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ABSTRACT

Chemical investigation of the psychrophilic fungus Pseudogymnoascus sp.
HDN17-933 derived from Antarctica led to the discovery of six new tetrapeptides
psegynamides A-F (1-6), whose planar structures were elucidated by extensive NMR
and MS spectrometric analyses. Structurally, psegynamides D-F (4-6) possess unique
backbones bearing a tetrahydropyridoindoles unit, which make them the first
examples discovered in naturally occurring peptides. The absolute configurations of
structures were unambiguously determined using solid-phase total synthesis assisted
by Marfey’s method, and all compounds were evaluated for their inhibition of human
(h) nicotinic acetylcholine receptor subtypes. Compound 2 showed significant
inhibitory activity. Preliminary structure-activity relationship investigation revealed
that the tryptophan residue and the C-terminal with methoxy group were important to
the inhibitory activity. Further, the high binding affinity of compound 2 to ha4/2 was

explained by by molecular docking studies.
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Figure S88. Comparison of 'H-NMR spectra of 6 with synthetic 6

Table S1. Table of compounds (1-6) (100 piM) inhibition of ACh-evoked peak
current amplitude mediated by human (h) alfB1ed, alflyd, a3p2, a3p4,
a4f52, o7 and a9a10 nAChRs.

Table S2. Free binding energy estimation and molecular interactions of

compounds 1-6

GGGCAACGTGTCGACGGGTTGCCGCAGGCCTCCCGGGTAACCT
ACCACCCTTTGTTTATTATACTTTGTTGCTTTGGCAGGCCTGCCC
TCGGGCTGCTGGCTCCGGCCGGCGAGCGCTTGCCAGAGGACCT
AAACTCTGTTTGTCTATACTGTCTGAGTACTATATAATAGTTAAA
ACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACG
CAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAAT
CATCGAATCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGG
GGCATGCCTGTCCGAGCGTCATTACAACCCTCAAGCTCAGCTTG
GTATTGGGCCCCGCCGACCCGGCGGGCCCTAAAGTCAGTGGCG
GTGCCGTCCGGCTCCGAGCGTAGTAATTCTTCTCGCTCTGGAGG
CCCGGTCGTGTGCTCGCCAGCAACCCCCAATTTTTTTCAGGTTG
ACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAA
TAAGCGGAGGAAATTACAG

Figure S1. 18S rRNA sequences data of Pseudogymnoascus sp. HDN17-933



HPLC analysis of the crude extract of HDN17-933.

Figure S2.
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Figure S6. HSQC spectrum (600 MHz, DMSO-ds) of compound 1.
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Figure S7. '"H-'H COSY spectrum (600 MHz, DMSO-ds) of compound 1
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Figure S8. HMBC spectrum (600 MHz, DMSO-ds) of compound 1
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Figure S9. NOESY spectrum (600 MHz, DMSO-ds) of compound 1
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Figure S10. TOCSY spectrum (600 MHz, DMSO-ds) of compound 1

D:\MS-DATA\20210120-HXW-C15_210119095805 1/20/2021 8:00:56 AM HXW-C15

20210120-HXW-C15_210119095805 #42-43 RT: 0.34-0.35 AV: 2 SB: 22 0.04-0.21 NL: 5.22E6
T: FTMS + p ESI Full ms [100.00-1000.00]
550.3016
CapHao Os Ns = 550.3024
-1.4186 ppm

Relative Abundance
«
o

20 | 564.3161

o 586.2985

oo 199.8594 2946278  363.2396 420.2475 462.3058 537,163_4?“_*‘ 6982914 7722737

150 200 250 300 350 400 450 500 550 600 650 700 750
m/z

1 (ppm)



