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Targeted isolation of cyclic octapeptide surugamides produced by
deep-sea-derived Streptomyces sp. NA13 and exploration of their
plant growth-promoting activities

ZHANG Wenkun'?, BAI Yan®, NI Xianpu', HU Jiangchun'?, PAN Huaqi"*"
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Abstract: [Objective] To achieve the targeted isolation of the cyclooctapeptides, surugamides, from
the deep-sea-derived Streptomyces sp. NA13 and explore their biological activities. [Methods] An
approach integrating genome mining and LC-MS/MS molecular networking was employed to
discover cyclopeptides from Streptomyces sp. NA13. Through systematic natural product isolation
and characterization, these compounds were identified as surugamides. Their growth-promoting
effects on Oryza sativa and Zea mays were assessed. [Results] Four cyclooctapeptides (surugamides
A, B, D, and E) were isolated and identified. They had significant effects of promoting root growth in
Z. mays and O. sativa seedlings. Notably, surugamide A at a concentration of 0.1 pmol/L
demonstrated particularly outstanding growth-promoting effects on Z. mays roots.[Conclusion] This
study uncovers the novel plant growth-promoting activity of surugamides, offering lead compounds
for the development of innovative marine microbial-derived plant growth regulators.

Keywords: cyclopeptide; Streptomyces; genome mining; molecular networking; plant growth-
promoting activity; plant growth regulator
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surugamide D 1 surugamide E 196 B3l i i
A Z5H 30K surugamide A 5 4 BB | 2R 3 IR
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D-Z IR AEL B 5068 A AR,

2.5 HEPMEEFREMESR

Il % surugamides A, B. D F1 E X 7K #5 Al
FORGIE R ARG, ERAERKEG R MR 1
FE 6 Pr7s . Surugamides A F1 B 7£ 0.1 umol/L
W RIS X AR R AR E KRR
AH 2 B A JE K R AR AR KT % 5 surugamides A |
B. D #1 E 7£ 0.1 pmol/L F1 0.01 umol/L ¥ & T
PR W R EORR AR E S, Ho
surugamides A 7E 0.1 pmol/L ¥ & B4 4= HR AL
BT HEXT IR EER

PRZEAERKE R 1 iR, surugamides B,
D fil E 7€ 0.1 pmol/L ¥ B T ¥Rt 5 PH A XT
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surugamides A, D #1 E 7E 0.1 pmol/L ¥ & T &
I 5 PR BR R g A Y A FOR AR K
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ARV T W R NAL3 1 4 3
JURRAE A WX ERFUKFEA K 2 . FHY)
e EE R R, surugamides A, B, D #l1 E X}
TR EA B ENRAEEH . Hd,
surugamide A FY {2 £ HRACR L T HoAt 3 b &
Y, XAlRE S H CHs UGS & 22 7 Hifth 3 4>

1 If)\Bksurugamides{EHEME KB ERKEMZEK

Table 1 Primary root length (cm) and stem length (cm) of plants promoted by the cyclooctapeptide surugamides
Seed Position Concentration/ Surugamide Gibberellin trans- Blank
(umol/L) A B D E zeaxanthin control
Oryza ~ Primary root length/ 0.1 3.8+0.57 3.5+04 3.4+04  33+03  3.4+0.5  3.8+0.6  3.2+03
sativa cm 0.01 3.4£0.6 3.3£0.6 32404  32+0.8  3.6£04"  3.4+0.6
0.001 2.5+0.5 22404 24404 23406  3.140.6  2.7+0.7
Stem length/cm 0.1 1.3+0.2 1.5£0.17" 1.4402™  1.5+£0.2""" 1.3+0.2 1.3£0.2  1.3+0.1
0.01 1.240.1 1.440.17 12401 13202  1.4+02"" 1.420.1™"
0.001 09402  0.9£0.1 0.9+0.1  0.9+0.1  1.0+0.1 1.0+0.2
Zea mays Primary root length/ 0.1 47£0.6"" 43206 444077 4.420.6" 4.0£0.5" 4.840.6"" 3.3+0.4
cm 0.01 4.0£0.6"" 4120577 42403 3.8£0.67 4.6:0.77" 4.6+047"
0.001 3.240.7 3.240.5 374027 34405  4.1x0.67 412057
Stem length/cm 0.1 1.1£0.17"  1.0£0.2 1.0£0.1°  1.1202" 1.0402°  1.040.2  0.9+0.2
0.01 1.240.2"" 0.9+0.2 1.0£0.2  0.9+02  1.1£02"  0.9+0.2
0.001 0.8+0.2 0.8+0.1 0.8£0.2  0.8+0.1  1.140.3™  0.9+0.1

sesokok

P<0.000 1, ™™ P<0.001, ™ P<0.01, " P<0.05, compared with the blank control (seeds cultured in sterile water).
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Figure 6 Physiological effects of surugamides, and the positive controls gibberellin and trans-zeaxanthin on
root growth of Oryza sativa and Zea mays. A—D show the results for promoting Oryza sativa root length; E-J
show the results for promoting Zea mays root length. A and E compare surugamide A with the blank control; B
and F compare surugamide B with the blank control; C and I compare trans-zeaxanthin with the blank control; D
and J compare gibberellin with the blank control; G compare surugamide D with the blank control; H compare
surugamide E with the blank control.

EYA XK. 2 surugamide A #JEH 0.1 umol/L 3 .d—ﬁ,_\‘ 1.3 'I/'f’_\‘
I, KRR PR ER R 2 d, HARKATIA 3.8 em,

oS (UGB A 0.6 cm; B oK F I kG 1R B TR R AR 7= DRt 2 1 25 4 2 R
2d, HMRKATE 4.7 om, Bos@xtBaisgm  SAEYEMHESZ G, B HERR AR MY 4
1.4 cm (& 1), K (PGRs) I A T AR, A HGE
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