a) Synthesis of 1,10-phenanthroline-5,6-dione:

Weigh 1,10-phenanthroline (4.00 g, 22.2 mmol ), place it in a 100mL
round-bottomed flask and add KBr ( 4.00 g, 33.6 mmol ). While ice bathing
add 20 ml dense sulfuric acid and 10 ml nitrate. Heat and reflux it for 3 hours.
After it has cooled down, add it into 500 ml deionized water and add NaOH
solution. Use an universal indicator to adjust the pH value to 6 and use
CH,Cl, to extract the organic layer to condense it. Add heated ethanol to

recrystallize it, then we can attain a yellow acicular solid (3.28 g, yield:66%).
(b) Synthesis of dibenzo[f,h]quinoxaline (dpq):

Weigh 1,10-phenanthroline-5,6-dione (0.63 g, 3.00 mmol) and place it in
a 50 ml round-bottomed flask. Add ethane-1,2-diamine (0.18 g, 3.00 mmol).
Use 30 ml ethanol as solvent and benzenesulphonic acid 0.1 ml as catalyst.
After constantly heating and refluxing it for 10 hours as an white solid
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percipitates, cool it and leave it for a while. Use a filter board to collect it, and
use a little ethanol to wash it. After draining it in vacuity, we can attain white
powder (0.44 g, yield:64%).

(c) Synthesis of dipyrido[3,2-a:2',3"-c]phenazine (dppz):

The method is same as dpq. 1,10-phenanthroline-5,6-dione (0.63 g, 3.00
mmol), benzene-1,2-diamine (0.32 g, 3.00 mmol), and we can attain white
powder (0.68 g, yield:80%).

(d) Synthesis of benzo[i]dipyrido[3,2-a:2",3'-c]phenazine (dppn):

The method is same as dpq. 1,10-phenanthroline-5,6-dione (0.63 g, 3.00
mmol), naphthalene-2,3-diamine (0.47 g, 3.00 mmol), and we can attain
orange powder(0.90 g, yield:90%).

(3) Synthesis of complexes qla-q1f

[I - T iy
N MMeOH Lagand MaClo, -

‘.1””_:.__-,“..':. . H_:'.* L = - - - | B Cu M |
M P N
1
a,bpy b.phen c.dpq d.dppz e,dppn
— N L 'l H Py .| M 4 M
" = Y e -
N H M N
(g
N
MeOH
CoiQ0Ac) « HyO +  Lagand tr M Cu
I _ | o [sT12
I
f.OAe

(a) Synthesis of [Cu(L)bpy]ClO4(qla):

Weigh copper acetate(0.14 g, 0.70 mmol )and bipyridine(0.12 g, 0.77
mmol), and place it in a 50 ml round-bottomed flask. Use 20 ml methanol as
solvent, and stir it for 1 hour under room temperature. After it has finished
reacting, add ligand (L)(0.23g, 0.77 mmol ), and stir it for 3 hours under room
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temperature. Add sodium perchlorate (0.094 g, 0.77 mmol ), then we can soon
attain solid precipitation. Use a filter board to collect the solid and wash it
with cooled methanol several times. Last, drain it in vacuity. Then we can
attain a brown solid(0.38g, yield: 89 % ).

(b) Synthesis of [Cu(L)phen]CIO, (qlb):

The method is same as gla, except changing bpy to 1,10-phenanthroline
(0.14 g, 0.77 mmol), then we can attain a brown solid (0.41g, yield:91% ).

(c) Synthesis of [Cu(L)dpq]ClO4 (gic):

The method is same as gla, except changing bpy to 1,10-phenanthroline
(0.18g, 0.77 mmol), then we can attain a brown solid (0.43g, yield:88% ).

(d) Synthesis of [Cu(L)dppz]CIO4 (q1d):

The method is same as gla, except changing bpy to dppz (0.22 g, 0.77
mmol), then we can attain a brown solid (0.48g, yield:93% ).

(e) Synthesis of [Cu(L)dppn]CIlO4 (qle):

The method is same as gla, except changing bpy to dppn (0.26 g, 0.77
mmol), then we can attain a dark brown solid (0.53g, yield:87% ).

