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in the light at high density resulted in differential carotenoid profiles (Figure 30A). The
phenotype is attributable to an isoprenoid-derived carotenoid in the myxobactin family
(94). Spectral analysis of cell extracts reveals a peak at 479 nm corresponding to the
accumulation of myxobactin carotenoids. A large body of literature describes the
complex regulatory network controlling transcription of the carotenoid biosynthesis
genes (87, 95-97). An alternative sigma factor (CarQ) and regulatory proteins CarR and
CarF are critical for production of carotenoids. The inducer of the system was determined
to be photoactivated PPIX through generation of oxygen radicals (87, 96). Therefore, the
level of carotenoid production is sensitive to PPIX levels within the cell. che7 mutants
have carotenoid phenotypes that is dependent upon exposure to light; a build-up of PPIX
provides a simple explanation for these striking differences. Furthermore, the carotenoid
phenotype can be suppressed by addition of FeCl; to the media (Figure 30B). Together,
this data further indicates a dysregulation of PPIX levels in che7 mutants. Future
directions for this study include analysis of cellular levels of PPIX in the mutant.

We expected that overexpression of HemO would result in increased intracellular
iron (and biliverdin) levels due to the oxygenase activity on heme. This lead us to
hypothesize that expression in the che’7 mutants would exacerbate the developmental
phenotype as iron decoupled aggregation and sporulation in previous studies. However,
we found that overexpression of HemO actually rescued the che7 defects, allowing the
cells to aggregate and sporulate within fruiting bodies. This surprising result suggests that
a more complicated model is required for heme homeostasis in M. xanthus. It is possible
that overexpression of HemO could drive the reactions depicted in Figure 21 forward,

altering not just the heme/biliverdin levels, but the PPIX levels. We know that che7 is
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constructs were integrated at the Mx9 phage attachment site using standard protocols
(81).

Developmental Assays. Strains were grown to mid log phase and harvested by
centrifugation (8000 x g). Cells were washed in dH,O and concentrated to 8x10® or 2x10®
cells/ml. 10 pl spots were plated on CFL agar and incubated at 32°C. Pictures were taken
using a Nikon Eclipse 501 phase-contrast microscope and Nikon SMZ1500 dissecting
microscope with Q Imaging MicroPublisher 5.0 RTV camera and software. For cation
and chelation experiments, CFL agar was supplemented with 2.5 mM FeCl;, FeSOy,
MnCl,, CoCl,, and ZnCl,,50 uM bipyridyl, or 25 uM biliverdin.

Bacterial Two-Hybrid Analysis. Fusion proteins were generated in pUT18c and pKT25
plasmids (see Appendix Table B for primers). Reporter strain BTH101 was transformed
and colonies grown in LB overnight at 30°C. Samples were resuspended in Z-buffer,
sonicated (intensity 4, 10 seconds), and centrifuged to remove debris (16000 x g). 100 pl
lysate was assayed in standard Miller assay (84). Protein concentrations were determined

by Bradford assay (Bio-rad).



Figure 24. Development of DZ2 on CFL with added divalent
cations. Strains were plated on CFL starvation. MnClz, CoClz, and

ZnCl, were supplemented at 2.5 mM. Images were taken at 72

hours (A) at 30X (top row) and 200X (bottom row) and 120 hours
(B). Light refractile spores can be seen outside aggregates in MnCl,-

containing plates.
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No
Bipyridyl treatment FeCl,

DZF1

cpc7

Figure 25. Growth of DZF1 and cpc” on rich media. Strains were

8
plated at a concentration of 8x10 cells/ml on CYE agar, CYE with
50 uM bipyridyl, or 2.5 mM FeCl,. Plates were incubated at 32°C

for 120 hours. The c¢pc7 mutant produces brown pigmentation that is
relieved by addition of FeCl,. Bipyridyl induces a similar

pigmentation in both strains.
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Acpc7

Figure 26. Overexpression of HemO in che7 mutants.. Cells were
plated on CFL starvation agar and assessed for aggregation. The
hemO allele is under the control of a constitutive pil4A promoter and
was integrated at the Mx8 phage attachment site. che7 mutants
display aggregation defects that are rescued by expression of an
additional copy of hemO.
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Dz2 Acpc7

