CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Communities of ammonia-oxidizing bacteria and archaea in full-scale

wastewater treatment plants (WWTPs)

4.1.1 Description of full-scale WWTPs

Sludge sample were taken from 10 full-scale WWTPs, including 4 industrial
WWTPs (11-14), 4 large municipal WTTPs (LM1-LM4), and 2 small municipal
WWTPs (SM1 and SM4). The WTTPs were selected based on the difference in
influent wastewater characteristics, system configuration, and system operation (Table
4.1). Four industrial WWTPs observed in this work were categorized into 3 types.
depending on ammonia concentrations in influent wastewaters. Plant 12 represented
the industrial WWTP with high ammonium concentration, Plants I3 and 14 represent
the industrial WWTPs with moderate ammonium concentrations, and Plant I1
represented the industrial WWTP with low ammonium concentration. All industrial
WWTPs were operated with activated sludge processes. All municipal WWTPs
belong to Bangkok Metropolitan Administration (BMA). All of them were not
different in influent characteristics. All municipal WWTPs received low ammonium
concentration (5-13 mg-N/1), but different in system configuration and operation. All
large and one small municipal WWTPs were operated with activated sludge
processes, another small WWTPs was acrated lagoon system. The detail of each

plants were shown in Table 4.1
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4.1.2 Communities of ammonia-oxidizing bacteria in full-scale
wastewater treatment plants

Communities of AOB in samples from full-scale WWTPs were investigated
using specific PCR amplification, followed by DGGE, and sequencing of 16S rRNA
gene of AOB belonging to beteproteobacteria. All bands recovered from DGGE were
cut, reamplified, and run on new gels until they were purified before selecting for
sequencing. In total, 14 bands of AOB 16S rRNA gene sequences were tested for
sequence similarity using blast program (Table 4.2). All of the analyzed sequences
showed 95 -100% identity at nucleotide level to the previous reported sequences in

the database.

Table 4.2 Closely related sequences of AOB 16S rRNA gene fragments

Accession No.
D) o o
Sample Band Score Gap l] dcggf:yl Of,;ﬁ:;y closely related sequence
sequence
367/383 .
11 AOB-I1-1 619 2/383 (0%) (95%) AY123811 Nitrosomonas sp. Nm39
2 AOB-12-1 667 | 0/364 (0%) 3((3)39/;6)4 AL954747 ’X’;’é’zofz)’;"l‘g geropaen
0
AOB-I3-1 662 07364 (0%) 3(?)29/3/34 AB176858 | DGGE A-W-3
13 : |
AOB-13-2 699 0/378 (0%) % 3363/72); FM997803 EIL"Q“EK A ROCTOL3
14 AOB-14-1 397 | 2215 (0%) 2(‘92;3/:)5 AJ297415 | Clone GaN50304
AOB-LMI-1 787 1/443 (0%) 4(3962{;"‘)3 AB222811 | DGGE ONO2c-3
441/444 . c o
LMI AOB-LM1-2 806 0/444 (0%) 99%) AJ297415 | Clone GaN50304
AOB-LMI-3 811 | 0/442 (0%) 4(49‘9/,‘,24)2 AJ297415 | Clone GaN50304
3517357
LM2 AOB-LM2-1 623 3/357 (0%) 98%) EU224365 | Clone 9R-27
337/349 .
AOB-LM3-1 579 2/349 (0%) (96%) EF016119 Nitrosomonas oligotropha
LN 2241227 .
AOB-LM3-2 401 21227 (0%) 08%) AJ297415 | Clone GaN50304
0
LM4 AOB-LM4-1 577 | 21349 (0%) 3(392%9 ABIT6SR || DUTorees
SMI AOB-SMI-1 630 | 0/347 (0%) 3&%%7 ABl768s8 || DEGEA-W-3
SM4 AOB-SM2-1 462 17263 (0%) 2(5998/3/33 FM997808 EIE"SEI —

Phylogenetic trees were constructed by using three different methods
comprising of distance matrix, maximum parsimony, and maximum likelihood. All

methods exhibited the same grouping of AOB sequences in the tree (data not shown).
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For phylogenetic presented in Figure 4.1, we add our partial 400-bp AOB 16S rRNA
sequences using parsimony method into the phylogenetic tree prior constructed by
neighbor joining (distance matrix) methods using 1000-bp sequences of all reference
AOB species to avoid changing in the tree topology when shorter sequences than
1000-bp were used to constructed the tree. AOB found in each sample were

summarized in Table 4.3.

Table 4.3 Summary of AOB found in full-scale WWTPs

AOB Cluster 11 12 K] 14 LMI LM2 LM3 L.M4 SMI | SM4
Nitrosospira cluster L
unknown v

Nitrosomonas
cluster

Nitrosomonas
cryototerans cluster

Nitrosomonas v
europaea-

Nitrosococcus
mobilis cluster

Nitrosomonas v v vV v v v v

communis cluster

Nitrosomonas
marina cluster

Nitrosomonas 4 v v Y
oligotropha cluster

v/, present (amount of symbols represents numbers of band found)

AOB communities in industrial WWTPs (11-14) were more diverse than those
in the municipal WWTPs (LM1-LM4 and SM1, SM4). AOB found in industrial
WWTPs fell in 4 clusters that are unknown Nitrosomonas cluster, N. europaea-Nc
mobilis cluster, N. communis cluster, and N. oligotropha cluster. While AOB found
in municipal WWTPs were restricted to only N. communis cluster and N. oligotropha
cluster. The difference of wastewater characteristic might be the key factor causing
distinct distribution patterns of AOB communities in both types of WWTPs. In the
case of industrial WWTPs, characteristics of wastewater were varied considerably
(Table 4.1). BOD and ammonia concentrations were in a range of 192 — 1,400 mg/]
and 13 — 420 mg/l respectively. In contrast, influent wastewater of municipal
WWTPs were similar in their characteristics. BOD and ammonia concentration were
in a narrow ranges between 27 -102 mg/l and 5 — 14 mg/l respectively. It has been
reported that ammonia concentrations is the important factor influencing the presence

of AOB in different environments (Suwa et al., 1994; Stehr et al., 1995a; Koops and
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Pommerening-Roser, 2001. Study on physiological properties of isolated AOB
cultures suggested the difference in affinity constant for ammonia among the distinct