(f) Synthesis of [Cu(L)OACc] (q1f):

Weigh copper acetate(0.14 g, 0.70 mmol )and ligand (L)(0.23 g, 0.77
mmol), and place it in a 50 ml round-bottomed flask. Use 10 ml methanol as
solvent, and stir it for 3 hours under room temperature. Use a filter board to
collect the solid and wash it with cooled methanol several times. Last, drain it
in vacuity. Then we can attain a brown solid(0.23 g, yield:78%).
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(a) Synthesis of q1d

Weigh copper acetate(0.14 g, 0.70 mmol )and dppz(0.22 g, 0.77 mmol),

and place it in a 50 ml round-bottomed flask. Use 20 ml methanol as solvent,

and stir it for 1 hours under room temperature. Add Lq1 (0.23g > 0.77 mmol )

when the reaction is finished and stir it for3 hours under room temperature.

Then add sodium perchlorate (0.094 g - 0.77 mmol ), and solid can be attained

immediately. Use a filter board to collect the solid and wash it with cooled

methanol several times. Last, drain it in vacuity. Then we can attain a yellow

solid.(0.32g, yield: 68%)

(b) Synthesis of g2d

The method is same as q1d, except changing Lgl to Lg2(0.19 g - 0.77

mmol), then a dark yellow solid is attained. (0.35g, yield: 73%)

(c) Synthesis of g3d

The method is same as ql1d, except changing Lql to Lg3(0.21g > 0.77

mmol), then a brown solid is attained. (0.31g, yield: 62%)

(d) Synthesis of q4d

The method is same as g1d, except changing Lql to Lg4(0.23g > 0.77

mmol), then a yellow green solid is attained. (0.38g, yield: 56%)
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(e) Synthesis of g5d

The method is same as gl1d, except changing Lql to Lg5(0.28 g » 0.77
mmol), then a dark yellow solid is attained. (0.35g, yield: 71%)

(f) Synthesis of n1d

The method is same as g1d, except changing Lql to Ln1(0.19g » 0.77

mmol, then a dark green solid is attained.
(9) Synthesis of n2d

The method is same as gl1d, except changing Lql to Ln2(0.159 » 0.77

mmol, then a green solid is attained.
(h) Synthesis of n3d

The method is same as g1d, except changing Lqgl to Ln3(0.17 g » 0.77

mmol, then a dark green solid is attained.
(1) Synthesis of n4d

The method is same as q1d, except changing Lgl to Ln4(0.18 g » 0.77

mmol, then a green solid is attained.
(j) Synthesis of n5d

The method is same as q1d, except changing Lgl to Ln5(0.24 g - 0.77

mmol, then a green solid is attained.

I1. Electrophoresis
(1) Preparations for DNA electrophoresis
(a) Preparations for tris-HCI buffer

Weigh 0.3g tris and 0.146g NaCl, and use 50mL D.D.H,0 to prepare the
solution. Then titrate it with HCI till pH=7.2.

(b) Preparations for TAE buffer
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Measure 50mL (10x) TAE buffer (50mL), then dilute it with 950mL
D.D.H,0 to 0.5x for use.

(c) Preparations for 1% Agarose gel

Weigh 0.6g Agarose, and add it into diluted 60ml TAE (0.5x) buffer.
Heat the Agarose till it is fully dissolved. Then cover the rim with aluminum
foil paper and add fluorescent dye SYBR Safe (4uL). Mix and cool it down

to about 60°C, then pour it into the agarose gel model and insert the teeth

comb. Leave it and wait until it cools down and takes shape.

(2) DNA electrophoresis procedure

In a dark chamber, DNA(1pL), tris-HCL buffer(15.2uL) and
complex(40uM in DMF solution)(1.8uL) are mixed in an eppendorf. Expose it
with different wavelengths of lights. After the exposure, place it in an 37°C

incubator for an hour.

(A) This is a picture of a UV bio-link. The ultra violet light source we use is 365nm and the
exposure time is 30 minutes.

(B) Infuse the sample on the lid of the eppendorf to make the exposure more effective.

(C) Thisis a picture of a 37°C incubator.

