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Podocarpus polystachyus leaves

Solvent-solvent extraction

Hexane extract MeOH/H,0 layer
(~7 9)
Si0MPLC
(Hex:Acetone)
4t 50 EtOAc extract MeOH/H,0 layer
fraction fraction (~39)
(335.9 mg) (638.8 mg)
Si0-MPLC
C5-MPLC (CHCl;:MeOH)
COOH ag:MeCN, Cis-MPLC *
(HEOOk e ) (HCOOH at;?MeCN) BuOH H,0
fra:; soluble
on
material
Ll (553.8 mg)
18t ond sub-fraction
sub-fraction sub-fraction (1363 m) Si0,-MPLC
(2.6 mg) (37.4 mg) (Hex-EtOAc)
Si0,-MPLC 4
Cis-HPLC C,yHPLC {Hex:CHCly) L
(H,0:MeCN) (H,0:MeCN) C.HPLC sub-fraction
(H;0:MeCN) (16.1 mg)
1 4
(0.6 mg) (30.0 mg) C,g-HPLC
2 (H,0:MeCN)
(2.4mg)
3
(6.1 mg)

Figure S1. Isolation scheme of the leaf extract from Podocar pus polystachyus.



Compound 1

Item name: 210908_USMO019_Hex_F0011p Channel name: 2: Average Time 4.7322 min : HD TOF MSe (50-1500) 4eV ESI+ : Centroided : Combi...

Item description:

8.22e4
80000
260.22581 [M+H-H,0]*
70000
60000
50000
£
2 [M+H]*
= i
i B 287.23654
£ /
30000
20000
10000
288.23982
177.90303 1315977 30627814 427.50074 483.44879 25463179
0 L R TOT W, ¥ T O | quall L L.l Lisal f 4 "
l[IJO 1_"1»0 2[‘]0 2%0 360 3%0 4[‘)0 4%0 5[‘)0 5%0 660
Observed mass [m/z]
m/z: 287.23654 [M+H]*
i- . .
Composition FIT Confiden 312 RMS (PP ISn(t;Tsny RM :redlcted m/ 3/)2 error (PP g1a/)z error (m DBE
ce (%) ?
C20H300 100.000000 1.468589 12.995479 287.236942 -1.404578 -0.402031 6.000000
m/z: 269.22581 [M+H-H,01*
i- . .
Composition FIT Confiden 312 RMS (PP ISn(t;Tsny RM :redlcted m/ 3/)2 error (PP g1a/)z error (m DBE
ce (%) ?
C20H28 100.000000 2.721461 7.787655 269.226377 -2.115235 -0.567345 7.000000

Figure S2. HR-ESI-TOF-MS spectrum of 1.



Compound 2

Item name: 210908_USMO0019_Hex_FO035 Channel name: 2: Average Time 4.5518 min : HD TOF M5e (50-1500) 4eV ESI+ : Centroided : Combin...

Item description:

2.24e5
2.2e5
271.24172 [|\/|+H_H20]+
2e5
1.8e5
16e5
14e5] _ +
55048765 [2M+H-H,0]
T 1265
)
Z
i
£ 100000
80000
+
60000 ] [2M+H-2H,0]
541.47723
A\
40000
20000 561.49443
21518056 r7324912
[/
Il 21227078 766.91150 929.65017 [018:83916 1344 77538
0 " s \ !
1(‘]0 2{‘)0 360 460 560 660 TEI)O 560 960 10‘00 11‘00 ].2‘00 BIOO 15:00
Observed mass [m/z]
m/z: 271.24172 [M+H-H,0]*
i- . .
Composition FIT Confiden m/z RMS (PP Intensity RM Predicted m/ m/z error (PP m/z error (m DBE
M) S (%) z M) Da)
ce (%)
C20H30 100.000000 1.490177 3.043532 271.242027 -1.137564 -0.307409 6.000000
m/z: 559.48765 [2M+H-H,0]*
i- . .
Composition FIT Confiden m/z RMS (PP Intensity RM Predicted m/ m/z error (PP m/z error (m DBE
M) S (%) z M) Da)
ce (%)
C40H620 100.000000 0.581055 1.098484 559.487343 0.549613 0.306948 10.000000
m/z: 541.47723 [2M+H-2H,0]*
i- . .
Composition FIT Confiden m/z RMS (PP Intensity RM Predicted m/ m/z error (PP m/z error (m DBE
M) S (%) z M) Da)
ce (%)
C40H60 100.000000 1.078207 9.476290 541.476778 0.835632 0.451634 11.000000

Figure S3. HR-ESI-TOF-MS spectrum of 2.