AOB species. It is believed that this reflects the prefetence of AOB existing in the
habitats (Koops et al., 2003).
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Figure 4.1 Phylogenetic tree showing 16S rRNA genes of AOB belonging to
Betaproteobacterial with addition of 400-bp sequences from full-scale WWTPs into the
distance tree that was previously constructed based on comparison of 1000-bp sequences of
described AOB (Koops et al., 2003)
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Ammonium concentration in all 4 industrial WWTPs were varied significantly
Plant I2 represented a WWTP receiving high ammonium concentration (400 mg-N/1).
Phylogenetic analysis suggested that sequences recovered from plant 12, related
closely to AOB in N. europaea-Nc. mobilis cluster. All members of N. europaea-Nc.
mobilis cluster have relatively high affinity constants for ammonia (50 -100 pM).
This make AOB in this cluster prefer eutrophic environments such as fertilized soil
(Koops et al., 2003). In addition N. europaea are common AOB found in WWTPs
receiving high ammonium loads (Limpiyakorn et al, 2007). Plants I3 and 14
represented WWTPs receiving mid-low ammonium concentrations (30 — 70 mg-N/1).
Bands retrieved from these two plants fell in unknown Nitrosomonas cluster and N.
communis cluster. So far, no isolate culture has been obtained for the unknown
Nitrosomonas cluster. Therefore the physiological properties of AOB in this cluster
have not been revealed. The only one way to make a discussion on the AOB cluster is
using information obtained by direct molecular study. Previously, clone A2 CTOI
and clone 3 which are members of this cluster were recovered from activated sludge
and aquarium biofilter which are mid-low ammonia concentrations. This implied that
this AOB clusters are a group that have moderate affinity to ammonia. N. communis
cluster have been classified as AOB with moderate affinity constants for ammonia (14
- 43 uM). From this information, they should restrict to moderate eutrophic habitats;
however, this group of AOB is occasionally observed in freshwater which is one of
oligotrophic environments (Koops ef al,, 2003). In addition, they have been detected
in soil, activated sludge, and biofilm system (Purkhold er al, 2000; Gieseke et al.,
2001). Plant I1 represented a WWTP with low ammonium loads (10 mg-N/1), AOB
found in this plant was the member of N. oligotropha cluster. N. oligotropha cluster
are low in affinity constants for ammonia (1.9 — 4.2 uM). They frequently found in
oligotrophic environments such as freshwater, unfertilized soil, WWTPs with
relatively low ammonium loads (Koops and Pommerening-Roser 2001; Limpiyakorn
et al., 2005). Only members of N. communis cluster and N.oligotropha cluster were
found in all 7 minicipal WWTPs. All municipal WWTPs received low ammonium
strength wastewater (5 — 13 mg-N/l). If ammonium is the major factor, it is not
surprising to find only 2 restrict AOB groups in all WWTPs. It has been reported

extensively that N. communis cluster and N.oligotropha cluster were common AOB in
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municipal WWTPs (Limpiyakorn et al., 2007; Siripong and Rittmann 2007). Five out
of the six plants contained AOB belonging to N. communis cluster. SM4 harbored
only AOB of N.oligotropha cluster. It seemed that N. communis cluster might be
more important than N.oligotropha cluster. From the study of Limpiyakorn 2007 by
using real-time PCR to quantify each specific group of AOB in municipal WWTPs in
Tokyo, N.oligotropha cluster were more abundant than N. communis cluster in all
plants studied.

Other than ammonium loads or ammonium concentrations in the influent
wastewater, system configuration and operation can be the other factors, influencing
AOB communities in WWTPs. In this case only municipal WWTPs will be
considered as it is vossible to avoid the effect of influent characteristics. Almost all
municipal WWTPs in this study were activated sludge process with the only
exception for plant SM4 that was aerated lagoon system. In general, the SRT of
aerated lagoon are relatively longer than the activated sludge process. SRT was firstly
considerable as one of a major factor for system configuration and operation.
However the results suggested that the AOB communities in all municipal WWTPs
are similar. Therefore, system configuration and operation did not influence in this

case.

4.1.3 Communities of ammonia-oxidizing archaea in full-scale
wastewater treatment plants

Communities of AOA in samples from full-scale WWTPs were analyzed
using specific PCR amplification, followed by clone libraries, and sequencing of
AOA amoA gene fragments. For each library, 10 clones were randomly selected for
sequencing. In total 72 clones, analyzed for sequencing, were tested for sequence
similarity using blast program (Table 4.4). Results suggested that all analyzed
showed 93 — 99% identity at nucleotide level to previously reported AOA amoA gene
sequences. All analyzed sequences were calculated by DOTUR program to arrange
for operational taxonomic units (OTUs) (Scholoss ef al., 2005). Any sequences from
the same library that showed 100% identity OTUs were assembled as one OTU. All
72 AOA amoA sequences were categorized into 38 OTUs. The best quality AOA

amoA sequence of each OTU was selected to be the representative one. The amounts
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of the sequences of each OTU were displayed by the number in parentheses of Table

4.4.