= i & 8 & 8 3 2 4 ¢ 7
Wf L [E€11§70
P g FOLISO
T TUETL
s - [ 6rTS0
e Is F 9190
. FL£T9°0
T e lg _ 00£9°0
= [* £ o
: —— —_— W &%P‘. 3 A\\ mmw.m@.D
M T = e | - 61990
= " . . - ' 8299°0
= . — @G - 95020
2 b = . wmm:,o
g VI i oreen 3 - FGILO
S = 3 szt
3 L N 05y ==
G e | m A 1 8CER'T
S - 1) — = 1,2$87C
g £ p.w pE'l W 6TE0°E
2 : I ) 08¢ - A 8L61°€E
w | S E bpaetie
S -  LsLse
) L 8 F6eTF
“ | g TGN.v
M i lg a €ELTY
A \ | ¢ og| €9LTY
M \ | '8 CO%T POSTF
\ " - 66T
T \ . €61 .
\ u ace - i
. .. g 7 S 75869
A h et 1 w @@m _y 6100°L
p S o — : »
7 < = €L90°L
o i ” oo 9Z80'L
= N i So0T'L
&0 \ sroes ‘ 19z€'L
= \\ l 32593
P 1® N €60 €CsLL
£ o% ‘ €TLLL
\Wv g -
= g _ LSTI'S
= o SPP1'8
z - 0695'8
& N 0585°8
_____ ¢ 1569'8
E NECo 1T

1 (ppm)

"H-NMR spectrum (600 MHz, DMSO-ds) of compound 2

Figure S13.




5
0
15
10

[E8LLT
xommm..:
8rTr'6l
8L19'61
- OFLE'8T

/var 83

/cmmx §3

08ET'LE
FSOE s
= FOE6'CS
N 8L06'¢S
%m_wm.hm

STor LS

0LELOT
\mmmw. I
\wo:_m:
80T'611
Nmm._ﬁ
wmv Tl
086971
/msv LT1
hmc R
cohs6T
T 192951
6ESLE

€51°691
h«.:.ot
//wzm._:

TLSTLI

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

Wi »»JWLmW

-

L Hﬂ‘lu. ||

BBC-NMR spectrum (150 MHz, DMSO-ds) of compound 2

Figure S14.

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

210

Figure S15. DEPT (150 MHz, DMSO-ds) spectrum of compound 2



12 11 10 9 8 7 5 4 3 2 1 0 -1

6
2 (ppm)

HSQC spectrum (600 MHz, DMSO-ds) of compound 2
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Figure S17. 'H-'H COSY spectrum (600 MHz, DMSO-ds) of compound 2
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Figure S18. HMBC spectrum (600 MHz, DMSO-ds) of compound 2
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Figure S33. DEPT (150 MHz, DMSO-ds) spectrum of compound 4
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Figure S49. 'H-NMR spectrum (600 MHz, DMSO-ds) of compound 6
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Figure S58. Advanced Marfey’s acid hydrolytic analysis of compound 1
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Figure S59. Advanced Marfey’s alkaline hydrolytic analysis of compound 1
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Figure S60. 'H-NMR spectrum of 1a (400 MHz, DMSO-ds)
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N
L2 8x 10"

L2.6x10"

11.42

L2 ax1o!
N L2 2x10"

© - <
2 ¥ 3 g4 E _:?:S ? C o« L2 ox10"
J s r&= s /o‘/j'/o' /7#4 /4 /N/Z

L1.sx10!

3.69

L1.ex10!

E1oaxio!

L1 2xio!

L1.ox10!

Ls.0x10°

Le.0x10°

L4.0x 10"

L2.0x10°

T~
WL Lo.o

Nooou~owndhihnanodP R o
NMOANNA—~— AN —~0C 00RO O o 3

N A G |

S R T T T o L-2.0X10

MW W0 000NN NN NN NN NSNS N O T IS TIIFISSSIIIAO MmN NNl NNNNNN -0 CSSOOS0O
T T T T T T

T T T T T T T T T
0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5 7.0

Figure S67. 'H-NMR spectrum of 2a (400 MHz, DMSO-ds)



Figure S68.

T T T
130 120 110 100 90 80 70
£1 (ppm)

BBC-NMR spectrum of 2a (100 MHz, DMSO-ds)

77

'\

e

\2. 01

32

11

1.

