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Fungal diversity of brick muralswith salt efflorescence and their
surroundingsin different ancient tombs

MA Wen-Xia®* WU Fa-Si*?** TIAN Tian® MA Yan-Tian® XIANGTing* LIU Xian-De'
WANG Wan-Fu***  FENG Hu-Yuan"

(1. Key Laboratory of Cell Activities and Sress Adaptations of Ministry of Education, School of Life Sciences,
Lanzhou University, Lanzhou, Gansu 730000, China)
(2. National Research Center for Conservation of Ancient Wall Paintings and Earthen Stes, Dunhuang Academy;,
Dunhuang, Gansu 736200, China)
(3. Key Scientific Research Base of Conservation for Ancient Mural, State Administration for Cultural Heritage,
Dunhuang, Gansu 736200, China)

Abstract: [Background] Salt Efflorescence is one of the major diseases caused by combined action
of humidity and salt which threated the preservation of ancient wall paintings, but the fields like
composition of fungi, its origin and salt tolerance have seldom been reported. [Objective] This study
aimed at exploring the community difference of culturable fungi that isolated from brick murals with
salt efflorescence disease and their surroundings in tombs, including Dunhuang Han dynasty tomb,
Dunhuang Jin dynasty tomb, and Jiayuguan No. 5 tomb, meanwhile, it has purpose to explore the
halotolerant ability of the isolated fungal strains in order to provide theoretical basis for better
conservation of the brick-tomb wall paintings. [M ethods] The surface morphology and crystal phase
of samples were analyzed by scanning electron microscope combined with energy dispersive
spectrometer (SEM-EDS) and X-ray diffraction (XRD). The culture-dependent method was
employed to isolate fungal strains, and to combine with molecular techniques for identification, the
community composition and structure characteristics of fungi were identified thereafter.
Halotolerancy of all the isolated strains were determined by salt-gradient culture medium method.
[Results] The dominant genera of the cultivated fungal genus were Penicillium, Aspergillus,
Cladosporium, and the other groups including Fusarium and Chaetomium were rarely isolated. All of
the salt effl orescence samples have some common species, such as A. versicolor, P. Aurantiogriseum
and A. fumigatus. The community compositions of fungi isolated from the efflorescence samples
were similar with their surrounding airborne samples. Most of the isolated strains could grow on
culture medium containing 15% sodium chloride, a strain of P. chrysogenum do have their growth
even in the 30% salt concentration. [Conclusion] Pencillium and Aspergillus were dominated in
different ancient tombs, most of the fungal strains most of the strains have relatively strong capacity
of salt tolerance.

Keywords: Tomb, Brick paintings, Fungi, Diversity, Halotolerant
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Figurel Brick muralsand salt efflorescence disease at three tombs
e AL D AP aE A 5 B 50 R BE I R RBTG T AL BEM ; B, E 430y S50RE G ¥ 58 S0 Bl B 1 RN BRORUPE 5 BE I ; C. F 430301

Sy B 8 B B TR By T e B )

Note: A and D are brick paintings intact and salt efflorescence damaged respectively in Jiayuguan No. 5 tomb; B and E are brick paintings
intact and salt efflorescence damaged respectively in No. 5 tomb Dunhuang Jin tomb; C and F are brick paintings intact and salt

efflorescence damaged respectively in Dunhuang Han tomb.
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Figure2 TheSEM and EDS analysis of different samples

E: AL B, CAMIIHILSE, P, PO SLIA BRI E I IEHBEMAE R ; D, E. FAMINICS2E . DL, VU EBRMAEN; G,
H 2351128 D B 7R B 22 3B TR 2238 TC R AU 1. I500h F B P s B 22 SR R TR 2238 1 TC 3R AU

Note: A, B and C were normal mural samples without salt efflorescence disease in No. 5 tomb, Han tomb and Jin tomb; D, E and F were salt

efflorescence in No. 5 tomb, Han tomb and Jin tomb; G and H were EDS analysis of hypha and non-hyphal part pointed in figure 2D; | and J
were EDS analysis of hyphaand non-hyphal part pointed in figure 2F.
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Figure3 Morphology and composition of Han tomb’s salt efflorescence mural samplesin Dunhuang

H: A, B. CAMRIfLEFES SEM B . EDSE & XRD 431 E.