Compound 3

Data:20210909_003—Profile Acquired:2021/09/09 16:02:16
Comment:USM0019-EtOAc—F0009_0.1mg/mL+PFTBA sless 1uL(70-325i250,14min) Operator:AccuTOF

Description: m/z Calibration File:PFTBA800_EI pos
Ionization Mode EI+(eiFi) Created:2021/09/09 16:36:17
History:Centroid[Peak Detect[Centroid,30,Areal;Smooth[3]];Average(MS[1] 11.10..11.24) Created by:AccuTOF

Charge number:1 Tolerance:1.00[ppm], 5.00 .. [mDa] Unsaturation Number:—8.0 .. 80.0 (Fraction:...

Element:'2C:3 .. 20, 'H:2 .. 32

Relative Intensity

404 69.07037(68.99524 130.99230 218.98565
91.05498
272.25027
30
. 105.07053 257.22694
20
147.11736
1o 159.11755 187.14886
L A sl e
oL WLl (00 RN, , BT OICJOATI RO I, o T L T 0 ol |I || ||| || || ||..||I |“ (hil "I uh| I |‘||| l, |I||. |||I| |||I ||||| .| I. I |. L b
s T
100 150 200 250 300
m/z
Mass ‘ Intensity ‘ Calc. Mass ‘ Mass Difference ‘ Mass Difference ‘ Possible Formula ‘ Unsaturation Number
[mDa] [ppm]

41.03917  21306.96) 41.03913 0.05 1.18/ 12C3'Hs 1.5
55.05484  18356.58 55.05478 0.06) 1.14/ 12C4"H; 1.5
79.05493 17847.33 79.05478 0.15| 1.91| 12C4'H7 3.5
81.07039  18665.05 81.07043 -0.03) —0.41| 12Cg'Hyg 25
91.05498  24823.68 91.05478 0.20 2.2312G;7'Hy 4.5
93.07038 14401.98 93.07043 -0.04 —0.47] 12G;'Hy 3.5
95.08604  14167.45 95.08608 -0.04 —0.40) 12C7'Hy; 2.5
105.07053]  16966.44 105.07043 0.11 1.01] 12Cg'He 4.5
109.10151 12509.90 109.10173 -0.21 —1.93) 12Cg'Hy3 2.5
119.08613 11896.73 119.08608 0.06| 0.49 12Gg'H14 4.5
123.11731 15913.46 123.11738 -0.06| —0.49) 12Go'Hss 2.5
133.10180 9297.61 133.10173 0.07 0.55] '2C1o'Hi3 4.5
137.13291 7333.20 137.13303 -0.12) —0.86) 12C1o'Hy7 2.5
147.11736 8160.18 147.11738 -0.02 —-0.11]12C4'Hss 4.5
159.11755 6419.89 159.11738 0.17 1.07| 12C+,'His 5.5
175.14874 5522.66 175.14868, 0.06) 0.35] '2C+3'H19 4.5
187.14886) 7151.34 187.14868, 0.18 0.97] 12C+4'H1o 5.5
201.16448 3169.76 201.16433 0.16) 0.78] 12C+5'Hoy 5.5
215.18013 2149.29 215.17998 0.16) 0.74] 12C1'Ha3 5.5
229.19552 20388.62 229.19563 -0.10 —0.45 12C17'Hys 5.5
243.21121 1500.19 243.21128 -0.07 —0.28) 12Cyg'Hyy 5.5
244.21835 1645.92 244.21910) -0.75) —3.08) 12C15'Has 5.0
257.22694  16372.79 257.22693 0.01 0.05] 12G19'Hao 5.5
272.25027 21381.51 272.25040 -0.13 —0.46] 12C20'Haz 5.0

Figure S4. HR-ESI-TOF-MS spectrum of 3.