(D) This is a picture of a centrifuge, and it can be used to descend the compound to the
bottom of the eppendorf.
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Place the prepared agarose gel into the electrophoresis tank, and the loading
well should be close to the negative pole. Add running buffer (0.5x TAE buffer)

till it covers the gel. Then we can load the sample into the well.

(a) Loading of the Marker: Mix Marker (SuL) with loading dye (2uL) and
then fill it in the well.

(b) Loading of the sample: Mix the loading dye (2uL) with the sample, and
fill the well with 10uL of the mixture.

This is a picture of an electrophoresis tank with wells already loaded

After loading the sample, cover the lid with a layer of aluminum foil paper
to protect it from light. The electrophoresis is conducted at 100V. After 30
minutes, turn off the power and observe the electrophoresis gel by UV light and
photograph.

47



The flow is presented in the following:

L) Photocleavage Sample

pUCI9 DNA (1ul, 0.5ug)
+ tris-HCI bufYer (15.2uL)
+complex (40uM)

+DMF 10% (1.8ul)

Total 18l

l In dark chamber

(2) Place into eppendorf Place into glas vials
Under light: 365nm0_S Under light: 633mm, 3h

Incubated for 1hat 37°C

(3)

l In dark chamber

(4) Gel electrophoresis
A. Marker (5ul) + loading dye (2ul)
B. Photocleavage Sample + loading dye (2ul)

l In dark chamber

(5) UV Lght and photographed chservation of electrophoresis gel

This is a picture of an electrophoresis gel image system
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(3) Cell experiment

HeLa cell l
Incubation
(2hrs ) \'

' ] o

Dark UVA
Seeding 1x10* Hela cellfwell
(1.2 J/fem?)
Incubation
blank 4
il AOLGLWIL AL l (18hrs |
1 5
2 OO0 0C [ MTT assay
3 7 l
N.O. - 1 & Cellviability

Conc. : high Now

a. Cell culture

Human cervical cancer cells (HeLa) were obtained from the American Type
Culture Collection (ATCC; Manassas, VA, USA). Use phosphate-buffered
saline(PBS)to wash HeLa cells twice, add in 1X Trypsin-EDTA 1.5ml and place
it in an incubator( 37°C 5%CO, ) for 2 min. Retrieve the cells stuck on the Petri
dish and add in DMEM-F12 medium to dilute it. Collect the suspended cells
onto an aseptic centrifuge tube and cells are centrifuged it for 5 minutes. Then,
add in a suitable amount of DMEM-F12 medium and distribute the cells equally.
Place it on a 10 cm Petri dish and put it in the incubator (37°C5%CO,, )Culture it

once in 2 or 3 days.
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b. The measurement of MTT assay

The measurement of 1Csq is done by MTT which reacts on the enzyme
(dehydrogenase) of mitochondrium in a living cell and produces purple
formazan which can be used to measure 1CsqPlace 1x10* HeLa cells into a 24
well deep well plate from Lanel-Lane7 according to their density (high to low) ,
and add in the complexes to react for 2 hours. Eliminate the supernatant and add
200ul PBS. Expose it to 365nm light for 5 minutes. Eliminate PBS and add in
500ulmedium and leave it for 24 hours. Then, add in 50pg/ml MTT in every
well and place it in the incubator (37°C 5% CO, ) for 4 hours. Cells are
centrifuged at 1500rpm for 5 minutes then eliminate the supernatant. Add in
200pul DMSO and leave it under room temperature for 30 minutes, and we can
use the ELISA reader to read the change of extinction value by the wavelength

of 490nm.
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Comparison of the velocity of plasmid DNA
Supercoiled DNA > Linear DNA > Open circular DNA

open circular DNA
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Relative positions of different DNA forms on gel electrophoresis

The mechanism of photodynamic therapy
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When the photo-sensitizer absorbs energy, it excites to singlet state, and
gets to triplet state through intersystem crossing. Then the excited compound

transfers the energy to oxygen or water molecules and forms free radicals or

singlet oxygen that can kill cancer cells
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3. Results and Discussion

Experiment 1: Discussion of UV-Vis and fluorescence spectrum

Abs

0.9 4 N
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-.Il II
Pl (WY
0347 f} N
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0.0 ' . . . =
200 300 400 500 600

Wavelength (nm)

Absorption spectrums of complexes 1 — 6, the solvent is DMF:H,0(1:1),
and the concentration: 10pM.

