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Characterization of Metabolites in Stachybotrys chartarum by LC/TOF-MS
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There is an increasing concern about the adverse health
effects associated with fungal growth in indoor
environments and Stachybotrys is a fungus that has
become notorious as a mycotoxin producer that can
cause animal and human mycotoxicosis. Indeed, over
the past 15 years in North America, evidence has
accumulated implicating this fungus as a serious
problem in homes and buildings and one of the causes
of the "sick building” syndrome. Macrocyclic
trichothecenes (satratoxins, roridins and verrucarins)
seem to be the causative components of toxicoses for
farm animals eating contaminated hay.
In addition to the macrocyclic trichothecenes, species of
Stachybotrys can produce a number of secondary
metabolites such as trichodermol, trichodermin;
atranones including their dolabellane precursors;
spirocyclic drimanes. Some of these metabolites can
cause skin irritation or have immunosuppressant
effects.

This work describes a novel multi-
residue method using LC/TOF-MS for
the analysis of several tricothenes and
a number of secondary metabolites
also known to be harmful. This study
characterized S. chartarum by
combining pathogenic characteristics
such as haemolysis of red blood cell
with metabolite production.

Experimental

Table 1. Analytical condition of LC/TOF-MS 

HPLC : Agilent 1200    

Column   : ZORBAX Extend C18(100mm,2.1mm,1.8 µm) 

Oven temp  : 40 °C

Mobile phase : A=MeOH , B=10 mM CH3COONH4

30%A-----(30min)----70%A

Flow rate : 0.2 mL/min

Injection : 5 µL

MS         : Agilent 6220 Accurate-Mass TOF LC-MS

Ionization : ESI ( positive ion mode)

Nebulizer gas : 345 kPa

Dry gas        : 10 L/min at 350 °C 

Fragmentor : 120V

Mass range : 100-1000 Da

Reference : m/z=112.050873, m/z=922.009798

Resolution : >10000 at m/z=121

Table 2. Target screening parameter

Target mass            : (M+H)+, (M+MH4)+

Charge :  Single charge ion

Mass window :  0.01 Da

Relative mass error :  5 ppm

Sample preparation

Thirty-seven S. chartarum isolates were inoculated on

potato dextrose agar and inoculated plates were incubated

at 25 °C for 3 weeks. The spore and hypha were separated

from cultures on the agar and extracted with 80% methanol

for 24 hours. For the analysis of target compounds, crude

extracts were purified using MuitiSep #226.

Screening target compounds by exact mass database

Extracts were analyzed by LC/TOF-MS and screening of

target secondary metabolites was performed using exact

mass database with the parameters shown in Tables 2 & 3.

Compounds  Formula MW Compounds  Formula MW

3,4-Epoxy-6-hyroxy-dolabella-7,12-diene-one C20H30O3 318.21949 Spirodihydrobenzofuranlactam 1 C23H31NO4 385.22430

6-Hydroxydolaballa-3,8,12-trien-14-one C20H30O2 302.22458 Spirodihydrobenzofuranlactam 2 C25H35NO5 429.25150

