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The structure elucidation of tunicyclin E (1)

Compound 1 was isolated as colorless crystal ([a]? - 2, ¢ 0.13, MeOH) with the

molecular formula C3;sHsoNgOg as established by negative HR-ESI-MS (m/z [M—H]
725.3625, cacld 725.3623). Two sets of proton resonances with a ratio of 3:1 in '"H NMR
spectrum implicated the presence of two conformations in solution (1a and 1b). By 1D
and 2D NMR experiments, two sets of NMR data (1a and 1b) were unambiguously
assigned. In 1a, the correlation between the amide proton (dy 10.03, 1 H) and two a-H
0y 4.84, 1 H and 3.88, 1 H) in 'H-'"H COSY and TOCSY spectra indicated that the
presence of a Gly residue. The chemical shift of a-C of Gly residue was assigned as 43.80
ppm from the HSQC spectrum. The chemical shift of carbonyl carbon of Gly residue was
assigned as 169.36 ppm based on the HMBC correlation of a-H (dn 4.84 and 3.88) and
Gly-CO (d¢ 169.36). A spin system comprized with the amide proton (dy 9.36, 1 H) and
other protons of two methyl (dy 1.05, 3 H and 1.02, 3 H) and two methine (o 4.31, 1 H
and 2.28, 1 H) in TOCSY spectrum indicated that 1a also contained a Val residue. The
chemical shifts of a-C, B-C, y-C and y'-C of Val residue were respectively assigned as
61.18, 30.05, 19.25,19.44 ppm, based on the HSQC correlations. Furthermore, the
carbonyl carbon of Val residue was undoubtedly assigned to dc 172.74 based on HMBC
correlations between the carbonyl carbon and B protons of Val residue (oy 2.28). The
spin system comprized with the protons of a-H (di 4.75, 1 H), B-H (du 2.07, 1 H), B'-H
(0m 1.92, 1 H), y-H (6u 1.70, 1 H), y-H (6n 1.50, 1 H), 8-H (du 3.62, 1 H) and &'-H (dn
3.40, 1 H) in TOCSY spectrum, corresponding a-C (d¢ 61.25), B-C (d¢ 28.39), y-C (dc
24.92) and 6-C (0¢ 47.31) determined by HSQC spectrum, indicated the presence of Pro
residue in 1a. The HMBC correlation between B-H (dg 2.07, 1 H), B'-H (on 1.92, 1 H) of
Pro and the carbonyl carbon (dc 172.74) determined the chemical shift of carbonyl
carbon of Pro residue. Based on the TOCSY correlations between the amide proton (dy
8.15) and the protons of a-H (o 4.90, 1 H), B-H (o 1.95, 1 H), B'-H (o 1.87, 1 H), y-H
(ou 1.78, 1 H), 6-H (dy 0.76, 3 H) and o'-H (oy 0.73, 3 H), a Leu residue could be
deduced in 1a. The chemical shifts of carbons of Leu residue also were assigned to d¢
53.40 (a-C), 40.64 (B-C), 24.79 (y-C) 22.93 (6-C) and 21.52 (8'-C) from HSQC spectrum.
The chemical shift of carbonyl carbon of Leu also was assigned to dc 174.49 by the
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HMBC correlation between B-H (dg 1.95, 1 H), B'-H (du 1.87, 1 H) of Leu and the
carbonyl carbon (d¢ 174.49). The presence of the four protons (dy 7.92 d, J=7.80, 1 H;
7.07 dd, J=7.80,7.14, 1 H; 7.16 dd, J=7.98, 7.14, 1 H; and 7.49 d, J=7.98, 1 H) and
eight carbons (dc 124.50, 111.23, 128.02, 118.93, 119.09, 121.61, 111.83, 137.33)
indicated the presence of a 3-substituted indolyl group. The HMBC correlations of proton
resonance at oy 3.87 (2H, d, J = 7.14 Hz, H- of Trp) with carbon resonances at d¢
111.23, 124.50 and 128.02 identified the Trp residue. Furthermore, the carbonyl carbons
of Trp was undoubtedly assigned to dc 172.60 based on HMBC correlations between
carbonyl carbons and B protons of Trp residue. The presence of two hydroxymethylene
signals in DEPT spectrum suggested that there two Ser residues in 1a (d¢ 171.31, 56.41,
and 62.14, and d¢ 170.38, 53.49, and 63.80). The two Ser residues could be confirmed by
their spin system in TOCSY spectrum based on the correlations between the amide
proton (dy 8.41, 1 H) and the protons of a-H (o 4.97, 1 H), and B-H (dy 4.17, 2 H) and
the correlations between the amide proton (dy 8.63, 1 H) and the protons of a-H (dy 5.36,
1 H), and B-H (oy 4.27, 2 H), B'-H (0o 4.08, 1 H). Thus, all the chemical shifts of the
seven amino acid residues of 1a were assigned (Table 1 in manuscript).