L 750000

L 700000

L 650000

L 600000

L 550000

L 500000

L 450000

L 400000

L 350000

L 300000

L 250000

1200000

L 150000

L 100000

L 50000

L ~50000

L ~100000

Lox 10!

o

L4.5x 10"

L. 0x 10"

L3.5x10"

L3.ox10!

L2.5x10"

L2 ox10"

.5x10'"

ox 10!

L0x 10

SOM I 0O W00 O < < n=rb o= o= o ST~ © A ==
KRR~ 0E0RNNANNNNN—~—~0030ORDINI0L0nD0nI MMM
B e T eI T S S S e e e A e S S S S S S S e IR IR I ]
T T T T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6 6.0 55 50 4.5 4 3.0 2 2.0 0.5 0.0

Figure S69.

f1 (ppm)

H-NMR spectrum of 2b (400 MHz, DMSO-ds)



1 eoUVLY

1800000

L 750000

L 700000

L 650000

L 600000

L 550000

L 500000

L 450000

L 400000

350000

L 300000

L 250000

200000

L 150000

L 100000

L 50000

L -50000

17.81
17.79

L ~100000

/
00
o
o)
n

n o
o
Ao
non

57.41

T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
£1 (ppm)

Figure S70. '3C-NMR spectrum of 2b (100 MHz, DMSO-ds)



authentic

I

|
l LU“MML______MJJ o AN

06 & & 8 8 8 & % § 3
R R T T T T T S A

é
|

;;;;;;;

‘ m La smacs
ol | b
A H L“"I‘ N ,‘f‘=,'*, o M -‘l._ ‘«\Jlur.‘p‘u_b I MO ‘w

id.o sz se =z sle s 7o ez ao =35 =o 45 4e 3= 306 25 2o iz ie o35 oo
=======

Figure S71. Comparison of 'H-NMR spectra of authentic 2, 2a, and 2b

|
Jk ‘L\ \ D-Tyr
) 4 =
B

_ \ Vir‘Comp(_)und 3

Figure S72. Advanced Marfey’s acid hydrolytic analysis of compound 3



\_Compound 3

D-Trp

L\ET
=Trp

Figure S73. Advanced Marfey’s alkaline hydrolytic analysis of compound 3

1.00

- o
3 3
o
<« — ©
=) S > 3
N i & N

[

_ 18
1.01

—_

—

—
T.03

Figure S74.

£1 (ppm)

'H-NMR spectrum of synthetic 3 (400 MHz, DMSO-dj)

L3.5x10"

E3.0x 10"

L2.5x 10"

L2.ox10!

L1.5x10"

F1ox1o!

L5.0x10'°




|

S

4

10
0

170. 7

N
2>
168. 71/

=4 170. 2!

173. 3¢

A\

28.05 —~
19. 30

A
7

47,
03>
10/
177
o
93/

56. 89

56. 71 l—

53.74 - &

36.28 _ 3

31. 60

31. 03

17.39

17. 34

T T T T T
00 190 180 170 160 150

Figure S75.

authentic 3

.

o] 52.50 /

S
!
S
54
S
o
o
3
©
S
®
S
o
S
@
S
w4 19.05

g
s
5]
8
s

£1 (ppm)

BC-NMR spectrum of synthetic 3 (100 MHz, DMSO-dj)

J'L,A,_AIL-_Il_/lx_Jl‘\‘l_J L) '«JU ‘x_. _ LA__.A_._—_JLJU"J

‘MMMLJJ M._,Jr-t—_r{-—-—f"l UL___I t- 0.000

Ls.ox 10

L7.5x10°

E7.0x10°

L6.5x10°

L6.0x10'°

E5.5x10°

L5 0x10°

L4.5x 10

Fa.0x10°

E3.5x10°

L3.0x 10

L2.5x10'°

L2 0x10°

L1.5x10°

L1.ox10

L5 0x10"

Lo.o

L-5.0x 10"

