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As air conditioning system long-time running, microorganism like bacterium
and fungus propagates easily in high humidity environment such as filter equipment.
After the microorganism entering indoor environment through air conditioning system,
the air quality would be affected seriously. Air conditioning system which is regarded as
potential microbial pollution source is becoming more attention. The study is about
isolation and identification of fungal microorganisms on the filter surface of the central
air conditioning system in a gymnasium, and then researching on the colonies and
mycelium grown and reproduce regular of fungal microorganisms in different thermal
environment using thermal methods, aim to lay groundwork of propagation and diffusion
mechanism study of fungal microorganisms in air conditioning system and effective air
microbial contamination solve by thermal methods. By physiology biochemistry
experiment and molecular biological identification, it is shown that the dominant fungi
are Penicillium spp. and Cladosporium spp., colonies are 600cfu/cm? and 140 cfu/cm?
respectively. Thermal experiment indicates that no matter constant or variable temperature
conditions, the reproduce rate of Penicillium spp. is faster than Cladosporium spp. and
the relationship between colony diameter and time is liner relation. Temperature change
control does obvious restrain on Penicillium spp. and Cladosporium spp. has the same
tendency.
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With the economic development and
requirement of building comfort increasing, air
conditioning system is applied in many living
buildings and public buildings to meet the indoor
temperature and relative humidity requirements.
However, indoor air would be polluted by air
conditioning system without cleaning for a long
time. Inside the air conditioning system, some
places like filter, cooling coil, condensate water
pan and humidifier provide suitable environment
for microbial proliferationt’. When the
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microorganism is spread into indoor environment
through air conditioning system, it could do impact
on peopl€'shealth who exposeto thisenvironment.
According to previous studies, China's Ministry
of Health checked nearly 1,000 air conditioning
systems of hotels and other public placesin 2004.
As aresult, only 6% of samples had passed and
nearly half was heavily polluted®. Five air
conditioning systems of public places also been
checked in Guangzhou, 2007. Result showed that
detection of total bacteriawere 27-730 cfu/cm®while
total fungi were 7-6000 cfu/m®. According to
Hygiene Practice for Central Air Conditioning
and Ventilation System of Public Place, total
bacteria and total fungi in supply air are both
required less or equal to 500 cfu/cm?®. Compared
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with thishygiene practice, theaverage qualification
rates of bacteriaand fungi were 71.4% and 85.7%
respectively®. Moreover, ten hotels were checked
in Dalian, 2012. The average qualification rates of
bacteria and fungi were 78.3% and 77.8%
respectively®. Though the sanitary condition
improves, the amount of microorganisms in flue
pipeisstill out of limit. Many studiesindicate that
the condition of microorganism pollution in air
conditioning system isworrying.

Fungi account for a high proportion of
existed microorganisms in the air conditioning
system. Chen F.N. et al. from Tsinghua University
investigated air conditioning systems among 10
provinces and municipalitiesin China, and found
that the number of fungi was 4.49-25.19 timesthan
that of bacteria. Li A.G.eta. from Xi AnUniversity
of Architecture and Technology measured the air
conditioning system of Shaanxi History Museum
and indicated that the fungal concentration was
1.60-128.06 timesthan the bacterial concentration
intheal working partsof air conditioning system?®.
LuZ.etal.fromHarbin Industrial University tested
central air conditioning system of two buildingsin
Harbin and indicated that the number of fungi on
equipment surface was 4.7 times than that of
bacteria’®. And many medical studies had shown
that fungal pollution wasrelated to asthma, allergic
rhinitis and respiratory tract infection. The
research by the French National Health and
Medical Research I nstitute showed that the indoor
fungal harm to patients with severe asthmawas as
twice asthat of other allergic materials'. Somers
et al. from Canada found that the rat inhaling
polluted fungal particles had a genetic mutation,
and this result provided a proof that fungus could
lead to canceration®®. Furthermore, fungal spore
spreads easily, especially after the operation of air
conditioning system, as a consequence of fungal
spore spreading in indoor environment and
contributing to biological pollution”.

