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ABSTRACT

The research included a determination of polyamine oxidase (PAO) activity in normal
females and diabetic type 1 patients. It was found that the activities of PAO in red blood
cells (RBC) and plasma in patients were significantly higher than that of normal (p<0.05).

The partial purification of PAO from RBC of diabetic and normal females were
included in this study. This was achieved by using different biochemical techniques. Three
proteinous peaks with PAO activities in RBC (I, II, III) from each of normal, diabetic with
specific activities (U\mg protein) (0.194,0.183 and 0.098), (0.349, 0.237 and 0.176) were
1solated from ion exchange chromatography. Molecular weights (72588, 74512 and 69339),
(141458, 100671 and 104018) Da respectively.

This study didn't show the existence of Cu’" ion as a cofactor for any PAO isoenzyme,
but indicated the existence of flavin adenine dinucleotide(FAD) as a cofactor for all PAO
1soenzymes.

On the other hand, the research included a preparation of thiourea derivatives of
structure  analogous to sulfonylurea drugs and containing thiosemicarbazide.
Thiosemicarbazide showed an inhibitory effect on partially purified PAO activity. The
prepared thiourea derivatives of thiosemicarbazide showed a competitive inhibition of PAO
activity.

Keywords: Polyamine oxidase, diabetes mellitus, thiourea compounds.

Polyamine oxidase (PAO)
(Mendez et al., 2007) Polyamines (PA)
.(Seiler, 1987)

PAO
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2. NH,(CH,);NH(CH,),NH, _PAO NHy(CH;).NH,  + NH,CH,CH,CHO + H,0,
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(spm) Spermine polyamine (PA)
(put) Putrescine (spd) Spermidine
(Wallace et al., 2003)

Spd  Spm PAO
Put Spd Spd Spm
PA .(Seiler, 1995)
DNA
PA .(Sjoholm et al., 2001) (B)
spd spm
-B- spd spm
spd pm -B- transglutaminase

.(Gimenez, 2010)

.PA Arginase

platelet aggregation PA L-Arg

.(Mendez and Zarzozo, 1997)
H,0, lipids peroxidation
(Murray et al.,2009 ; Murray-

-B .Stewart, 2002)
Labnet Enduro 15.10-midi-plus Gel.T. A
International Inc.
KBr IR 2

Infrared Spectrophotometer. Model Tensor 27 Bruker Co., Germany
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(Rapoport et al., 1979) Red Blood Cells Hemolysate (RBCH)

(Schacterle and Pollack, 1973) RBCH
PAO
PAO
(spermine ) (Dahel et al., 2001; Flayeh, 1988)
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°4
.(Robyte and White, 1987)
- DEAE
10 (Flayeh and Wallace, 1991)
2.5 40 -DEAE
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Spectrophotometer (Shemadzo), Double Beam
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PAO

.SENSAA-GBC Scintific Equipment

. (Matcheroulx, 1999) FAD Shemadzo
RBCH PAO
/ (200£22.5) (P<0.05)
/ (103.32+17.75)
(P<0.05) (1) PAO
(15.0+4.9)
.(6.18+0.55)
PAO 1
PAO PAO
Unit/mg protein (x10%) Unit/ml (x10%)
Mean = SD mg/ml Mean = SD
a a a
3.62+0.35 28.53+11.85 103.32+17.75
C ab c
6.18+0.55 32.13+3.85 200+22.5
b a c
0.128+0.05 73.47+3.57 6.18+0.55
C d b
0.15+0.06 100.39+3.85 15.0+4.9
p<0.05
(2003 )
RBC (2001 )
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.(Cohen et al., 1976) PA RBC (2001 )
PAO
1
PAO
(3.141) / (0.0578)
( / 0.0184)
PAO (2) (%274.46)
/ 0.074)
0.033) (2.24) (
(%199.79) ( /
.(3)
.(Robyt and White, 1987)
2
) PAO I, I0, I a1 )
/ (0.0985) (0.183) (0.194)
(%82.18) (5.353)  (9.945) (10.543)
(%35.25)  (%74.13)
PAO (2 )
/ (0.176) (0.237) (0.215) (3 )1

(5.36) (7.19) (6.51)

(%33.53)  (%22.84) (%46.56)

(2001
(2002 )

