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Effects of endohyphal bacteria on anti-cancer and anti-malaria metabolites of endophytic fungi 

 

Chan Jung and A. Elizabeth Arnold 

1. Department of Physiology, The University of Arizona, Tucson ,AZ 85721 USA 

2. School of Plant Sciences, The University of Arizona, Tucson, AZ 85721 USA 

 

Running head: Endohyphal bacteria in bioactive endophytes 

 

Abstract: Endophytes –the diverse, ubiquitous microbes that inhabit healthy plant tissues-- have proven 

to play a promising role in advancements in medicine due to their bioactivity against many pathogenic 

agents- such as bacteria, cancer cell lines, and malarial parasites. Based on preliminary data, 

endohyphal bacteria that have been found to inhabit certain endophytes may affect their metabolite 

production. The goal of this study was to evaluate whether diverse bioactive endophytes harbor 

endohyphal bacteria, which frequently are fastidious and can’t be cultured independently. A molecular 

cloning approach, through which two PCR enzyme mixes were compared, revealed that 1 out of 14 

bioactive endophytes screened was positive for endohyphal bacteria (7.14%). BLAST analysis of 16s 

rRNA sequence data indicated a top match to the genus Caulobacter, a Gram-negative genus of bacteria 

commonly found in soil and water. Previous work by colleagues has found related strains of endohyphal 

bacteria in other strains of endophytes, which brings attention to this particular bacterium in assessing 

endohyphal bacteria and their ecological roles. Further testing of endophytes immediately after isolation 

from plant tissue, rather than from long-term vouchers, might be more effective in documenting 

endohyphal bacteria. For those that do harbor detectable infections, curing the endophytes of their 

endohyphal bacteria then assessing their metabolic activity would reveal whether or not the bacteria plays 

a major role for metabolite production and efficiency of endophytes against pathogens.  

Key words: endohyphal bacteria, endophytes, endophytic fungi, hypha, Ascomycota 
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Introduction: 

Endophytes, microorganisms that live inside healthy tissues of plants, occur in all major lineages 

of land plants and comprise one of the most prevalent groups of symbionts on earth (Arnold et al. 2009). 

In the past 10 years a series of studies has begun to elucidate not only their host affiliations and 

geographic distributions, but also many important contributions they can provide to the advancement of 

medicine. One of the most well renowned fungi in this aspect includes the genus Penicilium, a member of 

the Ascomycota that produces the important antibiotic penicillin and which can sometimes grow as an 

endophyte (Barreiro et al 2012). Recent published studies also revealed that many endophytes produce 

secondary metabolites that are active against cancer cells and the parasite that causes malaria (Arnold et 

al 2008, 2010). Due to the vast diversity and under researched nature of these microorganisms, there lies 

great promise and valuable return in researching the phylogeny and bioactivity of endophytes. One 

important component that is still yet to be understood is to discover what dictates the production of these 

metabolites of interest. Several anecdotal reports suggest that some bioactive fungi lose their secondary 

metabolite production following multiple subculturing events or over time, and that others are surprisingly 

sensitive to growth conditions. These suggest that secondary metabolite production is dictated not only by 

genetic factors, but by variable factors such as substrate-specific gene expression or provocation by other 

microbes. 

Interestingly, recent examination of endophytes has revealed yet another symbiosis at a closer 

look. Preliminary data suggests that endophytes have shown to harbor endohyphal bacteria that live 

inside the hyphae of healthy mycelium (Hoffman and Arnold 2010). One study further revealed that these 

bacteria significantly affected production of hormones by infected fungi  (Hoffman & Arnold, unpublished). 

In some groups of plant-symbiotic fungi, endohyphal bacteria alter fungal virulence and the capacity of 

fungi to overcome plant defences (Hertweck et al.). In most cases, the roles of endohyphal bacteria still 

remain to be discovered for must fungal endophytes. Hoffman and Arnold (unpublished) have shown that 

endophytes lose their bacterial associates after multiple subculturing events, consistent with diminished 

secondary metabolite production.  
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This research project focuses on the capacity of endohyphal bacteria to play a role in the 

bioactivity of pharmacologically interesting fungal endophytes. Specifically, this project assesses the 

incidence, taxonomic composition, and role of endohyphal bacteria in a total of 14 bioactive fungal 

endophyte strains. These endophytes of interest that have shown metabolic activity and enzymes against 

pathogenic agents including taxol for cancer and coibanoles for malaria (Arnold et al 2008, 2010, Molinar 

et al 2011) were screened for endohyphal bacteria using cloning and molecular phylogenetic methods.  