Table 4.4 Closely related sequences of AOA amoA gene fragments

Percent

Accession No.
of closely

Sample Clone Score Identity Gap related closely related sequence Source
sequence
585/588 0/588 :
AOA-13-1 (6) 1070 (99%) (0%) EUS590198 Clone BGA-661 Soil
579/584 1/584 " ¥ .
AOA-13-2 (1) 1050 (99%) (0%) EUS590198 Clone BGA-661 Soil
I3 579/585 2/585 .
AOA-13-3 (1) 1046 (98%) (0%) EU590198 Clone BGA-661 Soil
580/586 1/586 |
AOA-13-4 (1) 1048 (98%) (0%) EUS90198 Clone BGA-661 Soil
3 579/583 1/583 ;
AOA-I3-5 (1) 1053 (99%) (0%) EU590198 Clone BGA-661 Soil
Mammoth Hot
14 AOA-4-1 (1) | 979 | 333364 | 2564 | £11339976 | Clone MamSp.HO8 Spring
(98%) (0%) .
sediment
566/570 1/570 Estuary
AOA-LMI-1 (2) 1029 (99%) (0%) EU651295 Clone SF05-BG30-E01 seTments
WWTP
operated with
AOA-LMI-2(3) | 924 | 543/564 | 1/564 DQ278527 | Clone DI-20 Do el
(96%) (0%) oxygen levels
and long
retention times
Mammoth Hot
LML | ACA-LMIMiGHN ot a0 | 140 EU239976 Clone MamSp.HO8 Spring
(97%) (0%) !
sediment
Mammoth Hot
AOA-LMI1-4 (2) 996 560/370 ”?,70 EU239976 Clone MamSp.HO8 Spring
(98%) (0%) !
sediment
Mammoth Hot
AOA-LMI1-5 (1) 1003 00565 1/5068 EU239976 Clone MamSp.HO8 Spring
(98%) (0%) !
sediment
540/544 1/544 X Estuary
AOA-LMI1-6 (1) 981 (99%) (0%) EU651295 Clone SF05-BG30-E01 sediments
587/592 1/592 Trrestrial
AOA-LM2-1 (7) | 1064 (99%) (0%) DQ304863 Clone 2 B
581/588 2/588 Terrestrial
LM2 AOA-LM2-2 (1) 1046 (98%) (0%) DQ304863 Clone 2 archaca
578/586 3/586 Terrestrial
AOA-LM2-3 (1) 1035 (98%) (0%) DQ304863 Clone 2 afchaca
581/589 3/589 Terrestrial
AOA-LM2-4 (1) | 1042 (98%) (0%) DQ304863 Clone 2 i
Mammoth Hot
AOA-LM3-1(2) | 963 | S46/358 1 21558 1 111339976 | Clone MamSp.HO8 Spring
(97%) (0%) .
sediment
Mammoth Hot
AOA-LM3-2 (1) | o977 | 333364 | 35564 1 511239976 | Clone MamSp HO8 Spring
(98%) (0%) !
sediment
526/565 2/565 . Clone ; .
M3 AOA-LM3-3 (1) 826 (93%) (0%) FJ227760 WBMO050405 45P2A1 Sediment
’ 530/567 1/567 Clone .
AOA-LM3-4 (2) 841 (93%) (0%) FJ227760 WBMO050405 45P2A1 Sediment
c 535/571 1/571 Clone .
AOA-LM3-5 (2) 854 (93%) (0%) FJ227760 WBMO50405 45P2A1 Sediment
Mammoth Hot
AOA-LM3-6 (1) | 990 | 337367 | 1567 | £11539976 | Clone MamSp.HO8 Spring
(98%) (0%) 3
sediment
567/589 1/589 . Clone PLANTC AR
AOA-LM3-7 (1) 965 (96%) (0%) EU852665 RSF-1 OTU1 Water sampled
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Accession No.
. . o .. | Percent 5 of closely i, Iy, )
Sample Clone Score (. Gap Sared closely related sequence Source
sequence
- Mammoth Hot
g i ADALTET (1) G0 |l | 1567 EU239976 | Clone MamSp.H08 Spring
(%) 408 sediment
573/585 1/585 ] R Deep-sea
1. M4 AOA-LM4-1 (9) 1013 (97%) (0%) EU885673 Clone 3063-A-04 e ments
i 3 568/579 0/579 . ; Deep-sea
AOA-LM4-2 (1) 1009 (98%) (0%) EU885673 Clone 3063-A-04 SedMERLS
AOA-SMI-1(9) | 981 5594@65 e FJ755701 Clone AOA-1¢ Sediment
SMI (98%) (0%)
. 546/571 15/571 s Wy
AOA-SM1-2 (1) 904 (95%) (2%) FJ755701 Clone AOA-10 Sediment
586/592 4/592 Deep-sea
AOA-SM4-1 (1) 1057 (98%) (0%) EU885647 Clone 3057-A-16 o ents
i Mammoth Hot
AOA-SM4-2(1) | 994 | 337/366 | 1/566 EU239976 | Clone MamSp.H08 Spring
(50 %) sediment
; 576/588 2/588 . R Deep-sea
AOA-SM4-3 (1) 1018 (97%) (0%) EU885647 Clone 3057-A-16 sedintens
3 502/544 2/544 Clone Coastal
ROASMBEL M 771 | e A @) EURZSSL T|iib ¢ o604 Cop sediments
AR 527/566 1/566 Clone o
SM4 AOA-SM4-5 (1) 828 (93%) (0%) FJ227760 WBMO50405 45P2A1 Sediment
Tropical
AOA-SM4-6 (1) | 924 5(';35/05/07)9 %50;;’ FI601561 | Clone MS_26B4 marifie estuary
sediment
550/567 | 5/567 L. vy )
AOA-SM-7 (1) 948 97%) (0%) EF382617 Clone PA6-23 Coral colony
: 576/581 1/581 . & el .
AOA-SM4-8 (1) 1044 (99%) (0%) EUS90435 Clone SGX-123 Soil
g 563/569 0/569 oy . Estuarine
AOA-SM4-9 (1) 1018 (98%) (0%) DQS501096 Clone MX_5 JAN 6 sediments
542/562 | 5/562 - 3
AOA-SM4-10 (1) 922 (96%) (0%) EF382617 Clone PA6-23 Coral colony

Number in parenthesis indicated amounts of AOA amoA clones showing 100% identity

Due to the limited information on AOA phylogenetic taxonomy, phylogenetic

trees for AOA was constructed by tree different methods comprising of distance
matrix, maximum parsimony, and maximum likelihood to confirm the grouping of
AOA analyzed in this study and all major AOA reported in previous studies so far
(Figure 4.3, 4.4, 4.5). It must be noted that Figure 4.3, 4.4, 4.5 have been used to
confirm AOA clusters only. No information of species was provided in these three
trees. Figure 4.2 showed phylogenetic tree constructed based on distance matrix
(neighbor joining) with the complete sequence detail that will be used for further
discussion. AOA clusters were defined based on OTUs using the DOTUR program
(Scholoss et al., 2005).

Any AOA sequences, showing >86% identity, were
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identified as the same AOA cluster. AOA communities in seed sludge, and enriched

NAS were summarized in Table 4.5.