Note: A, B and C represent SEM image, EDS analysis image, and XRD analysis image respectively.
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Figure4 Thesinglefungal colony morphology

TE: A: TSR B: #lhd; C. WK¥HE; D: WHME; E: FARegid: F BREAHHE; G A amiESE; H.

PR | WURBRE R ) BAEE Ko 2R L WAKEE.

Note: A: Acremonium hansfordii; B: Aspergillus flavus, C: Penicillium aurantiogriseum; D: Aspergillus nidulans, E: Cladosporium
cladosporioides; F: Cladosporium sphaerospermum; G: Engyodontium album; H: Penicillium chrysogenum; I: Penicillium olsonii; J:
Penicillium polonicum; K: Pseudozyma prolifica; L: Semphylium vesicarium.
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Figure5 Phylogenetictree of fungi isolated from brick murals

TE: AMRREHRIE T IS 2R of UCREMCRIE T PRT 2LME N of CREMORIR T DUEAE R, AHERGR T REEE T IR
ITS 5 RHARINC 52 SH) 5. 432 FIEcE R 1 000 KEE G AR ; ARITRITFIE GenBank 1)751%5 K
K'Y 944985-KY 945044.

Note: A represent fungal strains isolated from No. 5 tomb; o represent strains isolated from Xijin tomb; o represent strains isolated from Han
tomb; Neighbor-joining phylogenetic tree based on partial ITS gene sequences of al identified fungi and referenced sequences; Numbers
above branches denote bootstrap values from 1 000 replicates, Segquences obtained in the present study are labeled with the GenBank
database accession number (K'Y 944985-K'Y 945044).
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= Penicillium chrysogenum
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B Penicillium cordubense

B Penicillium digitatum
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B Penicillium expansum

B Penicillium olsonii

B Penicillium ulaiense

I Phoma sp. SCF106

B8 Pleospora alfalfae

=3 Pseudozyma prolifica

B Spencermartinsia viticola
3 Talaromyces aculeatus

M (Jlocladium chartarum

B Unclassified_Mucoeaceae

S SA SOA

E6 ZEEEAMERBERAIMMESSHPERFEFEREN T

Figure6 Fungal community composition and their abundance among the salt efflorescence and airbor ne samplesinside and

outside the threetombs

T Hy HA HOA 733l RERDUSEIAGHRE I A i FSE 28 N 2SN IREE 2 Skl s 30 JA L JOA 43 M USR T E SETROGEE A i IS 38 9 K
S SAEAR; S, SAL SOA J3ill R T 5 L BRIRBE I FIZLZE N | AP SRR L.
Note: H, HA and HOA represents the salt efflorescence mural samples, airborne samples inside and outside Han tomb chamber respectively;

J, JA and JOA represents the efflorescence mural samples, airborne samples inside and outside Xijin tomb chamber respectively; S, SA and
SOA represents the salt efflorescence mural samples, airborne samples inside and outside No. 5 tomb chamber respectively.

h7 20.39%; AP AP BRI 9 FhELH,
WH RN 26.59%, XfHLIEE | PO 55 MBS 2R
BRCRE R B T, TEBE RN E I . BOK T R (P
aurantiogriseum) 14 i % 14 (Aspergillus fumigatus)
AT 2R
24 WIEFEEMRMEHAR

FEE T 5% 15 BREH, KEZEAE NaCl ik
J& k1 5%, 10%55 14 T AE KR DL R 47 (3% 1) B4 NaCl
WETHR, R A KRR Z 25, (A 25 ik
FE 15%I1HR B T AT AT A= K, T T A 25 7 (Acremonium
hansfordii) 76 LV BE N AN AR K, 10 B L S PR 4%
2. 1£ NaCl #E R 20%915 50~ , A —F Rk

