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Using microfluidic chip for magnetic test 

 

Process: 

 
 

 

 

 

Structure of microfluidic chip 



 
 

Step 1: Before you do magnetic testing, you should prepare a microscope, Gauss 

meter, two 5ml syringes, capillary, magnets, hob, sterile water, microfluidic chip and 

a timer. 

 

Step 2: Use 5ml syringe to pump 4 ml of sterile water. 



 

 

 

 



 

Step 3: Connect the capillary tube and needle, keeping good air tightness. 

 

Step 4: Clear out the air in the syringe and capillary by pumping a small amount of 

water. 



 

Step 5: Insert the other end of the capillary into the pores of microfluidic chip. 

 

Step 6: According to the principle of liquid pressure, eliminate air in the microfluidic 

chip through using water, causing the chip’s internal channels to form a vacuum 

environment. 



 
Step 7: Slowly pull out capillary from chip’s injection port, being careful not to 

remove the water droplets on the injection port, because the water has a seal on the 

interior of the chip and prevents gas from entering the hole. 

 

Step 8: Get 3 ml of bacteria liquid with a new syringe. 



 

 

Step 9: Repeat the step 2~5 one time, and then fix the syringe on the hob, as far from 

the chip as possible.Make the capillary parallel to the chip, that can make the 

bacterial liquid slowly flow into the chip. At the same time, put a strong square 

magnet on the side of the chip in order to apply a magnetic field (prpendicular to 

channel 2 in the same plane). Locate the magnet and the chip by taking down their 

positions using a ruler or drawing a grid of parallel lines spaced 1 cm. 



 
Step 10: After 10 min (time may vary according to the case), remove the syringe, and 

use the Gauss meter to detect the magnetic field. The Gauss meter should be placed 

on the chip’s position. 

 

 

Step 11: Observe the chip under microscope, and count the number of bacteria 

within each channel. 

 



Culture medium for AMB-1 strain    

Enriched Magnectic Spirillum Growth Medium (EMSGM) 

      Distilled water                                           1.0L 

     Wolfe’s Trace Mineral Supplement (see below)                5.0ml 

     Wolfe’s Vitamins Supplement (see below)                    10.0ml  

     M Ferric Quinate (see below)                               2ml 

     0.1% Resazum                                           0.45ml 

     KH2PO4                                                 0.68g 

     NaNO3                                                  0.12g 

     Succinic acid                                             0.74g 

     1-cystein                                                0.05g 

     Peptone                                                 0.2g 

     Yeast extract                                             0.1g 

     

     Add components in the order given with stirring. 

     Adjust to pH 6.75 with NaOH 

Autoclave at 121 for 15 minutes 

Vitamin Supplement (ATCC® MD-VS™) 

                                          mg/L 

Folic acid                                  2.000 

Pyridoxine hydrochloride                    10.000 

Riboflavin                                  5.000 

Biotin                                     2.000 

Thiamine                                  5.000 

Nicotinic acid                               5.000 

Pantothenic acid                            5.000 

Vitamin B12                                0.100 

p-Aminobenzoic acid                        5.000 

Thioctic acid                               5.000 

Monopotassium phosphate                 900.000 

 

Trace Mineral Supplement (ATCC® MD-TMS™) 

                                         g/L 

EDTA           0.500 

MgSO4·7H2O         3.000 

MnSO·H2O          0.500 

NaCl           1.000 

FeSO4·7H2O         0.100 

Co(NO3)2·6H2O         0.100 

CaCl2(anhydrous)        0.100 

ZnSO4·7H2O         0.100 



CuSO4·5H2O         0.010 

AlK(SO4)2(anhydrous)       0.010 

H3BO3           0.010 

Na2MoO4·2H2O         0.010 

Na2SeO3(anhydrous)       0.001 

Na2WO4·2H2O         0.010 

NiCl2·6H2O          0.020 

Dissolve EDTA in 500ml water by adding first 3ml 1M KOH (pH increased  

from about 2.71 to 6), then 0.1ml KOH each time until pH reaches 6.5 

 

M Ferric Quinate: 

FeCl3           0.27g 

Quinic Acid(Sigma Q-0500)      0.19g 

Distilled water         100.0ml 

Dissolve and autoclave at 121  for 15 minutes 

 

 

 

E. Coli Cell Culture        

1. Media preparation: Add 10μl of antibiotics for each 5 ml of liquid broth. Be 

careful to keep the medium sterile especially if not adding an antibiotic, to avoid 

contamination. 

