DrugPrinter: Print Out Any Drug at Once
Calvin Yu-Chian Chena, b, c *
a School of Medicine, College of Medicine, China Medical University, Taichung, 40402, Taiwan
b Department of Biomedical Informatics, Asia University, Taichung, 41354, Taiwan
c Computational and Systems Biology, Massachusetts Institute of Technology, Cambridge, MA 02139, USA.
*Corresponding author (C. Y. C. Chen). Tel.: +886-4-2205-2121 ext. 4306

E-mail address: ycc929@MIT.EDU (C.Y.C. Chen)
Abstract:

In drug discovery, the de novo potent leads need to be synthesized for bioassay experiments in a very short time. Thus, I propose this protocol, “DrugPrinter”, to print out any compound in only one step at once. The de novo compound can be designed by cloud-computing big data system. The computing systems can search the optimal synthesis condition for each bond-bond interaction from database. The compound is fabricated by many tiny reactors in only one step. This kind of fast, precise, without by-product, save reagent, environmentally friendly, small-volume large-variety, nano-fabrication technique will totally subvert the people's views on the manufactured object and lead to a huge revolution in pharmaceutical company in the very near future.
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Introduction

Three dimensional (3D) printing technology has recently become a hot topic in the media, and especially so in 2013 
 ADDIN EN.CITE 
[1-5]
. Actually, the fabrication of three dimensional representation of large scale industrial models such as cars, airplanes, and motorcycles has been a reality for a long time. Over the past few years the application of 3D printers has moved gradually from military applications to household supplies, enabling for customer to print cups, toy dolls, or other objects. Even though 3D printer technology is widely used right now even can built a house 
 ADDIN EN.CITE 
[6,7]
, there is still a lack of methods for ‘printing’ at the molecular-level.
A molecular imprinting technology was first proposed in 1906 and was successful fabricated by a Russian scientist, M. W. Polyakov, in 1931 8[]
. This technology has progressed in the last ten years, and is now applied to molecular filters, antibody separation, biochip analysis, biomolecular purification, and biosensors 9[]
. A team from Vienna University of Technology, in Austria, have published a report about a new laser photografting technology used to synthesize a compound at the molecular-level 10[]
. Even though this ‘3-D-photografting’ technology by using “Click Chemistry” represents an amazing achievement in terms of attaching molecules at exactly the right place, it is still far away from being able to fabricate any specific compound in only one step.
The advantage of the click chemistry method is lies in its highly efficiency and specific site reactions. Without question, click chemistry will still be a very important topic, unless the 3D molecular-level printer, DrugPrinter, is developed. Indeed, for a medicinal chemist, how to synthesize quickly and precisely many de novo compounds is a key point for speeding up the process of drug discovery and lead optimization. A computer-aided drug design laboratory, like us, is always suffering from lack of de novo compounds for the validation of biochemical experiments. We have published some potent novel leads for curing cancer, H1N1, hypertension, stroke prevention, etc. 
 ADDIN EN.CITE 
[11-18]
, and we have proposed some new algorithms to improve the precision of computer-aided drug design methods 
 ADDIN EN.CITE 
[12,16,19-24]
. But without the strong solid biochemistry and animal model experiments, these are still just predictions. Thus, if the DrugPrinter can one day become a reality, it will be a huge step forward in drug discovery. The DrugPrinter needs only to sit down in front of a computer and draw the structure of compound, which is then input to the computer, and the system will automatic search by cloud computing for suitable reaction conditions between bond and bond. The DrugPrinter technology is suitable for the initial stage of drug discovery and novel material production in his early stage to satisfy the small-volume large-variety production. The initial stage of drug discovery usually needs various novel compounds to be synthesized. The creation of these compounds may be hindered because of cost, challenges in synthesis, or difficulties in separating the product from by-products in each step of the chemical reaction. Thus, this novel protocol I propose only needs one step instead of the five to ten steps of the synthesis process. Actually, it is even better than click chemistry, with lower costs and yet with the better precision of synthesis. A world leading group led by Lee Cronin make a lot advance technology named “chemputer” 
 ADDIN EN.CITE 
[25-29]
. However, it different with our concept. We had specific address the detail of how to pick up each atom and react. We also disagree it is possible for anyone just download the software (APP) from internet and use it to print your own drug. It is not feasible and should not illegal in the future.
Mold for DrugPrinter
There must have a mold first before printing the compound. As shown in Figure 1, to produce the two half mold of tiny reactor from the start of the compound three dimensional structure. The compound should be draw first shown in (a) and the surface of the target compound can be designed by produced by software (b). Then remove the compound and cut the surface mold into two (c), and then two half mold is done (d).
All in one DrugPrinter reactor chamber