Table 4.5 Summary of AOA communities in full-scale WWTPs

Cluster | 11 | I2 13 14| LMI | LM2 | LM3 |LM4][SMI1 | SM4
B v
E 7
A Tt
F 7
C % V ak
G AT
N «
D
I AL i 7
] Y o/
K Vil P AP %
L %
M G

v/, present (amount of symbols represents numbers of OTUs)



MxDq1012, MX_6_32(DQ148632.1), ARB_FOSDA79F

EsDq1007, ES_H{_29(DQ148796.1), ARB_81D3E724

AOA - LM1-6(1)

BnYyyyyo.4, BN5, ARB_AEA74E35

AOA - LMI1 -1(2)

SNbD111, SF_NB1_13(DQ148645.1), ARB_362A6046

MmDq1015, Mid-3(DQ2785%5.1), ARB_DE1DEB7B

SNbD 109, SF_NBI_1(DQ148633.7), ARB_B2EB39BE
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CB20_20(DQ148672.1), ARB_19D27A63

13, N.maritimus(EU239939), ARB_A8168D83
CDqIWN. C1-17(DQ278580.1), ARB_ 611DE7CO
—EHAOA - SM4 - 10 (1)

B AOA - SM4 -7 (1)
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AOA - SM4 - 6 (
KtYyyyy0.3, K74, ARB 4048C405
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sediment(F J227133), ARB_E823327C

MarSedi3, marine
AOA - SM4 4( I)
g uugqm g’f :n(mrmu‘) ARB 89181037
oastal sediment(EU0229%8), ARB_A6EC31B2

___________{:ﬂusgnmm MB_C130m_9(DQ148827.1), ARB_17276F96
EtnpD 108, ETNP_16(DQ148759.1), ' ARB 83700080

a Estoma, ES—VM—Il;(DQuqu 1), ARB_379FCFE
1] nmqmtz, bl-znfnmw 1). ARB_315AA86D
cmsnr

%’.'5"‘" ”m”’"a}m.fn &sro7A

Ban’m), B ARB_5F03%2
0.8 BN9, ARB_ | Eznsnw
AOA - LMI - 2 (3)
BnYyyyy0.9, BN10, ARB_ASDB63D4
2l D”Z MB_C130m_ I(DQMGGIS 1), ARB_AB163FFF

MBCmi
5 Besnanea, BS1a8 24(DA148725.1), ARB. A%D6

£ EngmaB ES_H|_%DQ148774.1), ARB_244AD23
£] cmwoa, Candidatus N.yellowstonii(EU23, ARB_F2E37A3E

0002, F(AM260488.1), ARB_ E38E5CC6
AOA - LMZ 4 ()]

()
—ah 3, MamSp. HOB(EU239976), ARB_27FOTFAT

AOA - LM3 - 8 (1)
AOA - 14~ 1(1)

AOA - LM3 -6 (1)
AOA - LMI -4 (2)
AOA -LM3 - 1 (2)
AOA - LM1 -5 (1)

AOA - LM1 -3 (1)
AOA - LM3 -2 (1)
AOA - SM4 -2 (1)

|
l
}
|

EsHID111, ES_HL 21(DQ148816.1), ARB_492A525C
EsVmD109, ES-VM-16{DQ748899.1), ARB_7AFEFAD3
Kt¥yyyy0.2, KT3, ARB_ 3BAF326F

B
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CbDq1026, CB-1(DQ278494.1), ARB_E4382F4E
ChDqi024, CB-15(DQ278506.1), ARB_C097257A
DiDq1015, Di-12(DQ278522.1), ARB_77E95853
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Figure 4.2 Neighbor joining tree of AOA amoA sequences from full-scale WWTPs (Details information

tree will be used for discussion)
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Figure 4.5 Maximum likelihood tree of AOA amoA sequences from full-scale WWTPs. (It must be noted that details

information of species is not provided in this tree); Clusters A, B, C, and D were indicated by Park et al., 2006, while other than
those were found in this study.
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So far, the only one study on AOA communities in WWTPs has been done by
Park et al, 2006. Results demonstrated that AOA communities in all of activated
sludge of WWTPs were observed using the same technique used in this study. AOA
amoA sequences, retrieved from activated sludge, fell in 4 clusters (A, B, C, and D)
only. Cluster D contained the largest AOA amoA sequences, so this cluster was
proposed to be the dominant cluster of AOA found in activated sludge. All AOA
amoA sequences retrieved from full-scale WWTPs examined in this study distributed
in 12 clusters (Table 4.5). However, in this study more AOA clusters have been
observed. In addition, AOA sequences found were not restricted to the cluster D as
well as other clusters indicated by Park ef al, 2006. These suggested that it was
found more AOA diversity in our WWTP samples. Most clones obtained from this
study fell in cluster K. AOA amoA clones from WWTPs in this study closely related
to those recovered from various habitats including soil, sediment, estuary sediment,
marine sediment, deep sea sediment, hot spring sediment, and subsurface thermal
spring. Interestingly, the environmental conditions in those sources were far different
from those in our WWTPs (such as salinity, temperature, and ammonia
concentration). These results suggested that those AOA clusters are not restricted to
certain environmental factors. They are more flexible to adapt themselves to survive
in more variety of environments.

Communities of AOA in the industrial WWTPs were less diverse than those in
the municipal WWTPs. Not all samples of industrial WWTPs showed positive PCR
amplification of AOA amoA fragments. Only 2 industrial WWTPs for plants I3 and
14, which represented the industrial WWTPs with moderate ammonium loads (40 -70
mg-N/l), contained AOA amoA gene fragments. Furthermore, only one AOA cluster
was found in each sample (cluster G in plant I3 and cluster K in plant 14). Negétive
PCR amplification occurred with samples I1 and 12 that represented the industrial
WWTPs with low (13 mg-N/1) and high (422 mg-N/I) ammonium loads respectively.
The reason that AOA were absent from samples 12 might be because of high
ammonium loads for this plant. However, the reason for the case of plant 11 was
unclear. In the case of the municipal WWTPs, the influent ammonium concentration
comes were in a range of 5 — 13 mg-N/I. AOA amoA gene fragments were detected

in all samples and they distributed in various clusters (Table 4.5). And in most
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samples, more than one AOA clusters was found suggesting more variety of AOA
clusters in the municipal WWTPs than in the industrial WWTPs.