Atnarone A C24H32O6 416.21989 Spirodihydrobenzofuranlactam 2 C25H35NO5 429.25150

Atnarone B C25H34O7 446.23045 Spirodihydrobenzofuranlactam 3 C28H39NO6 485.27770

Atnarone F C24H32O7 432.21480 Spirodihydrobenzofuranlactam 3 C28H39NO6 485.27770

Atranone C C24H32O6 416.21990 Spirodihydrobenzofuranlactam 4 C28H37NO8 515.25190

Atranone G C25H34O8 462.22540 Spirodihydrobenzofuranlactam 4 C28H37NO8 515.25190

Dolabellane diterpene C24H38O5 406.27192 Stachybocin A C52H70N2O10 882.50300

Epi-Roridine E C29H38O8 514.25667 Stachybocin A C52H70N2O10 882.50300

Gliotoxin C13H14N2O4S2 326.03950 Stachybocin D C52H70N2O12 914.49290

Hydroxy-Roridin E C29H38O9 530.25158 Stachybocin D C52H70N2O12 914.49290

Hydroxy-Roridin E C29H38O9 530.25158 Stachybotrylactone C23H35O5 386.20930

Iso-Roridine E C29H38O8 514.25667 Stachybotrylactone C23H30O5 386.20930

Iso-Roridine H C29H36O8 512.24102 Trichodermin C17H24O4 292.16746

Iso-satratoxin F C29H34O10 542.21520 Trichodermin C17H24O4 292.16746

iso-VerrucarinJ C27H32O8 484.20970 Trichodermol C15H22O3 250.15689

L671 776 C23H32O5 388.22500 Trichodermol C15H22O3 250.15689

Roridin L2 C29H38O9 530.25158 Trichoverrin A C29H40O9 532.26723

Roridine A C29H40O9 532.26723 Trichoverrol A C23H32O7 420.21480

Roridine E C29H38O8 514.25667 Verrucarin A C27H34O9 502.22028

Roridine H C29H36O8 512.24102 Verrucarin B C27H32O9 500.20463

Satratoxin G C29H36O10 544.23085 Verrucarin B C27H32O9 500.20463

Satratoxin H C29H36O9 528.23593 Verrucarin J C27H32O8 484.20972

Spirodihydrobenzofuranlactam 1 C23H31NO4 385.22430

Table 3. Exact mass database of fungus metabolites
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Figure 1. TIC and MC of crude and final fungi extract

Figure 2. Recoveries of macrocyclic trichothecenes in
Stachybotrys chartarum in clean up step
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Table 6. Abundance of target secondary metabolites in Stachybotrys spore
Name Trichoverrol Stachybotry Spore Fungus Haemolysis

A G H Iso-F L2 H Hydroxy-E E Epi-E B J A B C F G D-1 D-2 1 2 3 4 lactone A D ×10
6

52909S 66308 96460 116568 104355 55218 529941 62086 1168 16924 3699247 1821737 77450 546693 5939111 136323 7505 10.6 A
53636S 68 109 413 1798 58 709 8815 1027 1704 7299 1783 25 A
53637S 53665 49478 70930 33327 30171 201055 145861 490922 152749 328 34947 395245 313119 23061 446092 5628712 12638 1356 14 B?
53638S 55765 58337 82442 39924 61854 275485 195998 675279 190948 4255 44562 481832 418207 27992 694003 6522671 15885 693 13.1 NA
53639S 186985 4919 26882 8806 39851 426976 135650 712211 80541 79911 251580 165476 7866 98371 708121 6277 5 A
54415S 491006 16679 30182 176655 239664 44109 1982683 35969 9006 125281 392265 213148 27560 324628 187467 44937 9377 3.6 A ○
54416S 5535 1550 2161 84 6261 745 154 2420 197299 70415 6401 8948 6515 8510 33.8 A
54417S 2100 6276 10056 2939 6682 13124 1534 25429 4853 574 3348 596481 205853 6580 55639 17779 24077 1841 38.8 A ○
54418S 150478 6161 13288 23045 28280 2959 170295 8257 1466 9639 164848 142270 18477 165136 93954 33492 6190 18.1 A ○
41781S 436 10499 531 843165 4625 123789 124568 6453 34245 18.1 B
41782S 50143 2969 800 29622 12912 37838 36046 291127 172019 6416 23005 25863 13563 177 3.8 B
41783S 147787 2099 59815 55172 7437 45243 61783 2167320 331384 31279 15843 24488 23.8 B
41784S 1432 496 4765 949795 4935 554842 156086 8951 43926 68276 14071 399 4.4 B
41785S 154472 6099 7507 53837 28140 35476 27223 1182581 250178 7831 78897 30628 20796 101 23.8 B
41786S 107820 2434 31124 29608 7710 23793 32497 378047 99681 2226 4161 7983 10 B
41787S 189974 6037 6199 50706 25854 35657 52254 289281 134862 1801 32691 5858 7013 12.9 B
41788S 31448 1134 11411 6973 7788 7762 7920 346258 66233 12222 4651 13684 58.1 B
41789S 93420 4613 28865 29406 23340 22195 22948 1209144 240314 7445 52526 13418 22785 66 66.3 B
41790S 65852 4725 821 21342 20757 20468 25653 747481 141894 3360 14878 15253 23490 11.3 B
41791S 49983 467 2418 8262 6118 7517 9096 600773 126485 5487 67802 9837 22450 32 75.6 B
41792S 34255 451 2026 4821 4614 3942 4210 1055218 180123 20409 6613 9503 61 30 B
41793S 71696 2287 2416 23968 94514 14088 17007 1120753 199190 37909 17746 41045 33.1 B
52908S 98417 3329 2119 21317 19788 24958 26124 1189532 143480 28785 16683 19673 80 15.8 NA
52910S 13302 512 3063 3894 9031 6051 5360 948091 157045 8159 4054 6044 66.3 B
52911S 25660 3488 11295 11140 2436 7689 7194 488154 90682 9089 5200 9339 56.9 B
52912S 27091 29148 531 11516 67673 20579 21597 911005 146849 4118 4752 8785 10 NA
52913S 31481 609 1316 5051 672 4334 4561 1108140 179748 30657 11100 18111 119 61.9 NA
53635S 78992 1566 22727 17205 5602 12730 11968 428099 134964 20259 8411 15061 56.3 B
53640S 36622 263711 7923 148853 43777 472705 147411 231756 219334 13968 455665 6673246 11216 19.4 A？
54419S 40664 718 1119 7439 420 5089 7191 165784 41016 7800 19278 3842 34.4 B ○
56694S 38971 4530 674 4784 3372 461006 178506 22690 87817 2406 1005 36497 36.3 B
56695S 9188 2876 690 10816 20456 9994 11751 104735 188 76728 5343 5046 327992 65.0 NA
56696S 287 173 153 307 179 30383 5337 240 279 22 287.5 NA
56697S 255 49156 2607 4255 15194 5986 28199 14663 2697 8922 176 166 33141 200.0 NA
56698S 10757 24982 1022 410 5808 6742 18236 126192 3954 27007 3168 259 55142 212.5 NA
56860S 2595 251 154 11105 2879 34823 15403 86 3551 168 15 3412 225.0 NA
56861S 11866 596 28 132 3008 761 159717 13629 1064 3830 3103 54 6588 121.3 NA
D-1:6-Hydroxydolaballa-3,8,12-trien-14-one 「A」S. chartarum