By evaluating the presence and the effect of these microorganisms within the hyphae of fungi, we hope to 

shed light on the underlying mechanisms of bioactivity within the diverse array of endophytes.  

Methods: 

Culturing & DNA Extraction: Endophytes of interest were obtained from previously archived vouchers in 

the Arnold lab at the University of Arizona following evaluation for bioactivity against (1) cancer cell lines 

affiliated with breast- and prostate cancer and (2) the malaria parasite, Plasmodium falciparum (Table 1). 

New cultures were grown on 2% malt extract agar and potato dextrose agar plates under 12h light/dark 

cycles. Plates were incubated at room temperature and observed for hyphal growth daily. Total genomic 

DNA was directly from freshly grown fungal mycelium, following Hoffman & Arnold 2008).  

PCR/Cloning via Phusion: After extraction, PCR was used to specifically amplify bacterial 16S genes 

using 27F and 1492R primers (Hoffman and Arnold 2010). The initial PCR mixtures were made using 

Phusion following manufacturer instructions and cycling parameters followed Hoffman and Arnold 2008, 

with annealing temperature of 55°C. For gel electrophoresis, SYBR green I stain was used to visualize 

and analyze DNA bands on 1.5 agarose gels. PCR products that showed sufficient bands of the right size 

were cloned using Agilent Technologies StratClone cloning kits following the manufacturer’s instructions. 

Water was placed instead of template for the negative control, and positive clones were amplified via 

PCR using the M13F and M13R primers and (Hoffman & Arnold 2010).  

PCR/Cloning via RedTaq: Due to the sensitivity of the Phusion reaction, direct sequences as well as 

cloned sequences produced inaccurate reads upon sequencing. However, Phusion acted as a guideline 

and verified strains that potentially had endohyphal bacteria. As a result, six strains were chosen for PCR 
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with RedTaq. PCR and cloning methods were similar to Phusion regarding primers used for primary and 

clone PCR’s as well as programs, but differed in the PCR mixture contents (see Hoffman & Arnold 2010). 

Identification: The software applications Phred and Phrap (see Hoffman & Arnold 2008) were used to 

sequence the PCR product and assemble bidirectional reads into contiguous consensus sequences, with 

automation provided by ChromaSeq in Mesquite (Maddison & Maddison 2005). Base calls were edited 

and verified by inspection of chromatograms in Sequencher (Gene Codes Corportaion). Edited 

sequences then underwent BLAST analysis to assess bacterial taxonomy.  

Microscopy: Infection was verified using a Leica 400DM light microscope with white light illumination. 

Microscope slides were prepared by streaking mycelia under sterile conditions on microscope glass with 

added sterile water. The slides were observed and a digital image was captured at 40x magnification.  

 

Data: 

Table 1. Sources of endophytic fungi evaluated for endohyphal bacteria 

Strain Host Plant  Location Medium of Growth Bioactivity 
Citation 

Reference 

DC12 Pinus ponderosa 
Chuska Mountains, 

AZ 2% Malt Extract Agar 
Anti-

Malaria Arnold unpubl. 

DC22 Pinus ponderosa 
Chuska Mountains, 

AZ 2% Malt Extract Agar 
Anti-

Malaria Arnold unpubl. 

DC299 Pinus ponderosa 
Chuska Mountains, 

AZ 2% Malt Extract Agar 
Anti-

Malaria Arnold unpubl. 

DC376 Pinus ponderosa 
Chuska Mountains, 

AZ 2% Malt Extract Agar 
Anti-

Malaria Arnold unpubl. 

