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化學分子的自我組裝能力能被運用到何種境界？

How Far Can We Push Chemical Self-Assembly　
羅伯特‧塞維斯
ROBERT F. SERVICE

今日多數的自然科學家致力於揭發自然的奧妙；化學家則致力於製造東西。以現代科技而言，人類尚未開發合成天文學或合成物理學的領域，但化學家卻藉由尋找創新的方式來組裝分子而成功。過去百年來，他們大多靠形成與破壞原子共用電子時所產生的強大共價鍵來達成目標。他們已經學會如何運用這種手法將多達一千個原子組合成任何他們想要的分子結構。
Most physical scientists nowadays focus on uncovering nature’s mysteries; chemists build things. There is no synthetic astronomy or synthetic physics, at least for now. But chemists thrive on finding creative new ways to assemble molecules. For the last 100 years, they have done that mostly by making and breaking the strong covalent bonds that form when atoms share electrons. Using that trick, they have learned to combine as many as 1000 atoms into essentially any molecular configuration they please.

雖然這已經很了不起了，但化學家能做到的複雜度可是遠遠不及大自然製造出來，仿佛像是在對我們炫耀的產物。所有的東西，從細胞到大樹，全都是靠著小分子之間數不清的微弱鏈接合在一起形成的。這些微弱的相互作用力，例如氫鍵、范氏引力（van der Waals forces）和π-π推積（π-πinteractions）主宰了所有包括大家耳熟能詳雙螺旋狀的DNA、到液態水中的H2O分子的形成。除了駕馭分子之外，這些微弱的引力更是讓進階構造物自行拼裝的功臣，造就了一個複雜的組裝體系。脂質結合為細胞膜、細胞結合為組織、組織又結合為生物。現今的化學家在複雜度上根本連大自然每日的例行公事都做不到，他們能有朝一日學會如何讓複雜的構造物自體組裝嗎？ 
Impressive as it is, this level of complexity pales in comparison to what nature flaunts all around us. Everything from cells to cedar trees is knit together using a myriad of weaker links between small molecules. These weak interactions, such as hydrogen bonds, van der Waals forces, andπ-π interactions, govern the assembly of everything from DNA in its famous double helix to the bonding of H2O molecules in liquid water. More than just riding herd on molecules, such subtle forces make it possible for structures to assemble themselves into an ever more complex hierarchy. Lipids coalesce to form cell membranes. Cells organize to form tissues. Tissues combine to create organisms. Today, chemists can’t approach the complexity of what nature makes look routine. Will they ever learn to make complex structures that self-assemble?


幸好，他們已經有些頭緒了。過去的三十年來，化學家在認知非共價鍵的基本法則上有了關鍵性的進展。其中法則之一：物以類聚。脂質在水中圍成一圈，組成包覆在細胞外的雙層保護膜時，背後的親水性及疏水性作用便是這個法則的最佳典範。這些脂質將它們油性的尾端擠在一起，以避免與外界的水接觸，同時將極性較高的正面朝向水分。另一個法則：自我組裝被能量上最有利的化學反應所左右。把適合的元件分子放著獨處，它們就會自己組成複雜而有序的結構。  
　　Well, they’ve made a start. Over the past 3 decades, chemists have made key strides in learning the fundamental rules of noncovalent bonding. Among these rules: Like prefers like. We see this in hydrophobic and hydrophilic interactions that propel lipid molecules in water to corral together to form the two-layer membranes that serve as the coatings surrounding cells. They bunch their oily tails together to avoid any interaction with water and leave their more polar head groups facing out into the liquid. Another rule: Self-assembly is governed by energetically favorable reactions. Leave the right component molecules alone, and they will assemble themselves into complex ordered structures.  

化學家已經能夠善用上述及其他類似法則來設計稍有規模的自我組裝系統了。在業界已有利用貌似細胞內雙層脂質膜的形式，將藥以脂質體包覆，送達癌患者身上的腫瘤組職之手法。另外，有一種能自我組裝的分子叫做輪烷，其特性是能在兩種穩定狀態之間反覆改變，就像個分子做的開關一般。輪烷或許可以在未來分子運算機之中，充當開關使用。 
　　Chemists have learned to take advantage of these and other rules to design self assembling systems with a modest degree of complexity. Drug-carrying liposomes, made with lipid bilayers resembling those in cells, are used commercially to ferry drugs to cancerous tissues in patients. And self assembled molecules called rotaxanes, which can act as molecular switches that oscillate back and forth between two stable states, hold promise as switches in future molecular-based computers. 