2. Incubate for 14-16h in a shaking incubator at 37 degrees.  

 

MiniPrep             

SanPrep Plasmid DNA Kit 

1.  Preparation 

a. Make sure that RnaseA has been added into BufferP1  

b. Make sure that ethanol has been added into Wash Solution ( stored at 4°C) 

c. Make sure that P2 and P3 don’t have any sediment 

2.  Extract 1.5-5ml overnight suspension culture and centrifuge at 8000g for 2 

minutes to recollect bacteria and discard culture. 

3.  Add 250μl BufferP1 and suspend bacteria 

4.  Add 250μl BufferP2, immediately overturn the tube for 5-10 times. Stay in 

room temperature for 2-4 minutes to split bacteria. 

5.  Add 350μl BufferP3. Large amount of flocks appear. Overturn the tube for 



5-10 times. Be careful don’t let the flocks disperse. 

6.  Centrifuge at 12,000g for 5-10 minutes. Move supernatant into a absorbing 

column and centrifuge 8000g for 30s. Discard liquid in collection tube. 

7.  Add 500μl Buffer DW1 and centrifuge 30s at 9,000g. Discard liquid in 

collection tube. 

8.  Add 500μl Wash Solution, centrifuge at 9,000g for 30s. Discard liquid in 

collection tube. 

9.   Repeat step8 

10.  Centrifuge empty tube at 9,000g for 1min 

(Using a vacuum centrifuge enrichment machines concentration, using a vacuum 

centrifuge enrichment machines concentration of alcohol solvent model 45 

degrees 3 minutes, you can effectively remove the residual alcohol, to ensure the 

quality of plasmid elution.) 

 

Restriction Enzyme Digestion      

To check if the two selected restriction enzymes can perform effective catalysis in 

the same solution 

1. Mix DNA solution with the suitable amount of the master mix. 

a. 25.0μL reaction system 

 

20.0μL DNA sample 

0.25μL BSA 

2.5μL 10x NEB Buffer 

1.0μL of each restriction enzyme 

1.25μL ddH2O 

 

--------25.0μL Total 

b.  50.0μL reaction system 

 

40.0μL DNA sample 

0. 5μL BSA 

5.0μL 10x NEB Buffer 

1.5μL of each restriction enzyme 

2.0μL ddH2O 

   

--------50.0μL Total 

2. Pipette up and down in the EP tube.  

3. Incubate: 37°C for 3 hours. 
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4. Enzyme inactivation: 80°C for 30 minutes. 

 

 

Ligation      

1. Check the concentration of DNA fragments and vector which are going to be 

ligated. 

2. Calculate the amount of partA/partB and vector added, based on the 

fragment length. Note that a ligation using a molar ratio of 1:3-1:5 vector to 

inserts. 

3. Add DNA/buffer and ligase together in the EP tube. 

a. 20.0μL reaction system 

 

A μL part A 

B μL part B 

VμL vector 

2μL 10x T4 buffer 

1μL T4 ligase 

 

--------20.0μL Total 

b. 10.0μL reaction system 

 

A μL part A 

B μL part B 

VμL vector 

1μL 10x T4 buffer 

1μL T4 ligase 

 

--------10.0μL Total 

 

4. Mix the reaction by pipetting up and down gently. 

5. Incubate at 16°C for 5-16 hours (high concentration T4 DNA Ligase can be 

used in a 10 minute ligation), and the 10.0μL reaction system can be 

incubated only for 3 hours. 

6. Enzyme inactivation: 80°C for 30 minutes. 

7. Chill on ice and transform 10-20 μl of the reaction into 50 μl competent cells. 
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Transformation of E.coli   

1. Remove competent cells from freezer and allow to thaw on ice for 10 min 

2. Take care not to disturb the competent E.coli: do not vortex them or pipette 

them up and down. 

3. Add 50 µL of thawed competent cells and then 1 - 2 µL of the re-suspended 

DNA to the labeled tubes. Make sure to keep the competent cells on ice. 