TK1804 
Desmotes 

Incomparabilias Panama 2% Malt Extract Agar 
Anti-

Malaria 
Molinar et al 

2011 

AZ0066 Pseudevernia intense 
Chiricahua 

Mountains, AZ 2% Malt Extract Agar 
Anti-

Malaria 
U'ren et al 

2010 

AZ0432 Moss sp. 
Chiricahua 

Mountains, AZ 2% Malt Extract Agar 
Anti-

Malaria 
U'ren et al 

2010 

AZ0484 Pseudevernia intensa 
Chiricahua 

Mountains, AZ 2% Malt Extract Agar 
Anti-

Malaria 
U'ren et al 

2010 

2123 Pinus taeda 
North Carolina, 

USA 2% Malt Extract Agar 
Anti-

Malaria 
Hoffman et al 

2010 

2380 Pinus taeda 
North Carolina, 

USA 2% Malt Extract Agar 
Anti-

Malaria 
Hoffman et al 

2010 
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6063 Umbilicaria mammulata 
North Carolina, 

USA 2% Malt Extract Agar 
Anti-

Malaria 
Arnold et al 

2009 

6300 Umbilicaria mammulata 
North Carolina, 

USA 2% Malt Extract Agar 
Anti-

Malaria 
Arnold et al 

2009 

9149B Platycladus orientalis 
North Carolina, 

USA 2% Malt Extract Agar 
Anti-

Cancer 
Hoffman et al 

2010 

9188 Platycladus orientalis 
North Carolina, 

USA 2% Malt Extract Agar 
Anti-

Malaria 
Hoffman et al 
unpublished 

 

Results: 

Out of the 14 endophyte isolates, endohyphal bacteria was detected in solely the 6300 strain (7.14% of 

strains examined). This was confirmed using the 16S primers specific for bacterial DNA, then observing 

under the microscope to rule out any extrahyphal bacteria.  

Although AZ0066, AZ0432, AZ0484, 6300, 9149B, 9188 strains revealed bands using Phusion (which 

turned out to be too sensitive for direct sequencing), the cloning method via RedTaq did not produce 

sufficient enough bands for sequencing (Figures 1 and 2). Despite efforts to increase genetic material via 

heat soak DNA extraction methods for faint bands, the resulting bands were not prominent enough to 

sequence (Figures 3-5). However, the 6300 strain clone B was able to be sequenced and after BLAST 

analysis, it was found to be most similar in terms of 16S sequence to an unnamed soil bacterium. The 

best-scoring named match was to Caulobacter segnis ATCC 21756 (Figure 6). Light microscopy ruled out 

extrahyphal bacteria (Figure 7). 

Figure 1: Gel Electrophoresis for Primary PCR #1 using RedTaq, 27F/1492R primers; showed band 

for DC 22 sample 

 

 

 

 

 

1 2 3 4 5 6 

DC12 DC22 DC299 DC376 + - 
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Figure 2: Gel for Primary PCR #2 using Phusion, 27F/1492R primers: samples AZ0066, AZ0432, 

AZ0484, 6300, 9149B, 9188 showed bands in the 1500bp range 

1 2 3 4 5 6 

TK1804 AZ006 AZ0432 AZ0484 2123 2380 

7 8 9 10 11 12 

6063 6300 9149B 9188 + - 

 

Figure 3: Gel electrophoresis showing bands for samples 1,4,7,8,9,10 and 11 with RedTaq using 

M13F/M13R primers 

 

Figure 4: Gel electrophoresis for primary PCR with RedTaq for Phusion-verified samples showing 

band only at positive control. 

1 2 3 4 5 6 7 8 

AZ0066 AZ0432 AZ0484 2380 6300 9149B + - 

 

 

Figure 5: Gel electrophoresis showing dark band for 6300B and faint bands for AZ0066F, 

AZ0484D, and 9149B in 1500bp range 

1 2 3 4 5 6 7 8 

AZ0432A AZ0432B 6300A 6300B 6300C 6300D 6300E 6300F 

9 10 11 12 13 14 15 16 

AZ066A AZ066C AZ0066D AZ006E AZ006F AZ006G AZ006H AZ006I 

17 18 19 20 21 22 23 24 

AZ0484A AZ0484B AZ0484C AZ0484D AZ0484E AZ0484F AZ0484G AZ0484H 

25 26 27 28 29 30 31 32 

2380A 2380B 2380C 2380D 2380E 2380F 2380G 2380H 

1 2 3 4 5 6 7 

9149A 9149B 9149E 9149F 9149G 9149H 9149I 

8 9 10 11 12 13   

9149J 6300A 9188A 9188B + -   



7 
 

33 34 35 36 37 38 39 40 

9149A 9149B 9149C 9149D 9149E 9149F 9149G 9149H 

 