The HMBC correlation between Ser’-NH (dy 8.41, 1 H) and Pro'-CO (6¢ 171.98)
indicated that the amide group of Ser® residue attached to the carbonyl group of Pro'
residue via an amide bond. The linkage of Ser*-Trp> was also confirmed by the HMBC
correlation of Trp>-NH/CO-Ser”. Furthermore, based on the HMBC correlation between
Leu*-NH (dy 8.15, 1 H) and Trp3—CO (dc 172.60), The Leu’ residue was assigned to
attach at the Trp® residue. The linkages of Val>-Leu®, Gly’-Val’ and Ser’-Gly® were also
determined by the following HMBC crosspeaks: Val>-NH/CO-Leu®, Gly®-NH/CO-Val’
and Ser’-NH/CO-Gly® (Fig. 3 in manuscript). The plane structure of 1a was deduced as
cyclo(Pro'-Ser*-Trp’-Leu*-Val’-Gly®-Ser’). Furthermore, the ROESY correlations of
Pro'-aH/NH-Ser’,  Pro'-8H/NH-Ser’,  Ser’-NH/NH-Trp’,  Trp’-NH/NH-Leu*,
Leu*-aH/NH-Val®, Val’ -(xH/NH-Glyé, G1y6-NH/NH-Ser7, and Ser’-oH/8H,8'H-Pro’ also
supported the gross structure (Fig. 4 in manuscript). The presence of strong NOE
correlations between a proton of Ser” and both of , &' protons of Pro' suggested that the

amide bond of Ser’-Pro' was trans. The B and y carbon chemical shifts of Pro' at 28.39
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and 24.92 ppm further supported the presence of trans peptidyl-prolyl bond. The amino
acid sequence of 1a was established as cyclo(Pro'-Ser*-Trp’-Leu*-Val’-Gly®-Ser’)

In 1b, the same amino acid residues of Pro, Ser, Trp, Leu, Val, Gly, and Ser as those in
1a were also deduced by 1D and 2D NMR experiments. The complete assignment for
the '"H and °C NMR data of 1b (Table 2 in manuscript) was similar that of 1a. In
addition, based on the HMBC correlations of SerNH (i 8.83, 1 H) and Pro'-CO (d¢
172.74), Trp’-NH (y 9.73, 1 H) and Ser’-CO (¢ 173.44), Leu*-NH (Jy 8.45, 1 H) and
Trp>-CO (d¢ 172.60), Val’-NH (6y 7.81, 1 H) and Leu*-CO (¢ 173.67), Gly®-NH (5y
8.00, 1 H) and Val’-CO (6¢ 171.60), and Ser’-NH (dy 9.13, 1 H) and Gly®-CO (5¢
170.63) (Fig. 3 in manuscript), the amino acid sequence of 1b was then established to be
identical with that of 1a. The result was also supported by the ROESY correlations of
Pro'-8H/NH-Ser’, ~ Trp’-NH/NH-Leu!,  Leu*-aH/NH-Val’,  Val’-NH/NH-Gly®,
Gly®-NH/NH-Ser’, and Ser’-aH/aH-Pro' (Fig. 4 in manuscript). However, the p and y
carbon chemical shifts of Pro' in 1b at dc 31.59 and 22.50 ppm respectively suggested
the presence of cis peptidyl-prolyl bond in 1b.’ This was further confirmed by the strong
NOE correlation between o proton of Pro' and a proton of Ser’. The result indicated that

1a and 1b were cis/trans peptidyl-prolyl bond isomers.

Identification the absolute configuration of amino acid residues of tunicyclin E (1)

50 pL of a 50 mM aqueous solution of L—configurations of Pro, Ser, Leu and Val were
added 20 pL of 1 M sodium bicarbonate and then 100 pL of 25 mM L-FDLA (TCI,
Japan) in acetone, respectively. The solutions were incubated at 37 °C for 60 min.
Reactions were quenched by addition of 20 pL of 1 N HCI, respectively. Samples were
diluted with 810 pL of acetonitrile, and 400 pL of the solutions were analyzed by
HPLC-ESI-MS, respectively.