Figure 27. Epistasis analysis of Acpc7 and AhemsS. Strains were
plated on CFL agar and assessed for development. Images were
taken at 30X (A) and 200X (B) after 120 hours. Deletion of hemsS in
DZ2 has no impact on aggregation. Deletion of hemS and cpc7
results in a severe aggregation defects and increased sporulation
outside fruiting bodies compared to either single mutant.
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No
treatment

25 uM
biliverdin

Figure 28. Development on CFL containing biliverdin. Strains
were plated on CFL starvation agar +/- 25 pM biliverdin at a

8
concentration of 8x10 cells/ml. Images were taken at 72 hours at

30X. Biliverdin addition restores fruiting body formation in che?
mutants.
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262 | 5179upR AAAaagcttGCGCCGTCCATGCCTGTGT HindIII
263 | 6967F2 AAAggatccTCAGTTGCAGCCGTCGCAGAG BamHI
264 | 6967DNAIF GACCTTGGACTCACGGCTC
265 | 6967DNAIR CATGATGCCCTTTCGATAACC
266 | 6967DNA2F GAGACCCGCTGGGATGCAT
267 | 6967DNA2R GTCCTCCAACTCCCGCAAC
268 | 3702DNAIF CACGCCAAGCGTTGCGGG
269 | 3702DNAIR CATGCCTCGGGCGCACTTG
270 | 3702DNA2F CTTTGTTGGGAAATGGCCGG
271 | 3702DNA2R CATGTAGCGGGCAAGCCCC
272 | cheY7pEGFP-R AAAtctagaGCTCAAGCGCGCCTCCC Xbal
273 | 6966-up-Rlac AARaagcttCGTCATCACGACGAATCGAA HindIIl
274 | cheY7-tetl-Rlac AARaagcttCATGGCGTCCCCTGGAA HindIII
275 | PpilAR-Xbal ggaatctagacatgggggtcctcagagaag Xbal
276 | GFPF AAGgaattcAGGAGTTAACACKIGGTGAGCAAGGGCGAGG EcoRI
277 | Cpc-F AAAggatccATGACGGCCGCATCCTCGA BamHI
278 | Cpc-R AAAaagcttGCTTCAGCGGCTCAGCAC HindIII
279 | PpilAF-Sacl ggaagagctcGGGAGCGCTTCGGA Sacl
280 | CheY7-Ncol-F AAAccatggTGGCCGATGTGCTCGTCGTT Ncol
281 | CheY7-Xhol-R AAActcgagGCTCAAGCGCGCCTCCC Xhol
282 | 0215F
283 | 0215R
284 | 7242F
285 | 7242R
286 | 7353F
287 | 7353R

CheY7-RBS-FLAG-
288 | F AAAtctagaAAGAAGAAACGATGGACTACAAGGACGACGAC Xbal
289 | CpcF AAAggatccATGACGGCCGCATCCTCGA BamHI
290 | CpcR AARaagcttGCTTCAGCGGCTCAGCAC HindIII
291 | Tet2.1F AAActgcagGATGAATGTCAGCTACTGGG Pstl
292 | Tet2.1R AARagtactGGAAGCGGTCAGCCCATTC Scal
293 | 6966CampbellF ACGCCCTCCCTCCTGCTCATC
294 | 6966CampbellR TTACAGCGCCCCCAGCGACAGG
295 | McplongF AAAggatccATGGCGACGGACAGCGGTA BamHI
296 | CheRF AAAggatccATGTTCTCCCTGCCCATGTC BamHI
297 | RT6966-cheYF AACGCCTCGTGTGAGGAC
298 | RT6966-cheYR CACCGAACCTAGAGCGATTC
299 | RTcheY-cheAF TTCATGACGAAGCCCTTCAC
300 | RTcheY-cheAR CCTCCAGAGCCAGCAACT
301 | RTcheB-des7F CTAAAGACGGGTGGGTGATG
302 | RTcheB-des7R AGGGGGCAGAGATAGGGAAT
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303 | P6966F AAAggatccATGCATCCCAGCGGGTCTC