The concept of the DrugPrinter reactor chamber comes from a traditional Chinese egg-cake oven (Figure 2 and supplementary video 1 (http://youtu.be/CFAh7zS1vBQ)) take from hypermarket at Taichung, Taiwan,). 
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Take, for example benzene, in which there are six carbon atoms joined in a ring, with one hydrogen atom attached to each carbon atom. It can be divided into six reactors for three atom, C, H, and C (Figure 3). After inputting the chemical structure of benzene, the system will search for the best synthesis condition for each bond. The best optimal condition will be elucidated by computer and controlled by a machine with optical tweezers 30[]
 to pick up the reactant, the atom of carbon and hydrogen. The carbon atom will be picked up by optical tweezers in the right position in these tiny reactors just like a color laser printer. This DrugPrinter will work just like a color laser printer but not with a four-color (red, yellow, blue, and black) printer toner cartridge, but with various atoms just like Element Periodic Table.
How it works
The all in one 3D molecular-level printer, DrugPrinter, is dived into four parts (Figure 4). From Figure 4, part (a) is the element storage, just like the printer toner cartridge of a color laser printer. The chamber for the storage of elements will divided to three parts based on the character of each atom according to the periodic table of elements. Roughly, there are three categories; nonmetals, metals, and transition metals. Of course, most of drugs are organic compounds, thus it is reasonable to expect that carbon (C), hydrogen (H), oxygen (O) will be the major consumables just like the black toner cartridge always runs out before the other three colors in a printer. A special pipeline for atoms to fly into the channel is shown in part (b). In part (c), there are two ways for the atoms to fly into their specific positions. A plasma or laser will make the atom ‘fly’ to let the optical tweezers to catch it. The optical tweezers in part (c) will ‘catch’ and control only an atom in the right position. Due to the atom needing to be put in a specific position, there are six optical tweezers for three dimension moving control. Thus the atom is moved to the specific position in part (d) in Figure 4. 

Most of the procedure before the atoms are moved to the tiny reactors, part (d) in Figure 4, is just preparing an individual atom from bulk storage and moving it to the specific position. The core facility is still in part (d), the tiny reactors, to fabricate the de novo compound or nanomaterial, for which the chemical structure has been drawn by computer. 
Discussion
Novelty
The fabrication of 3D surface compound mold

Obviously, the mold for the chemical compound should be modeled before printing. The mold technology can come from molecular imprinting technology. In Figure 1, the desired compound is input in the software with 3D structure in the designed space (Figure 1 (a)). The surface is easily designed from the molecular imprinting technology shown in Figure 1 (b). The 3D surface must be carefully checked for each atom of this molecule and each atom must be located precisely in the three dimensional view (supplementary video 2). 
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The mold is cut off (Figure 1 (c)) and the compound is removed from the mold (Figure 1 (d)). Thus, the tiny reactor is made by this method. All the detail bond-bond length, double bond length, bond-bond angle etc. can be simulated in computer. The mold can be easily made by 3D printing or molecular imprinting technology.   

How to pick up the single atom to the specific position

There are four methods to put the single specific atom to specific position in the prepared mold. 

1. Using the optical tweezers as shown in figure 5 (a). Of course you can imagine how expensive it will be. 
2. Using the plasma just like Physical vapor deposition (PVD). Let only single atom fly into the channel and lead the atom to the right specific position of the mold as shown in figure 5 (b). 

3. A nozzle similar the printer or biochip with robotic arm as shown in figure 5 (c).
4. Using the electromagnetic to catch the atom with charge as shown in figure 5 (d). 

Feasibility
This DrugPrinter all the technology is feasible within 20 years. Frankly speaking, I predict the prototype of DrugPrinter will be appeared within 5 years by our team. But it still has some bottle neck need to be overcome. No doubt it will appear very soon because of its application is needed urgently in pharmaceutical and nano material fabrication.
Database collecting by cloud computing from the Big Data 