4. Incubate the cells on ice for 30 minutes. 

5. Heating shock the cells by immersion in pre-heated water bath at 42°C for 60 

seconds. A water bath improves heat transfer to the cells. 

6. Incubate the cells on ice for 5 minutes. 

7. Add 200μl of SOC broth (make sure that the broth does not contain 

antibiotics and is not contaminated) or 800uL LB broth. 

8. Incubate the cells at 37°C for 2 hours while the tubes are rotating or shaking.  

9. Prepare two dishes with LB agar and the appropriate antibiotic(s) with the 

part number, plasmid, and antibiotic resistance. Plate 20 µl and 200 µl of the 

transformation onto the dishes, and spread. This helps ensure that you will be 

able to pick out a single colony. 

10. Incubate the plate at 37°C for 12-14 hours 

11. Always keep agar plates upside down so that drips of condensation and 

falling debris do not contaminate them. 

 

 

Colony PCR        

1. Keep everything on ice. The PCR reaction mixture in the ice preparation, and 

then placed in a PCR reaction in the PCR reaction apparatus. This cold start 

(Cool Start Method) can enhance the specificity of PCR amplification to 

reduce non-specific reactions in the PCR process, can get good PCR results. 

2. Make up a master mix of everything into one microcentrifuge tube.  

3. Pipette up and down in the microcentrifuge tube, drain 25μL or 50.0μL 

solution to each PCR tube. 

a. 25.0μL reaction system 
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18.3μL ddH2O 

2.5μL 10x Buffer (mg2+) 

2.0μL dNTPs 

0.5μL forward primer 

0.5μL reverse primer 

0.2μL DNA polymerase 

Colony stab (template DNA) 

--------25.0μL Total 

b.  50.0μL reaction system 

 

37.75μL ddH2O 

5.0μL 10x Buffer (mg2+) 

4.0μL dNTPs 

1.0μL forward primer 

1.0μL reverse primer 

0.25μL DNA polymerase 

Colony stab (template DNA) 

--------50.0μL Total 

4. Pick colonies from plates, spot onto these PCR tubes. 

5. Run the "Colony PCR" program, and adjust your extention time as described. 

The "Colony PCR" program 

Initial denaturation: 95°C for 5:00min 

25 cycles of: 

94°C for 0:30 min 

55°C for 0:30 min (different primers different annealing temperature) 

72°C for t min (“t” depends on the length of goal sequence, 1min per 1kb) 

Final extension: 72°C for 10:00 min 

 

Polymerase Chain Reaction     

1. Keep everything on ice. The PCR reaction mixture in the ice preparation, and 

then placed in a PCR reaction in the PCR reaction apparatus. This cold start 

(Cool Start Method) can enhance the specificity of PCR amplification to 

reduce non-specific reactions in the PCR process, can get good PCR results. 

2. Make up a master mix of everything into PCR tubes.  

a. 25.0μL reaction system 
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18.3μL ddH2O 

2.5μL 10x Buffer (mg2+) 

2.0μL dNTPs 

0.5μL forward primer 

0.5μL reverse primer 

0.2μL DNA polymerase 

1.0μL template DNA 

--------25.0μL Total 

b.  50.0μL reaction system 

 

37.75μL ddH2O 

5.0μL 10x Buffer (mg2+) 

4.0μL dNTPs 

1.0μL forward primer 

1.0μL reverse primer 

0.25μL DNA polymerase 

1.0μL template DNA 

--------50.0μL Total 

3. Chose a suitable program, and adjust your annealing temperature and 

extention time as described below: 

 

Annealing: 55°C for 0:30 min (different primers different annealing 

temperature) 

Extention: 72°C for t min (“t” depends on the length of goal sequence, 1min 

per 1kb) 

Final extension: 72°C for 10:00 min 

 

PCR Production purification 

1. Add 5 volume of Buffer PB to the PCR product and mix.  

2. Place a QIAquick spin column into a 2 ml collection tube, and load the sample.   

3. Centrifuge 30-60 sec at maximum speed.   

4. Drain flow 

through fraction from collection tube and place QIAquick column back in the sam

e tube. 