Soitisextremely important to do research
on growth characteristic of fungi microorganism
inair conditioning system and then find appropriate
control methods. The study obtained the dominant
fungi onthefilter surface of air conditioning system
and then did identification and analysis, analyzed
the hyphal growth responses of fungi
microorganism in different thermal environments
by study on the environmental thermal response.
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Theoverarching objectiveisto lay thefoundation
of solving microbial pollution problemsin air by
using thermal control methods.
Experimental Research
Experimental Instrumentsand Materials

Sterile non-woven gauze (100mm x
100mm), distilled water, Czapek’smedium (sucrose
30g/L, NaNO, 3g/L, K _HPO, 1g/L, MgSO, 0.5g/L,
KCl0.5g/L, FeSO, 0.01g/L,, sterilized at temperature
of 121°C for 20 minutes), constant temperature
incubator, shaking incubator with two-way
regulation of temperature functions, microscope,
TR-72i thermal recording instrument, et al.
Acquisition and Counting of Fungi

For learning about propagative rule of
fungus in air conditioning system effectively, a
central air conditioning system of onegymnasium
was chosen as measured object. Dust was collected
from 5cmx5cm areaon thefilter by using tweezers
dabbed with sterile non-woven gauzelightly. Dust
acquisition processwas shownin Fig. 1. The non-
woven was put into sterile water using aseptic
technique and fully mixed to make surethat organic
substance on the non-woven was solublein sterile
water well and then the stock solution was
prepared. After then, prepared solution of original
concentration, 10 times diluted concentration and
100 times diluted concentration respectively.
Dropped 0.1ml solutions of each three different
concentration on agar plates and observed the
number of colonies, which was counted of average
of parallel sample colonies. After calculating, two
dominant fungi werefound. The number of colony
of Fungus 1 and Fungus 2 was 600 cfu/cm? and
140 cfu/cm? respectively.
| dentification of the Dominant Fungi
Physiological and Biochemistrical Experiment

When colony formed up, fungus could
be preliminarily judged by colony characteristic
and hyphal structure combined with Fungal
identification manual*®. According to morphology,
color and other physiological and biochemistrical
characteristics, the colony features of Fungus 1
(Fig. 2) were white, flocculent colony on air side
while verdant colony with golden spots on pan
side. The structures of hypha and spore were
observed under 40x microscope, it was found that
Fungus 1 had septate and coenocytic hypha,
conidiophores with fastigiated branch, which
looked like elliptic and had no partition. The
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fearturesof Fungus2 (Fig. 3) wereblack, flat colony
on air sidewhile skin-colored colony on pan side.
Hypha of Fungus 2 was septate and coenocytic,
and it had feet structure.
Molecular Biological |dentification

Two kinds of fungi which were isolated
from colony on plate were picked up and put into
four pieces of liquid Czepek’s medium. Thefungi
were cultured for 3to 4 days at the temperature of
28°C, 150rpm. The cultivation wasfinished when
mycelium pellets appeared visibly on plates. After
cultivation, genome DNA was extracted. So far,
extraction of genome sample wasfinished and the
samplewas kept at the temperature of -20°C. And
then, the 18srDNA fragments were amplified by
polymerase chain reaction (PCR) and purified.
Electrophoresis of PCR products were run on 1%
agar. The gel with target fragment was cut off under
uv light. Target fragment was extracted through
DNA gdl extraction kit. ThisDNA target fragment
was ligated with T-vector at 16°C for morethan 12
hours, and then transformed to E. coli DH 5Q.
Positive cloning were selected and plasmid was
extracted. By restriction enzymedigestion, ECoR,
Hind 111 verifying, plasmid with 18s rDNA was
sequenced (Takara, Dalian). The sequencing
results was compared with database of and
GenBank, homology analysis(NCBI BLAST) was
also carried on and phylogenetic tree was
constructed. Asaresult, thesimilarity of 18srDNA
between Fungus 1 and many kinds of Penicillium
spp. was up to 99%. The similarity of 18s rDNA
between Fungus 2 and many kinds of
Cladosporium spp. was also up to 99%.
Phylogenetic trees of Fungus 1 and Fungus 2 were
shownin Fig. 4 and Fig. 5 respectively. (Fungus 1
was represented as G7 and Fungus 2 was
represented as B7). By physiological and
biochemistrical judgement and molecular biological
identification, Fungus 1 was Penicillium spp and
Fungus 2 was Cladosporium spp.
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Experimental Program

In order for study on the regulation of
growth of fungi microorganisms in the air
conditioning system at different temperature, the
research carried on two groups of experiments,
which was formed of constant temperature
cultivation and variable temperature cultivation.
The environmental temperature of constant one
was set at 25°C and the environmental temperature
of variable one was set at the range of 22°C and
28°C,which was swapped once between 22°C and
28°C every 12h (shown in Fig. 6, where T isthe
control temperature and t istime). The diameter of
the colony was monitored every 12h during the
incubation period for aweek. Therelative humidity
was executed a special control and assumed to be
maintained at constant concentration.