L-1.0x 10

Lo.oso
Lo.oss
Lo.oso
Lo.o4s
o.040
Lo.03s
L o.o30
Lo.o25

Lo.o20

synthesis 3

el s 7 s s 4+ 3 2 1
£1 (ppm)

125 12,8 113 11.0 16.% 168 9.3 s 6 a5 =seo T3 To

Figure S76.

als & s= =e &= a0 33 38 =03 = 13 18
£1 (ppm)

Comparison of 'H-NMR spectra of 3 with synthetic 3



i Compound 4

ok [ L-Val a

E D-Val

D-Phe g
L-Phe

; b 1.90x 10
© ©
b 1.80ox 10

L1.70x 10"

gk

. — o
/ " g L1.60x10
,/ J jf L1.50% 10

E 1 40x 10

5
.25
10

e Ik

L1 30x 10
L1.20x10"
f11ox10
L 1.00x 10"
F9.00x 10'
L-8.00x 10"
L 7.00x 10"
k6. 00x 10'
L5.00% 10"
k4. 00x 10'
| L3.00% 10

f 2. 00x10'

L 1. 00x 10'

L 0.00

0 I © FETMHIN O © W W ™A o
CCRXEE-EOO=®RS®© DR ® L-1.00X1(
o3 SSco 3

T naddddNNNASS 5 S S

T T T T T T T T
3.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
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Figure 879. '*C-NMR spectrum of synthetic 4 (100 MHz, DMSO-ds)
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Table S1. Table of compounds (1-6) (100 pM) inhibition of ACh-evoked peak
current amplitude mediated by human (h) alp1ed, alflyd, a3p2, a3p4, adp2, a7 and
9010 nAChRs. Whole-cell currents at halp1es and halplyo were activated by 5 M
ACh, ha3p2 and ha9a10 were activated by 6 uM ACh, and ha3p4, ho4f2, and ha7
were activated by 300, 3, and 100 uM ACh, respectively (mean £SD, n =6 — 11).

Relative current amplitude

Compounds
(h) alPled (h)alplyd (h)a3p2 (h)a3p4 (h)o4p2 (h)a7 (h)a9a10
1 0.190 +£0.056 0.664 +£0.062 0.435+£0.071  0.462 £0.069 0.637+0.053  0.293 +0.074 0.103 %0.027
2 0.024 +£0.011 0.017 +£0.014 0.236 £0.069  0.071 +0.028  0.301 +0.039  0.566 +0.072 0.075 %0.036
3 0.648 +£0.067 0.861 +£0.084 0.451 £0.056 0.675+0.040 0.793+0.078 0.368 +0.088 0.509 +0.041
4 0.757 +£0.065 0.985 +0.019 0.924 £0.069 0.670+0.049  0.972 +0.057 0.228 +£0.049 0.824 £0.064
5 0.392 +0.069 0.799 +£0.063 0.656 £0.074  0.656 +£0.051  0.837 £0.061  0.399 +£0.061 0.374 £0.073
6 0.618 +0.047 0.802 +£0.096 0.579 £0.077  0.777 £0.053  0.938 +£0.076  0.838 +0.066 0.760 +0.062




Table S2. Free binding energy estimation and molecular interactions of compounds

1-6
ligand free bindingenergy molecular interaction
(kcal/mol)

compound 1 -4.0 Trp!': H-donor with PHE106(B)

Phe*: H-acceptor with SER84(B)
compound 2 -4.2 Trp': H-donor with SER180(A) and ARG48(B); pi-H

with GLN50(B)
Val3: H-donor with ASP49(A)
Phe*-OCH3.H-acceptor with ARG48(B)

compound 3 -39 Trp': H-donor with ALA108(B)

Val?: H-acceptor with LY S85(B)
compound 4 -2.8 Val®: H-acceptor with ASN109(B)

Phe*: pi-H with ASP96(A)

compound 5 3.1 Val®:H-pi with PHE144(A)

Phe*-OCHj: pi-H with ARG214(A)
compound 6 34 Val®: H-pi with PHE144(A)