304 | pche7F AAAggatccATGGTGAAGGACCATGGCAT

305 | 6966PASR AARAaagcttGTCTCGCGGTAGAGACGC

306 | 6966B2HfullF AAAaagcttGATGACGCCCTCCCTCCT

307 | 6966B2HHKF AARaagcttTGGCGACGTGACGGAGCA

308 | 6966B2HR AAAggatccCCGTCAGCCCCTCACCG

309 | RT6966-int-F CGTTCCGCGTCCGTCTGC

310 | RT6966-int-R CTGGGACCGCCGGTATCAGTC

311 | RTint-cheY-F GCGGGGCACGTCGTTGTTATG

312 | RTint-cheY-R CCACTGGAAGCATGCGAGAAGG

313 | RTcheB-des-F GCGTGGTGTACGGCATGC

314 | RTcheB-des-R GGCCAGACACCACAGCATCGT

315 | RTdes-pilZ-F GGACGACCTGCAGGCCGTCGAC

316 | RTdes-pilZ-R CGCGTCCTGGAGCCGTCAT

317 | HKMBP-F AAAcatatgGGCGACGTGACGGAGCAG

318 | HKMBP-R AAActcgagCCGTCAGCCCCTCACCG

319 | hemSupF AAAaagcttGTCCCTTCTACCCGGACAC

320 | hemSupR AAAtctagaCTGATTCATGTTGGACACCTG

321 | hemSdownF AAAtctagaTCGCGATGAGCCGCGCGT

322 | hemSdownR AAAggatccGTCAGCAACAGCCACGGAC

323 | hemBupF AARAaagcttTGGGCTCGTCCAGCACCA

324 | hemBupR AAAtctagaCACCTTCATCGTTTTGCGCC

325 | hemBdownF AAAtctagaCTCCTGTAGGCAACAGCCG

326 | hemBdownR AAAggatccCTGCCGATGACAATGAGCC

327 | hemHupF AARAaagcttGTTCCTCGTCTTCACCGCG

328 | hemHupR AAAtctagaCGTTGGCATCAGTGCAGGG

329 | hemHdownF AAAtctagaCCGCGGTGAGGCGCAGC

330 | hemHdownR AAAggatccCTGCCAAGGAGCGTCCCC

331 | PASHKMBP-F AAAcatatgCCTTCCCACACGTCGCC Ndel
332 | asgA-up-F AAAggatccAGCTGCGCGGGCTGCTTG BamHI
333 | asgA-up-R AAAtctagaCGGGTTCATGACGCTCCTC Xbal
334 | asgA-down-F AAAtctagaCCCCCCTGAGTCCGAAGG Xbal
335 | asgA-down-R AARAaagcttGTCGTCAAAAGGCTTGAGGAT HindIII
336 | asgAcheckF CACGGCCTACGCGGACATG

337 | asgAcheckR GCCCGCTCCCGCACCTC

338 | PmrpCF AAAggatccATGTTCGCCGCGCCGGCC BamHI
339 | PmrpCR AAAaagcttGGCATAACTCCTGGGAAGGAAGC HindIIl
340 | FruA-F AAAtctagaATGGCAACCAATCAAGCAGCG Xbal
341 | FruA-R AAActcgagCTAGAGGTCCGGCGGCGGCC Xhol
342 | hemOupF AARAaagcttCTGCGTTCGTTCCTGCTGC HindIII
343 | hemOupR AAAtctagaGGGCTCCACCAGCCGCTT Xbal




139

344 | hemOdownF AAAtctagaGCCCGGTAGCTTCCCGG Xbal
345 | hemOdownR AAAggatccCAAGCCCTTCGAGACACTG BamHI
346 | hemOcheckF CCCCGGCGCCCCTGTCC