RESULTS

TemperatureExperiment

Colonies growth changes of two
dominant fungi, Penicillium spp. and
Cladosporium spp., at constant temperature of
25°C and at variabletemperature of 22°C-28°C were
shown in Fig. 7 and Fig. 8, it was found that no
matter constant or variable temperature, colonies
of two fungi were continuously scaled up on agar
plates but with different rates and morphology. In
case of constant temperature (Fig. 7), colony
growth rate of Penicillium spp. was faster than
that of Cladosporium spp.. In case of variable
temperature (Fig. 8), spores of Penicillium spp.
were easily spread than Cladosporium spp..
Compared Fig.7 with Fig. 8, spores of Penicillium
spp. werealso easily spread in variabletemperature
environment than that in constant temperature
environment.

Fig. 9 showsgrowth curve of two fungi at
the constant temperature of 25°C. From thisfigure,
it was known that the relationship between fungal

Table 1. Change of two fungal diameter in different environment

Environment Fungus 24h  48h 72h 96h 120h 144h 168h 192h

Constant temperature  Penicillium spp. 2 6 125 17 21 27 32 36
Cladosporium spp. 3 6 9.5 11 13 16 19 21

Variabletemperature  Penicillium spp. 2 12 185 21 24 24 24 24
Cladosporium spp. 1 4 6.5 8 11 13 15 16

Unit in the table: mm
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Fig. 3. Cladosporium spp.

DQ681334.1| Penicillium granulatum isolate 732
GQ161752.1) Penicillinm dinodomyicola ACBF 0023
DQ651327.1] Penicillium camemberti isolate 944
DQ651340.1[Penicillinm vinaceum isolate 533
HQ026745.1[Penicillium chrysogenum ATCC 10106
DQ651334.1/P isolate 732
KC009826.1| Penicillimm chrysogenum HO09-114
JX997011.1Penicillium desertorum DTO 14316
JNS61259.1[Penicillium chrysogenum isolate F4-02

JF704118.1) llium sp. HLS2-6
7046487.1] Hyp lixii Th 47
JQ422623. hry M-23

DQ339570.1 Penicillium dipodomyicola NRRL 35583
DQ681327.1] Penicillium camemberti isolate 944
AY373896.1] Penicillium acthiopicum FRR 2007

EU833224.1) Penicillium lanosum strain P11.4

EU833227.1) i P115

JX997035.1| Penicilli g DTO 149C7
NR_103695.1] P e ex-type CBS 419.89
JX997064.1 Penicillium flavigenum strain CBS 110407
G7

Fig. 4. Phylogenetic tree of Penicillium spp.
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diameter and timewassimilar tolinear relationas  and time respectively. The growth rate of
timewent by, wherethevertical and horizontal axes ~ Penicillium spp. was faster than that of
in the figure stand for diameter of fungal colony  Cladosporium spp., So, two dominant fungi were

JQB835448.1|Cladosperium sp.MBC003
AJ971409.1|Cladosporium sp.MA 4762
AY361968.1/Cladosporium cladosporivides ATCC 64726
GU183166.1|Cladosporium sp.HF 2
EF577236.1/Cladosporium cladosporioides
EU645693.1|C1: LAS
JN084026.1Penicillium sp. KNUC260
HMS535399.1[Penicillium sp.J-45
JF694934.1/Cladosporium sp.ZJ-2008016
HM535397.1/Cladosporium sp.J-41
AB572909.1/Cladosporium sphaerospermum
AY361932.1Davidiella tassiana ATCC 26362

— FJ770060.1/Cladosporium sp. HLS101
FJ037740.1Lacazia loboi GX2-5C

\—EE HQ832966.1|Cladosporium sp.BMP284
HQ832967.1/Cladosporium sp.BMP2897

JF812143.1Uncultured fungus clone
B7

HEG608784.1/Cladosporium sp.MS-2011-F14
‘_C HEG608784.1/Cladosporium sp.MS-2011-F10

Fig. 5. Phylogenetic tree of Cladosporium spp.
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Fig. 6. Experimental program of constant and variable temperature cultivation

60h 84h 108h

132h 156h 180h 132h 156h 180h
A) Penicillium spp. B) Cladosporium spp.
Fig. 7. Time series of two fungal colonies at constant temperature of 25°C

J PURE APPL MICROBIO, 7(SPL. EDN.), NOVEMBER 2013.