5. Add 0.5 ml WashBuffer to QIAquick column and centrifuge 30-60 sec to wash. 

6. Drain Wash Buffer flow through from existing tube.  

Centrifuge QIAquick column for an additional 30-60 sec.   

7. Place QIAquick column in a 1.5 ml microcentrifuge tube.  

8. Add 50 ul of 10 mM Elution 
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buffer (pH8.5) buffer to QIAquick column and centrifuge 30-60 sec.  

 

Gel Electrophoresis 

1. Prepare a 1% weight-to-volume agarose gel (400ml)  

a. Dilute stock of 50×TAE to 1×with ddH2O. 

b. Measure 400 ml of 1×TAE buffer. 

c. Transfer 1×TAE buffer to Duran bottle 

d. Weigh out enough agarose to make 1% gel. (1% of 400mL is 4.0 g) 

e. Transfer agarose to Duran bottle. 

f. Melt agarose in microwave, stirring ever 15-20 seconds until completely 

melted. 

g. Allow gel to cool until Duran bottle can be handled comfortably, pour 

agarose into gel tray, assemble gel pouring apparatus by inserting gate 

into slots 

2. Allow agarose to cool, place the gel in the apparatus rig with the wells facing 

the negative end (black-colored) 

3. Fill the rig with 1x TAE buffer 

4. Load 2µL of DNA maker into lane 

5. Mix 1µL of 6x loading buffer with 2µL DNA sample, load them into lane. 

6. Run at 130V for 30 min. 

7. Use Ethidium bromide dyeing gel ten minutes.(EB is dangerous to work with; 

Gloves must be worn at all times during the whole procedure) 

8. Use the Gel imaging system to check the gel. 

9. Take picture for gel. 

10. Throw away the gel carefully and clean up the table-board. 

 

Gel Extraction of DNA       

 

E.Z.N.A.™ Gel Extraction Kit 

1. Excise gel slice containing DNA fragment of interest.  

a. Gel electrophoresis fractionates DNA fragments. 

b. The gel is exposed to UV to find the DNA fragments (stained by Ethidium 

bromide).  

c. The goal DNA band is identified. 

d. Physically remove the slice of gel contains the goal DNA with clean 



surgical blade. 

2. DNA Purification 

e. Determine the appropriate volume of the gel slice by weighing it in a 

clean 1.5 ml microcentrifuge tube.  

f. Add an equal volume of Binding Buffer (XP2).  

g. Incubate the mixture at 55°C-60°C for 7 min or until the gel has 

completely melted.  

h. Mix by shaking or vortexing the tube in increments of 2-3 minutes. 

(IMPORTANT: Monitor the pH of the Gel/Binding Buffer mixture after the 

gel has completely dissolved. DNA yields will significantly decrease when 

pH >8.0. If the color of the mixture becomes orange or red, add 5 μl of 5M 

Sodium Acetate, pH 5.2 to bring the pH down. After this adjustment, the 

color of the Gel/Binding Buffer mixture should be light yellow.) 

i. Place a HiBind®  DNA column in a provided 2 ml collection tube. 

j. Apply 700 μl of the DNA/agarose solution to the HiBind® DNA column, 

and centrifuge at 10, 000 x g for 1 min at room temperature. 

k. Discard liquid and place the HiBind®  DNA column back into the same 

collection tube. For volumes greater than 700 µl, load the column and 

centrifuge successively, 700 μl at a time. Each HiBind® DNA column has a 

total capacity of 25 μg DNA. If the expected yield is larger, divide the 

sample into the appropriate number of columns. 

l. Add 300 μl of Binding Buffer (XP2) into the HiBind® DNA column. 

Centrifuge at 10,000 x g for 1 min at room temperature to wash the 

column. Discard the flow-through and re-use the collection tube. 

m. Wash the HiBind ® DNA column by adding 700μl of SPW Wash Buffer 

diluted with absolute ethanol. Centrifuge at 10,000 x g for 1 min at room 

temp. 