100 pL of 1 mg/mL 1 was hydrolyzed at 100 °C for 24 h by adding 200 pL of 10 N HCL
The solution was evaporated to dryness. Then, the residue was dissolved in 50 pL of
water. The amino acid solution was added 20 pL of 1 M sodium bicarbonate and 50 pL of

25 mM L-FDLA in acetone. The solution was incubated at 37 °C for 60 min. Reaction
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was quenched by addition of 20 pL. of 1 N HCI. Sample was diluted with 810 pL of
acetonitrile, and 400 pL of the solution was analyzed by HPLC-ESI-MS.

HPLC was performed on an Agilent 1100 system. Separations were carried out on a
TSKgel ODS-100V column (150 x 4.6 mm i.d., 3 pm, TOSOH) maintained at 40 °C.
Acetonitrile-0.01 M trifluoroacetic acid (TFA) was used as mobile phase under a linear
gradient elution mode (acetonitrile, 20-100%, 80 min). The flow rate was 1 mL/min with
detection at 340 nm by photodiode array detection and ESI-MS. The mass spectrometer
used was a LC/MSD Trap XCT mass spectrometer (Agilent, USA). The auxiliary and
sheath gas nitrogen pressure were set at 10 unit and 35 psi, respectively, and the capillary
was heated to 350 °C. A mass range of m/z 100-1000 was covered with a scan time of
200 ps, and data were collected in negative ion mode.

The absolute configurations of Prol, Serz, Leu4, Val’ and Ser’ residues of 1 were all
identified as L configurations by comparison the retention times and m/z values of the
chiral derivatives of the amino acid residues in acid hydrolysate of 1 with those of
corresponding standard L-configuration amino acids (see Table 1).? Taken together with
the relative configuration, established by X-ray crystallography, all amino acid residues
had  the L ) configuration. Thus, 1 was determines as

cyclo(L-Pro'-L-Ser*-L-Trp’-L-Leu’-L-Val’-L-Gly®-L-Ser”).

Table 1 Analysis of L-FDLA derivates of acid hydrolysate of 1 and those of standard
L-configuration amino acids by HPLC-ESI-MS

Amino acid try (min) tr (min) [M—H] (m/z) absolute configurations
Pro 24.54 24.54 408 L
Ser 20.34 20.37 398 L
Leu 31.98 31.97 424 L
Val 29.10 28.90 410 L

The crystal data of tunicyclin E (1)

Table 2 Crystal data and structure refinement for 1

molecular formula Css Hex N3 Oi5
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molecular weight

crystal system

space group

Z, molecules / unit cell

unit cell dimensions

volume

calculated density

wavelength

Reflections collected / unique
Final R indices [[>2c(])]

Temperature

834.93

Orthorhombic

P2,2,2,

4

a=10.798 (17) A
b=15.09(2) A
c=27.46(4) A

4473 (12)A°?

1.240 g/cm’

0.71073 A

17448 / 5080 [R(int) = 0.0791]
R;=0.0810, wR, =0.1884
293(2) K

Table 3 Final atomic parameters (x10*) and equivalent isotropic displacement parameters

(A?x10%) for 1

atom X y z Uleq) atom X y z Uleq)