347 | hemOcheckR GGGCACCGTGCCGTAGAAG

348 | hemScheckF GCAGCCTCGCACCCGTATCC

349 | hemScheckR CGGTTGAGCAGCATGAAGAACTC

350 | hemBcheckF GCGACCGCCATGGCCTATC

351 | hemBcheckR ACGCGAACTTGGCCGAGTACG

352 | hemHcheckF CCCGTGCGCCGCTACCT

353 | hemHcheckR TCCCCGTGGGGTCGCTCTT

354 | HKMBPframe2 AAAcatatgGCGACGTGACGGAGCAGTT

355 | HKMBPframe3 AAAcatatgCGACGTGACGGAGCAGTTG

356 | hemS-F AAAggatccCAGGTGTCCAACATGAATCAG

357 | hemS-R AARAaagcttACGCGCGGCTCATCGCGA

358 | hemO-F AAAggatccTGTGAAGCGGCTGGTGGAG

359 | hemO-R AAA2agcttCCGGGAAGCTACCGGGC

360 | G86A-F tcaccacgcgggcagacgaggcatc

361 | G86A-R gatgcctcgtctgeccecgegtggtga

362 | R91A-F caacgcccgcgtegecgatgectegtet

363 | R91A-R agacgaggcatcggcgacgcgggcgttyg

364 | TT92A-F aggcatcgcgggcgcgggcegttyg

365 | TT92A-R caacgcccgcgceccgegatgect

366 | R93A-F gccgccaacgccgceccgtcecegegatge

367 | R93A-R gcatcgcggacggcggegttggegge

368 | F102A-F gggggccagccgtgccatgacgaagccc

369 | F102A-R gggcttcgtcatggcacggctggecccce

370 | M103A-F gtgaagggcttcgtcgecgaaacggctggeccc

371 | M103A-R ggggccagccgtttcgecgacgaagcccttcac

372 | T104A-F cgtgaagggcttcgccatgaaacggctgg

373 | T104A-R ccagccgtttcatggcgaagceccttcacg

374 | K105A-F ccggcgtgaagggcgceccgtcatgaaacgge

375 | KI05A-R gccgtttcatgacggcgeecttcacgecgg

376 | P106A-F gtccggcgtgaaggecttcgtcatgaaac

377 | P106A-R gtttcatgacgaaggccttcacgccggac

378 | F107A-F catgacgaagcccgccacgccggacgcc

379 | F107A-R ggcgtccggegtggecgggettegtecatyg

380 | E116A-F gccatcctgtcggeggtgegtgggttyg

381 | E116A-R caacccacgcaccgccgacaggatggce

382 | Cpc7-F1 AAAggatccGACGGCCGCATCCTCGAC BamHI
383 | Cpc7-F2 AAAggatccGAACTTCTTCCGCATCTTCCC BamHI
384 | Cpc7-F3 AAAggatccGGCGTTGCAGGCGGCCC BamHI
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385 | Cpc7-F4 AAAggatccCGCCATCGTCGCGCTGGC BamHI
386 | Cpc7-Rl1 AAAgaattcTCACCCGCTGCCCAGCGCCG EcoRI
387 | Cpc7-R2 AAAgaattcTCACAGCTTCTCCGTGGTGTCG EcoRI
388 | Cpc7-R3 AAAgaattcTCAGTCCGCGGCGGCTTCCTC EcoRI
389 | Cpc7-R4 AAAgaattcTCAGCGGCTCAGCACCAGC EcoRI
390 | Cpc7-F5 AAAggatccCACGACGGAGAAGACGGCC

391 | Cpc7-F6 AAAggatccCGCGTCGGTGCGCGCCC

392 | Cpc7-R5 AAAgaattcTCACGGGTCCCGCATGGCCTG

393 | Cpc7-R6 AAAgaattcTCAGCGGTCGCTGAGGCCACG

394 | B2H-HemH-F AAAggatccCATGCCAACGCCCACTTCGA BamHI
395 | B2H-HemH-R AAAgaattcTCACCGCGGTGGAATCGGC EcoRI
396 | B3HcheY7-F AAAgaattcAAGAAGAAACGCATGGCCGATGTGCTCGTC EcoRI
397 | B3HcheY7-R AAAatcgatTCAAGCGCGCCTCCCCTCC Clal
398 | HemH28-R AARAa2agcttTCACCGCGGTGGAATCGGC HindIIl
399 | Cpc7-full-F AAAggatccGAAGGAGATATCCATGACGGCCGCATCCTCG BamHI
400 | Cpc7-full-R AAAaagcttTCAGCGGCTCAGCACCAG HindIIT
401 | Cpc7-truncl-R AAAaagcttTCACATGTGCGCCAGCGCGTCCAC HindlIII
402 | Cpc7-trunc2-F AAAggatccGAAGGAGATATCCATGGTGCCCTCGCTGGTGGGGCTG BamHI