(Note: SPW Wash Buffer Concentrate must be diluted with absolute 

ethanol before use. See label for directions. If refrigerated, SPW Wash 

Buffer must be brought to room temperature before use.) 

n. Repeat step 8 with another 700μl of SPW Wash Buffer diluted with 

absolute ethanol. 

o. Discard liquid and centrifuge the empty HiBind®  DNA column for 2 min 

at maximal speed ($13,000 x g) to dry the column matrix. Do not skip this 

step, it is critical for the removal of ethanol from the HiBind®  DNA 

column. 

p. Place a HiBind®  DNA column into a clean 1.5 ml microcentrifuge tube. 

Add 30-50μl (depending on desired concentration of final product) of 

Elution Buffer (10 mM Tris-HCl, pH 8.5) directly onto the column matrix 

and incubate at room temperature for 1 minute. Centrifuge for 1 min at 

maximal speed ($13,000 x g) to elute DNA. This represents 

approximately 70% of bound DNA. An optional second elution will yield 

any residual DNA, though at a lower concentration. 



 

 

Extraction of Genomic DNA from AMB-1 

1. Add 1.5ml cyanobacteria culture media to 1.5ml eppendof tube. Centrifuge at 

5000~6000rpm for 5min. 

2. Remove the supernate. 

3. Centrifuge at 12000rpm for 5min. 

4. Remove the supernate. 

5. Collect the precipitate and freeze in liquid nitrogen. Grind the cells using 

mortar and pestle in the presence of liquid nitrogen until finely ground. 

Transfer the powder to 1.5ml eppendof tube. Add 65 degree Celsius 

preheated CTAB and mercaptoethanol, then waterbath at the same 

temperature for 1h. 

6. Add 600ul phenol-chloroform-isopropanol (24:25:1) mixture and mix by 

inversion to form an emulsion. Then centrifuge at 12000rpm for 15min. 

Collect the supernate. 

7. Add chloroform-isopropanol (24:21) mixture and mix by inversion. Then 

centrifuge at 12000rpm for 15min. 

8. Add 1ml -20 degree Celsius precooled anhydrous ethanol. Mix well. Place in 

refrigerator -20 degree Celsius for 3~4h or -80 degree Celsius for 30min. 

9. Centrifuge at 12000rpm for 10min. 

10. Remove supernate and wash with 75% v/v ethanol for 2~3 times. Centrifuge 

at 12000rpm for 5min each time. Vacuum-dry or dry in ultraclean area. 

11. Add TE or ddH2O and dissolve for use. 

 

 
 

Total RNA Extraction 

1. Add 1ml bacteria which is in the log phage to a centrifuge tube, 8000rpm in 4℃ 

centrifuge for 1min. Discard supernatant and add 100ul lysozyme, mix it with 

the bacteria. Ensure you have emptied all the culture medium.  

2. Add 900ul Buffer Rlysis-B, blend quickly, sit it for 3min. 

3. Add 200ul Choloroform, blend adequately, 8000rpm in 4℃ centrifuge for 

5min, collect supernatant. 

4. Add 1/3 total volume ethyl alcohol to the supernatant, sit for 3min at indoor 

temperature, 12000rpm in 4℃ centrifuge for 3min, discard supernatant 



carefully. 

5. Add 700ul 75% ethyl alcohol to the tube, blend, 12000rpm in 4℃ centrifuge 

for 3min, discard supernatant carefully. 

6.  Repeat step 5 once. 

7. Turn over the tube for 10min at indoor temperature, volatilize the alcohol 

completely. 

8. Add 30ul to 50ul DEPC-treated ddH2O dissolving the sediment. 

 

 
 

Reserve transcription PCR 

1. RNA extraction. 

2. Add RNA template, 10 × One Step RT-PCR Buffer, specific primers to a PCR 

tube, dissolve and centrifuge slightly. Put it on the ice. 

3. Add RNA template with the suitable amount of the master mix to a PCR tube 

and put it on the ice. 

10 × One Step RT-PCR Buffer 5ul 

Forward primer   2ul 

Reserve primer 2ul   

M-MuLV RT 0.5ul 

RNase inhibitor 0.5ul 

Taq DNApolymerase 0.5ul 

Total RNA 2ul 

RNase Free ddH2O To 50ul 

4. Chose a suitable program, and adjust your annealing temperature and 

extention time as described below: 

 

Annealing: 55°C for 30s (different primers different annealing temperature) 

Extention: 72°C for t min (1min per 1000bp) 

Final extension: 72°C for 10min 
 