Other than influent characteristics, system configuration and operation might
be considered as the factors that affected AOA communities. All industrial WWTPs
(I3 and I4) and 5 out of 6 municipal WWTPs (LM1, LM2, LM3, LM4, and SM1)
were activated sludge processes, whereas another one (SM4) was aerated lagoon
system (Table 4.1). For each sample of activated sludge processes, only 1 — 3 clusters
were observed, while in the sample of aerated lagoon much more AOA clusters of 6
were found. It was implied that the longer SRT might be a result of more AOA
diversity in the WWTPs. It has been reported that 5 out of 9 WWTPs operating with
long retention times (>15 days of SRT, >24 h of HRT) contained AOA communities
in their system, whereas 4 out of 9 operating with shorter retention times, no AOA
was observed (Park er al, 2006). System configuration and operation can be

important factors, influencing AOA communities in WWTPs.
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4.2 Effect of ammonium concentrations on communities of ammonia-

oxidizing bacteria and archaea in enriched nitrifying activated sludge

4.2.1 Enrichment of nitrifying activated sludge by inorganic medium
containing different ammonium concentrations of 2, 10, and 30 mM NH,'-N

(NAS 2, NAS 10, and NAS 30)
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Figure 4.6 Concentrations of ammonium ( @), nitrite ( O), and nitrate ( A) during
enrichment of nitrifying activated sludge by inorganic medium containing different
ammonium concentrations (a) NAS 2, (b) NAS 10, and (c) NAS 30
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This experiment was conducted to observe effect of ammonium concentrations
on communities of AOB and AOA. Three enriched NAS feeding with inorganic
medium containing different ammonium concentrations (2, 10, and 30 mM NH;4'-N)
were operated for 80 days. During operation, ammonium, nitrite, and nitrate
concentrations were monitored (Figure 4.6). Ammonium concentrations in all three
reactors reached the steady-state conditions after certain periods of operation (NAS 2
after 22 days, NAS 10 after 37, and NAS 30 after 15 days of operation). n all cases,
ammonium was completely oxidized. Nitrite was detected shortly after starting the
operation of all reactors (NAS 2 after 13 days, NAS 10 after 10 days, and NAS 30
after 10 days of operation). Then nitrite gradually decreased nearly zero (NAS 2 after
18 days, NAS 10 after 15 days, and NAS 30 after 18 days of operation). Nitrate was
detected in all reactors and temporarily increased until reaching the steady-state
condition (NAS 2 after 22 days, NAS 10 after 14 days, and NAS 30 after 18 days of
opcration). Total nitrogen concentrations in all reactors were slightly lost. It was
probably due to denitrification reducing nitrate to nitrogen gas. DO concentration in
each reactor was controlled to be above 2 mg/l to ensure absolute aerobic conditions.

After 60 days of operation, sludge samples were collected to analyze for communities

of AOB and AOA.

4.2.2 Communities of ammonia-oxidizing bacteria in seed sludge and
enriched NAS

Communities of AOB in samples (seed sludge, NAS 2, NAS 10, and NAS 30)
were investigated by using specific PCR amplification, followed by DGGE, and
sequencing of 16S rRNA gene of AOB belonging to beteproteobacteria . All bands
recovered from DGGE were cut, reamplified, and run on new gels until they were
purified before selecting for sequencing. In total 8 bands, analyzed for sequencing,
were tested for sequence similarity using blast program (Table 4.6). Results
suggested that all analyzed sequences showed 96 -99% identity at nucleotide level to

the previous reported sequences in the database.
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Table 4.6 Closely related sequences of AOB 16S rRNA gene fragments

Accession No. of
Percent closely related
Sample Band Score ) Gap closely related
Identity sequence
sequence
AOB-S-1 787 436/443 (98%) | 1/443 (0%) AB222811 DGGE ONO2c-3
Sced sludge AOB-S-2 806 | 441/444 (99%) | 0/444 (0%) AJ297415 Clone GaN50304
AOB-S-3 811 | 441/442 (99%) | 0/442 (0%) AJ297415 Clone GaN50304
NAS 2 AOB - NAS2-1 712 403/411 (98%) | 3/411 (0%) AM295532 Clone Nm 271104 1
AOB - NAS10-1 813 452/457 (98%) | 3/457 (0%) AY123795 Nitrosomonas eutropha
NAS 10 AOB - NAS10-2 739 | 431/446 (96%) | 6/446 (1%) AM295532 Clone Nm 271104 1
AOB -NAS10-3 728 405/410 (98%) | 1/410 (0%) AM295532 Clone Nm 271104 1
5 " . Nitrosomonas
| 32(0)- 0, 0,
NAS 30 AOB - NAS30-1 830 | 455/458 (99%) | 1/458 (0%) AL954747 europaca ATCC 19718

Phylogenetic trees were constructed by using three different methods
comprising of distance matrix, maximum parsimony, and maximum likelihood. All
methods exhibited the same grouping of AOB sequences in the tree (data not shown).
For phylogenetic presented in Figure 4.7, we add our partial 400-bp AOB 16S rRNA
sequences using parsimony method into the phylogenetic tree prior constructed by
neighbor joining (distance matrix) methods using 1000-bp sequences of all reference
AOB species to avoid changing in the tree topology when shorter sequences than
1000-bp were used to constructed the tree. AOB found in each sample were

summarized in Table 4.7.

Table 4.7 Summary of AOB found in seed sludge and enriched NAS

AOB Cluster peed NAS 2 NAS 10 NAS 30
sludge

Nitrosospira cluster

unknown
Nitrosomonas v
cluster

Nitrosomonas
cryototerans cluster

Nitrosomonas
europaea- v v
Nitrosococcus
mobilis cluster

Nttrosompnas v
communis cluster

Nitrosomonas
marina cluster

N[.trosom(mas % ./
oligotropha cluster

v/, present (amount of symbols represents numbers of band found)
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Nitrosospira cluster

> Unknown Nitrosospira cluster

N. europaea — Nc. mobilis
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\ N. communis cluster

? N. oligotropha cluster

Figure 4.7 Phylogenetic tree showing 16S rRNA genes of AOB belonging to
Betaproteobacterial with addition of 400-bp sequences from seed sludge and enriched
NAS into the distance tree that was previously constructed based on comparison of
1000-bp sequences of described AOB (Koops et al., 2003)
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Sludge taken from a municipal WWTP used as a seed for all reactors
contained members of N. communis cluster and N. oligotropha cluster. After it was
enriched under various ammonia concentrations, members of N. communis cluster
disappeared from all enriched NASs. In NAS 2, only AOB closely related to N.
oligotropha cluster were found. Sequence types of unknown Nitrosomonas cluster
and N. europaea cluster were recovered from NAS 10. Only AOB related to N.
europaza cluster were observed in NAS 30.