PIERR T A, (R A YA B TR, i
AR A AR IR BE B AR, 24 NaCl #kFE Ry 25%
BF, 485 1 Y B IR A RE b 0 R SR il (A
nidulans). . L&A versicolor), 43
B DR TR AT R (P. commune) , B ZEAL
T8 (C. herbarum), DK A5 FH ' 2 ) B B AC 58
g (Alternaria alternata) {3 442K AIRE ST, i
AH ok S TR RIS AT B A it R M. 24 NaCl W 1
THZE 300%HH, A B EE AR, R NaCl
VW AR B AR AR (30 °C Hf NaCl i Fngk
JE R 36%) , 1hd 143 15 RARRE 1 o f 7 2 2 TR b
A AR A i R
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Tablel Thegrowth trend of cultivablefungi in the different salt environment
btk VR ERLE
Stlﬁ . Salinity gradient (%)

rans 0 5 10 15 20 25 30 35
Acremonium hansfordii *kk * * _ _ _ _ _
Alternaria alternata KA KKK *okokk *xk *k *x * _ _
Aspergillus fumigatus sy *kk *x * — _ _ _
A. nidulans *k kK *k kK * Kk K * Kk * % * _ _
A. Q/dOVVII *kk * % * % * _ _ _ _
Aspergillus versicolor *kk ok * kK *k *xk *x 5 _ _
Cladosporium cucumerinum * ok kK * ok kK * ok kK *x * _ _ _
C. herbarum K kK kK Kk Kk Kk ok * %k * * _ _
C. Sphaerosperrmm *kok ok Kk Kk Kk ok * %k * _ _ _
C. tenuissimum *kk ok *kk *% *% * _ _ _
Engyodontium album DG *% *x * — _ _ _
Fusarium chlamydosporum *XKK *okkok *kk *hk * _ _ _
Penicillium aurantiogriseum *okkok *kk *kk *x * _ _ _
P' Chrymgenum *kkk%k *kkk*k *k k% * %% *% * * —
P' Comrrune K k)% *k k% * %% * %% *% * — —

e *: AIRESREETEYEE; m: TE; - THEMEARMS0mg). *: 50 mg<m<100mg; **; 100 mg<m<200mg; *** . 200 mg<m<300 mg;

*rxx . 300 mg<m<400 mg; *****. m>500 mg.

Note: *: The range of cultivable fungal dry weight; m: Dry weight; —: Without obvious mycelium (m<50mg). *: 50 mg<m<100 mg;
**:100 mg<m<200 mg; ***: 200 mg<m<300 mg; ****: 300 mg<m<400 mg; *****: m>500 mg.

3 WiE&R

UTAER, SRR S A RE I ) (R ik ) — %
FISCHRI TARE MR BEOGTE , XTI I i
W AR SRR AT o P R O AR . AT
M S R BT B, R B R A R TR
2244, JOH] S 3 BE Aty o AR e B R 22 (R4
Ay, 3ok 0 ] 5 45 e BE I A2 B T (ol A W 4 4R el R
R, BRREE AT RERA HIES S . FRELS S
EDS/#r, W 2244t CILR & W B T E 2 4L,
AW ZZ IR ALY, 3K IR A BE I L TR P 73
TR EARHE TR 3 XRE A B AR A S BT R
B, REE TR NaCl S, 1B EReE 1
BRAL TR ER PR, AT X T2 R A5 v BB T R
TR ER R AT e

KIARIK, 3T 30A38 3 5 ELRR AR A 70 2
S RIS R IR A R R k), At ik
F A BR A AS ] 85 IR 3 AR 200 3 8 W A

Felf. BT EEIERTR, HaEMMhEEITRE
BEW [z fe e il e e, R .
J& . KB AE 3SR AT R BE I 5 5 25 S
R RE T RGRRE St AT R EL A, SR
N B EAEE ; PR EE (Fusarium) . BFEH
J& (Chaetomium) 71 4% 72 J& (Cladosporium) 55 . 7
o FEOCT HAS S hA S B0 f pe vty BORE I 5 2T
TR, R T Ay U T L 3
PO X HEE | P B L TS B RBR 4
M, FRATIHEDNAE T PRI b (A AR LA R T 3
SO B S S51E R . BRI E 9 & A AN &
] B -5 0 AT 1) T B (JEBRE 1 8 T B0 R 2 A %
M E E) A —E X R,

