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Drug design based on asparagine synthetase inhibitors
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Human asparagine synthetase (hAS) is responsible for leukemia cells to acquire a r
esistant phenotype for asparaginase, a currently well-adopted chemotherapy to treat acute lymphoblastic le
ukemia (ALL). The purpose of this study is to design, synthesis and evaluation of novel and potent inhibit
ors of hAS for developing a new drug lead for asparaginase-resistant leukemia. According to the catalytic
mechanism of hAS, we have developed a series of N-adenosKIsulfoximines as transition-state analogue inhibi
tors of hAS. The N-adenosylsulfoximines were found to inhibit hAS strongly in a time-dependent manner with

an overall inhibition constant (Ki*) of 7.6 nM. Interestingly, the N-adenosylsulfoximine caused cell deat

h as well as inhibition of cell proliferation of asparaginase-resistant leukemia cells. Thus we have shown
that hAS is a highly promising target for anti-leukemia chemotherapy in the current clinical settings and
that the N-adenosylsulfoximines serves as a promising drug lead.
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Figure II-1. Chemical structures of the adenylated sulfoximine derivative 1 and the
acylsulfamate 2, sulfonamide 3, sulfamate 4, which are inhibitors of hASNS, together

with the target sulfoximine derivatives 5 and 6.
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Scheme II-1. Synthetic route for compound 5
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Scheme IT-2. Synthetic route for compound 6
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Figure II-2. Ammonia dependent assay of hASNS for production of PP; in the

of 1 5: open di , 0 pM: open squares, 0.2 pM: open
du.monds 05 pM; tilted crosses, 1 |.|.M crosses, 2 pM: open triangles, 5 pM:
closed triangles 10 pM of inhibitor 5, respectively. Solid lines represent the best fit
lines using equation (1-1) (see Experimental Section).
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Figure II-3. Ammonia-dependent assay of hASNS for production of PP; in the
presence of the inhibitor 6: open circles. 0 pM: open squares, 2 pM: open
diamonds, 5 puM; tilted crosses, 8 pM; crosses, 15 pM; open triangle, 20 uM of

inhibitor 6. respectively. Solid lines represent the best fit lines using equation
(1-1) (see Experimental Section).
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Figure II-4. Glutamine-dependent assay for production of PP, in the presence of the
inhibitor 5: closed diamonds, 0 uM; open squares, 02 pM: open diamonds, 0.5 pM;
tilted crosses, 1 pM: crosses, 2 pM: open triangles. 5 pM of inhibitor 5,
respectively. Solid lines represent the best fit lines using equation (I-1) (see
Experimental Section).
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Figure II-5. Glutamine-dependent assay for production of PP, in the presence of the
nhibitor 6. open circles, 0 uM; open squares, 5 uM: open diamonds, 25 pM; tilted
crosses, 40 pM; crosses, 60 pM; open triangle, 80 pM of mhibitor 6, respectively.
Solid lines represent the best fit lines using equation (1-1) (see Experimental Section).

ATP
(tight binding)
(Ky) tight binding
*.
(Ki)
Table II-1
Table II-1. Inhibition constants for compounds 1, 5 and 6 toward hASNS
Gln-dependent assay’ ~ NH,-depdendent assay”
Inhibitor
K@M)  K*@M)  K@M) K (M)
N-adenylated sulfoximine 1 9859 2439 2859 2469
Amino sulfoximine 5 487 +25 7616 242+74  228+98
Carboxy sulfoximine 6 2780460 14737  262+106 13x21

* Assay conditions: The reaction was initiated by the addition of 4 ug of hASNS into a mixture of 10
mM L-Asp, 20 mM L-Gln, 05 mM ATP, 10 mM MgCl,, pyrophosphate reagent and varied
i of inhibit (see Section) in 100 mM EPPS buffer, pH 8.0 at 20°C.
The concave progress curves were analyzed as a slow-binding inhibition according to the kinetic
ions (1) to (4) (see Section).
® Assay conditions: Same as Gln-dependent assay except that 100 mM NH,Cl was used in place of 20
mM L-GIn_
= Gutierrez, J A ; Pan, Y -Xiang; Koroniak, L ; Hiratake, K ; Kilberg, M S ; Richards, N.GJ. Chem.
Biol. 2006, 13, 1339-1347 (Ref_15).
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Figure II-9. Effect of the mhibitor 5 on MOLT-4 (R) proliferation in the
presence and absence of 1 U L-asparagmase. Cell proliferation 1s defined as the
number of viable cells after 48 h expressed as the ratio to the initial number of
cells (t = 0). Error bars represent the standard deviation of triplicate
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