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Abstract

We isolated and purified Tedro and BAjuniper which infect the host Microbacterium foliorium. Tedro is a lytic,
cluster EF phage isolated from soil collected in Hawarden, Iowa. Its genome is 56,197 bp long, circularly
permuted, and includes 83 protein-coding genes and no tRNA genes. We are examining two of Tedro’s
genes, genes 56 and 57, both of which are predicted to encode a DnaE-like DNA polymerase III (alpha) in

Anaign (EF)y

ry 1 1
U B (L I (N T [,
IEiCDimmiE o B
1 [ [+ ]
PRI ETETLI T AT TLIT T ST iYL AT T

We compared structures for Tedro_56 and Tedro_57 to structures for DNA III alpha subunit from various organisms by running sequences
_ . through the Al-driven structure prediction software, Alphafold (Junper, et al. 2021, Varadi et al. 2022) and looked carefully at the HHPred
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e B e & B * Tedro_56’s predicted 3D structure is similar to the crystal structure of the first half of DNA polymerase from M. tuberculosis and even
| e N N SO SR more similar to the predicted structure for DnaE-like DNA polymerase III alpha from Clostridium perfringens.

more detail. Tedro_57 is twice as large as Tedro_56 so we are using additional bioinformatic tools to
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understand these genes. BAjuniper was isolated from soil collected in a garden in Orange City, Iowa. Its et T e T s o AT i  Tedro_51’s predicted 3D structure is similar to the crystal structure of DNA polymerase from M. tuberculosis.
genome is 41,985 bp long. It was assigned to cluster EB. BAjuniper’s genome includes one tRNA gene and we - HHPred analysis of Tedro_56 suggests Tedro_56 has domains that resemble PHP and polymerase and histidinol phosphatase domains
will finalize BAjuniper’s annotation shortly. Figure 2. Phamerator map of Tedro and two other Cluster EF phages, Anakin and Haunter, show that Tedro’s genome is with 100% probability and 93% coverage.
very similar to other Cluster EF phage genomes. - HHPred analysis of Tedro_57 suggests that Tedro_57 has domains that resemble nucleotide transferase, PHP, NTPase, alpha subunit
. finger, helix-hairpin-helix, and oligonucleotide binding domains with 100% probability and more than 98% coverage.
Introduction T e | = =l e lielioesill SRl SlunsasBir [N S N ey - S0 SR S JUNF Sapesupl R B I8 o 8
il ... [ ... N ;) f [ A | i mao [ & [ [0 ... D ..., GG L N ... EDEN E: G 1 1 = o 5 g e HE Y HE . R R . .

. . . . . . . M|'|||||"i|||'|||||'|||Ml||'||||F||||IE|||||||I|'T|||||H|'|||||1|Hlll|'|'|||'|||||'|'|||'|||||'|'|||'|||||'|‘m'|'|||'|||||'|=|||'|||||:r|:!||'|||||'||M'|||'|||,ﬁ||||'|H|‘|‘|||'|||!|'|'|||'|||ﬁ!|'||| ||||'|‘|||'|m|'|||||E|:|||H|_'ﬁﬂ'|l|||'||||'|||||'|'|||'|||||'|1||'||||.IT|||'|||||'!E||'|||||‘|'|||'ﬁ||’i"||m|ﬁ'||l T RITUTM Y |||||| noling ||‘|||| || | ||| we POStulate tha't Tedro—sz ma'y be a DnaE-llke DNA pOIYmera‘se III alpha' Tedro—sz 1S 31% ldentlcal to DnaE-llke DNA pOIVmera'se III alpha
Bacteriophages (phages), viruses that 1.nfect bacteria, are the most abundant infectious particles on Earth, E " . subunit from M. tuberculosis with 50% similarity. Tedro_56 may be a truncated version of this gene that could function in DNA repair, like
with an estimated 10°' different kinds in existence (Strange, et al. 2021). They are found in a variety of eanr_omt () B A ' 5 DnaE2, with structural similarity to DnaE from C. perfringens. These two proteins are 30% identical and show 47% amino acid similarity.
environments such as soil, water, and the human body. Phages are useful as model organisms for studying = e e 5“":""F| £