The purple arrow in this picture represents the ultraviolet light source (365nm)

we use, and the blue arrow represents the blue light source (430nm). Complex 4

has a maximum absorption coefficient at 365nm, so we can expect that complex 4

would be the most effective in inducing DNA cleavage under ultraviolet. Complex

1-6 all have pretty good absorptions at 430nm, this means that blue light can be

applied as wel

Abs
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Absorption spectrums of ligand, co-ligand and complex 4,
the solvent is DMF:H,0(1:1), and the concentration: 10uM.
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We can know from this chart that at 365nm the absorption of complex 4
mainly comes from co-ligand dppz and at 440-480nm, the absorption mainly

comes from the ligand itself.

16 —r
14 4
12 4

10 4

Intengity
[

d /‘Jﬂﬁw—-m\

0 = ——
380 A20 A&0 500 540 580 §20 (-1 700
Wavelength (rm)

Fluorescence spectrum of complex qld, gle (conc: 20pM) in DMF:H20(1:1)
and the excitation wavelength is 365nm.

We can know from this chart that at 365nm complex 5 mainly transfers the
energy it absorbs into fluorescence because of its co-ligand dppn, so it does not
transfer the energy to oxygen and water. Consequently, the result of DNA

cleavage of dppn does not reach our expectations.

20

15

10 4

Intensty

i ree— —
440 =1 0 i) B L] e (1] T

Wavelength (um)

Fluorescence spectrums of q1d, gle, the solvent: DMF:H,O(1:1),
concentration: 20pM, excitation wavelength : 430nm.
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We can know from this chart that at 430nm complex 5 mainly transfers the
energy it absorbs into fluorescence because of its co-ligand dppn, so it does not
transfer the energy to oxygen and water. Consequently, the result of DNA cleavage

of dppn does not reach our expectations.

gqld
—g2d
0s —q3d
—gdd
—q5d

0

Abg

0.4

0z

T 00 AT 500 700

Wavelength (hm)
Absorbing spectrum of complex gld-g5d;solvent:50mM
Tris-HCI/NaCl buffer (pH> 7.2) with 10% DMF 20uM

We can know from this chart that complexes mainly absorb in the area near
UV wavelength, and the absorption of g1d is closer to the area of long wavelength.
It indicates that the value of application of PDT can be enhanced. Also, compared

with other complexes, qld has a bigger range of absorption in 300-470nm.

nld
n2d
n3d
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nsd

08

06

Abs
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Absorbing spectrum of complex n1d-n5d;solvent:50mM

Tris-HCI/NaCl buffer (pH, 7.2) with 10% DMF 20uM
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From this chart, it is known that complexes mainly absorb in the area near UV
wavelength. The UV spectrum is similar for n1d-n5d, and its peak are near 365nm,

so we UV is applied as the wavelength for DNA cleavage.

55



Experiment 2: Effects on DNA cleavage of different co-ligands in ultraviolet.

Lane

- _ e
2 3 45 6 7 8 910 11 12 13 b by 1
—gy—N :

I,jl.-t=f N phen 2
Form-II S dpq 3

Form-IIT "y =
Form-I N J dppz 4
dppn 3
Photocleavage of pUCI9DNA(0.5ng) by complexes OAc 6

a The concentration of complexes are 20uM, reacting in 50mM Tris-HCI/NaCl buffer (pH=7.2) and

containing 10% DMF; b The light source is the UV crosslinker (8W); ¢The percentage is calculated by

the software ONEDscan; d Without DNAband
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From Lane 1 we know that a 30-minute-exposure does not affect the DNA.
From Lane 2-7, complexes 1-6 are not active without exposure.

From Lane 8-13, after exposing complexes 1-6 in ultraviolet for 30 minutes,
complexes 1, 2, 5, and 6 are not very effective. From early papers we can
see that it is because bpy, phen, and OAc are not good at binding with DNA.
Although dppn is better at binding with DNA, it transforms the energy into
fluorescence which lowers its activity. Complexes 3 and 4 have more
significant effects, especially complex 4, because it has maximum

absorption coefficient at 365nm and dppz binds better with DNA.
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Experiment 3: The effects of concentration toward the DNA cleavage of complex

gld in ultraviolet.