D-2:3,4-Epoxy-6-hyroxy-dolabella-7,12-diene-one 「B」S. chlorohalonata

Not detected Tricodermol,Tricodermine,Trichoverrin

Spirodihydrobenzofuranlactam Stachybocin DolabellaneAtranoneRoridinSatratoxin Verrucarin

Table 4. Molecular Feature Extraction parameters
Peak filter : >100    
Compound filter :  >5000
Extraction range :  Retention time: 3-45min mass :130-900 
Da
Isotope spacing :  0.0025Da+5ppm
Charge state :  Single charge ion
Ion species :  (M+H)+, (M+NH4)+, (M+Na)+, (M+K)+

Filtering by volcano plot
1821 metabolites were characterized to 32 and

72 metabolites by combining pathogenic

characteristics such as haemolysis of red blood

cell and MTRs production. These results were

shown in Fig. 5 and 6.

Figure 3. Mass plot by MFE

1821 mass features

Figure 4.  Abundance plot of 1821
mass features
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Characterization of S. chartarum by multivariate statistics

Mass features (metabolites) were extracted from all

observed ions in 37 extracts by using Molecular Feature

Extractor (MFE) by the parameters shown in Table 4.

Extracted metabolites were filtered by T-test (P value<0.05)

and fold analysis (Average>2 times). For multivariate

statics, a data matrix consisting of 37 objects (S. chartarum

isolates) and variables (metabolites) was constructed and

analyzed.

Figure 5. Abundance plot of unique metabolites by haemolysis (left) and
MTRs production (right).

Figure 7. PCA plot of 37 extracts (Haemolysis)

Figure 6. Dendrogram of 32 metabolites and 37
extracts produced by cluster analysis

Target analysis of secondary metabolites
• Clean-up step by MultiSep#226 was useful to reduce

chemical noise in Stachybotrys extract.
• 25 metabolites were identified by exact mass database.
• 28 S. chlorohalonate produced five atranones and their

precursors, but did not produce macrocyclic
trichothecenes.

• 9 S. chartarum produced MTRs, always including SH,
iso-SF, RL2,RE,RH,epi-R and VJ, whereas SG, hydroxy-
RE, VB and TA were occasionally detected.

Characterization of secondary metabolites
• 1821 mass features (metabolites) were extracted by

MHE.
• 32 and 75 metabolites were characterized by volcano

plot.
• Results of the cluster analysis and PCA based on the

abundance of 32 metabolites showed three clusters
• One cluster with 11 extracts contained four extracts

shown to induce haemolysis.

Figure 8. Dendrogram of 75 metabolites and 37
extracts produced by cluster analysis Figure 9. PCA plot of 37 extracts (MTRs production)

Characterization of Secondary Metabolites by Multivariate Statistics