genetic processes. They also have beneficial applications clinically, for example, phage therapy utilizes
phages to target and kill harmful bacteria within the human body (Keen 2015). Phages act by injecting their -
DNA into a host bacterial cell. Once a phage has successfully infected a bacterium, it will undergo one of TR RETETT T S T BT e L O e e m e
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Score Expect Method Identities Positives Gaps
B 271 bits(694) 1e-81 Compositional matrix adjust. 182/594(31%) 298/594(50%) 48/594(8%
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. . . . . oLl e L[l L b= el L. L=J1 =1 L W[ - L[] B [ El8 H8 [l [~ [:EE ] A 135 bits(339) 1e-40 Compositional matrix adjust. 101/334(30%) 157/334(47%) 34/334(10%) Q 320 WLRHEVDAGL - - -RRRFPAGPP-DGYRERAAYEIDVICSKGFPSYFLIVADLISYARSAG 375
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. h . h 1 . h . . ) he b ia] b B B- - Query 5  KFCHLHLHSGYSLLDGSGKIKPLIKRAKELGMESIALTDHGVMYGCVDLYKEAKAEGIKP 64 Sbjct 23 WKYREMDKRIKEFRRKDPSHPTRQEYIDRVNYEFDLMDKKDFLDYFAVLGDVVRQAKDMG 82
into the environment, whereas a lysogenic phage integrates its genome into the bacterial genome to be * et 2 e e i AT eoniK TP Query 376 TRVGPGRGSAAGSLVAYALGITDIDPIPHGL-LFERFLNPERTSHPDIDIOFODRRRGEH 434

+ VGP RGSAA SL  + IT+++P+ + L LFERF++ R +PDID+DF+D RR E+
Sbjct 83 VAVGPARGSAAASLCCFLWRITEVNPLEYPLMLFERFIDINRNDVPDIDLDFEDDRRDEY 142

passed Onto daughter baCterlal Ce].].S (Kasman and Porter 2022)' Query 65 TLGCEVYVVPKSRKIKSNDEDNKTYHLVLLVKNEKGYENLMKIVSVASIEGFYYKPRIDR 124
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Figure 3. Phamerator map of BAjuniper and two other Cluster EB phages, Avacadoman and Skylord, show that Shict 62 TreLEAVTAPILIE. - BT ATOLVE ANV SV TS ERDEYRUPTYLG 11 Qb y 435 VRYAADKUGHDRVAQUITEGTIKTKAALKDSARTHYGQPGFATADRTTKALPPATHAKDT 454
. o o o . T ’ T 3 3 T . . Shjct 143 RQIMIRKYGIDRVGNIGTFTRYRGKNATDDVARV-YSTPKYRVE----------- TAKEF 19@
Northwestern College 1S part of the SEA-PHAGES program, which involves undergraduate students in phage BA]umpers genome 1s similar to the genomes Of other Cluster EB phages Il some Iregilons (purple) but dlverges Query 125 EYLKEHSEGIIALSAC--------- LGGEVQKAILNGNIDKAREAATFYRDTFKDGFYLE 175 Quzpy 495 PLSGITOPSHERVKEAEVRGLTETDPOVRTIYOT - - - ARCLECLIRNACVHACAVT S48
research. Our goal was to annotate the entire genome of our phages, Tedro and BAJuniper, both of which significantly in other regions (white, green, blue, orange). Autoannotation of Bajuniper’s genome included many Sbjct 119 DSFROHNKGITALSGCADSHLACTLLGG- --KGIEEGNYDAAVKVMLGVKRLLGDRYYLE 175 it 191 IvirSseostions oot o et toerpoL e ot A,
were discovered by Northwestern College students. Annotation of a phage involves determining the start overlapping genes that, upon examination, were not actually genes (white rectangles). Ty iy L DS KARDTHCL - -QTBKTVD - 232 Query 549 MSSEPLTEATPLU-KRPQDGAL-- - -- ITGHDYPACEATGLLKMDF LGLRNLTIIGDAID 602
Slte Of eaCh g_ene Wlthin the genome as We],], as determining a function When pOSS].b].e Computer SOftW&Ie IS Sbjct 176 CQRFPGLERSRILNQQYAIWSAEYGIPLAASSDVHYPHPSENEMQKILHAAGRNTGTVAA 235 Shjct 247 }GEEAtDNY:’AS¢TEEVGSgﬁTEKSVR;LSVBKYDGEHtgt;ﬁEtgAtgtSTﬁG;&RKitg 306
df . b . Kk . K el e f , h oh b 1 d Query 233 DPNRRRYPSDQFYLKSPEEMWDMFDYIPEALE--------- NTLKIAEECNFDYEFHVSK 283 Query 603  NVRANRGIDLD-LESVPLODKATYELLGRGDTLGVFQLOGGPMRDLLRRHOPTGFEDWA - 661
use or a'u:toa'nnolta'tlon’ .l.'lt lt makes mISta‘ es’ SO lt 1S lmportant Oor eacC p age to e ]Ena'nua' Y annOtate Sbjct 236 AE&GWEiDILLTiPEgDEHRB— —BL;&TGtTKKE,ﬂ\EMILN¥EE%ﬁSREEVE—————[F’E 289 Sbjct 307 M-[————GESLEQLYD;PEDDPKTLAAFERADVTG?F%FEGRTM;L:’TEE-\'_—EPKVFMDEAA 362
as well. Durmg our annotation of Tedro, genes Tedro_56 and Tedro_57 caught 'our attenFlon. We called both Query 284 LPKFPLPEGVEPFE-YLRKTCFDGLIDRLEELKP 316 Query 662 intYEEgETGMN?HNB?.DRENHEgﬁ\IEP{:EELEEPI;RE%LﬁQYgL%ﬁ%Eg%TEA 721
genes DnaE-like DNA polymerase III alpha but because they were very different sizes, we performed EF Sbict 290 MDRIRYPGTTODLKPWPRKIPSSCSTQTAGOATP 323 Sbjct 363  VNALARPGPLHSGSTGDYIAYRFNRKEREELHP- - --IVTRICAATEGQLIYQEQILQIC 418
o . . o . edmgeunter( ) DnaE-like DNA polymerase Il alpha Query 722 QKVASYSLARADILRKAMGKKKREVLEKEF-EGFSDGMQANGFSPAATKALWDTILPFAD 780
further analysis of the gene products using Alphafold. Ultimately, our goal is that our research contributes to Tedro and most Cluster EF phages have two it 15 Scotovoner R ek e E et et e racr ave
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a better underStandlng of phages and further innovative apphcatlons of pha‘ges in the lab and clinic. genes identified b'Y bioinformatics as DnakE-like 2O Thyxlike thymidyiate synthase =22 29 —r Pnak-tike DNA polymerase [l aipha Query 781 YAFNKSHAAGYGMVSYWTAYLKANYPAEYMAGLLTSVGDDKDKAAVYLADC--RKLG--T 836
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Sbjct 479 YSFNIAHCVSYSMLGFWAMWLKVHHPLEFYAAQLQKT-DDADKQVVLMRDMQDKRFGRSY 537
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DNA polymerase III alpha. The two genes differ 2 1275.65)