)
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PAO 2
*
% : Unit\ml
Unltl\l.ng Unit\ml
protein
100 1 0.0184 7.95 0.795 429.75 10
274.46 3.141 0.0578 21.82 2.079 377.25 10.5 Dialysis
82.18 10.543 0.194 6.534 0.108 33.56 60.5 Peak 1
74.13 9.945 0.183 5.886 0.121 32.07 48.3 Peak 11
Peak 111 DEAE
35.25 5.353 0.0985 2.803 0.081 28.45 34.5
U *
Type-I PAO :3
*
% Unithmg |y cotoml | Unitiml
protein
100 1 0.033 24.16 2416 714.75 10
199.79 2.24 0.074 48.27 4.687 651.21 10.3 Dialysis
46.56 6.51 0.215 11.25 0.206 52.17 54.5 Peak I
22.84 7.19 0.237 5.52 0.203 23.249 272 | Peakll
Peak II1 -DEAE
33.53 5.36 0.176 8.103 0.108 45.8 74.8
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PAO
Amax - RBCH
4) FAD 415-360
(CuAO) (Cu*) Monoamine Oxidase
Flavo-enzyme FAD PAO
450-360 (Cona, 2006)
.(Matcheroulx, 1999) FAD
600-200 FAD 4
PAO PAO
Amax Amax

434 0.548 426 0.063 Peak |

354 0.059 367 0.035

414 0.844 447 0.759 Peakll

307 0.11 310 0.557

414 0.353 436 0.394 peaklIIl

361 0.032 367 0.366
SDS- PAO

I PAGE
.(3 )
I PAO
.(5)

[ y=-1.0452x+5.617
R%=0.8992

0 0.5 1 1.5 2

il (sl e o
SDS-PAGE PAO
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PAO
kD

74512 Peak I

72588 Peak 11 PAO
69339 peaklIIl

100671 Peak I

PA

141458 Peak 11 O
104018 peakllIl I

OnanS o) g S gl 5 cCaan 34 ¢ S 6503 (BSA-2 ¢ sl
el elull a3 e 3Ll PAQ a3l cdlilaie A
15 5 s Sl cilbbadl sludll aa (p 3l PAQ adl @dilaia B

PAO 1

PAO
PAO
(6)

(Jalkanen and Salmi, 2001)
.PAO
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PAO 6
I
clbibaal) ad e Alall PAO Jilala bl a3 e AL e
1 £95 oSl sl piontiirao s
4y gial) Al 3 g) Aulladl) a4y gial) dueadl) Baa 5) Alladl) S
% il 100% (Ja/Agay 5l Yool 100 (a/Azay 5l (S50 )
%0 13.54 %0 10.8 Lafie (52 8 sl
10 12.18 0 10.8 25
10 12.18 0 10.8 50
50 6.77 12.5 9.47 75
60 5.41 50 5.41 100
60 5.41 37.5 6.77 125
50 6.77 37.5 6.77 150
50 6.77 37.5 6.77 175
- (B A)
O O
Y Il /
NR HN—C O NH
L HN
C—NH NH, \
S// C=S
1—(benz§1mid0 thiocarbonyl) 1-(p-toluene sulfonarrlji?ll(;lthiocarbon 1)
thiosemicarbazide (A) thi(F))semicarbazide (B) g
7
Molecular m.p Yield
Compound formela oC % Color Rf
(CoN4S,0OH, )
A 140 45.49 yellow 0.822
(CoN4S30,H )
B 96 51.33 Brown 0.866
.C.HN %
-1246 " 3377-3160 (54 )
A C=S N-H 1269
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10 ppm A (6 ) 'THNMR
@)
|
3.3 NH-NH 8.01ppm (—C—NH)
7.5-7. Tppm NH, ppm
(7 )B 'HNMR
=5 NH, 2.2-2.5 ppm=4 NH,NHNH S
7.1-=8 2.1 ppm=6  3H ,CH3 3.34 ppm
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(CHN)
A )
.B
C.H.N 9
C.HN %
C% H% N% S%
A
4251 | 42.58 | 3.93 5.47 22.04 22.35 25.19 25.69
B
35.52 | 35.78 | 3.94 3.46 18.42 18.49 31.57 31.85
PAO B A
50 75 (10) I RBC
B 100 125 A
1
PAO B A 10
1
B <S4l A @S 4l
O Akl PAOQJilala . Y . | O Al PAOJiaia et .
. O Al PAOQJiia . ad O Al PAOJiLaia
g oSully uaal) o3 ol g oSully cbuad) o el
| § X Igs
Gl | sasgdlledl) | Al “fi‘f“ dall “f’:ﬂ‘ Al “?ff“
dosial | defisasil | Al T | s o R T | DY e S
ey | S/ il ey | Je/Aag 3l e/Asay -
0 0 0 h)
0/plaiill 100x 0/praiill L00% 0/ paiill L00% 0/ Japiill L00x
%0 12.18 %0 13.54 %0 13.54 %0 10.83 L 505 sl
22.2 9.47 40 8.12 40 8.12 37.5 6.77 25
22.2 9.47 20 10.83 60 5.41 37.5 6.77 50
11.1 13.54 10 12.18 50 6.77 50 5.41 75
55.5 5.41 40 8.12 40 8.12 37.5 6.77 100
55.5 5.41 50 6.77 40 8.12 37.5 6.77 125
44 4 6.77 40 8.12 60 5.41 37.5 6.77 150
22.2 9.47 30 9.47 30 9.47 25 8.12 175
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C=S
C=S (Jalkanen and Salmi, 2001)
PAO
30 u}
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I PAO 11
B ,A
, K'm Km
V max Vmax (mM) (mM)
PAO PAO
(mM) Ki it/ml (unit/ml)
(unit/ml) PAO PAO
PAO
24.18 0.02 0.02 142.85 45.45 75) A
4581 0.02 0.02 125 45.45 125)B
I PAO
10.60 0.025 0.025 200 41.66 50) A
16.86 0.025 0.025 250 41.66 100)B
/ V'max / Vmax / K'm / Km
Ki
.(2002)
.(2003)
.(2002)
-N .(2010)

