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Abstract 

To prove the capability of the Nativis signal 

transduction technology to moderate the appearance of 

algae mRNA and protein, we verified if can change 

exact enzyme stages in Chlamydomonas reinhardtii. We 

reserved the mixture of the enzyme tryptophan synthase 

beta subunit by applying the signal derivative from a 

available siRNA. With inferior levels of MAA7, 

Chlamydomonas reinhardtii can produce in the 

attendance of the prodrug 5-Fluoroindole (5-FI), 

because less 5-Fluoroindole can be altered to the toxic 

5-Fluoro-L-tryptophan. We find a 24% increase of 

growth with the indication versus no signal. To see if 

that result was due to the decrease of the quantity of 

mRNA encoding MAA7, we used Real-Time 

Quantitative PCR (RT-QPCR) to amount the stages of 

MAA7 mRNA. To regularize the MAA7 mRNA level, we 

likened them to the levels of a mRNA that is not affected 

by the signal (G protein beta subunit-like polypeptide, 

Cblp). Two situations upsurge the efficiency of the 

signal. One can also treat the cell cultures through the 

logarithmic growth stage. One can treat the cultures at 

a advanced period of the logarithmic development, but 

treating them for a longer time. Below these situations 

we found about a 50% reduction in the mRNA levels for 

MAA7. Treating the cultures at the earlier growth 

phase or at a later growth phase is less effective, with 

only a 20% effect. 
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I. INTRODUCTION 

 Used the Nativis technology to change gene 

appearance in the algae Chlamydomonas. A radio 

frequency fingerprint is taken from a chemical 

dissolved in an aqueous solution as described in. The 

radiofrequency is then transmitted via an antenna 

collection or coil to the targeted biological system. It 

has remained shown that under sure conditions, the 

indication can disturb the receiver particle in a 

comparable method as the chemical itself. 

 

 

 

 

This non-thermal radio frequency motivation 

technology has numerous advantages. One has good 

control over timing to disturb metabolic conduits 

through the development of an organism. The 

technology does not rely on the usage of genetic 

alterations to disturb biochemical pathways. This is 

particularly appreciated for increasing algae in open 

ponds for oil manufacture. Thus, this way does not 

produce ecological or political disagreement since it 

escapes the farming of heritably modified algae in open 

ponds. Chlamydomonas is extensively used in the 

laboratory to study the manufacture of oil mostly 

because of its well categorized molecular biology and 

biochemistry.  

 

 

 
Fig 1 Experimental Setup with Six 250 ml Erlenmeyer 

Flasks 

 

Our occupied hypothesis is that the siRNA 

signal communicated to Chlamydomonas has the 

similar outcome on the mRNA as the physical siRNA. 

That is, it marks the cleavage of the mRNA via the 

RNA-induced quieting compound. The instrument of 

the communication between the radio frequency 

indication and the quieting complex is not recognized.  

 

To optimize the Nativis technology we 

targeted a well categorized enzyme in Chlamydomonas, 

the beta subunit.  That has shown that the siRNA 

equipment operational in Chlamydomonas, siRNA 
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against MAA7 reduces the mRNA levels of MAA7. 

This centrals to a decrease of the alteration of prodrug 

5-FI to the extremely toxic 5-FTryptophan. This 

permits the cells to grow in the attendance of 5-FI. Here 

we contemporary the optimization of the siRNA signal 

transduction to Chlamydomonas while we amount the 

development rate and then fine tune the situations 

calculating the quantity of mRNA shaped under the 

impact of the signal specific for the mRNA 

 

II. MATERIALS AND METHODS 

 

A. Strains, Culture Conditions 

Normal culture situations were used. Hutner’s 

suggestion essentials. The control values obtain the 

corresponding quantity of methanol. All values were 

deactivated with Clorox earlier disposal. 

 

B. Growth of Chlamydomonas 

A group of additional TAP average was 

immunized with an example of stationary distributed 

into 250 ml Erlenmeyer’s flasks and cultured on an 

orbital shaker at 100 rpm under artificial light phase 

cells. 

 

1) A piece of yellow elastic was located 

among the light and the cultures, to eliminate 

wavelengths below 550 nm. Papers placed on the 

plastic sheet were used to control the quantity of light 

crossways the shaker stage. 