dramatically in size with the first gene _M L |
approximately half the size of the second. LU L L]

T~ Figure 6. NCBI BLAST amino acid alignment. A. The amino acid sequence for Tedro_56 aligned to DnaE from C. perfringens shows 30% identify
and 47% amino acid similarity. B. Tedro_57 aligned to DNA polymerase from M. tuberculosis shows 31% identify to DnaE-like DNA polymerase

: III alpha subunit from M. tuberculosis and 50% similarity.
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We were curious about these two genes, both called DnaE-like DNA polymerase III alpha, but so

different in size. We dug into the literature and found that:

« DNA polymerase III has three parts

« Itis responsible for the replication of bacterial genomes

« It consists of DNA polymerase (alpha subunit), processivity factor 3-clamp, and clamp loader
complex

* There are two forms of DNA polymerase III (Figure 5a)

 DnakE in E coli and others
« PolC in low GC content bacteria (B. subtilis)

* The polymerase or alpha subunit of both PolC and DnaE has a similar structure including palm,
thumb, and finger domains with a PHP domain, oligo binding domain, and a helix-hairpin-helix
domain (Figure 5b).

M. tuberculosis has two DnaE genes, the second is called DnaE2 and is believed to be involved in

error-prone translesion DNA synthesis (Ditse, et al. 2017)

Figure 1. Plaque assays of Tedro and BAjuniper. A. Tedro produces clear, round plaques with a mean
diameter of 1.0 mm +/- 0.3 mm. B. BAjuniper produces turbid plaques of variable shape with a mean
diameter of 6.1 mm +/- 2.7 mm. Image analysis was performed with Image] (Schneider, et al. 2012).

Figure 7. Experimental and predicted 3D structures. A. Alphafold predicted 3D structure of Tedro_56. B. Alphafold predicated 3D structure of
Tedro_57. C. TEM structure of M. tuberculosis DnaEl. D. Alphafold predicted 3D structure of DNA polymerase III, subunit alpha (DnaE)-like
protein from Clostridium perfringens.

Table 1. Characteristics of Microbacterium phages Tedro and BAjuniper.

A C-family DnaE

Figure 5. Two types of DNA polymerases: DnaE and PolC. A. 3D models of
e-subunit DnaE and PolC (Raia et al. 2019). B. Linear organization of DnaE and PolC
8-subunit domains (Timinskas et al. 2013).

Discussion and Future Directions

a-subunit

o\e

Tedro Hawarden, EF Lytic 56,197 bp circularly 81 63.7
IA Circular permuted

We are finalizing our annotation of BAjuniper and are preparing the files to submit to GenBank for publication. We have already submitted the

Leading andlagglngstrand , files for our annotation of Tedro to GenBank and are anxious to see our work published.

BA 1 EB L ' 41 ! 1ck TBD .8% _clam . .o . . . . . . .
I Ciiangi A yric L’ii8e5a rbp BOveSrt;acn )/ °8.8 B o We are working on writing a Microbiology Resource Announcement—another peer-reviewed publication reporting the discovery,
yr o Taq DnaE < T — Y — @D characterization, and annotation of both viruses. We expect that paper will be published sometime this summer or early fall.
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We will also be presenting our work at three scientific meetings: the Northwestern College Celebration of Research, the Iowa Academy of
Science Annual Meeting, and the SEA-PHAGES Symposium, all in April 2023.
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