Compound 4

Item name: USMOOQ19H-F0016_p_CV30 Channel name: 2: Average Time 6.0073 min : HD TOF M5e (50-1500) 4eV ESI+ : Centroided : Combined
Item description:

9.23e5
e
429.37266
[M+H-H20]+
8e5
Te5]
Ge5]
= 1430.37830
T 5e5-
g
z
& 45
3e5
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’
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/
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o Y | | it iiiitblesto Dttt sl bbbl Mg bl
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Observed mass [m/z]

m/z: 447.38318 [M+H]*

- m/z RMS (PP Intensity RM Predicted m/ m/z error (PP m/z error (m

Composition FIT Confiden M) 5 (%) s M) Da) DBE
ce (%)
C29H5003 100.000000 0.891141 3.402658 447.383272 -0.205911 -0.091914 5.000000
m/z: 429.37266 [M+H-H,01*
i- . .
Composition FIT Confiden r'\%z RMS (PP Isn(t;r)mty RM ZPredlcted m/ r'\%z error (PP rl:a/)z error (m DBE
ce (%) °
C29H4802 100.000000 2.798494 39.760358 429.372707 -0.110251 -0.047228 6.000000

Figure S5. HR-EI-TOF-MS spectrum of 4.
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Figure S6. 'H NMR spectrum of 1.
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Figure S7. 3C NMR spectrum of 1.
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Figure S8. DEPT-135 spectrum of 1.
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Figure S9. HSQC spectrum of 1.
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Figure S11. HMBC spectrum of 1.
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Starting structure

Optimized structure
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Starting structure
8[3,13B-Kaur-15-en-17-al
(58 8§ 9R, 10S, 13R-form)

8p,13B-Kaur-15-en-17-al
(53 8S 9R, 10S 13R-form)

Optimized structure

Figure S13. Conformation analysis and calculation of NMR chemical shifts of 8f3,133-kaur-

15-en-17-al.
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Starting structure

Optimized structure
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-0.008343
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-0.313056
-0.079804
1.373255
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-1.391917
0.596805
0.520358
0.841315
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0.604314
1.922759
-0.943607
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0.871178
0.290677
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-0.788578
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-1.458618
-2.195621
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-1.712292
-1.713879
-2.280164
-2.064236
-2.04737
-0.75924
-1.661537
-0.600415
0.899281
0.661549
1.958366
0.775913
1.458424
1.659941
-1.624081
-2.593654
-1.418064

-1.320229
-1.15437
1.137383
0.905948
1.855503
-0.490978
-0.329466
-2.14794
1.345912
0.802116
-1.109029
-0.455241
-0.949573
-0.078768
1.396245
1.989345
2.000263
1.505456
2.098896
3.004373
-0.676968
-1.944269
-2.971509
-2.452867
-0.002638
-0.883828
-2.334419
-3.238981
-3.895299
-2.629594
-3.076781
2.368457
1.570419
2.991359
2.989007
-0.38815
-0.165831
0.305957
-1.387559
-0.312081
0.27362
-1.373268
3.100328
3.898712
2.845885
3.521442
1.021172
-0.939106
-1.921509
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-2.020478
-1.978365
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-3.443419
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-3.336498
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1.313696
0.534804
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-3.261486
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-1.402467
0.25581
-0.146368
2.554279
2.423131
3.363903
-2.453816
-1.779747
-2.27509
-3.476741
-1.000396
0.175464
4.170374
4.16635
4.807261

1.21494
0.127525
0.34932
0.305801
-0.00756
-0.314031
-0.197291
-0.333728
-0.01491
1.397861
-0.01373
-1.408105
0.598159
0.552869
0.857929
0.107184
0.658035
1.936089
-0.963437
0.446713
1.563227
0.822442
0.896448
0.265492
1.716958
2.535524
1.192771
1.951888
0.39185
-0.818341
0.579931
-1.460444
-2.189446
-1.585956
-1.722102
-1.718897
-2.275565
-2.060327
-2.031556
-0.7345
-1.657024
-0.583784
0.902238
0.629552
1.954509
0.820417
1.4428
1.654372
-1.647808
-2.612679
-1.521621

-1.322955
-1.160398
1.133461
0.880529
1.843088
-0.505116
-0.317117
-2.150971
1.338613
0.764881
-1.13965
-0.441615
-0.916388
-0.048987
1.421893
1.994261
2.011523
1.510511
2.067022
3.020676
-0.665159
-1.930085
-2.94935
-2.397008
0.021188
-0.867668
-2.368725
-3.195025
-3.880763
-2.520232
-3.019354
2.339191
1.529081
2.960398
2.956013
-0.365751
-0.163949
0.358737
-1.35686
-0.315319
0.244116
-1.37376
3.074351
3.892486
2.823715
3.459651
0.999121
-0.885118
-1.971284
-1.418953
-2.996949

Starting structure

enantiomer of 8[3,13B-Kaur-15-en-17-al

(5R, 8R, 9§ 10R, 13S-form)

Optimized structure
enantiomer of 83,133-Kaur-15-en-17-al
(5R, 8R, 9S 10R, 13S-form)