Results revealed the shift in AOB communities from a seed sludge to enriched
NAS, and the communities of AOB in each NAS varied significantly. AOB in a seed
sludge related closely to DGGE ONO2c-3 and clone GaN50304 which were recovered
from a sequencing batch biofilm reactor (Gieseke et al., 2001) and laboratory-scale
continuous-flow reactor (Limpiyakorn et al., 2006). And fell in the clusters N.
communis and N. oligotropha cluster respectively. Although members of N.
communis cluster were reported for their moderate affinity to free ammonia (K = 14
to 43 uM; Koops et al., 2003), they were often recovered from wastewater treatment
systems receiving low ammonium loads (Gieseke ef al., 2001, Koops ef al., 2003,
Limpiyakorn et al., 2005). N. oligotropha cluster are well known to be common AOB
in municipal WWTPs (Limpiyakorn et al., 2005) as they exhibited high affinity to
ammonia (Ks = 1.9 to 4.2 uM; Koops et al., 2003), meaning that they prefer low
ammonia habitats. It is not surprised to find these two AOB cluster in the seed
sludge, as the seed sludge was taken from a municipal WWTP receiving low
ammonium load.

Band analyzed for NAS 2 closely related to the clone Nm 271104 _1 that was
recovered from marine aquaculture (Foesel et al., 2007), and fell in N. oligotropha
cluster. This cluster was AOB with high affinity to ammonia, being the range of a
few uM. Member of N. oligotropha cluster are absolute majority strains originating
from oligotropic freshwaters and generally the dominant AOB representatives in
natural freshwater environments. Moreover, N.oligotropha are the most common
AOB found in WWTPs with low ammonium loads (Limpiyakorn et al., 2005, 2006b).

Bands analyzed from NAS 10 were found to be related to Clone Nm
271104 1, that was obtained from marine aquaculture (Foesel et al., 2007), and fell in

unknown Nitrosomonas cluster. While, another band of this sample was closely
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related to N. eutropha C91 (Purkhold et al., 2003), and fell in N. europaea cluster.
Surprisingly, groups of AOB exhibiting low and high affinity to ammonia was found
in this NAS that received the moderate ammonium load.

Band from NAS 30 was affiliated to N. europaea ATCC19718 that fell in V.
europaea cluster. These AOB are low in affinity to ammonia (K> 30 uM; Koops et
al., 2003). They are often found in wastewater with high ammonium loads, eutrophic
freshwaters, or fertilized soil (Koops et al., 2003).

AOB can be divided into two groups which are AOB with high and low
affinity to free ammonia. AOB with high affinity to ammonia could be retrieved from
NAS 2 and NAS 10. Whereas AOB with low affinity to ammonia could be recovered
from NAS 10 and NAS 30. AOB communities in NAS 10 were the mixture of AOB
of high and low affinity to ammonia. This may be because of the moderate
ammonium load supplied to the NAS 10. This demonstrated that ammonium load is
the important factor, selecting the communities of AOB in the enriched NAS and the
selection is based on the physiological properties (ammonia affinity) reported for the

isolated AOB cultures in the previous studies.

4.2.3 Communities of ammonia-oxidizing archaea in seed sludge and
enriched NAS

Communities of AOA in samples (seed sludge, NAS 2, NAS 10, and NAS 30)
were analyzed using specific PCR amplification, followed by clone libraries, and
sequencing of amoA gene of AOA. For each library, 10-30 clones were randomly
selected for sequencing. In total 88 clones, analyzed for sequencing, were tested for
sequence similarity using blast program (Table 4.8). Results suggested that all
analyzed showed 88 — 98% identity at nucleotide level to previously reported AOA
amoA gene sequences. All analyzed sequences were calculated by DOTUR program
to arrange for operational taxonomic units (OTUs) (Scholoss et al., 2005). Any
sequences from the same library that showed 100% identity OTUs were assembled as
one OTU. All 88 AOA amoA sequences were categorized into 30 OTUs. The
amounts of the sequences of each OTU were displayed by the number in parentheses

of Table 4.8.
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Table 4.8 Closely related sequences of AOA amoA gene fragments

Accession No.

Sample Clone Score ﬁifr?;?;f Gap Oiecll;f;ly closely related sequence
sequence
AOA-S-1 (5) 957 53)';,5/32 %S/Df EU239976 | Clonc MamSp.HO8
AOA-S-2 (1) 946 5(3997/05/3)2 %?,X EU239976 | Clone MamSp.HO8
AOA-S-3 (1) 953 5(4987’%3 ‘zg’f; EU239976 | Clone MamSp.HO8
oed Slyges : 5277564 | 3/564
AOA-S-4 (1) B | oo s FJ227760 | Clone WBMO50405_45P2A1
AOA-S-5 (1) 693 4(7838/3/3)7 %/03/30: F1227760 | Clone WBMO050405 45P2A1
AOA-5-6 (1) 819 5('9’;/;5/5)5 ‘((/)?,/3; FJ227760 | Clone WBMO050405_45P2Al
AOA-NAS2-1(5) | 976 5(592405/33 ?63,2; EU239976 | Clone MamSp.HO8
AOA-NAS22(9) | 981 5(31)343/33 3(/05/?3 EU239976 | Clone MamSp.HO8
AOA-NAS23(2) | 977 5(5938/05/34 3(855")‘ EU239976 | Clone MamSp.HO8
‘ AOA-NAS24 (1) | 955 53;’7/(,5/34 %Sf‘)’ EU239976 | Clone MamSp.HO8
kL AOA-NAS2-5 (1) 941 53)66/05/33 ?63/63 EU239976 | Clone MamSp.HO8
AOANAS2-6(1) | 815 5(3972/3)3 Z’ff? FJ227153 | Clone3_I5
AOA-NAS2-7 (1) 992 5(597;3/36 %5025’ EU022958 | Clone HB_C_0604 €02
AOA-NAS28(1) | 673 4&7;05/3' '(01/ l;"/:’)' EU239976 | Clone MamSp.HO8
AOA-NASI0-1 (14) | 979 5(5(%,"/:’)4 %’j")‘ EU239976 | Clone MamSp.HO8
AOA-NASI02(6) | 983 5(5948/3—/34 3(/032‘)‘ £U239976 | Clone MamSp.HO8
AOA-NASIO-3 (1) | 955 5(4997/,,5/34 %52‘; EU239976 | Clone MamSp.HO8
‘ AOA-NASIO4 (1) | 966 5(59'7%4 %502‘; EU239976 | Clone MamSp.H08
S e a | 966 5(5977/05/3)3 %5/7? EU239976 | Clone MamSp.HO8
AOA-NASI0-6(1) | 963 5(596’7/%3 %5/75 EUS90230 | Clone BGA-781
AOA-NASIO-T(1) | 89 5(3995/3/34 1/155")‘ DQS0I174 | Clone MX_2 OCT 29
AOA-NASI0-8(1) | 965 5&‘;’;37 %SZZ EU025177 | Clone SI8-A-16
AOA-NAS30-1 (19) | 990 5(5;’8’3/07)0 ‘(652? EU239976 | Clone MamSp.H08
AOA-NAS30-2(5) | 992 5(5988’3/39 '(g’f;’ EU239976 | Clone MamSp.HO8
AOA-NAS30-3(1) | 970 5(5927’05/35 %5;; EU239976 | Clone MamSp.H08
- AOA-NAS30-4 (1) | 972 5(5937’;5/35 %Sff EU239976 | Clone MamSp.HO8
A3 AOA-NAS30-5(1) | 963 55917/(5/35 3(()5/(:; EU239976 | Clone MamSp.HO8
AOA-NAS30-6 (1) | 970 5(59‘7/05/33 3(65}? EU239976 | Clone MamSp.HO8
AOANAS30-7(1) | 987 5(6907/;(’/3)2 %5/7:)" EU239976 | Clone MamSp.H08
AOA-NAS30-8(1) | 961 5(59'7";26')6 2(8502? BU239976 | Clone MamSp.HO8