According to the a information publish in Science 31[]
, the amount of storage is increasing almost four time suddenly from 2000 to 2007 because of the digital age is coming. The big data is applied suddenly in any field. For DrugPrinter, we allow the user upload their desired compound by a webserver. A cloud-computing system and fast dealing and optimal of the chemical reaction must be searched immediately. All the bond-bond reaction will be collected in an intelligent system by cloud computing systems. We had the experience aforementioned technology since we had built a world first one intelligent cloud-computing drug screening, iScreen (http://iscreen.cmu.edu.tw/) 32[]
 and a integrate webserver (http://ismart.cmu.edu.tw/) 12[]
 including the world largest TCM database (http://tcm.cmu.edu.tw/) 19[]
. (http://youtu.be/CEDGCPFGuSM, supplementary video 3)
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According my personal experience, cloud computing is easy but automatically dealing the huge amount of chemical reaction data is difficult. Obviously, the bond-bond reaction data will be very huge and need very powerful workstation to provide the optimal pressure, temperature, etc. condition when we use DrugPrinter. It does need a big data dealing system.
Danger
Just imagine it, if one day you can just download the APP from internet and then print your own drug at home, it must will be a disaster in the world! Chronic drug abuser or gangster can produce amphetamine or other narcotics. The drug abuse problem will be raising with the DrugPrinter can be available by normal people. This will keep the policeman and lawyers as busy as the chemists.
Law and morality
The DrugPrinter must not be household supplies in the future, no mention now there are some scientist try to development the application software (APP) for people to download and print their own drug at home. It is dangerous if the child print too much drug or download the wrong APP from the “Chemputer” APP store. All the Drug must be approved by big pharmaceutical factory, doctor and with prescription. It will appear a law that forbid people print drug privately.
Opinion
3D printing is predicted to be the rising star of future industry 33[]
 and related companies have already had their stock value overestimated. No doubt the DrugPrinter will be great technology if we use it under the highest standard of morality. Just like Quantum computing can give us the electric power or deadly nuclear weapon. Firstly, this 3D molecular-level printer, DrugPrinter, would be not suitable for the general public. This DrugPrinter maybe in the first few years only can be available in laboratories or small quantity product factories because of its high cost, danger, and law issue. 
Secondly, this DrugPrinter technology do not need to purify and without by-product. Hence the yield can reach to 100%!! That is why I think this technology will be a milestone and totally replace all the synthesis work. It will definitely subvert the people's views on the manufactured object. It is also another industrial revolution to rock the world into a new age. 
Thirdly, I believe a new department named “Drugputer”, “Drug made and design by computer science”, will appear in university in the future. More and more technology cannot leave along computer science technology. The drug design will more and more rely on computer design, screening, and fabrication than the rational drug design 
 ADDIN EN.CITE 
[21,34-36]
.
That is why I say the huge data will be employed in this DruPrinter. The huge chemical reaction database must rely on the strong hardware, huge storage, quick and precise search engine, and cloud-computing technology to update the data acquired from scientist every day. We are now standing in the new age of pharmaceutics revolution. I believe that who own this critical technology will be new the new leading pharmaceutics company in the future.
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Figure Legends
Figure 1. The step to produce the two half mold of tiny reactor from the start of the compound three dimensional structure. The compound should be draw first shown in (a) and the surface of the target compound can be designed by produced by software (b). Then remove the compound and cut the surface mold into two (c), and then two half mold is done (d).

Figure 2. The egg cake machine. A modular stainless oven can make different shapes of cake 

Figure 3. A benzene ring with six carbon atoms and six hydrogen atoms. Between the six C-C bonds, there are six tiny reactors.
Figure 4. A sketch map of a 3D molecular-level printer is designed by in four parts. Part (a) is the element storage, just like a printer toner cartridges of a color laser printer. The chamber of for the storage of elements storage will be divided into three parts by based on the character of each atom basically according to the catalog of periodic table of elements. Roughly, there are three categories; including nonmetals, metals, and transition metals. . Part (b) is the pipeline for atom transfer to the next stage. In the part (c), there are two ways for the atom to fly into the specific position. The A plasma or laser will to make the atom ‘fly’ to let allow the optical tweezers to catch it. The optical tweezers in part (c) will ‘catch’ and control only an atom to in the right position. Due to the atom will needing to be put in the specific position, hence there are six optical tweezers for three dimensional moving control. Thus, to let the atom is moved to the specific position in part (d),  which is the tiny pan- cake reactors, for to fabricate the de novo compound or nanomaterial, for  which the chemical structure has been drawn in a computer.
Figure 5. There are four methods to put the single specific atom to specific position in the prepared mold. Using the optical tweezers as shown in (a). Using the plasma just like Physical vapor deposition (PVD). Let only single atom fly into the channel and lead the atom to the right specific position of the mold as shown in (b). A nozzle similar the printer or biochip with robotic arm as shown in (c). Using the electromagnetic to catch the atom with charge as shown in (d).
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