
Table 1. Average (±
standard deviation) 
percent similarities in 
16S RNA sequence from 
Ventosamonadaceae
isolates from each ant 
species studied. A 
<98% similarity denotes 
separate bacterial 
species. This  shows 
that each species of ant 
has its own coevolved 
genus within the 
Ventosamonadaceae, 
evidence that this is an 
ancient symbiosis.

Metabolic Conservation or Divergence in Turtle Ant Gut 
Bacteria?

Our project is centered around the question of “how has the microbial
component to the Cephalotes ant holobiont system contributed to ant
evolution?” 117 different species of Cephalotes (turtle) ants are found in
neotropical areas, such as the Caribbean, American Southwest, and
South America. Cephalotes have a carbohydrate-rich and nitrogen-poor
diet, which is nutritionally problematic for the ant. In addition, Cephalotes
are unique among ants because different species share a remarkably
similar community of gut bacteria. We recently isolated members of a
novel family of Pseudomonadales bacteria from 10 different species of
turtle ant and two sister genera. Our particular objective for this project is
to determine if the Pseudomonadales isolates have conserved metabolic
function or if the metabolism of the bacteria have diverged as the ant
hosts have speciated. This should give insights into the role and
importance of these bacteria to the ant, and whether functional
differences reflect diet and habitat difference between ant species.
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Figure 1. Maximum-likelihood 16S rRNA-based phylogenetic tree
of the Pseudomonadales isolates from ants used in this study.
The majority of isolates group within the novel family
Ventosamonadaceae, and suggest a high degree of co-
speciation with their ant host.

Ant Species C. varians C. rohweri C. texanus C. umbraculatus C. minutus C. cordatus C. placidus C. atratus Procryptocerus

C. varians 99.0 ± 0.6

C. rohweri 94.7 ± 0.3 99.9 ± 0.1

C. texanus 94.0 ± 0.7 93.1 ± 0.3 99.4 ± 0.3

C. umbraculatus 94.7 ± 0.6 92.8 ± 0.2 92.8 ± 0.6 99.1 ± 0.7

C. minutus 94.2 ± 0.6 93.1 ± 0.2 96.9 ± 0.2 92.8 ± 0.2 98.8 ± 0.1

C. cordatus 94.6 ± 0.7 92.3 ± 0.4 96.4 ± 0.6 93.1 ± 0.6 98.3 ± 0.5 98.7 ± 0.5

C. placidus 91.8 ± 0.5 90.6 ± 0.3 93.9 ± 0.5 88.9 ± 0.3 93.3 ± 0.2 93.5 ± 0.3 99.1 ± 0.4

C. atratus 91.8 ± 0.1 90.5 ± 0.3 94.1 ± 0.5 89.2 ± 0.2 93.1 ± 0.2 93.3 ± 0.2 98.9 ± 0.3 99.7 ± 0.1

Procryptocerus 92.1 ± 0.3 91.9 ± 0.3 94.0 ±0.4 89.5 ± 0.4 94.3 ± 0.2 94.2 ± 0.2 96.2 ± 0.2 96.3 ± 0.1 99.6 ± 0.2

P. aeruginosa 87.1 ± 0.4 86.0 ± 0.3 85.2 ± 0.8 84.1 ± 0.3 85.5 ± 0.3 85.9 ± 0.6 88.7 ± 0.6 88.0 ± 0.1 88.0 ± 0.4
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Figure 2. Inter- and intra-ant 
species analysis of 94 
metabolic function of 
ventosamonad isolates.  
Metabolic data shows 
remarkable conservation of 
function across 
ventosamonads isolated from 
different species of ants. 
Consistently, ventosamonad
function is focused on 
degradation of amino acids, 
citrate, and gamma-amino-
butyric acid. This strongly 
suggests these molecules are 
available in the ant gut
irrespective of species. There 
is inter- and intra-species 
metabolic variation of 
ventosamonads. Interestingly, 
the consumption of amino 
acids by the ventosamonads
represents a nitrogen loss to 
the system and potential harm 
to the ant host. We expect the 
nitrogen loss is offset by 
production of essential amino 
acids or  metabolites.  
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=====================================================================

                         Area Percent Report                         

=====================================================================

 

Sorted By             :      Signal

Multiplier:                   :      1.0000

Dilution:                     :      1.0000

Use Multiplier & Dilution Factor with ISTDs

 

 

Signal 1: FID1 A, 

 