 

Figure 6: Endophyte 6300 under light microscopy (400x) showing hyphae with septa and no 
extrahyphal bacteria 
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Figure 7: Distance tree of top BLAST hits showing affiliation of the bacterium from 6300. The top 

match was to its sister taxon here, an unnamed soil bacterium (see bottom of figure) with affinity 

for the genus Caulobacter. 
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Discussion: 

The study is consistent with one previous study (Hoffman and Arnold 2010) that showed that 

endohyphal bacteria do indeed inhabit the hyphae of endophytes. Assessing endophytes specific to 

bioactivity, the 7.14% prevalence of endohyphal bacteria detection suggests that bacteria may not 

necessarily be the major driving force for secondary metabolite production in the fungi examined here. 

However, to further assess the effects these bacteria have on their host endophytes, we could cure the 

endophytes of bacteria by growing and culturing them on antibiotic media by methods of (Hoffman & 

Arnold unpublished) and then measuring the differences in metabolic production. This proposal for a 

future study would properly determine the direct effect endohyphal bacteria have on metabolite 

production of bioactive endophytes. Specific for this project, removing the bacterium from the 6300 

endophyte strain obtained from the lichen U. mammulata then assessing the anti-malarial parasite activity 

shows promise for understanding the mechanism of metabolite production by endophytes.  

Identity of the endohyphal bacterium: The bacterium observed in 6300 appears to be a member of the 

genus Caulobacter, perhaps affiliated taxonomically with Caulobacter segnis. This genus of Gram-

negative bacteria (alpha-proteobacteria) has been found in a previous survey of endohyphal bacteria in 

endophytes collected locally in southern Arizona (Riddle & Arnold unpublished) and generally is known 

from soil and fresh water. Sample 6300 was an endophyte culture collected from North Carolina, USA 

found in lichen tissues. Differences between the two localities and host tissues suggest that endohyphal 

bacteria such as Caulobacter are potentially widespread, and may be important in other bioactive fungi 

that are taxonomically allied to 6300. These will be surveyed in future work. 

Comparison with previous work: The study revealed that endohyphal bacteria was able to be 

detected and sequenced in 1 out of 14 or 7.14% of endophytes tested. Previous studies that screened for 

endohyphal bacteria in endophytes showed a higher infection frequency of 18% (75 of 414 isolates; 

Hoffman and Arnold 2010). The culturing methods differed from this study in that the endophytes were 

grown from stored water vouchers rather than from newly obtained cultures from fresh, healthy plant 

tissue. Storing the cultures in water may be a factor in affecting the specimen’s ability to house the 
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endohyphal bacteria; for future studies, screening endophytes shortly after isolation from plant tissue may 

be ideal. 

Perspectives: Overall, the detection of endohyphal bacteria in one out of 14 bioactive fungal isolates 

either suggests the methods of screening for bacteria should be refined for better results or that 

endohyphal bacteria do not necessarily play a large role in producing important metabolites. Referring to 

Figure 5, some of the samples produced faint bands, indicating there was bacterial DNA but was not able 

to be amplified sufficiently. One aspect to consider is the ratio of prokaryotic 16S gene relative to 

eukaryotic 18S is very little, making it difficult to amplify genes for bacteria that live within the endophytes. 

This brings up the topic of refining methods of amplifying bacterial DNA, and that experimenting with 

different primers or polymerase enzymes may yield better results. Regarding the two methods used for 

PCR’s (Phusion and RedTaq), Phusion proved to be too sensitive to be used in sequencing bacterial 

DNA directly as well as through cloning. Rather, RedTaq polymerase showed to be a more efficient 

method to provide sequences that could be compared to online databases for identification.  

Conclusion: In conclusion, this research supports the recent observation that endophytes while living 

inside of plant tissue hold even more intimate relationships with other microorganisms like endohyphal 

bacteria. The data collected here provide a basis for gaining further understanding to the symbiotic 

relationship as well as the phylogenetic relationships between endophytes and endohyphal bacteria. 

Given more time and resources, comparing a control group of endophytes that house these symbionts to 

endophytes cured of bacterial inhabitants offers a return of great caliber in possible discoveries in the 

biomedical field.  
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