N, 5657 (1) 184 (1) 4490 (1) 52 (1) Cr 9178 (2) 4777 (1) 3495 (1) 122 (1)
s 4523 (1) 142 (1) 4779 (1) 57 (1) c 10570 (2) 4577 (2) 3436 (1) 190 (1)
ct 4848 (2)  -567 (1) 5153(1) 90 (1) c? 8893 (4) 5672 (2) 3284 (1) 197 (2)
cl 6170 (2) -467(2)  5229(1) 136 (1) C, 6479 (2) 3334 (1) 3008 (1) 63 (1)
c 6727 (2)  -230(1) 4742(1) 77 (1) 0, 6252 (1) 2611 (1) 3210 (1) 75 (1)
c, 4185 (1) 996 (1) 5036 (1) 47 (1) N 6272 (1) 3462 (1) 2534 (1) 77 (1)
o, 3344 (1) 992 (1) 5335 (1) 65 (1) Ce 5759 (2) 2738 (1) 2238 (1) 72 (1)
N, 4829 (1) 1730(1) 4924 (1) 45 (1) c? 5581 (2) 3070 (2) 1709 (1) 102 (1)
s 4603 (1) 2569 (1) 5178 (1) 46 (1) c 4747 (2) 2453 (2) 1434 (1) 145 (1)
ct 5576 (1)  2757(1)  5567(1) 57 (1) ol 6768 (2) 3217 (2) 1440 (1) 124 (1)
o 6736 (1) 2963 (1) 5383(1) 71 (1) C. 6589 (2) 1926 (1) 2283 (1) 72 (1)
C, 4373 (1)  3310(1) 4817(1) 45 (1) (o) 7740 (1) 1972 (1) 2277 (1) 98 (1)
o, 3351 (1)  3425(1) 4645(1) 98 (1) N 6013 (1) 1137 (1) 2315 (1) 79 (1)
N3 5319 (1) 3841 (1) 4699 (1) 46 (1) s 6647 (2) 314 (1) 2376 (1) 88 (1)
s 5161 (1) 4633 (1) 4404 (1) 45 (1) C, 6914 (2) 33 (D) 2897 (1) 78 (1)
ct 5920 (1) 5401 (1) 4616(1) 50 (1) 0, 7382 (2) -684 (1) 2986 (1) 134 (1)
N} 5265 (1)  5832(1) 5905(1) 95 (1) N; 6640 (1) 632 (1) 3239 (1) 66 (1)
c 5879 (2) 5402 (1) 5554 (1) 82 (1) (o 6875 (1) 493 (1) 3750 (1) 58 (1)
cl 5493 (1)  5705(1) 5111(1) 55(1) ct 7599 (1) 1266 (1) 3963 (1) 64 (1)
c¥ 4583 (1) 6364 (1) 5198 (1) 55(1) o? 6865 (1) 1984 (1) 4113 (1) 74 (1)
cy 3861 (1) 6893 (1) 4908 (1) 66 (1) C, 5624 (1) 412 (1) 4013 (1) 56 (1)
c 3029 (2) 7483 (1)  5128(1) 104 (1) o, 4648 (1) 595 (1) 3809 (1) 77 (1)
cs 2928 (2) 7524 (1) 5619(1) 118 (1) Solvent
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Cc’ 3642(2) 7018(1) 5920(1) 105(1) O 3548(2)  285(1)  2882(1)  143(1)
Cl"  4455(2) 6443 (1) 5703(1)  73(1) O  9667(2)  3281(1) 2083 (1)  206(1)
c. 5493(2) 4497(1) 3874(1)  63(1) O 5889(2) 4962 (2) 6902 (1)  238(1)
0. 4795(1)  4739(1) 3559(1) 127(1)  Of 8043 (2)  -2141(1) 2476 (1)  222(1)
N,  6616(1) 4155(1) 3774(1) 59(1) O,  9762(2) 1623(2)  2935(1)  217(1)
ce 7081 (2)  4107(1) 3273(1)  67(1)  OF, 3148 (3)  2666(2) 3493 (1)  220(2)
P 8483(2) 4021(1) 3268(1) 84(1) O] 3468 (6)  1386(2)  2320(2)  281(2)

“U(eq) is defined as one third of the trace of the orthogonalized Uij tensor

Determination of the key interproton distances of 1a and 1b in solution by

off-resonance experiment

For determination of proton-proton distance, an off-resonance ROESY experiment was
performed by employing ROESYPHPR.2 pulse sequence to suppress the TOCSY type
magnetization transfer: © = 200 ps, - T = 200 ps, total mixing time 200 ms, zero filling in
F2 to 8 K and in F1 to 2 K.

The quantitative measured the interproton-distance using the equation:

e e Craf
3{[ = Tes | —
L Ay Cy

The correction factor, ¢;;, was given by

1
([_r = -] =2
(sin~f;sin-f;)

with

’:r'Bl

5 —

Wy Wo)

tan #; =

a; was the volume intergration of ROESY cross peak of nucleus i and j, B; was the field
strength of locking field (yB; = 2500 Hz), and (w;-w¢) was the resonance offset of

nucleus i. The interprotpon-distance were calibrated with respect to the distance of the
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indole NH proton to the 7'H proton (rf = 282 pm). All the unambiguous

interproton-distance of 1a, 1b were obtained and shown in Table 4.

Table 4 The key interproton distances (in A) obtained from the ROESY spectrum of 1a,