Number in parenthesis indicated amounts of AOA amoA sequences showing 100% identity
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Due to the limited information on AOA phylogenetic taxonomy, phylogenetic
trees for AOA was constructed by tree different methods comprising of distance
matrix, maximum parsimony, and maximum likelihood to confirm the grouping of
AOA analyzed in this study and all major AOA reported in previous studies so far
(Figure 4.9, 4.10, 4.11). It must be noted that Figure 4.9, 4.10, 4.11 have been used to
confirm AOA clusters only. No information of species was provided in these three
trees. Figure 4.8 showed phylogenetic tree constructed based on distance matrix
(neighbor joining) with the complete sequence detail that will be used for further
discussion. AOA clusters were defined based on OTUs using the DOTUR program
(Scholoss et al., 2005). Any AOA sequences, showing >86% identity, were
identified as the same AOA cluster. AOA communities in seed sludge, and enriched

NAS were summarized in Table 4.9.

Table 4.9 Summary of AOA communities in seed sludge and enriched NAS

Cluster Seed sludge NAS 2 NAS 10 NAS 30
B v )
E v v
F v
G v
[ VvV
VIS N VSV 555555555
K VAV VYAV NV VY )
YV
v v vvyvvv L

v, present (amount of symbols represents numbers of clones)




£ FAm10002, F3(AM250488.1), ARB_E38E30C6
8 OkiCD112, OKR-C-10{DQ148873. 1), ARB_3D203C4
LF g OkrCDI 13, oxn-c-;(oouaasiy ARB_944299B

_\_‘ 8 OkrCD111, OKR-C-5DQ148869.1), ARB_2FA1B31

iN03, Candidatus N.yellowstonii(EU23, ARB_F2E37A3E
£] MxD11013 MX_4_17(DQ148589.1), ARB_3545D504
£ EsHID1 11, ES_HL_21(DQ148816.1), ARB_4924525C
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£ MxDg1015 MX_4_12(DQ148584.1), ARB_46C1E06F
Cq1020, CB-6(DQ2784%8.7), ARB_IFE1B6BD
Chiq1021, CB-7(DQ278499.7), ARB_A0CA2DSC
ChDq1022, CB-21(DQ278510.1), ARB_BAE74FBE
mzn MM-13(DQ278562.1), ARB_D3463D38 D
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1 EsVmD107, ES-VM-Iz(DQmBM 1), ARB_61AD3321
HbADG 109, HB A 22(DQ148546.1), ARB 66FF3205
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SanYyyy3, undy(EWM), ARB F2760333
AOA-NAS2-2(1)
CoaSedi3, coastal sediment(EU022958), ARB_AGEC41B2
Ly o EsHiDii0, ES_HL_15{DQ148811.7), ARB CisCBD7
B EsVmD108, ES-VM-10{DQ148893.1), ARB_3796FCFE
£l CbDq1019, CB-9(DQ278501.1), ARB_AF1E2033
SICbD108, SF_CB20_%(DQ148664.1), ARB_E90DF33C
SarYyyy3, Sargasso_sea(AACY01575171), ARB_4653866C
NoMarit3, N.maritimus(EU239959), ARB_A8168D83
EsDq1008, ES_H{_2(DQ148771.1), ARB_A1EB687
SfCbD107, SF_CB20_20(DQ148672.1), ARB_19D27463
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Figure 4.8 Neighbor joining tree of AOA amoA sequences from seed sludge and enriched NAS (Details information is provided in this
tree and this tree will be used for discussion) \\\:ﬁ




P Adrtyrel, A% Arch. smeAF. A Arg semicots
AAvyea. IRASARN smeP,

17 AArYy 108, 24 12-Are ) 22263
ARy 100.6, 1041 - oy oo s AU 1£31 6786

mu
)

A8
i00 4R 18FBS
Albil‘ll. 10A3-Arch _ame AF, ARB_E3 1BFB6

7120, 30A13-Arch_ameAF.
AArYY100 5 10A4-Areh amo AF ARE_IE3 IBFRE
Ak nnn,m ARB_|1E31BFBS
(@ VV: PASCT-Arch amoAF ARB DIAAACIE
0 Vyyyis m ARE secEose?
& ToYyyyy9. 3073 ARB $F20£6C)
700.29, PASCS-Arch smoAF, ARD 1E31BFB6

Adrvyion.se.

