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Generation of a Gluconobacter oxydans knockout collection 

for improved extraction of rare earth elements



REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The manuscript describes the construction of a single-gene disruption mutant library that was 

created by knockout sudoku. The library was screened for final acid production and acid production 

rate as a proxy for bioleaching ability. A set of genes were identified that contribute to either high 

or low acid production and correlated well with bioleaching ability. The top mutants (those involved 

in phosphate transport, pqq biosynthesis, and the mgdh) were examined for their ability to extract 

rare earth elements. Although modest gains were seen, this library represents the starting steps to 

generate bioleaching engineered strains. Furthermore, this library is certainly useful to investigate 

the role of other genes and regulatory control in other industrial processes that use Gluconobacter 

sp. 

Overall, the manuscript is well written, and the results presented in a clear and convincing way. It 

was a pleasure to read. 

I was a bit confused about the proxy WT set A and set B. What were the 2 behaviors of pWT set A 

and B. How did they differ? Why was one set chosen over the other for the plates in the end point 

pH measurement? I would recommend clarify this section in the methods. 

I have no major concerns and congratulate the authors on their impressive work. 

Reviewer #2 (Remarks to the Author): 

A rigorous novel engineering approach (applying the Sudoku knockout method) was used to 

characterize the metabolism of the microorganism Gluconobacter for production of metabolites, 

such as organic acids, that can lower pH and complex with metals for bioleaching rare earth 

elements from solid matrix. Furthermore, evaluation of the library was used to identify genes or 

operons that might be engineered for generating improvements to bioleaching efficiency through 

increased acidification. Assays were refined to evaluate the library of mutants. And real-world-

materials (retorted phosphor powders) containing rare earth elements were tested and compared 

to the assays. Claims and conclusions are well supported. Overall, the system and analysis 

suggested success; that is the Sudoku and colorimetric assay approach could be used as a rapid 

means for engineering microorganisms to identify candidates that might be further engineered to 

improve metal recovery through bioleaching. Additionally, the use of this knockout system goes far 

beyond Gluconobacter and bioleaching. This system could be used to improve Gluconobacter 

production of metabolites very important for the food and pharmaceutical industry. The system 

process could also be used with other microorganisms to improve bioleaching or lead to selective 

recovery or metals. Currently, selective recovery or purification of metals is one of the most costly 

and environmental impactful processes that lead to reliance on foreign countries modern-day 

green technology. 

An excellent manuscript with very detailed, well described experiments using rigorous controls and 

analytical methods. 

With regards to the rates of acidification experiments could you describe the accuracy and 

precision (of the change in absorbance of the BPB colorimetric assay) between WT and fast/slow 

mutants (considering that spectrophotometer value changes might be in the 100th position)? 

What accounting of glucose concentration was made in/between assay runs considering that 

glucose could be used for cell mass or organic acid production/pH decrease? How would a slightly 

higher/lower concentrations of glucose affect WT/mutant metabolism and the BPB/TB assay 

results? 

The data for figure 3 shows that mannose & fructose metabolism disruption increases pH; are 

there examples of how these sugars might be involved in production of organic acid and a pH 



decrease (i.e., what organic acids or metabolites might be produced upon the sugar catabolism 

that would lead to a pH decrease with the WT). The disruption of these pathways also increased 

the acidification rate (why would their metabolism slow the acidification, perhaps directing 

resources away for glucose conversion to gluconic acid). 

Please remove jargon, e.g., “spun down” (centrifuged), “struck out for single colonies” (transferred 

for isolation), “pipetted” (dispensed), etc. 
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