Figure S14. Conformation analysis and calculation of ECD spectra of enantiomer of 8f3,13[3-

kaur-15-en-17-al. 83,13B-Kaur-15-en-17-al (5§ 8S 9R, 10S, 13R-form) was the same as

NMR calculation. The stating and optimized structures of the enantiomer, SR, 8R, 9§ 10R,
13S-form, was following the table.
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Figure S15. Experimental and calculated ECD spectra of 1.
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Figure S16. "H NMR spectrum of 2.
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Figure S17. *C NMR spectrum of 2.
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Figure S18. DEPT-135 spectrum of 2.
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Figure S19. HSQC spectrum of 2.
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Figure S21. HMBC spectrum of 2.
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Figure S23. '"H NMR spectrum of 3.
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Figure S24. >*C NMR spectrum of 3.
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Figure S25. DEPT-135 spectrum of 3.
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Figure S28. HMBC spectrum of 3.
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Figure S31. >*C NMR spectrum of 4.
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Figure S33. HSQC spectrum of 4.
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Figure S35. HMBC spectrum of 4.
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Figure S36. Superimposition of the crystal structure of 3,5-dihydroxy-2-naphthoic acid (C
pink and O red) and the docked model (C green and O red) on Plasmodium falciparum lactate
dehydrogenase crystal structure (PDB ID: 1U5A) with RMSD ~ 2.0 A and their 2D
interactions into the binding site. These models were generated using the Discovery Studio
visualizer. The symbol A refers to the amino acids from PfLDH.
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Figure 37. Hydrogen bond profiles obtained from MD simulations (0—100 ns) for all
systems: (a) PFLDH-apo, (b) PILDH- control, (¢) PfLDH-1, and (d) PFLDH-2. The H-bond
interactions between enzyme residues are represented in red, while the enzyme-ligand

interactions are in black.
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) USM Herbarium -
o Pusat Pengajian Sains Kajihayat
} Universiti Sains Malaysia

Family: Podocarpaceae
Genus/Species. Podocarpus polystachyus R.Br. ex Endl

Date: 22/09/2021 Altitude:
Locality: Pusat Rancangan Kokurikulum, Universiti Sains Malaysia
Pulau Pinang.

Habitat: Grows well in rocky and sandy seashores

Notes: A coniferous and evergreen tree that can ETOW up to 20 m tall, [y
is also a dioecious species which male and female cones are borne on
separate trees. Male cones are cream-colored, cylindrical, and grow in
clusters of 3-5 while female cones form individually with a single ovule
attached to a fleshy and cylindrical receptacle. Its leaves are alternate and
shortly-stalked, which is leathery with nammowly lance in shape.

Collector: Mira Syahfriena Identified by: Dr. Farah Alia

Figure S38. Specimen ID and sample report of P. polystachyus.
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Table S1. Infection rates of compounds 1 and 2 in comparison to artemisinin as the reference

drug.
Compound Concentration Average of infection Standard n=1 n=2 n=3
rate (%) deviation
1 0.01 106 10 118 103 98
[ng/ml] 0.03 106 5 111 100 106
0.1 103 6 98 101 109
0.3 108 7 116 106 102
1 87 4 87 83 91
3 53 8 45 60 54
10 20 7 27 19 14
30 14 2 17 13 13
2 0.01 107 10 118 103 99
[ng/ml] 0.03 107 4 106 111 103
0.1 110 9 120 102 108
0.3 107 3 108 110 103
1 106 4 104 110 103
3 99 5 94 99 103
10 62 10 54 58 73
30 29 12 43 21 23
Artemisinin 0.1 102 5 96 105 104
[nM] 0.3 95 5 100 92 92
1 100 5 106 96 99
3 97 7 90 97 104
10 65 2 68 64 64
30 12 1 11 13 12
100 8 1 8 8 6
300 6 2 7 4 6
1 2 Artemisinin
_ 125 _ 125 _ 125
X 100 X 100 X, 100
& 75 2 75 2 75
-%’ 25 -% 25 % 25
o 0 4 T ) v 0+ T " v 0
£ oo 1 100 £ om 1 100 £ 0.1 10 1000
Conc [pg/ml] Conc [pg/ml] Conc [nM]

Table S2. ICso of compounds 1 and 2 in comparison to artemisinin as the reference drug.

Compound Average of ICso  Standard deviation n=1 n=2 n=3
1 [ug/ml] 3.4 (12uM) 0.7 26 40 34
2 [ug/ml] 15 (52 uM) 2.0 15 13 17
Artemisinin  [nM] 14 0.4 14 14 13
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