1b and those from crystal structure of 1

1a 1b Crystal
Involved protons distance Involved protons distance  Involved protons distance
Pro' Ho — Ser’ NH 2.81 Pro' Ho — Ser’ Ha 2.20 Pro' Ho — Ser’ NH 3.10
Pro' H8 — Ser” NH 3.05 Pro' H8 — Ser” NH 3.03 Pro' H8 — Ser” NH 3.29
Pro' H8 — Ser’ Ha 2.47 Ser’ Ho. — Trp® NH 227 Pro' H8 — Ser’ Ha 2.72
Pro' H3 — Ser’ HB 2.15 Ser’ HB — Val’ NH 3.12 Pro' H3 — Ser’ HB 2.10
Pro' H§' — Ser’ Ha 2.08 Ser’ HB — Gly® NH 3.14 Pro' H§' — Ser’ Hat 2.40
Pro' H&' — Ser’ HB 3.00 Trp® NH — Leu* NH 2.39 Pro' H&' — Ser’ HB 3.09
Ser’ NH — Trp® NH 2.99 Trp® Ho — Leu* NH 2.82 Ser’ NH — Trp® NH 3.24
Ser’ NH — Ser’ Hf 3.30 Trp’ Ho — Gly® NH 3.47 Ser’ NH — Ser’ Hf 3.39
Ser’ Ha, — Trp® NH 2.73 Trp® HP' — Leu* NH 3.07 Ser’ Ha, — Trp® NH 3.40
Trp® NH — Leu* NH 2.69 Leu* NH — Val’ NH 232 Trp® NH — Leu* NH 2.56
Trp® Ha — Leu* NH 3.14 Leu* Ho — Val> NH 3.03 Trp® Ha — Leu* NH 3.49
Leu* Ho — Val’ NH 2.56 Val’ NH - Gly® NH 2.34 Leu* Ho — Val’ NH 229
Val® Ha — Gly® NH 223 Gly* NH - Val’ Ha 2.93 Val® Ha — Gly® NH 241
Val® Ha. — Ser’ NH 3.73 Gly* NH - Ser’ NH 3.19 Val® Ha. — Ser’ NH 3.48
Gly* NH - Ser’ NH 2.28 GlyNH —Ser’ NH  2.49
Ser’ Ho. — Ser” HB 2.28 Ser’ Ho. — Ser” HB 222

Determination of the thermodynamics and Kinetics parameters of cis/trans

isomerization of 1 by inversion-magnetization transfer experiment

To clearly determine the thermodynamics and kinetics parameters, the pair of cis/trans
proton resonance of Ser’-NH was subjected. The proton resonance of Ser’-NH in 1a
(trans) was selectively inverted with the pulse sequence: 90°, — 1 - 90° — £ - 90°4 &y —
acquisition, where the 1 is a fixed delay equal to 1/(2|v.is — Vuans|) and ¢ is a variable delay
during which transfer of magnetization takes place by interchange between the cis and
trans isomers. The intensity of proton resonance of Ser’-NH in 1b was measured as a

function of ¢. ¢ values were varied from 0.001 to 24 s. Analysis of the time-depended
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intensity of the cis/trans pair of Ser’-NH to obtain rate constants was similar to that

developed by Alger et al. (J. R. Alger, J. H. Prestegard, J. Magn. Reson. 1977, 27, 137).
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Fig. 3 Inversion-magnetization transfer of 1 at 310 K
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Fig. 4 Inversion-magnetization transfer of 1 at 315 K
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Fig. 5 Inversion-magnetization transfer of 1 at 320 K
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ESI-MS spectrum of tunicyclin E (1)
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HR-ESI-MS spectrum of tunicyclin E (1)

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min =-1.5, max = 50.0
Selected filters: None
Monoisotopic Mass, Even Electron lons
2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
3435 H:47-50 N:7-8 0:9-10 Na: 0-1
/ (JTS-M))13 (0.143) AM (Cen,4, 80.00, Ar,5000.0,568.28,0.47 LS 20); Sm (SG, 2x3.00); Cm (6:16) 1: TOF MS ES-
725.3625 1.65e4
100
% 726.3713
727.3757
a 699.3551  709.3460,4 345,713.3570 723.3553 7283743 7993397413723 747.30847%° %8755 3447
700.0 705.0 710.0 715.0 720.0 725.0 730.0 735.0 740.0 745.0 750.0 755.0
Minimum: =159
Maximum: 5.0 50.0 50.0
Mass Calc. Mass mDa PPM DBE 1—FIT Formula
725.3625  725.3623 0.2 0.3 15:.5 16.8 C35 H49 N8 09
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"H NMR spectrum of tunicyclin E (1) (in CsDsN)
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BC NMR spectrum of tunicyclin E (1) (in CsDsN)
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DEPT spectrum of tunicyclin E (1) (in CsDsN)
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COSY spectrum of tunicyclin E (1) (in CsDsN)
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HSQC spectrum of tunicyclin E (1) (in CsDsN)
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HMBC spectrum of tunicyclin E (1) (in CsDsN)
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TOCSY spectrum of tunicyclin E (1) (in CsDsN)
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ROESY spectrum of tunicyclin E (1) (in CsDsN)
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