Lane

Form- 1T

Form-1II
Form- T

fra
Photocleavage of pUCT9DNA(D.5ug) by complexes

ents

)
=

a The concentration of complexes are 20uM, reacting in 50mM Tris-HCI/NaCl buffer (pH=7.2) and
containing 10% DMF; b The light source is the UV crosslinker (8W); ¢The percentage is caleulated by

the software ONEDscan; o Without DNAband
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(1) The results indicate that under exposure (Lane 3-9) , the higher the
concentration is, the more effective the DNA cleavage is. So we can tell
that under this condition, 20uM is enough for 95% of DNA cleavage.

Thus, we use 20uM for each experiment that is in ultraviolet afterward.

(2) The reason why we use 50uM of complex for Lane 2 dark is because
earlier experiment results show that complex 4 is not active when there is
no exposure. So we chose the highest concentration as a representative.
If 50uM has no effect, we do not need to conduct experiments on lower

concentrations.

(3) Lane 8 &Lane 9 are quite different in electrophoresis, but it shows that the

percentage of Form I &FormIll are both >99%. The main reason is

because the concentration is too high, making DNA cleave into small
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pieces. In electrophoresis, the smaller the DNA is, the higher the speed is
through the holes of the gel. Therefore, fragments move faster than Form
I, and leave a trail because its sizes are not the same. Since Lane 8 and 9
have both shown trails, it means that DNA has been cleaved into little
pieces. Furthermore, the DNA of Lane 9 have nearly all become
fragments, so that its trail has outrun this picture; whereas Lane 8 still

preserves some of Form II &Form1II. But we still use >99% for both lanes

to indicate that it has been highly cleaved.
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Experiment 4: The effects of concentration toward the DNA cleavage of complex

Lane

DINA cleavage percentage (%a)

gld in blue light.

1 2 k. 4 5 6 7 8

Form-IT

Form-II
orm-1 4

Photocleavage of pUCI9DNA(0.5png) by complexes

a The concentration of complexes are 20uM, reacting in 50mM Tris-HCL/NaCl bufter (pH=7.2) and
containing 10% DMF; b The light source is the blue light LED; ¢The percentage is calculated by the

software ONEDscan;  Without DNAband

I Form T
B3 Form [T

10 20

h

control S0
Concentration ()

As same as experiment 3, under exposure (Lane 3-8), the higher the

concentration is, the better the DNA cleaves. But we can tell from the chart that

blue light is not as effective as ultraviolet.
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DINA cleavage percentage (%)

Experiment 5: Effects on DNA cleavage of reactants of complex q1d (dppz) in

ultraviolet

Since we know that complex qld is the most effective, so we chose it as the

most suitable complex for further experiments.

Lane 41 2 3 4 5 6 7 8

Form-II

Form-II
Form-1

Photocleavage of pUC19DNA(0.5ug) by complexes
a The concentration of compounds are 20uM, reacting in S0mM Tris-HCI/NaCl buffer (pH=7.2) and
containing 10% DMF; & The light source is the UV crosslinker (8W); ¢The percentage is calculated by

the software ONEDscan; o Without DNAband
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(1) From Lane 2, 3, and 6 we can tell that when there is only DMF, ligand, or
copper, it doesn’t affect DNA.

(2) From Lane 4-5 and 7-8 we can assume that if there is only dppz, it could
cleave DNAin ultraviolet. The reason is at 365nm, dppz has a pretty
good absorption and it can bind with DNA. However, the complex still

cleaves better than dppz.
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Experiment 6: Effects on DNA cleavage of reactants of complex q1d (dppz) in
blue light

Lane
Form-II g M,

Form-I

Photocleavage of pUCT9DNA(D.5pg) by complexes
a The concentration of compounds are 40uM, reacting in 50mM Tris-HCI/NaCl buffer (pH=7.2) and
containing 10% DMF; & The light source is the UV crosslinker (8W); ¢The percentage is calculated by the

software ONEDscan:  Without DNAband
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(1) From the chart we can see that every reactant cleaves DNA in blue light.
Compared with experiment 5, we found out that dppz is not activated

because dppz does not absorb at 430nm.