AkrYy)00.24. 3074, ARB_1E31BFBS

Aas¥yioa 15, 204z, 2-Arch amoAF. ARB 1 E31 BFBG
'y 103, 2A11. .A.u- ‘m-‘l' ARB CAIFBFC

o4 7FI7
13- Arch_amoAF, ARB_67762911
4ArVyy9s i1, 30mm-iK. ARB 67762311
AArYyy96.10. 10PB. ARE_67762311
Ak 2. 10P6. ARB 67762911
AN Tryses 10a17-Arch. amed. ARB STremsty
b Ao 213 dreh okt AR FIITeeRE
{4 AAr Yy 108, 24 (6-Arch amoAF. 97CODE?S
5 IManHOOR, Mol HOUEV 330078, ARS TPR 171
i Al Vyy97. 283-Arch_amoAF, ARB_1DBBE7SA

(AM260489 1 22008862
1 BAm 10002, B2(AIA260487. 1), ARB_8CICE1E3
77, ARB_BD3II9ETA
£ Dielbl 1. DEADa 14 1) ANB 32390AF) B

a 3 lum

L . - © EsVmD107, 55-V 100 160004 1) ARS 61ADS22 1
—=a 22001401} ARB COFAEs0E

7140839, 1). nn 172500
EB09AA

Dq 1012, MX 6 32(D &
mm.ssm\rqvouu’ a6 ¢

‘%W ¥

Gfarzomu‘mr uwn Dy Ml rnsaur

HI 148774.1). ARB_2A4AD23
e

{

e cx-&uuu Koty
R
1013 3
2, 3 1500 i),
2

2625 C
w“’“"é’gﬂ i..ﬁd’::’"’

m
r 990230 AM ucsnu
—a Anvpapr "‘ 't B FABISSFF G
“’ YR wmz::pém 43674913
7%
u m 71013, MX. q_rim;_«u A 1E06F

cuoqmv 8 :mnmn. s m"w

78372, u:ﬁn A2IC30 1

7
2 :n CF-s maw,aul'm
wﬂ m—:m 7). ARB.

NGB senss 1 ARB FA4185]

Figure 4.9 Distance matrix tree of AOA amoA sequences from seed sludge and enriched NAS. (It must be noted that details

information of species is not provided in this tree); Clusters A, B, C, and D were indicated by Park et al., 2006, while other than
those were found in this study.
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Figure 4.10 Maximum parsimony tree of AOA amoA sequences from seed sludge and enriched NAS. (It must be noted that
details information of species is not provided in this tree); Clusters A, B, C, and D were indicated by Park ez al., 2006, while
other than those were found in this study.
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Figure 4.11 Maximum likelihood tree of AOA amoA sequences from seed sludge and enriched NAS. (It must be noted that

details information of species is not provided in this tree); Clusters A, B, C, and D were indicated by Park er al., 2006, while
other than those were found in this study.
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For seed sludge sample, ten clones randomly selected fell in 2 clusters: 7
clones in cluster K and 3 clones in cluster I. For NAS 2, twenty-one clones were
randomly selected for sequencing. All 21 cloned analyzed could be divided into 3
AOA clusters: 19 clones in cluster K, 1 clone in cluster E, and 1 clone in cluster F. In
the case of NAS 10, twenty-six randomly selected clones were divided into 4 AOA
clusters which were 23 clones for cluster K, 1 clone for cluster B, 1 clone for cluster
E, and 1 clone for cluster G. All randomly selected clones of NAS 3G were members
of cluster K only.

It seemed that AOA communities in NAS 2 and NAS 10 were more diverse
than NAS 30. Unlike AOB, AOA communities seemed to be more stable by being
less influence by ammonium loads. Most of the clones from seed sludge (7 out of
10), NAS 2 (19 out of 21), NAS 10 (23 out of 26), and NAS 30 (30 out of 30) fell
only in the same AOA cluster K. In the case of seed sludge as mentioned above,
seven out of ten clones related closely to those obtained from Mammoth hot spring
sediment (cluster K) (Torre et al., 2008) while another 3 clones related to AOA found
in sediment (cluster 1) (unpublished). Interestingly, no clone from the seed sludge
related closely to those in the only one study of AOA in WWTPs (Park et al., 2006) in
spite the seed sludge in our study was taken from a municipal WWTPs (activated
sludge). In the study of Park, AOA amoA sequences of the cluster D (Figure 4.8)
were the common AOA being widespread in 5 activated sludge bioreactors.
Surprisingly, the major clones in our seed sludge showed similarity to those recovered
from Mammoth hot spring sediment which is in moderately thermal (42 - 50°C)
environment (Torre et al., 2008). The temperature in the hot spring is elevated than in
a municipal wastewater treatment plant in tropical (25 - 30°C) region where our seed
sludge was taken from. Moreover, this group of AOA (cluster K) could survive and
probably dominate in all ammonium load conditions (NAS 2, NAS 10, and NAS 30)
in this study. These results suggested that they were able to adapt themselves to
survive in a broad range of ammonium concentrations.

Other that cluster K, clones from NAS 2 related to the clones retrieved from
coastal marine sediment (cluster E) (unpublished) and coastal sediment (cluster F)
(Santoro ef al., 2008). In addition, three clones from NAS 10 were closely related to

those obtained from estuarine sediment (cluster E) (Beman et al., 2006), sediment
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(cluster B) (Dang et al., 2008), and soil (cluster G) (unpublished). Those closely
related to the clones from NAS 2 and NAS 10 were from saline environments, while
all enriched NASs in our study were operated without salt. These results implied that
some AOA clusters were flexible to exist in both salt and non salt environments.
Unlike AOA, distinct AOB species are very restrict to salt tolerance. In non salt
environment N.europaea, N. nitrosa, and N. ureae are found, while in the salt
environments N. marina, N. aestuarii, and Nc. oceani are found. It was questionable
that whether salt is the factor influencing communities of AOA.

This experiment revealed that AOB communities obviously shifted from seed
sludge to each enriched NAS, communities of AOB in each enriched NAS varied
particularly. Ammonium load was confirmed to be the major factor selecting
communities of AOB. AOB with high affinity to ammonia presented in NAS 2, AOB
with low affinity to ammonia presented in NAS 30, and both strains can survive in
NAS 10. These results corresponded to physiological properties reported in previous
study on isolated AOB cultures. In the case of AOA, only isolated AOA culture (V.
maritimus) has been obtained. Therefore, information on physiological properties of
AOA is very limited. Thus this is the first study in the world that indirectly study
physiological properties of AOA by using molecular tools. In contrast to AOB, AOA
communities were more stable under ammonium load variation. Almost all AOA
amoA sequences from all enriched NASs fell in the same cluster (cluster K). It was
emerged the question that ammonia is the sole energy source for AOA whether it is
important enough to affect their communities. However, it must be noted that the
enriched NAS in this study is an ordinary reactors aimed to enriched mainly AOB.
The inorganic medium used designed for AOB; consequently, no additional vitamin
and trace elements being essential for AOA was supplied (Konneke er al., 2005).
Therefore AOA found in this study might be the common one survived under these

conditions only.