2)  The quantity of light was unhurried with a 

Mas tech Professional Lux meter, LX1010B. The OD at 

750 nm was restrained with a Shimadzu photo 

spectrometer. Stationary development was extended at 

an OD at 750 nm of 2.1 to 2.5. For unremitting 

signaling, see below. 

 

C. Signals Recorded from MAA7 siRNA 

The signal Chl-001 was resulting from the 

siRNA TGCCGGGGTAGTCCAGGCCGGC that 

quiets MAA7. The siRNA was acquired from 

Invitrogen, (Scale: 20N, 97.9 nM). Attainment of the 

indication was from a solution of 5 NM of siRNA in 

PBS (Gibco, 10010-049) as described. 

 

 

 
 

          Fig 2 Chlamydomonas Reinhardtii Growth 

 

D. Transmission of the Signal 

The method has been definite in portion. In 

short, the standards were enthused into glass tubes and 

announced into a Helmholtz coil in a Quartet Reactor. 

The boards were conserved identical but were reserved 

in a silent coil. MAA7 siRNA signal transmission was 

at 70 mGauss for 20 to 30 notes, also once or dual 

daily. Infrequently the standards were vortexed in the 

glass tubes for 20 seconds previous or/and advanced 

being showing to the signal. The Voyager we used for 

these experiments remained an preliminary form to the 

one defined. 

 

 

 
Fig 3 Quartet Reactors 

 

E.  Continuous Signaling 

To growth the experience time of the culture to 

the signal, we used nonstop motioning. This amplified 

the revelation time to the signal to 8.8% of the culture 

time.  

 

The cell interruption was propelled at 16 

ml/min through 1/4 inch tubing (VWR 60985-528) 
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looped 4 times lengthways around the Helmholtz coil. 

The chief cell culture was in a 250 ml plastic 

Erlenmeyer flask below unceasing radiance. The cells 

were kept in suspension by bubbling air through the 

solution. (Liquid pump: VWR: 57951-016, Elite 800 

Air Pump, Amazon.com Air Stone, Air-Cylinder, 

VWR: 470103-670). 

 

F. Shielding from External Magnetic Fields 

The orbital shaker produces ~20 mGauss 

outside arena that was protected with mu-metal sheets 

located among the bottle and the shaker. The Vortex 

Mixer (VWR 10153-838) produced an external 

attractive arena of up to 1500 mGauss, consequently we 

altered the vortexer to run on DC current. The shaker 

stages for signal cultures and control cultures were 8 

feet separately to avoid intervention among the control 

cultures, signal values and potential interventions 

among other mechanisms. 

 

 

 
 

Fig 4 Continuous Transmission of the Signal 

 
G. Isolation of RNA and Real-Time Quantitative 

PCR (RT-QPCR) 

Cell suspensions of 2.5 ml were collected and 

mixed with 100 μl RNA later (Ambion AM 7020). 30μl 

Plant RNA Isolation Aid (Ambion AM9690M) was 

added and the RNA was recovered following the RNA 

queues Kit from Ambion (AM9690M).  

 

The RT-QPCR data from both sets of primers 

were used to calculate the fold increase in the mRNA 

levels for MAA7 by the delta-delta method.  Errors 

were calculated using standard error propagation, see 

also. All calculations were done using Excel 

Spreadsheets. 

 

 

 

 

III. PERFORMANCE ANALYSIS 

 

A. Selection of 5-Fluoro-Indole Concentrations in 

Growth Media without Signal 

To control the attentiveness of 5-Fluoro-Indole 

to use in our experiments, we produced a dose answer 

curve. We ongoing the cultures with a cell thickness of 

0.009 OD at 750 nm and in 0, 5, 10, 15 and 20 μM 5-

FI. We measured the growth after 3 days. Associated to 

panels with no pro-drug, a concentration of 5 μM 5-FI 

inhibited growth incompletely. Growth was wholly 

reserved at 10 μM 5-FI and above. We used a dose of 5 

μM 5-FI for succeeding experiments with the signal. 

 

 
 

Fig 5  5-Fluoro-Indole 

 

B. Signaling at the Early Stages of Growth in 5 μM 

5-Fluoro-Indole Enhances Growth 

The values were happening at a low cell 

thickness of 0.007 OD at 750 nm and the growth was 

checked for 4 days. To manage the signal, the cell 

suspensions were shifted into big test tubes, vortexed 

first for 20 sec. They were then showing to the signal 

Chl-001 at 70 mGauss in a Helmholtz coil for 20 min, 

double a day; this interprets to a entire exposure period 

to the signal of 3.5% of the culture time. The 5-Fluoro-

Indole was added to the cell culture at day 2 and the cell 

density was restrained just after the adding of the 

prodrug.  