Rapoport, S.M.; Schewe, T.; Wiesner, R.; Halangk, W.; Ludwig, P. (1979). The
lypoxygenase of Reticulocytes. Eur. J. Biochem., 99, 545-561.




122

Cohen, L.F.; Lundgren, D.W.; Farrel, P.M. (1976). "Polyamines". Blood, 48, 469-475.

Cona, A.; Rea, G.; Angelini, A.; Federico, R.; Tavladoraki, P. (2006). Functions of amine
oxidases in plant development and defence. TRENDS in Plant Science. 11(2), 81-
88.

Dahel, K.; Flayeh, K.A.; Al-Saffar, N.M. (2001). Polyamine oxidase activity in Sera of
depressed and schizophrenia patients after ECT treatmen. Neurochem. Res., 26(4),
415-418.

Flayeh, K.A. (1988). Spermidine oxidase activity in serum of normal and schizophrenic
subjects. Clin. Chem. 412, 401-403.

Flayeh, K.A.; Wullace, HM. (1991). Polyamine oxidase activity in a human colonic
carcinoma cell line. Biochem. Sco. Thans., 18, 1225.

Gimenez, M.C. (2010). Development and use of tools to study metabolic consequences of
altered polyamine catabolism. Ph. D. Thesis, University of Eastern Finland.

Jalkanen, S.; Salmi, M. (2001). Cell surface monoamine oxidases: enzymes in search of a
function. EMBO. J. 20, 3893-901

Matcheroulx, P. (1999). UV-Visible spectroscopy as a tool to study flavorprotein. Methods
in Molecul. Biol. 131, 1-7.

Méndez, D.; Aguilar M.; Méndez-Valenzue, V. (2007). Polyamine Oxidase Activity in
Women with Preeclampsia-Eclampsia. World Applied. Sci. J. 2(3), 184-189.
Mendez, J.D.; Zarzozo, E. (1997). Inhibition of Platelet Aggregation by L-Arginine and
Polyamines in Alloxan treated Rats. Bioche. and Molecular Biol International, 43,

(2),311-318.

Murray, R.K.; Granner, C.K.; Mayes, P.A.; Rodwell, V.W. (2009). "Harpers'
Biochemistry". 28th ed., Appleton and Lange , USA, pp.155-156, 254-265, 332.

Murray-Stewart, T.; Wang, Y.; Devereux, W.; Casero, R. A.J. (2002). Cloning and
characterization of multiplehuman polyamine oxidase splice variants that code for
isoenzymes with different biochemical characteristics. Biochem J., 368, 673-677.

Robyt, F.J.; White, J.B. (1987). "Biochemical Techniques". Theory and Practice.
Brookes/Cloe Publishing Company, Monterey, California, pp. 115-118,135-143.

Schacterle, G.R.; Pollack, J.K. (1973). A simplified method for the quantitative assay of
small amount of protein in biological materials. Anal . Biochem., 51, 654-655.

Seiler, N.(1995). Polyamine oxidase properties and functions. Prog. Brain Res., 106, 333-
344,

Seiler, N. (1987). Functions of polyamine acetylation. Can. J. Physiol. Pharmacol., 65,
2024-2035.

Sjoholm, A.; Arkhammar, P.; Berggren, P.; Andersson, A. A. (2001). Polyamines in
pancreatic islets of obese-hyperglycemic (ob/ob) mice of different ages. Am. J.
Physiol. Cell Physiol. 280, C317-C323.

Wallace, H.M.; Fraser, A.V.; Hughes, A. (2003). A perspective of polyamine metabolism.
Biochem. J., 376, 1-14.