FLEM AR 2 — B IR S, ik
AEFE . RTECA S, AXHREE . RO A 2
ST R A Mt HEAE IR | AGHE
AN ES I (P4 B 22 RAE ) P34y 10.79+1.27 °C,
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SRR N 42.03+1.13%; I ZERAE H 405
B4 10.08+1.64 °C, ~F-IAHXHR L hy 47.97+2.15%;
FSBREE H IR Ny 17.3241.33 °C, SEHAINS
MR EEN 72.84+1.49%) /AT, VU ZE AN ZE IR 1 B AH
ST 1 AR R N R e R A L R A = Y VA
FHET AL S, AR, IS 2Em=
REAATEM T Bk, 285 INAEXEB R KT 70%1%)
B ] 5 AR —2 DL b, R RS e R A
TR T B A AR g = RS YT B
BHWWRBDORE, 5 5050 & PN 2 AR i - R AL B
e A i R VA R R A 34 3 v P B Y
2, FHEEER ), XTReEh TS5
P P ab W H R A TR T 2NN, W=
TG AN, BEE AL PRSI R, T
A ML E R A PR B A ) T L g g R
JREBE B B PR 25 R S A R T R 24 55 )
FEEARIF AT B R LR, X S EE3E NS RsL
e 23S WP R BE T T A A I 2%
FLIAZ NIRRT, 388 3 X0 2 A B 1) W
A SIS TS e, X TR SRR A A
BRI

TEREREE N K e B B rh A se R K5y, B
AR T S AR B AR NPT, AR IR
KRt IR IR = EREE R P 0 IR 2 b 4% A PR
BEIM A . FOREBAMWEME, eI e S5k eE
T PR s 1 R A R A — e k. & S E %
HORSAEE 2L, TR ) R S, (i ERE
EZEA AT . T3A, KT A A AR R, X
oot 2 o4 i e 1 e 523 PN B T R4y, BRI L
B, IR RS 3

A ST R, BRI R R 1
S HAE TR B R AR LR KIS S
() A= 0 b 2 8 ol 3 5 2 PR T U e SO R
(IS 2 B O T sk SR e FRE
R ok th AT ERE Fh R T AR, X SE TR PR
fEHA KB PR A a . FadzRan
@ REN WSRO BE I 1 SE A S G . T

RE I PR AN BT i A, BE I DA TR AR R 1 N e
B AT BBkl R A AR . ARFE R B A3 TR
ah FPAFTE NaCl 4, 28R R I BRI IRTE Rk
WL TR P AR AR K . BFSEERIT, RZ %
A M7 8 EL AT A R AT R, e A K
O BRI R B R iR, A
Jig r = vy (4 AR TR i AR R MR 2590 i ] A
K, BEEP RS0 mE 27
30% AT A= o IR A R ER B X el A 5
LI AT RE 2 BAT — @ YR ERAE ], IXLEMER A
B AN R R TR RS LR B AR R | AL
BRAGAIS 1, TR E )7 A AN AT e R A AR
o BTRIABITE A = 5 38 PN IRAA BE A i P
FHIHESCRHERIIESE, 745 PRI BE 2 A E N
T (D) 7EBREREE R E IR, AR
PEPRIE BRI I | o R RE R SR 56 14 0 R i
AR5 (2) RIMEIEEE ASNAEERAIE; (3) X5
AR TS SEHEA TR K« HERR A A E XA B
DA AR LT 52 ol g AU

Bugt: Btz B . g E A Fm-TE A
AR > VAR B AR TAEA R A W% TR
F Akt R R A T B,
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