Peak RetTime Type  Width     Area      Height     Area  

  #   [min]        [min]   [pA*s]      [pA]         %

----|-------|----|-------|----------|----------|--------|

   1   0.585 VB S  0.0136 1572.35303 1290.58936 29.79721

   2   2.129 BB    0.0478  896.54120  250.39494 16.99010

   3   4.650 MM    0.0818    8.77148    1.78737  0.16623

   4   7.381 BB    0.0734  351.86359   69.16500  6.66807

   5  14.943 VV    0.1176 2064.88794  224.91875 39.13110

   6  21.847 VBA   0.1957  382.42862   26.06244  7.24730

 

Totals :                  5276.84585 1862.91786

 

 

=====================================================================

                          *** End of Report ***

Data File C:\CHEM32\1\DATA\WERTZSTD 2016-06-14 08-42-26\012F1201.D

Sample Name: Uninoculated Acetate (2)

    =====================================================================

    Acq. Operator   : John Wertz                     Seq. Line :  12

    Acq. Instrument : 6850 gc                         Location : Vial 12

    Injection Date  : 6/14/2016 12:54:58 PM                Inj :   1

                                                    Inj Volume : 1 µl

    Acq. Method     : C:\CHEM32\1\DATA\WERTZSTD 2016-06-14 08-42-26\WERTZ.M

    Last changed    : 6/14/2016 8:42:21 AM by John Wertz

    Analysis Method : C:\CHEM32\1\DATA\WERTZSTD 2016-06-15 09-16-42\WERTZ.M

    Last changed    : 6/16/2016 3:10:27 PM by John Wertz

                      (modified after loading)

    Method Info     : Method for John Wertz

    Additional Info : Peak(s) manually integrated

    =====================================================================

6850 gc 6/16/2016 3:11:20 PM John Wertz Page 1 of 1
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=====================================================================

                         Area Percent Report                         

=====================================================================

 

Sorted By             :      Signal

Multiplier:                   :      1.0000

Dilution:                     :      1.0000

Use Multiplier & Dilution Factor with ISTDs

 

 

Signal 1: FID1 A, 

 

Peak RetTime Type  Width     Area      Height     Area  

  #   [min]        [min]   [pA*s]      [pA]         %

----|-------|----|-------|----------|----------|--------|

   1   2.132 BB    0.0421  316.24170  103.76302 17.50465

   2   4.644 MM    0.0748   36.74616    8.18660  2.03398

   3   7.375 MM    0.0651  167.84842   42.96034  9.29077

   4  14.907 VV    0.0664 1285.77893  263.64288 71.17060

 

Totals :                  1806.61521  418.55284

 

 

=====================================================================

                          *** End of Report ***

Data File C:\CHEM32\1\DATA\WERTZSTD 2016-06-14 08-42-26\008F0801.D

Sample Name: CS11 Acetate (3)

    =====================================================================

    Acq. Operator   : John Wertz                     Seq. Line :   8

    Acq. Instrument : 6850 gc                         Location : Vial 8

    Injection Date  : 6/14/2016 11:14:30 AM                Inj :   1

                                                    Inj Volume : 1 µl

    Acq. Method     : C:\CHEM32\1\DATA\WERTZSTD 2016-06-14 08-42-26\WERTZ.M

    Last changed    : 6/14/2016 8:42:21 AM by John Wertz

    Analysis Method : C:\CHEM32\1\DATA\WERTZSTD 2016-06-15 09-16-42\WERTZ.M

    Last changed    : 6/16/2016 3:01:03 PM by John Wertz

    Method Info     : Method for John Wertz

    Additional Info : Peak(s) manually integrated

    =====================================================================

6850 gc 6/17/2016 10:12:14 AM John Wertz Page 1 of 1

Figure 3. Short-chain fatty 
acid (SCFA) digestion and 
production by 
ventosamonad isolates. (A) 
uninoculated control. (B) 
representative 
ventosamonad spectra. 
Spectra consistently show 
acetate consumption (peak 
= retention time 2.45) and 
possibly butyrate 
production. Microbially-
produced SCFA’s are a 
major energy source for 
many insects.  

a) b)

Future Directions:
1. Perform HPLC assays to 

study amino acid 
consumption and 
production by turtle ant 
ventosamonads

2. Assay urea production and 
degradation by 
ventosamonads

3. Assay for other potentially 
important metabolic 
functions such as plant toxin 
degradation

4. Assay Acinetobacter apis-
like isolates for pectin 
degradation
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