 

C. Applying the Signaling for Longer Times at the 

Later Logarithmic Growth is Effective in 

Reducing MAA7 mRNA Levels 

That started the cultures at 0.336 OD at 750 

nm and gave the signal Chl-001 at 70 mGauss 

endlessly. Since only a portion of the nation is at any 

period in the Helmholtz coils, this quantities to 8.7% of 

the nation time the cells were unprotected to the signal. 

 

 The mRNA stages were determined after 18 

hrs. The control culture had extended 0.800 OD at 750 

nm and the preserved culture reached 0.885 OD at 750 

nm. 
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FIG 6 5-Fluoro-Indole Cultures were Started with a Cell 

Concentration 

 

D. Relating the Signal to the End Stages of Growth 

Reduces mRNA Levels for MAA7 

We started the culture at a great cell thickness 

of 0.502 OD at 750 nm. The Indication Chl-001 was 

practical at 70 mGauss, 4 times for 25 min during 2 

days. These quantities to 3.5% of the culture time. The 

cultures reached capacity at around 2.1 OD at 750 nm 

in one day. After 2 days, we measured mRNA levels by 

RT-QPCR. Ct is the number of PCR cycles wanted to 

reach a threshold equal of PCR product. The additional 

PCR cycles wanted, the less initial mRNA was in the 

example. The delta-delta calculations were used to 

govern the fold growth/reduction of a mRNA. the Ct 

data of the RT-QPCR and the intended delta-delta 

values. Signal and control with cultures initial at high 

attentions. Broadcast was twice for 25 min at 70 

mGauss. Two sets of introductions were used, one set 

for MAA7 and one set for the regulator Cblp. There is a 

23% decrease in MAA7 mRNA levels when treating 

cultures throughout the later phases of growth. For the 

next trial, we obvious to use a initial cell thickness that 

reproduces logarithmic growth phase of 

Chlamydomonas. 

 

IV. SIRNA SELECTION AND SIGNAL 

APPLICATION 

We used a published siRNA that silences the 

tryptophan synthase beta sub unit. If MAA7 is reserved, 

Chlamydomonas can produce in the attendance of 5 μM 

5-Fluoro-Indole. The investigation of the development 

of Chlamydomonas in 5 μM 5-FI, though under the 

incentive of signal transmission types this system a 

modest and fast method to improve the signaling 

situations. 

 

To communicate the signal to the cell 

interruption, we used an initial prototype of the 

“Voyager” system defined in. Transmission of the 

indicator to the culture was for 20 or 25 min twice a 

day. This amounted to a revelation of around 3% of the 

total culture time. To growth the exposure time, we 

tested unceasing signal transmission. This is closer to a 

arrangement that would be used in a profitable setup in 

the field. For incessant signal broadcast, we substituted 

the detour shakers with an air sparkling system and we 

drive the cell suspension unceasingly finished tubing 

wound about the Helmholtz coil. The diameter of the 

tube and the pump speed firm the residence time of the 

cells in the Helmholtz coil.  

 

Signal Practical during the Late Growth Phase 

The RT-QPCR data of values that were started 

at an OD of 0.5. The cultures were preserved for 24 

hours. At that time they all had touched capacity at 2.1 

OD at 750. Both, the culture that established the signal 

and the one without signal grew at the similar rate. 

Afterward they had all touched saturation at 2.1 OD at 

750. The mRNA was extracted and RT-QPCR was 

carried out with the primers for MAA7 and the readers 

for the internal control, Cblp. The instant for the delta-

delta calculations of the RT-QPCR. 

 

V. CONCLUSION 

We establish situations for the Nativis Signal 

Skill to decrease the mRNA stages of the enzyme 

MAA7 up to 50% likened with unprocessed panels. The 

Nativis technology is an globally friendly technology 

that will be calm to control and to relate in a profitable 

setup. A major benefit of the technology is that it does 

not use inherently modifications to increase oil 

manufacture. Thus it does not make ecological or 

political obstruction to the cultivation of inherently 

altered algae in exposed ponds.  
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