但在電腦元件縮小化及奈米科技抬頭的趨勢之下，我們更加需要高複雜度的自我組裝技術。電腦晶片上的物件縮得越精細，製造這些永遠不夠小的元件成本就越以驚人的速度成長。目前，企業界採取的製造手法是將物料逐漸削塑到需要的大小為止。但終有一日，由小至大，從化學分子開始設計及製造元件會是較符合成本的作法。 
　　But the need for increased complexity is growing, driven by the miniaturization of computer circuitry and the rise of nanotechnology. As features on computer chips continue to shrink, the cost of manufacturing these ever-smaller components is skyrocketing. Right now, companies make them by whittling materials down to the desired size. At some point, however, it will become cheaper to design and build them chemically from the bottom up. 
　　自我組裝也是製造許多奈米結構的唯一可行方式。然而，要確保各元件能正確無誤地自我組裝，絕非易事。因為過程中的引力太微弱，分子們很容易拼湊、鞏固成錯誤的形態，所以製造過程中出現不良品根本是必然的結果。任何需要依賴自我組裝技術的系統，都必須要有容錯性，能在上述不良品出現時正常運作，或者擁有修復錯誤的能力。生物學中又有一個絕佳的範例：DNA。當酵素在細胞分裂中複製DNA基因時，它們難免會有一些錯誤。例如，有時該插入T時，卻插入了A，而有些時候會有漏網之魚，但大部份會被檢視新合成鏈的DNA修復酵素發現並修正複製中出現的錯誤。 
Self-assembly is also the only practical approach for building a wide variety of nanostructures. Making sure the components assemble themselves correctly, however, is not an easy task. Because the forces at work are so small, self-assembling molecules can get trapped in undesirable conformations, making defects all but impossible to avoid. Any new system that relies on

self-assembly must be able either to tolerate those defects or repair them. Again, biology offers an example in DNA. When enzymes copy DNA strands during cell division, they invariably make mistakes—occasionally inserting an A when they should have inserted a T, for example. Some of those mistakes get by, but most are caught by DNA-repair enzymes that scan the newly synthesized strands and correct copying errors. 

化學家很難仿效這類的手法，但若他們希望能夠循序漸進由基礎組裝出複雜的結構，他們得習慣以大自然絕妙的模式進行思考。　
Strategies like that won’t be easy for chemists to emulate. But if they want to make complex, ordered structures from the ground up, they’ll have to get used to thinking a bit more like nature.　
問題討論

· Is morality hardwired into the brain? 

· 道德良知是大腦中與生俱來的嗎？
· That question has long puzzled philosophers; now some neuroscientists think brain imaging will reveal circuits involved in reasoning. 
· 這個問題長久以來困擾著哲學家；現在有些神經科學家認為大腦顯影將會揭示人在決策過程中所使用的思考迴路。
· What are the limits of learning by machines? 
· 機械本身學習的上限為何？ 
· Computers can already beat the world’s best chess players, and they have a wealth of information on the Web to draw on. But abstract reasoning is still beyond any machine. 
· 電腦已經可以擊敗世界最優秀的西洋棋選手，而且它們擁有豐富的網路資訊可以利用。但任何機械仍無法做得到抽象式的推理。 
· How much of personality is genetic? 
· 人格中有多少來自遺傳？

· Aspects of personality are influenced by genes; environment modifies the genetic effects. The relative contributions remain under debate. 
· 人格中的很多面向都受到基因影響；環境亦會改變遺傳效應。這兩者之間的關聯對人格形成所佔有的比例，目前還是個爭辯中的議題。　
· What is the biological root of sexual orientation? 
· 性取向的生物基礎為何？　
· Much of the “environmental” contribution to homosexuality may occur before birth in the form of prenatal hormones, so answering this question will require more than just the hunt for “gay genes.” 
· 外界環境對於同性戀傾向的影響，有可能在出生之前的產前荷爾蒙就開始，因此要回應這個問題，我們不能只是尋找先天性的「同性戀基因」。　
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