(2) Since the complex barely absorbs blue light, we can expect the effect of
cleavage cannot be as significant as blue light. So we adjusted the

concentration from 20uM to 40uM, but we found out that ultraviolet is still

better than blue light.
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Experiment 7: Discuss the mechanism of DNA cleavage of complex gql1d

Lane 1 2 3 4 5 6 7 8 9 10

orm-1I T )

orm=-II
form-I
Photocleavage of pUCI9DNA(0.5ug) by complexes
a The concentration of complex is 20uM, reacting in 50mM Tris-HCI/NaCl buffer (pH=7.2) and
containing 10% DMF; b The light source is the UV crosslinker (8W); ¢The percentage is calculated by

the software ONEDscan;  Without DNAband
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Note: NaNs->inhibits singlet oxygen
D,0-> prolongs the life of singlet oxygen
DMSO&KI ->inhibit hydroxyl radical

SOD ->inhibits super oxide radical

(1) Comparing Lane 4, 6, and 7 respectively with Lane 2, we can tell that NaNs,
DMSO and KI can inhibit DNA cleavage.

(2) The reason why we added two inhibitors in Lane 9 and 10 is to double
check whether it has inhibited DNA cleavage respectively and examine if
the effect can be multiplied. The chart shows that DMSO+NaN3 has
reached our expectations, so we assume that the mechanism should be able

to produce singlet oxygen and hydroxyl radical.
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Lane2-6 are not exposed to light; meanwhile Lanel,7-11 are exposed to

light for 30 minutes.

The q series cleave DNA more effectively when under a 30-minute

exposure.

From the results we can find that g5d is better in DNA cleavage. Although
it has obvious fluorescence, g5d can still cleave DNA. It is dppz
(coligand) that binds with DNA; however, dppz doesn’t emit fluorescence.
Thus, the fluorescence emitted by the ligand doesn’t affect the efficiency of

DNA cleavage.
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Experiment 9: Discuss DNA cleavage of complex n1d-n5d in ultraviolet light
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*The concentration of complexes are 7 5nuM, reacting in 30mM Trs-HCLNaCl buffer (pH=7.2) and
containing 10% DMF, © The light source 12 the UV croszlinker (8W), © The percentage 12 calculated by
the software ONEDzcan, ¢ Without DNAband,
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(1) Lane2-6 are not exposed to light; meanwhile Lane 1,7-11 are exposed to

light for 30 minutes.

(2) The n series cleave DNA more effectively when under a 30-minute

exposure.

(3) From the results we can tell that n4d is better in DNA cleavage because n4d

is attached to a electron withdrawing group:NO..
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Experiment 10: Discuss DNA cleavage of complex g1d-g5d and n1d-n5d in blue
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(1) Lanelis not exposed to light; meanwhile Lane2-11 are exposed to light for

30 minutes.
(2) When Exposed to blue light, g3d and n4d have higher DNA cleavage.

(3) From results, n4d is better in DNA cleavage because n4d is attached to

electron withdraw-NO2.

(4) Overall, the g series is better than the n series when exposed to blue light.

Consequently, the q series has higher value in application of visible light.
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4. Conclusions

A series of copper(1I) complexes supported on N,N,O-Schiff base have been
successfully synthesized and characterized. Among qla-glf, their activities of
photocleavage in (SC)pUC19 DNA show that q1d(dppz) is the most reactive species.
Singlet oxygen and hydroxyl radicals have been verified as the mechanism of
PDT-causing DNA cleavage. Moreover, complexes attached to electron
withdrawing groups show higher photocleavage activity under UVA. In addition,
the q series demonstrate higher activity toward DNA than the n series in visible

light(430 nm) due to the benefit of more resonance on quinoline structure.

In celluar experiments, gq3d is a potential candidate for PDT under UVA.
However, the mechanism of cell death has to be established in the future. Overall,
by extending the wavelength to visible light, we have enhanced the value of

application for PDT.
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