644 YANG et d.: STUDY ON THERMAL RESPONSE OF FUNGAL MICROORGANISMS

in the unrestrained proliferation state in constant ~ situation of fungi that stepped from slow growth
temperature. to no longer growth happened to Penicillium spp.

Fig. 10 shows growth curve of two fungi  about 108 hours since the cultivation started, and
at the variable temperature ranging from 22°Cto  then barely grew after 108 hours; Cladosporium
28°C. From this figure, it was known that the  spp. had slow growth tendency after 108 hours

60h 84h 108h

132h 156h 180h 132h 156h 180h

A) Penicillium spp. B) Cladosporium spp.

Fig. 8. Time series of two fungal colonies at variable temperature ranging from 22° to 28°C
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Fig. 9. Growth curve of two fungi at constant temperature of 25°C
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Fig. 10. Growth curve of two fungi at variable temperature ranging from 22°C to 28°C
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cultivation. In the variable temperature
environment, Penicillium spp. had growth
retardation early in the variable temperature
environment compared with constant temperature
environment. So, two fungal growth could be
restricted in variable temperature condition.

DISCUSSION

Analysisof different Fungi in sameTemperature
Environment

From the comparison of Fig. 9 and Fig.
10, it was known that both fungi propagated at
certain rates at constant temperature of 25°C,
steady period still didn’t appear after aweek and
the relationship between diameter of colony and
time was linear. So, steady temperature was
beneficia tofungal growth. Invariabletemperature
environment, the growth stability of fungal colony
was worse than that of constant temperature of
25°C for whatever fungus. The growth rate also
reduced and colony formation was restrained. In
addition, the colony of Penicillium spp. was
spread easily in variable temperature environment.
This phenomenon was submitted that it perhaps
relateto variabletemperature.

Analysisof sameFungi in different Temperature
Environment

The growth conditions of the same
fungus were compared in different temperature
environment. It was found that Penicillium spp.
grew quickly in constant temperature environment.
But its growth was restricted after 96 hours and
then no more changes after 108 hours. The growth
rate of Cladosporium spp. was faster in constant
temperature environment than in variable
temperature environment. And the growth of
Cladosporium spp. wastrend to berestricted after
180 hours. So thermal control doesobviousrestrain
on Penicillium spp. and Cladosporium spp. has
the same tendency.

Analysisof Diameter Change of Penicillium spp.
and Cladosporium spp.

Table 1 compared the growth rates of
Penicillium spp. and Cladosporium spp. in
different environments. From Table 1, it wasknown
that the diameter of Penicillium spp. could reach
36mm and 24mm while Cladosporium spp. could
reach 21mm and 16mm after 192h both in constant
and variabletemperature respectively. So, no matter
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what environment, the growth rate of Penicillium
spp. was faster than that of Cladosporium spp.
and thisfact cannot be changed by thermal control.
But for one fungus, no matter Penicillium spp. or
Cladosporium spp., the growth rates of fungi in
variabletemperature environment were sl ower than
that in constant temperature environment. So, the
fungal colony growth could be controlled by
thermal control.

CONCLUSIONS

The study reached the following
conclusions by isolating, identifying and doing
environmental thermal response of fungal
microorganisms on the filter surface of central air
conditioning system.

1 By physiological and biochemistrical
judgement and molecular biological
identification, it was confirmed that
Penicillium spp. and Cladosporium spp.
were the dominant fungi among all fungal
microorganisms on the filter surface of air
conditioning system. The numbers of
colony were 600 cfu/cm? and 140 cfu/cm?
respectively.

2 No matter constant or variable temperature
conditions, the growth rate of Penicillium
spp. was faster than that of Cladosporium
spp. and this fact cannot be changed by
thermal control.

3 Through the research of constant and
variable temperature, it was found that no
matter Penicillium spp. or Cladosporium
spp., the growth rates of fungi in variable
temperature environment were slower than
that in constant temperature environment
and variable temperature does obvious
restrain on Penicillium spp. and
Cladosporium spp. had the same tendency.
It is concluded that some kinds of fungal
propagation could be restricted by thermal
control.
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